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IInnttrroodduuccttiioonn  
  

Water is an important brick in the life support system (land, water and air). Water 
constitutes more  than  two‐thirds  of  the  composition  in  the  human  body.    In 
almost every  religion,  there  is mythological description of a  flood, either at  the 
beginning or towards the end of life, which underscores the significance of water 
for  life.  It  is  due  to  this  very  fact  that  rivers  have  always  been  the  cradles  of 
civilisation throughout the world. More than 75 per cent of the landmass is under 
water, under oceans and seas. The freshwater available in lakes and rivers is only 
0.3 of the total fresh water available and amounts to less than one half of one per 
cent of all  the water on Earth. Fresh water  is  renewable only by  rainfall, at  the 
rate of 40‐50,000 cubic kilometres per year.11  
 

Freshwater resources are under severe and increasing environmental stress. At a 
global level, two thirds of the withdrawals are used for agriculture and one fourth 
for  industry.  By  the  end  of  the  century,  withdrawals  for  agriculture  have 
increased  slightly  whereas  industrial  withdrawals  have  probably  doubled.22  

Industrial development and population growth have also added pollutants to the 
freshwaters as governments have failed to boost their efforts to treat freshwater 
or prevent pollution. 

 

The  world's  supply  of  freshwater  is  unevenly  distributed  and  frequently 
unreliable. Water shortages are already acute  in many regions, chronically so  in 
East  and West Africa.  Consumption  is  outstripping  supplies  in Northern  China. 
These  shortages  could  reach  crisis  proportions  in  the Middle  East  and  North 
Africa  where  the  water  issue  is  further  compounded  by  political  tensions. 
Globally,  pollution  has  emerged  as  the  severest  threat  to  the  quality  of 
freshwater as 95 per cent of urban sewage  is discharged untreated  into surface 
waters.  Loaded with  bacteria  and  viruses,  these waters  have  become  a major 
threat to human health.  

 

Another major contributor to freshwater pollution is agriculture, which accounts 
for  a  large  share  of  pollution  from  heavy metals  and  toxic  chemicals.  These 
chemicals  not  only  pollute  the  water  but  leach  sub‐surface  and  deteriorate 
groundwater  bodies  and  contaminate  the  soil  as well,  eventually  affecting  its 
natural  fertility.  Logging  operations  and  agriculture  add  sediment  and  organic 
matter, which adversely affect  the habitats of  river organisms and can smother 
coastal fishing grounds hundreds of miles away. 

  

A. World's Freshwaters: An Overview 
About half of the world's river basins are shared by two or more countries. 

In this backdrop, dealing with pollution and contamination of fresh water 
resources becomes a political as well as an economic and technical challenge. 
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International co-operation in the management of the river basins is not easy, yet it 
is not impossible too. For example, in the case of River Rhine in Europe, it has 
produced some measurable environmental benefits.   
 

Water is the most abundant resource on Earth, covering about 71 per cent of the 
planet's surface. The  total volume of water on  the Earth's surface  is  immense  ‐ 
about 1.41 billion cubic kilometres. If it is spread evenly over the Earth's surface, 
it would form a layer of nearly 3,000 metres. About 97 per cent of this volume is 
in the world's oceans and inland seas that is too salty for drinking, growing crops, 
or for industrial uses. Desalinisation of this water is very uneconomic at present. 
The remaining three per cent is freshwater, but about 87 per cent of this is locked 
in ice caps or glaciers, in the atmosphere or in the soil, or deep underground.33 

 

Humankind's  primary  supply  of  freshwater  is  from  rivers,  lakes  and  reservoirs. 
About 2,000 cubic km of freshwater  is  flowing through the world's rivers at any 
one time; nearly half of this is in South America and another one fourth is in Asia. 
The actual amount available for use annually is much greater, because waters in 
rivers is replaced roughly every 18‐20 days.44     Over a full year, the total amount of 
freshwater  flowing  through  rivers  is  about  41,000  cubic  km,  including  about 
28,000  cubic  km  of  surface  runoff  and  about  13,000  cubic  km  of  "stable" 
underground flow into rivers. Only about three‐fourths of the stable underground 
flow ‐ 9,000 cubic km ‐ is easily accessible and economically usable. An additional 
3,000  cubic  km  of  useful  capacity  is  available  from  man‐made  lakes  and 
reservoirs.55    

 

The  primary  source  of  freshwater  is  precipitation.  Global  precipitation  totals 
about  500,000  cubic  km  per  year,  but  only  about  one  fifth  of  this  amount  ‐ 
110,000  cubic  km  ‐  falls on  land. About  65 per  cent of  the  continental  rainfall 
evaporates  and  is  thus  transported  back  to  the  atmosphere.  The  remaining 
precipitation either stays on the surface ‐ in rivers, lakes, wetlands, reservoirs ‐ or 
flows into the ground, where it is stored in groundwater aquifers. 

 

Global precipitation varies considerably. Heavy rainfall is characteristic of Amazon 
Basin  and parts of  South  and  Southeast Asia. Meager  rains  typify Middle  East, 
North Africa, North‐Central Asia and Central Australia.66 Areas of  low rainfall also 
tend  to  be  the  areas with  unreliable  precipitation.  Reduced  precipitation  is  a 
threat in many regions. At least 80 arid and semiarid countries, with about 40 per 
cent of the world's population, have serious periodic droughts.77 

 

Global warming is likely to lead to increased evaporation from the sea and hence 
to  increased  precipitation.  Global  circulation  models  generally  predict  that 
precipitation will gradually increase by four to 12 per cent, if carbon dioxide levels 
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in  the  atmosphere  double,  with  potentially  greater  increase  in  the  higher 
latitudes.88  

 

Human  use  of  water  has  increased  more  than  35  fold  over  the  last  three 
centuries.  In  recent  decades, water  use  has  been  increasing  at  about  four  to 
eaght per  cent per year, with most of  the  increase occurring  in  the developing 
world. Water use is getting stablised in the industrialised nations and the rate of 
increase  of withdrawals  has  declined  to  two  to  three  per  cent  annually  in  the 
1990s.99  Annual average per capita water use varies widely: 1,692 cubic metres in 
North and Central America, 726 in Europe, 526 in Asia, 476 in South America and 
244 in Africa.1100  

 
Globally, 3,240 cubic km of freshwater are withdrawn and used annually. 

69 per cent of this is used for agriculture, 23 per cent for industry and only 8 per 
cent for domestic uses. In Africa, Asia and South America, agriculture is the 
primary use. Asia uses 86 per cent of its water for irrigation 
  

B. The Hydrological Cycle 
The total quantum of water on Earth can be represented by the Hydrological Cycle 
(Fig. 1)  or in simple words the water cycle. The Hydrological Cycle implies that 
water is in constant motion from place to place and from one state to another.1111 
Water, as a whole, on the Earth is neither lost nor gained and hence this movement 
must be cyclic. The cycle can conveniently be taken to start with the condensation 
of water vapours in the air and its precipitation on the Earth as rain or snow. In the 
full cycle, water runs over or through the Earth to the ocean from where it 
evaporats becoming water vapour again, though there are a number of possible 
short cuts. For example, the water may evaporate from the surface of the ground, 
or even from the raindrops during their fall, and never reach the sea, or rain may 
fall directly on the sea and evaporat without benefiting the land areas. 
 
The prime reason of the apparently decreasing availability of freshwater is due to 
the fact that more and more water is getting polluted. This polluted water is 
rendered useless for human purposes, especially in developing countries, as there 
is no mechanism for secondary and tertiary recovery of water from water-based 
industrial waste, sewage plants and inefficient flood irrigation. In the light of the 
fact, that major population growth is taking place in the developing countries, 
sooner than later, these nations shall evolve such methods for greater availability 
of freshwater, which have already proved very efficient in developed countries. 
The industrialised nations are supplying increased amount of recovered water to 
their citizens. For example, in late 1980s the water recovered from wastewater 
treatment being supplied to the percentage of total population in some nations are 
as follows: Canada (73), USA (66), Austria (57), Belgium (72), Finland (75), 
France (52), Germany (80), Italy (60), Luxembourg (91), Netherlands (92), 
Norway (43), Spain (48), Sweden (95), Switzerland (90), UK (84), Japan (39).1122  

Obviously, most of the water being used in these countries is recovered water.  
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The hydrological process involves the sum of precipitation, evaporation, 
transpiration, infiltration and surface storage, soil water, groundwater, channel and 
lake-storage, snow and ice conditions. In a nutshell, all the problems related with 
water, right from quantity to quality, are the results of increased human 
intervention in this Hydrological Cycle, causing physical, chemical and biological 
effects. In this backdrop, many of the nations have started to evolve strategies to 
make this intervention as less disturbing as possible.  
  

C. Fresh Water in India - An Overview 
I. THE FRESHWATER RESOURCES OF INDIA  
The total volume of water received annually in India is estimated to be around 330 
million-hectare metres (mhm). Out of this, around 150 mhm enters the soil, which 
retains about 110 mhm as soil moisture and the remaining 40 mhm reach deeper 
strata in the form of groundwater. The remaining 180 mhm does not find its way 
into the soil, and thus constitutes the total annual runoff in our river systems. This 
water can efficiently be used through traditional methods. In fact all the post-1951 
irrigation projects have so far been able to impound a mere 17 per cent of this run-
off in their reservoirs, representing less than 10 per cent of the total runoff. The 
availability of water in the rivers of India is shown in Table 1. 
 
The proper utilisation of fresh water in the country is further compounded by the 
fact that almost all the fresh water is received in only the four months of 
monsoon.1133  

 
II. PROBLEMS RELATED TO FRESHWATER RESOURCES OF INDIA  
An overview of the problems associated with fresh water in India is presented 
here.  
• The western model of annexing natural resources, especially water and forets, 

by the state has played havoc with the life and livelihood of millions of people 
as till 300 years back water and forests were community resources. 

• The modern approach of impounding water in dams and reservoirs has caused 
numerous problems like, displacement, submergence of land and forests et 
cetera 

• Throughout the country, the groundwater levels are falling sharply. 
Consequently, all along the coastline the sea wedge has intruded deeply and 
permanently..1144 

• Massive deforestation in the hill areas has decreased run-in and increased run-
off many fold.  

• The extinction of traditional water harvesting systems in desert ecosystems has 
caused grave problems for the population living therein. 

• There is a great divide in the availability of water in urban and rural areas. For 
example, water availability per head per day in Delhi is 200 litres against a 
national availability of 25 litres. Even within a city, there is great inequality in 
different parts, e.g., in the slums and posh colonies, to the industrial areas and 
to the residential areas. For example, the total sum of water provided to the 
computer industry in Banglore exceeds the amount of water made available to 
the city dwellers. 
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• Practically all the water available to rural areas fall under the category of 
irrigation. More than 70 per cent of the villages in India have no potable water 
source. 

• In the last 50 years, the population of the country has more than tripled, levels 
of urbanisation has gone up by about 400-700 per cent and industrialisation 
has increased many fold – putting enormous pressure on precious water 
resources, on the one hand, while heavily polluting freshwater and water 
sources on the other, including pollution of groundwater. 

• The  construction  of  more  than  4,000  large  dams  and  more  than  50,000 
medium and small dams  in  India,  for dubious gains, have played havoc with 
the  riverine  ecosystems  and  natural  drainage.  At  a  global  level,  the  same 
thing has happened as 50,000 big dams have been built on the globe  in  last 
50 years, which have perpetuated the global fresh water crisis..1155 

• According  to  National  Commission  on  Integrated  Water  Resource 
Development Plan,  the  total water  resources of  the country are 1953 cubic 
kms. Of  this,  the utilisable portion  is estimated as about 690  cubic  kms.  In 
addition,  there  is  a  substantial  replenishable  groundwater  potential  in  the 
country, estimated at 432 cubic kms. 

••  Freshwater has many critical  linkages with other aspects of the environment. 
For  example,  forests  play  an  important  role  in  absorbing  precipitation. 
Depending upon the location and species, trees in temperate North American 
forests  may  intercept  40  per  cent  or  more  of  the  annual  precipitation, 
delaying  runoff and greatly  reducing  the  flow of pollutants  to streams  rivers 
and  lakes.  (op.  cit.  Ref.  5.  P.  66).  In  the  past  two  years,  the  importance  of 
forests  for controlling runoff has been  illustrated  in areas where acid rain or 
other factors have damaged trees. In the Black Forest  in Germany, which has 
experienced  severe  tree  damage,  rainfall  has  remained  fairly  constant  but 
runoff has  increased considerably. Studies of a  river basin  in South Western 
Australia have  found a similar  link between deforestation and surface water 
runoff.1166  This  aspect  has  been  dealt  in more  detailed manner,  in  the  next 
chapter.   

••  Hence there is a need to look at the water in its holistic perspective, as water‐
land‐forest are an inter‐linked one issue.   

  

**    **    **    **    **  
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11..  DDaammss  &&  IIrrrriiggaattiioonn  
 
In the last two decades, the opposition to ‘large dams’ has intensified as never before, thereby 
giving birth to a debate on ‘large dams’ versus ‘small dams’. There is a specific set of 
parametres distinguishing the two. Generally, a dam is considered as being a ‘large dam’ when 
the dam wall is higher than 15-metres and a crest length of over 500m. The first dam of over 15-
metres in height was constructed in Great Britain in 1787 and more were built till 1900, but 
being earthen embankments they were often unreliable. 
 
11..11  RRaattiioonnaallee  ooff  DDaamm--bbuuiillddiinngg  
The dams are constructed mainly for irrigation and hydro-electricity generation, occasionally for 
flood control. Exceptionally, in USA more than 2,552 dams have been built for recreation and 
tourism. The hydro electricity generation through dams is given preference over thermal power 
as the generation in hydro-power plant can be regulated whereas in the thermal power plants the 
generation of electricity is at a constant pace. Thus hydropower generation has the advantage of 
increasing power generation during the peak hours when the demand is maximum and 
decreasing it during normal hours when the demand is average.  
 
The real boom in constructing large dams took place post the 1930s coupled with advancement 
made in science and technology. Technological progress in concrete construction and electro-
mechanical engineering made it possible. Evolution in turbine design, permitting an increase in 
the range of developable head from 30m in 1900 to 240m in 1930, had a direct bearing on dam 
construction for hydropower generation. For example, installed capacity in USA zoomed from 
2.5 GW in 1890 to 10.4 GW in 1930. The same is the case with other industrialised countries.  
 
Since the western conceptual model of development was gradually and increasingly being 
recognised and followed the world over, the dam-building activity in USA and Europe has had a 
dramatic effect on the rest of the world. The developing countries, most of them till recently 
being colonies of different European nations, took a whole-hearted plunge in dam building. The 
international funding agencies like World Bank and other bilateral loans were generously 
disbursed for dam building, putting the economies of developing countries under debt-stress. 
This led to a swelling foreign debt, on the one hand, and ushered fresh problems coupled with 
intensive irrigation-based mechanised chemical farming in the developing nations, on the other 
hand. 
  
11..22  TThhee  GGlloobbaall  PPiiccttuurree  
Today the international dam industry is worth US $ 20 billion a year. The history of constructing 
dams is intertwined with the history of agriculture. Archeological investigations have revealed 
the remnants of small dams in Roman and Mesopotamian civilisations. But the science of the 
large dams is hardly 70 years old. Since then it seems that the world has gone into an orgy of big 
dam building and presently as per the estimates of International Commission on Large Dams 
(ICOLD) there were more than 41,413 large dams worldwide in 1998, almost 90 per cent of 
these built after 1950.  
 
But the exact number of large dams will perhaps always be shrouded in mystery, as the 
ICOLD’s World Register of Dams noted that “the list is only partial”. The National Inventory of 
Dams (Army Corps of Engineers, 1995-96) listed 75,187 dams in the USA. Other sources 
suggest that there are around 90,000 dams in the USA. China has around 86,852 dams, out of 
which 84,228 are small.  
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At a global level, the construction of dams is not uniform. Continent-wise, in the geographical 
distribution of dams, Asia accounts for 33.38 per cent, followed by North America (30.16 per 
cent) and Europe (24.38 per cent). The remaining three continents, Africa (5 per cent), South 
America (3.97 per cent) and Australasia (2.66) are minor players in dam-building exercise. 
Worldwide, five countries namely China, USA, India, Japan and Spain together have more than 
5,000 dams higher than 30 metres or about 60 per cent of the world’s total dams in this size-
category.  
 
It will be interesting to note that nowhere has a dam been constructed within the finances 
originally allocated in the project proposal, and has achieved its targets claimed in the project 
document.11  It is equally intriguing that the dams are often named multipurpose (irrigation, flood 
control, power generation, drinking water) even though the requirements for these tasks remain 
diametrically opposite. For example, for hydropower generation, water level in a dam must be 
kept as high as possible, for flood control water level in a dam must be as minimum as possible, 
whereas for irrigation more and more water should be taken from it to the agricultural fields. 
Similarly, the water quality indices for drinking water and irrigation water are quite different. 
Therefore, obviously, the phrase ‘multi-purpose dam’ is totally misleading. 
 
11..33  TThhee  FFiinnaanncciiaall  aanndd  EEccoonnoommiicc  PPeerrffoorrmmaannccee  ooff  DDaammss  
There have been sporadic studies by the government and funding agencies about a few specific projects 
but a systematic effort of evaluation of dams was never carried out. In India too, there have been couple 
of studies by the official agencies for a very limited numbers of dams on siltation, cost and time overruns 
et cetera The results of such analyses being shocking, perhaps is the reason that no detailed nation-wide 
rigorous exercise was conducted.   
 
The first such attempt made by the World Commission on Dams (WCD) undertook a mammoth analysis 
of conducting a representative study of 248 dams spread in all the continents for two years. It is 
unfortunate that the Government of India officially distanced itself from the deliberations of WCD, 
paying credence to the commonly held belief that it has more to hide than reveal. Had it participated in 
the exercise, it would have gained vital in-sights about its own mis-tracked water development policy and 
ways to rectify it. This Ostrich-like attitude of Government of India continued when it outrightly rejected 
the final report of the WCD, only reflecting its well-known insensitivity towards public exchequer and 
public.  
 
The report of the World Commission on Dams (WCD) titled Dams and Development: A New 
Framework for Decision Making released on November 16, 2000, has commented about the 
pathetic state of dams in general and specifically in India. Some important points from ‘a 
sectoral review of technical, financial and economic performance of dams’ are given below. 
• Dams designed to deliver irrigation services have typically fallen short of physical targets, 

did not recover their costs and have been less profitable in economic terms than expected. 
• Dams built to deliver hydropower perform below targets for power generation. 
• Dams built for municipal and industrial water supply have generally fallen short of intended 

targets (for timing and delivery of bulk water supply) and have exhibited poor cost recovery 
and economic performance. The multi-purpose dams also underachieve relative to targets. 

• Compared to large projects, dams with heights less than 30 metres and reservoir areas of 
less than 10 km2 tended to be closer to the predicted targets. 

• The cost overrun of the dams in South Asia is the worst – 138 per cent. 
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• The case studies of Indian dams reveal a cost overrun by 235 per cent. The significance of it 
can be gauged from the fact that the average cost overrun of all 248 dams chosen for study 
by the WCD is 40 per cent (excluding Indian dams) and becomes 50 per cent after including 
Indian dams. It can be considered as the contribution of Indian dams to the dam-
construction industry of the world.  

 
The review of performance suggests that large dams have a marked tendency towards schedule 
delays and significant cost overruns. The report categorically states that “the true economic 
profitability of large dam projects remain elusive as the environmental and social costs of large 
dams were poorly accounted for in the economic terms”. 
 
11..44  TThhee  IInnddiiaann  SScceennee  
As stated earlier, India is the third largest dam building country in the world, after China and 
USA. A state-wise distribution of large dams in India is shown in Table 1.1. Since 
independence, India has spent Rs. 80,000 crores on the irrigation sector, 80 per cent of it has 
been spent on constructing 4,291 big dams.22 Yet there are more drought prone and flood prone 
areas today than there were in 1947. The limited number of studies by the official bodies in 
India regarding large dams have shown cost and time overruns, poor economic performance, 
shortfall in the development of canal network, failures in achieving targets, higher rate of 
siltation, et cetera. All these have often been quoted and referred to in pertinent literature and 
hence there is no need to repeat them here. At a private lecture, Mr. N. C. Saxena, Secretary, 
Planning Commission stated that at least 40 million people (mostly tribal, Dalits and rural poor) 
have been displaced by the dams and an additional 10 million by other developmental activities 
making the matters worse. Despite 50 years of independence, India has no National 
Rehabilitation Policy.  
 
Despite the all-round failure of dams, the Government is still going ahead with a mammoth 
Narmada Valley Development Project envisaging a construction of 30 major dams, 135 medium 
dams and 3,200 small dams on the main Narmada River and its 41 tributaries. That too, after a 
severe critique by the Independent Commission appointed by the World Bank on the Narmada, 
which forced the World Bank to withdraw from the Sardar Sarovar Project.33 Incidentally, it was 
the first in the history of World Bank, that it was forced to withdraw from an ongoing project. 
Though technically speaking, the Government of India withdrew its loan application from the 
World Bank, in a juvenile attempt to save the World Bank from embarrassment.  
 
Ironically, the first anti-dam treatise came from the USA itself, as for back as 1954, which dealt 
with the problems associated with large dams in USA,44 based on the detailed analyses of about 
1,000 dams. Unfortunately, the alternative of the large dams was then viewed in the vast 
potentials of nuclear power, which we all know  is now being used for destructive purposes 
rather than any constructive use. But a lesser known fact is that the failures of even small dams, 
embankments and weirs in India, causing some severe floods, too, is well documented since 
1908.55 
  
11..55  TThhee  SSoocciioo--EEnnvviirroonnmmeennttaall  IImmppaaccttss  ooff  LLaarrggee  DDaammss  
A whole range of literature is available on the positive and negative effects of large dams 
practically on every aspect of dams in general as well as on the specific dams, hence it will only 
be repetitive to mention them here in greater details. However, for the holistic treatment of the 
subject the issue can not be left out and therefore a brief overview of the problems associated 
with large dams are summarised below.  
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1. Faulty Planning - cost and time overruns 
2. Overriding preference despite availability of cheaper, better and viable alternatives 
3. Highly undemocratic decision-making – affected people kept out 
4. Economic and Financial unviability 
5. Inundation of forest, agricultural land, community land and wildlife  
6. Displacement - no national policy for rehabilitation and resettlement in India, so far 
7. Social, cultural and ethnic disruption/destruction of communities and loss of livelihood 
8. Destruction of downstream ecology 
9. Heavy rate of sedimentation in dams  
10. Excessive evaporation, seepage and leakage from the reservoir-canals (as high as 50%) 
11. Sudden discharges from dams leading to flash floods in downstream sections 
12. A failure in flood control 
13. Dam burst and failures, causing massive damage downstream 
14. Losses due to seepage, leakage and overuse from the reservoir 
15. Growth of aquatic weeds, affecting productivity of dam 
16. Sea wedge intrusion in coastal areas 
17. Problems related to fish growth and production 
18. Perennial problems of maintenance, management and operation  
19. Increase in waterlogging, salinity and alkalinity in command areas 
20. Increasing socioeconomic disparity in command area 
21. Reservoir induced diseases (Malaria, Schistosomiasis, Filariasis, Onchocerciasis & other 

vectors) 
22. Decrease in natural soil fertility, ultimately ending completely  
23. Increase in chemical pollution in command area  
24. Problems related to conversion of flowing riverine ecology to stationary lacustrine 

ecology 
25. Reservoir Induced Seismicity 

 
Yet another very important factor about the big dams in India is that almost all of them have 
been constructed with foreign loans through diverse sources. There has been a massive gulf 
between the proposed cost and end-cost of dams, curtsey the corrupt nexus of engineers-
contractors-politicians. This has been an important factor of the total debt of US $250, which 
each of the one billion Indians carries over his/her head. (It includes both external and internal 
debt, first US $50 billion and later at US $200 billion, as on March 2002). Inspite of this, there 
are 23 ongoing dam projects with external assistance from the World Bank, EEC and other 
bilateral agencies/countries. A complete list of these 23 ongoing projects is provided in Table 
1.2. Obviously we are following a blind course of being entangled in the debt-trap and recently 
on February 14, 2002, Moodies, one of the most reputed international credit rating agency made 
a forecast that India is heading for a debt crisis. 
 
In this backdrop, it is no surprise that in last two decades of the past century a very strong anti-
dam mass-based, peoples' movements have emerged throughout the country, drawing worldwide 
attention on some fundamental issues related to water management. 
 
11..66  CCoonnttrriibbuuttiioonn  ooff  LLaarrggee  DDaammss  ttoo  IInnddiiaann  AAggrriiccuullttuurree  
Though the large dams have been highly rated for the increased food production in India, there 
has not been any systematic dissection to quantify the net contribution of dams to agriculture in 
India. The most frequently quoted case is Punjab where irrigation from Bhakhra dam is 
supposed to usher nation to the path of green revolution. But nobody knows the exact quantity of 



18 
 

food production from the lands being irrigated by the dams. For the first time such a study has 
been done for WCD and the cat is now out of the bag. The gross contribution of irrigated land to 
the food production in India is a mere 10 per cent. This calculation was computed by a team of 
experts. This team included former Secretary, Water Resource Ministry, former Director, 
Central Water Commission, Government of India, et cetera. So the inference can not be 
dismissed as a figment of imagination.  
 
But the net contribution will be even less, when we take into account the following facts. The 
valuable land is submerged in dams and canals, seven million hectares of land has been 
sacrificed to waterlogging and salinity, curtesy dam based canal systems. And above all, these 
lands, which are presently producing 10 per cent, would have anyway produced some food, even 
if they were rain-fed; and hence the net contribution would be less than 5 per cent.66   
 

The question, which comes to mind naturally is: Why do the dams continue to be built despite 
their all-round failures? The answer is simple: Corruption. The cost overruns in Indian dams 
despite the free-board of inflation provided in the project planning, indicate towards a powerful 
nexus of politicians, technocrats and contractors which has vested interests in dam-building. As 
has been noted elsewhere, that though corruption is a universal phenomenon, the corruption 
prevailing in this part of the world, i.e., South Asia is different from the one existing in rich, 
economically successful nations. The South Asian corruption has four key characteristics:77   

• Corruption in South Asia occurs upstream, not down-stream. 
• Corruption money in South Asia has wings, not wheels. 
• Corruption in South Asia often leads to promotion, not prison. 
• Corruption in South Asia occurs with 515 million people living in poverty.  
 
In a nutshell, the large dams have failed to provide yield commensurate with the expenditures 
incurred. They have been instrumental in widening the gulf of inequality since those making 
sacrifices for dams are never included in the distribution of benefits accruing from the dams. 
Above all large dams have become the fountainhead of corruption, at least in this part of the 
world. 
 
11..77  AAccuuttee  NNeecceessssiittyy  ffoorr  aa  FFrreesshh  AApppprrooaacchh    
If we glance over the water resource potential in the river basins of India (Table 1.3), we find 
that the major percentage of the utilisable surface water in all the river basins has already been 
accomplished. Secondly, 90 per cent of world’s most economically feasible dam sites have 
already been utilised, implying that the water-use through large storage techniques would be 
steeply priced in the coming years. Even at this stage, per unit cost of developing irrigation 
through large dams is sharply shooting up (as discussed below) and has already become 
financially unmanageable.  
 
Therefore it is high time to look beyond the stereotype towards newer breakthrough. A perfect 
blend of traditional agricultural systems with modified newer practices, suited to Indian 
conditions will be a better approach, and many such innovations are already being practiced all 
over the world, including India. It is high time that the experiments and demonstrations in 
agricultural research institutes are taken to the ground and replicated. The first and foremost 
precondition for any such shift is change in the mindset of planners and policy-makers. 
However, any detailed treatment of these issues is out of the purview of this text. 
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IIrrrriiggaattiioonn  

 
Addressing the annual conference of Irrigation Ministers in 1985, the Late Prime Minister of 
India, Mr. Rajiv Gandhi said, "Out of every Rupee spent on development by the Government, 
only 15 Paisa actually reaches the poor."88  Perhaps Rajiv Gandhi could not have chosen a more 
appropriate platform to make a remark like this, in the context of widespread corruption in the 
irrigation establishments of the country. 
  
11..88  DDiissttrriibbuuttiioonn  ooff  AArraabbllee  LLaanndd  
Irrigation is a mode by which water is provided to the crops grown in the agricultural fields. 
Transportation of water from a dam to the agricultural fields requires a network of canals. But it 
is not possible to irrigate all types of land for agricultural production. The arable lands have 
certain characteristics, which distinguish them from other categories of land. Under the ‘land-use 
capability classification’ eight broad categories of land have been identified, each with its own 
distinguishing criteria.  
 
Looking at the country-wise geographical area, arable land and irrigated area in the world, it is 
found that among the continents, Africa constituting 23 per cent of the world’s geographical area 
has only 12 per cent of arable land. North Central America has 20 per cent of world’s arable 
land. Asia (excluding erstwhile countries of USSR) with 21 per cent of world’s geographical 
area has about 32 per cent of world’s arable land. In 1994, the irrigated area in the world was 
only 18.5 per cent of the total arable land. In 1989, 63 per cent of the world’s irrigated area was 
in Asia, which rose to 64 per cent in 1994. In the same year, 37 per cent of arable land of Asia 
was irrigated. Among Asian countries, India has the largest arable land, 39 per cent of Asia’s 
arable land. Only USA has more arable land than India.  
 
One related fact about irrigation is, that every year, on an average, globally, whatever amount of 
newer land is brought under irrigation, the same amount of land is lost to waterlogging and 
salinity. For example, according to a study of World Bank, in 3 million-hectare surface irrigated 
land of Punjab, Haryana and northern Rajasthan water table is rising at a rate of 0.2 to 1.7 metre 
per year. Out of this, in one million-hectare land, the water table has already reached upto just 
three metres below the surface. In the same study, it is recommended to the government that 
drainage schemes be launched in this 3 million-hectare land immediately otherwise in coming 
30 years this area will go out of production. 
  
11..99  EEccoonnoommiiccss  ooff  IIrrrriiggaattiioonn  
On a conservative estimate, construction of a canal network for a dam is usually four times than 
the cost incurred on that dam. When the dams themselves are being built with foreign loans, 
from where will this additional money come for creating canal network? An example of this 
type of skewed creation of potential is the Bargi dam, in district Jabalpur, Madhya Pradesh, 
which has submerged about 260 villages and is just standing idle since its inception, without any 
irrigation or power generation or nothing. 
 
This explains the widening gulf between the ‘irrigation potential created’ and ‘irrigation 
potential utilised’. Right from the first Five-Year Plan, the creation of irrigation potential has 
been one of the main targets, yet there is a wide gulf between the creation and utilisation of 
irrigation potential. In simple words, it implies that we have constructed the dams but have 
failed to create the network of canals which can carry this stored water to the agricultural fields.   
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After a recent reassessment, total ‘ultimate irrigation potential’ (UIP) of the country, stands at 
about 140 million hectare.99  By the end of 2000, the total irrigation potential created was 
17,055.55 thousand hectare, of which only 13,630.33 thousand hectare had been utilised. The 
total cost of creating this potential is a staggering Rs. 70,099 crores. Since the cost of creating 
potential per acre is increasing in leaps and bounds, it is obvious that a debt-ridden country can 
no more afford this inefficient system of developing irrigation. 
 
Central Government study states "In a study of 156 major irrigation projects, it is found that 
there has been an increase of 562 per cent. An expenditure of Rs. 2156 was proposed in the 
submission but the actual expenditure of Rs. 14,000 crores was finally incurred".1100 Moreover, 
these schemes run at a snail's pace. According to a study by K. Ramanujam, "Sharda Sahayak 
will take 175 years to attain its full capacity, Sriram Sagar will take 140 years, Sone will take 68 
years and Koshi will take 40 years".1111    This is amply reflected in the Eighth Plan (1992-97) 
where a total of 1,367 irrigation projects were undertaken, out of which only 891 have been 
completed in the plan period and 476 projects have spilled over into the IX Plan.1122  
 
The cost of creating irrigation potential in 1951 was only Rs. 1,200 per hectare, which rose to 
Rs. 19,271 during Sixth Five-Year Plan and became Rs. 26,721 per hectare in Seventh Five-
Year Plan. In other words, during First and Seventh Five-Year Plans, there was an increase in 
irrigating per hectare of land by 22 times. As a matter of fact, in actual practice this increase is 
much more as it does not involve the expenditure incurred on converting ‘irrigation potential’ 
into ‘irrigation utilised’. Neither does it include the expenditure that would be incurred on the 
development of drainage system, which must be done if the land is to be protected against 
waterlogging and salinity. 
 
The total Plan-wise expenditure on irrigation (1951-2000) is given in Table 1.4. The widening 
gulf between the 'irrigation potential created' and 'irrigation potential utilised' in 1997 is shown 
state-wise in Table 1.5. In addition to this, year-wise details of lag in Net Irrigated Area (NIA) 
vis-á-vis Net Sown Area (NSA) is provided in Table 1.6.  
 
On the basis of skyrocketing cost of creating irrigation potential per unit, the widening gulf 
between the potential 'created' and 'utilised' and the lag between the NIA vis-á-vis NSA, it is 
evident that there is a systemic rot in our irrigation planning. It has crossed the limits of being 
affordable anymore, lost the sustainability and economic viability. It not only needs a thorough 
revision, which demands a close and continuous interaction and inputs among the planners, 
engineers and farmers but also needs to acutely to look for fresh options and innovations. 
Otherwise the situation can only deteriorate further. 
 
11..1100  PPoolliittiiccss  ooff  GGrraaiinn--ssttoorraaggee  &&  DDiissttrriibbuuttiioonn  
It is also important to look what is happening to the end product, which comes from the 
agricultural fields, in the name of which so much funds are being devoted in building dams and 
providing irrigation for food production. Last year, the Standing Committee of Parliament on 
agriculture submitted its recommendation to the government that all the grains rotting in 
godowns should be thrown into the Indian Ocean, so that the next season's purchase could be 
stored.  
 
The ration system was introduced first in 1942 during the Second World War and was 
abandoned a year later. Under the pressure of inflation, it was again introduced in 1952 but by 
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1956 the situation of grains in the nation improved substantially and the scheme lost its 
significance. But with the fall in grain production in 1958, it was again felt necessary to restart 
the ration system again. But under the provisions of Agriculture Price Commission formed in 
1965, the government is committed to declare and purchase wheat and rice at higher prices. But 
the analysts believe that it has become a loss-making exercise due to constantly increasing 
higher transportation and storage costs. This is the oldest and biggest scheme of 'poverty 
eradication' which includes support price, subsidy and rationing system.  
 
Yet there has been no improvement in the conditions of poor, despite the revolutionary changes 
in the availability of grains in the nation. According to an earlier study1133 done in 1987, there was 
no dearth of food grain yet more than 50 per cent of the population was suffering and dying 
from hunger and malnutrition. It explicitly stated that the policies of the government are directly 
responsible for this problem. Its policy of declaring support prices for wheat and rice only, has 
totally neglected the importance of other millets and pulses which earlier used to be the main 
source of food for the poor and weaker sections which provided them sufficient proteins. In 
1950-51 wheat and rice had 13 and 40 per cent of total foodgrains production respectively, 
which by 1983-84 became 39 and 30 per cent respectively. During the same period, production 
of pulses decreased from 17 to 8 per cent, Jowar decreased from 11 to 8 per cent, Bajra remained 
constant at 5 per cent and there was a slight increase in Maize from 3 to 5 per cent. Though the 
total foodgrains production shot up from 51 million tonnes to 151 million tonnes, 70 per cent of 
it constituted rice and wheat.1144   
 
The same study also raised concern over the excessive use of fertilisers. The average annual 
fertiliser use (NPK) during 1951-1966 was 298 thousand tonnes and average annual per hectare 
yield was 648 kg. During 1969-1984, the fertiliser use increased from 298 to 4,115 but the yield 
increased slightly from 648 to 933, compared to 14 times increase in fertiliser use. This is an 
indication of declining fertility of soil as crop rotation has almost stopped with every farmer 
sticking to wheat-rice crops. Resultantly, the soil has become deficient in micro-nutrients, 
especially zinc and iron. The excessive chemicals are leaching in the soil, groundwater and food 
produce. The situation is that the FCI godowns are over-flowing with grains many times more 
than the prescribed buffer stock. As on August 21, 2001, these godowns have a stock of more 
than 6 crore tonnes of wheat and rice.1155 Now, for this year, arrangements are being made to 
purchase Kharif produce of 1.40 crore tonnes. These godowns were meant to store a buffer stock 
of 1.70 crores. As the states have not been lifted grains and there is a  lack of export, the FCI is 
facing a severe resource crunch. The government was forced to amend the provision of FCI Act 
to enable FCI to arrange loan for this purchase. As per the existing provisions of the Act, FCI 
can only take a loan of ten times more than the capital it has. The amendment has been passed 
by the Parliament. Despite the government announcing a 30 per cent cut in prices for the people 
living above the poverty line, there have been no takers for this food.    
 
According to a report,1166 the Delhi Government is forced to dump nearly 4,000 tonnes of wheat, 
supplied to it under the Targeted Public Distribution Schemes (TPDS), in the Food Corporation 
of India's godowns every month, as the poor of the city prefer to buy ration on daily basis. The 
TPDS started by the Union of India offers purchase of grain at subsidised rates on a monthly 
basis. 
 
Reluctant to stock unsold grain, the Civil Supplies Department is refusing to lift its assigned 
quota from the FCI godowns. About 4,000 tonnes of wheat is stocked in FCI godown as the city 
government has lifted only half of its quota this month. The FCI allocates 8,180 tonnes of grain 
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to Delhi to distribute among the poor under the TPDS scheme. According to FCI sources, the 
government has lifted only 3,084 tonnes in August, 5,829 tonnes in July and 6169 tonnes in June 
2000 for Below Poverty Line category. In this category, the Public Distribution Services (PDS) 
shops sell 10-kg wheat at Rs. 4.65 and 10-kg rice at Rs. 6.15, to the poor.     
 
As the FCI grapples for space to store its unsold stock, the 4,500 fair price shops in Delhi, which 
sell subsidised grains to people belonging to BPL category, are virtually out of business. Though 
the TPDS was introduced by the central government in 1977, the Delhi government has adopted 
it only this year. Meanwhile the President of the Delhi Fair Price Shops Association (DFPSA) 
said that shopkeepers are finding it difficult to sell from the monthly TPDS quota. "The people 
identified as poor are mostly daily wagers. They buy food in small quantities and on a daily 
basis. They can't afford to pay Rs. 500 and buy a month's ration in bulk", says the President 
DFPSA.  
 
Meanwhile the surveys are being carried out to identify BPL on the old parametres. The Delhi 
government has already taken 4.11 lakh families who hold the Jhuggi Ration Cards, as falling 
under the BPL category. Besides the department of Food and Civil Supplies is also inviting fresh 
application and income proof for issuing new Jhuggi Ration Cards. President DFPSA says that 
PDS should be revived if the government implements the scheme in full force. He says, "In case, 
the government can not issue new cards, it should give temporary ones so that the off-take from 
our shops increases". 
 
The Fair Price Shop owners also complained that the allocated grain is of bad quality. "Even the 
poor do not want to buy it despite the subsidised prices." They allege FCI misleads them by 
showing 10-gm of good quality grain, but allocates a bulk of rotten grain instead. Here it may be 
recalled that the Government of India has exported thousands of tonnes of wheat to Iraq in 
exchange for crude oil, after the due procedural approval of UN as the sanctions on Iraq 
continue till date. But Iraq sent it back thrice, stating that the grain is of bad quality and is 
affected by fungus. It has projected India in bad light in the world.  
 
It was in this background that the Peoples' Union for Civil Liberties (PUCL) filed a public 
interest litigation in the Supreme Court. PUCL said deaths due to starvation and malnutrition 
occurred in many states though the FCI godowns have nearly 50 million tonnes of foodgrains as 
against the required buffer stock of 17 million tonnes. The petitioner’s counsel cited a host of 
central government's schemes to mitigate hunger; the Bench said "mere schemes without 
implementation is of no use. What is important is food should reach needy". 
 
Concerned at the starvation deaths despite abundant stocks in the country, the Supreme Court on 
August 19, 2001, said that the government was under obligation to provide food to all even if it 
had to be given free. "It should be done as no person should be deprived of food merely because 
he had no money", the Bench remarked. The Supreme Court has taken this issue very seriously 
and Bench reminded the government that it was the primary responsibility of the administration 
to see that food reaches the hungry and was not wasted without purpose. The Bench 
categorically stated, "The primary responsibility of the Central and State Governments should be 
to ensure that the food grains over-flowing in the FCI godowns, should reach the starving people 
and not wasted by being dumped in the sea or eaten by rats". The poor and weaker sections of 
the society should not die from starvation, the Bench remarked. The three-member bench headed 
by Justice B. N. Kripal has Justice N. Santosh Hegde and Justice Brijesh Kumar.  
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PUCL raised three crucial questions. Does the right to life mean that people who are starving 
and who are too poor to buy foodgrains, ought to be given foodgrains free of cost by the states 
from the surplus stock lying with the state, particularly when it is reported that a large part of it 
is lying waste and rotting? Does not the right to life under Article 21 of the Constitution include 
the right to food? And does not the right to food, which has been upheld by the apex court, 
imply that the state has a duty to provide food, especially to people who are drought affected and 
are not in a position to purchase food? According to a report, 208 million (20 crore and 80 lakh) 
Indians continue to be chronically undernourished.1177  On behalf of the government, the Solicitor 
General of India, Soli J. Sorabji said that the Centre would file an affidavit soon. Earlier on July 
23, the Supreme Court had asked the six drought prone states of Orissa, Rajasthan, Chhattisgarh, 
Maharashtra, Gujarat and Himachal Pradesh to take immediate steps to make closed PDS shops 
functional. Sorabji had termed it "horrendous state of affairs" and added there was something 
radically wrong with the system and sought time from the Court for formulation of a mechanism 
to provide food to the destitute. The Bench then said: "Devise a mechanism where no person 
goes hungry when the granaries are full and a lot is being wasted due to non-availability of 
storage space." The case is till continuing in the court.  
 
This whole saga is a running commentary on the pathetic state of legislative and executive, 
riddled with incompetence, inefficiency and corruption coupled with a callous and apathetic 
attitude towards the problem of common man, where everything waits for the directives from the 
judiciary. What is the purpose of spending enormous amount of money with foreign loans to 
build more and more dam and irrigation facilities? The grain is purchased by the government 
and finally allowed to rot or thrown into the ocean, while millions of people continue to die of 
malnutrition and hunger. Has common sense really become so uncommon with our planners? 
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22..  GGrroouunnddwwaatteerr  
  

In the scarcity of surface water, people have started withdrawing groundwater to the maximum. 
As a result the groundwater aquifers are depleting at a faster rate than they can be recharged. For 
example, the growth of pump-sets or tubewells during 1950 to 1971 has been phenomenally 
high, as shown below. 

  

PPrrooggrreessssiivvee  IInnccrreeaassee  iinn  GGrroouunnddwwaatteerr  SSttrruuccttuurreess::  11994477  ttoo  11999977  

  

YYeeaarr   DDuugg  wweellllss   PPrriivvaattee  sshhaallllooww  ttuubbee‐‐wweellllss   DDeeeepp  ttuubbee‐‐wweellllss  

   ((mmiilllliioonnss))   ((tthhoouussaannddss))   ((tthhoouussaannddss))  

1947  3.5  1  1.7 

1950‐51  3.9  3  2.4 

1968‐69  6.1  360  14.6 

1973‐74  6.9  1000  22.0 

1978‐79  7.7  1960  32.6 

1984‐85  8.7  3360  46.2 

1993‐94  10.2  5040  69.4 

1997  10.9  6020  83.2  

SSoouurrccee::  Tata Energy Research Institute, 1998. 

 

22..11  GGrroouunnddwwaatteerr  SSiittuuaattiioonn  iinn  IInnddiiaa  
The situation concerning groundwater in last three decades has really worsened as not only 
farmers, but hotels, industries, factories, urban elite and all who can afford, have started 
withdrawing groundwater, without any consideration to its recharge. Consequently, in many 
parts of the country the lowering of groundwater has become permanent. It has been estimated 
that in almost all the coastal areas, sea wedge intrusion ranges from 1 km to 25 kms rendering 
groundwater useless. Many of the dams have been built in the last reaches of the river which has 
facilitated the seawater intrusion into rivers and springs and eventually into groundwater. For 
example, in the last reaches of Periyar River, a series of 20 dams have been built: hence 
seawater has entered the river upto 30 kms. Due to this hundreds of villages have become empty 
as their agricultural fields have become unproductive due to saline water. It is the author’s 
estimation that after the completion of the Sardar Sarovar Project in Gujarat, 100 kms above the 
confluence with sea, will finally make the last reaches of Narmada, about 100 kms, into saline 
water, as the release of freshwater from the river will be reduced to a trickle. The Government 
has accepted that 90 per cent of the groundwater is being exploited by the private sector.  
 
It is time that groundwater is viewed in its correct perspective and recognition given to the fact 
that groundwater has become the most important source of water. Its importance can be 
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understood from the fact that the government canals account for irrigating 37 per cent, tubewells 
and wells jointly irrigate 33 per cent while irrigation from private tanks and other sources make 
up for the remaining 30 per cent. With the vast improvement in the drilling and pumping 
technologies in last three decades, the actual loss of groundwater could be many times more than 
anticipated. In this connection it is pertinent to note that "groundwater accounts for more than 95 
per cent of all the liquid fresh water available on Earth at any given moment".22  
 
It has become almost impossible to estimate, even roughly, the total groundwater withdrawal 
during last three decades as a number of official agencies coupled with private parties are 
involved. To name a few official agencies involved in prospecting, exploratory and consumptive 
drilling of groundwater are: Geological Survey of India, Department of Mines and Metals, 
Ministry of Food and Agriculture, Central Groundwater Commission, Central Water & Power 
Commission, NABARD, Groundwater Development Boards in each state and hundreds of 
private agencies. Owing to it, a precise quantification of groundwater availability in the country 
is always subjected to modifications and re-modifications and this exercise must be done 
keeping the future in mind. 
 
22..22  VVaasstt  GGrroouunnddwwaatteerr  PPootteennttiiaall  iinn  IInnddiiaa--BBuurrmmaa--NNeeppaall  
On May 22, 1986, a meeting of the World Bank experts was held regarding the groundwater 
resources of India, Nepal, Bangladesh and Burma. The study report reveals that the exploratory 
drilling done in these countries for oil has brought this fact to light that there are highly enriched 
groundwater aquifers in the Ganges, Brahmputra, Itabeli and Tarai of Nepal, which can supply 
drinking and irrigation water to 50 crores people. The only condition is that this water has to be 
brought to the surface, from a depth of 7,000 feet deep aquifers. This should not be a problem as 
the presently available techniques can easily drill upto a depth of 10,000. Moreover, this is based 
only on a preliminary study and there is a greater possibility of finding more groundwater 
aquifers in the area.33  
 
The report also says that the cost incurred on this will only be one-tenth of the cost of river 
valley projects and ordinary wells. Moreover, there will not be any need to wait for years to get 
this water. This will also be most suitable from environmental and ecological point of view. 
Moreover, this water will be free from any pollution due to its availability at greater depth. The 
report also states that if today USA is a 'food provider' to the world, then the reason lies in its 
groundwater. In the USA groundwater resources have been estimated to "contain far more fresh 
water than the capacity of all the nation's reservoirs and lakes, including the Great Lakes. It has 
been estimated that the total useful groundwater in storage is of the order of 10 years annual 
precipitation or 35 years' run-off". It will also be relevant to mention here that the USA has very 
stringent laws regarding abuse, misuse, degradation in quality and pollution of groundwater and 
they are enforced very efficiently.44  

 
Unfortunately, in India, the powerful lobby engaged in the construction of big dams has not 
allowed anyone to take any further step in this direction, despite the repeated international 
requests. It is the same lobby, which has successfully thwarted any attempt to bring a National 
Legislation on Groundwater. But, in the long run, keeping the interests of the wider public in 
consideration, the matter cannot be delayed for too long. 
 
22..33  GGrroouunnddwwaatteerr  PPootteennttiiaall  iinn  IInnddiiaa  
The total replenishable groundwater potential of the country has been estimated as 431 cu km 
per year. The figures for net draft of groundwater considering present utilisation indicates that 
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substantial portion of total potential (about 68 per cent) still remains untapped. After making 
provisions for drinking, industrial and other purposes (other than irrigation), which is about 16 
per cent of total potential, the potential available for irrigation is 360 cu km per year.  
 
Basin-wise, the Ganges Basin has the maximum potential, which is 171 cu km per year, 
constituting about 40 per cent of the total groundwater potential of the country. As a 
consequence of its prime place regarding availability, the quantities of groundwater potential in 
the basin apportioned for different uses is very high vis-à-vis other rivers. The basins from 
where more than 50 per cent of their groundwater resources have been exploited are: 1. Cauvery 
2. Madras and south Tamil Nadu composite 3. Kutch & Saurashtra composite. Groundwater 
development is lowest in the Brahmputra (3.37 per cent), followed by Meghna (3.94 per cent), 
Mahanadi (6.95 per cent), Brahmani with Baitarni (8.45 per cent), Subernrekha (9.57 per cent), 
northeast composite (17.20 per cent) and Godavari (19.53 per cent).  
 
From the point of exploitation of groundwater, various blocks/talukas/mandals/watersheds have 
been placed in different categories like dark zones, over-exploited and other. Out of 7,063 
blocks in the country, only 6 per cent is in the dark blocks and remaining 94 per cent fall in other 
categories. However, this official figure seems somewhat at odds with the ground reality. For 
example, in Rajasthan where situation has indeed reached a critical stage is discussed below. 
 
Among the states, the highest potential of groundwater is in Uttar Pradesh, about 84 cu km per 
year whereas Himachal Pradesh has the lowest potential with 0.37 cu km per year. Development 
of groundwater in Punjab is the highest: in percentage where about 94 per cent of the resources 
appear to have been tapped. The neighbouring state Haryana, with 84 per cent development 
occupies the second place. The other states where the percentage development is more than 50 
per cent, are Tamil Nadu (60 per cent), and Rajasthan (51 per cent). The percentage of 
development of groundwater in the states of Jammu and Kashmir, Assam, Goa and Orissa are 
very low. The figures for these states are respectively 1.3, 4.5 8.3 and 8.4 per cent. A total 
picture of the groundwater potential in India, both river basin-wise and state-wise is presented in 
Table 2.1 and Table 2.2..      
 
With rapid advances made by India in launching various kinds of satellites in space, there is no 
dearth of satellite images, which has emerged as one of the best tool for groundwater 
prospecting and detection. Therefore it will be relevant here to briefly describe the technique of 
groundwater prospecting on the satellite image. 
 
22..44  AAccuuttee  NNeeeedd  ffoorr  aa  NNaattiioonnaall  LLeeggiissllaattiioonn  oonn  GGrroouunnddwwaatteerr  
Rights in groundwater belongs to the owner, since it forms part of the dominant heritage and 
land ownership is governed by the tenancy laws of the state. The Transfer of Tenancy Act 
necessitates that this right (to groundwater) can be given to anyone only if the dominant heritage 
(land) is transferred. Conversely, the Land Acquisition Act, asserts that if someone is interested 
in getting rights over the easement (over groundwater, in this case), he would have to be 
interested in land. In short, groundwater is attached, like a chattel to land property. There is no 
limitation on how much groundwater a particular land-owner may draw.55    
 
The consequence of such a legal framework is that, only the landowners can own groundwater in 
India. It leaves out all the landless and tribals who may have community rights/group rights over 
land but not private ownership. It also implies that rich landlords can be water-lords and indulge 
in openly selling as much water as they wish. 
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To ensure proper and equitable distribution of groundwater, to even those who do not own land, 
it is necessary to separate water rights from land rights. No such legal step has been taken up in 
India so far. The only states to have a separate groundwater law are Gujarat; there too the law 
has been applied in one only district till now. This law does not touch the issue of water rights. It 
merely tries to regulate water harvesting and marketing by restricting the number of tubewells 
and introduces license procedures. Evidently, even this introductory legislation is welcome, in a 
situation in which groundwater exploitation is free-for-all by property owners.66  

  
22..55  OOvveerreexxppllooiittaattiioonn  ooff  GGrroouunnddwwaatteerr  iinn  RRaajjaasstthhaann  ––  AA  CCaassee  ooff  NNoo  LLaaww  
What is happening in the absence of a national legislation on groundwater, is very well reflected 
in Rajasthan. The State Government is very seriously considering to introduce a legislation on 
groundwater, as the exploitation of groundwater has gone beyond critical limits.77  Actually, the 
draft of the state legislation on groundwater has been in circulation since the last four years but 
the influential lobby has thwarted the attempt of its conversion into law. The present rate of 
exploitation of groundwater is 145 per cent more than the run-in.  
 
According to the report, currently (August 2001) Rajasthan has nine lakh boring-wells, 4.8 lakh 
normal wells and 20,000 very deep wells in operation. On an average, these 13,80,000 wells, are 
over-withdrawing 950 crore cubic metre water annually, whereas the natural recharging capacity 
of theses well is only 715.5 crore cubic metre water only. The withdrawals are thereby 33 per 
cent more than the recharge capacity. As per the Irrigation Department of Rajasthan, even after 
the completion and operation of all ongoing schemes by 2015, the total recharge capacity will 
reach only upto 815 crore cubic metre. According to Groundwater Department and Agriculture 
Department of Rajasthan Government, every year newer 2.75 lakh hectare area is being brought 
under irrigation through wells and tube-wells. So the groundwater table is going deeper and 
deeper every year.  
 
Expressing concern over the increasing water crisis in Rajasthan, the Irrigation Minister stated 
that out of 237 Blocks of the state, 177 are facing severe water scarcity. In the latest report of 
Central Groundwater Board, 11 Blocks of these have already been declared 'Dark Zones' and 45 
Blocks are heading in the direction of being declared 'dark zone'. The situation has gone beyond 
control due to uncontrolled exploitation of groundwater. Moreover, in all the 39 districts of 
Rajasthan, in a majority of the blocks, water table has gone down from 50 to 700 metres. 
Generally, average requirement of water per head per day is considered to be 1,000 cubic metre. 
In comparison, only 60 per cent of water is available in the state and that too is decreasing 
sharply every year.  
 
The report mentions that to save the situation becoming explosive, the state government is 
considering steps like legally banning new exploitations of groundwater, directing industries to 
save water, making arrangements for immediate stoppage of leaks from the pipelines et cetera. 
At present, only 52 per cent of available surface water is being used by the state, in contrast, 
groundwater availability is being used to 145 per cent, which is worsening the situation.  
 
The total area of Rajasthan is 342.52-lakh hectares, out of which 257-lakh hectare is suitable for 
agriculture. According to Irrigation Management & Training Institute, if we consider that 80 per 
cent out of this agriculture land is under irrigation, then providing a 50-cm thin layer to 200-lakh 
hectare will need 10,000 crore cubic metre water. On the other hand, even after completion of all 
irrigation schemes of Rajasthan and getting its rightful claim from the Ganga Basin, this amount 
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of water will not be available. Irrigating as per the present techniques and in a scientific manner, 
by 2015, only 65.38-lakh hectare will be brought under irrigation. And even by 2045, only 
128.87-lakh hectare, would be brought under irrigation, out of the 200-lakh hectare agriculture 
land.  
 
Rajasthan has 14 river basins through which 2,593 crore cubic metre surface water is available, 
out of which only half is being used. The natural recharging capacity of 741.3 crore cubic metre 
is also through these river basins. The Irrigation Department of Rajasthan is preparing for 
making a Master Plan on Water for technical survey at Panchayat Committee level, though 
Rajasthan already has a State Water Policy as well the Water Resource Plan. The scenario of 
groundwater, by and large, is not different in other states even in a supposedly water-surplus 
state like Punjab, which has been discussed in the relent section of this chapter.   
 
Hence there is an acute need to chalk out National Groundwater legislation without further 
delay.88  From the point of view of social justice, it is very important that the groundwater rights 
be de-linked from the land rights, as groundwater aquifers do not follow the land boundaries, be 
it inter-personal, inter-state or inter-nations. Otherwise, once the water table has reached a 
permanent lowering, even the re-charging will not improve the situation. 
 
22..66  MMeetthhooddss  ffoorr  GGrroouunnddwwaatteerr  PPrroossppeeccttiinngg  
REMOTE SENSING - the search for groundwater (i.e., water beneath the land surface enclosed 
in the pores of the soil, regolith or bedrocks) is greatly aided by remote sensing techniques. The 
clue to groundwater search is the fact that sub-surface geologic elements forming aquifers have 
almost invariably surface expressions, which can be discerned by the remote sensing techniques. 
It should be understood from the beginning that remote sensing techniques complement and 
supplement the role of the existing techniques of hydrological and geophysical techniques and 
are not a replacement for these techniques.  
 
For convenience, we can divide the aquifers into two groups:  
I. Aquifers in alluvial areas and  
II. Aquifers in hard rock areas.  
 
I. AQUIFERS IN ALLUVIAL AREAS: Most well sorted sands and gravels and fluvial deposits, 
are either in the form of stream channel deposits and valley fills or as alluvial fans. The 
remainders are cheniers, beach ridges, beaches and some well-deposited dunes. Although 
hydrogeologically significant landforms et cetera can be delineated easily on LANDSAT 
images, more details are visible on aerial photographs. In favourable cases LANDSAT images 
can be used to select locations for test wells. In other areas locales can be marked for more 
detailed groundwater surveys or examination of aerial photographs. There are certain keys for 
detection of such aquifers on satellite imagery as listed below.  
 
A. Shape or Form  
1. Stream valleys: particularly wide, meandering (low gradient) streams with a large meander 

wavelength and with broad and only slightly incised valleys. 
2. Underfit valleys represented by topographically low, elongate areas with impounded 

drainage or with a stream meander wavelength smaller than that of the floodplain or terraces. 
3. Natural levees (levees themselves may be fine-grained materials). 
4. Meander loops showing location and relative thickness of point bars. 
5. Meander Scars in lowland: oxbow-lakes arcuate dissection of upland areas. 
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6. Braided drainage-channel bars. 
7. Drainage line offsets, change in drainage pattern; or change in size or frequency of meanders 

(may be caused by faults and cuestas as well as change in lithology). 
8. Arc deltas (coarsest materials) and other deltas. 
9. Cheniers; beach ridges; parabolic dunes. 
10. Alluvial fans, coalescing fans; bajadas. 
11. Aligned oblong areas of different natural vegetation representing landlocked bars, spits 

dissected beaches, or other coarse and sell-drained materials.  
 
B. Patterns  

1. Drainage pattern imply lithology and degree of structural control; drainage density (humid 
regions) and drainage texture (and regions) imply grain size, compaction and permeability. 

2. Snowmelt; if everything else is equal, anomalous early melting snow and greening of 
vegetation show areas of groundwater discharge; ice free areas on rivers and lakes. 

3. Distinctive types of native vegetation commonly show upstream existence of drainage 
patterns, areas of high soil moisture, and landform outlines (humid regions); abrupt changes 
in land cover type or land use imply landform outlines that may be hydrologically significant 
but do not have a characteristic shape. 

4. Elongate lakes, sinuous lakes, and aligned lakes and ponds representing remnants of a 
former stream valley. 

5. Parallel and star dunes. 
6. Spliya of parallel linear patters representing old alluvial fans or landlocked chenier complex.     

 
C. Tonnee  

1. Soil type; fine-grained soils commonly are darker than coarse-grained soils. 
2. Soil moisture; wet soils are darker than dry soils. 
3. Types and species of native vegetation; vegetation is well-adapted to type and thickness of 

soil, drainage characteristics, and seasonal period of saturation of root-zone. 
4. Land use and land cover; for example, per cent bare soil correlate with drainage density; also 

for example, native vegetation in lowlands and drainage density; and agriculture on uplands 
may indicate periodic flooding. 

5. Anomalous early or late seasonal growth of vegetation in areas of high soil moisture, as 
where water table is close to land surface.  

 
D. Texture  

1. Uniform or mixed types of native vegetation; some species and vegetation associations are 
indicators of wet versus dry sites, thick versus thin soils, or particular mineral composition 
of soils. 

2. Contrast between sparse vegetation on topographic highs and denser vegetation in low 
(wetter) areas. 

3. Texture contrasts at boundaries of grass, bush and forest cover types; possible boundaries of 
soil type or moisture conditions.   

 
 
II. Aquifers in Hard Rock Areas 
The groundwater abundance depends on rock types, amount and intensity of fracturing. The only 
space for storage and movement of groundwater in such areas is in fractures enlarged by 
brecciation, weathering, solution or corrosion. These have surface expressions. In fact 
weathering, solution and corrosion operate on land surface as well, in addition to geomorphic 
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processes such as mass wasting and frost wedging. A fracture that is a plane of weakness for 
enlargement by groundwater may be represented on land surface by topographic depression, a 
different soil tonnee, or a vegetation anomaly at land surface. Many fractures are vertical, in this 
case, lineaments may represent favourable locations for water wells. Other fractures may be 
oblique. The keys to location of aquifers in hard rock areas are given below:  

 
A. Rock Types  

1. Landforms; topographic relief. 
2. Outcrop patterns; banded patterns for sedimentary rocks (outlined by vegetation in some 

regions); lobate outline for basalt flows; curving patterns for folded beds. 
3. Shape of drainage basins. 
4. Drainage patter, density and texture. 
5. Fracture type and symmetry (as implied by lineaments); triangular facets above fault or 

fault-line scraps and alluvial fans below; discontinuities in bedding patterns, topography or 
topographic texture; and vegetation types. 

6. Relative abundance, shape and distribution of lakes. 
7. Tonnees and textures (difficult to describe; best determined by study of known examples). 
8. Types of native land cover. 
 

B. Folds. 
1. Cuestas and hogbacks; asymmetric ridges and valleys; flatirons on dip slope and irregular 

topography on back slope; uniform distribution of vegetation on dip slope and vegetation 
banding parallel to ridge crest on back slope; bajada on dip slope and separate alluvial fans 
on back slope. 

2. Banded outcrop patterns not related to topography; closed to arcuate patterns; U-shaped to 
V-shaped map patterns of ridges; sedimentary rock patterns with an igneous core. 

3. Trellis radial, annular, and centripetal drainage patterns, partly developed patterns of these 
types superimposed on drainage pattern' of other types. 

4. Major deflections in stream channels; changes in meander wavelength or changes from 
meandering to straight or braided patterns. 

5. Asymmetric drainage, channels not centered between drainage divides. 
 
C. Lineaments 

1. Continuous and linear stream channels, valleys and ridges, discontinuous but straight and 
aligned valleys, draws, swags and gaps. 

2. Elongate or aligned lakes, large sinkholes and volcanoes. 
3. Identical or opposite deflections (such as doglegs) in adjacent stream channels, valleys or 

ridges, alignment of nearby tributaries and tributary junctions. 
4. Elongated or aligned patterns of native vegetation; thin strips of relatively open (may be 

rights of way) or dense vegetation. 
5. Alignment of dark or light soil tonnees 
 
III. Limitations 
Though remote sensing is a versatile tool, the presence of important indicators of groundwater 
occurrence cannot always be recognised as such on satellite images especially where 
morphological expressions of geologic structures are relatively small. The tonnee differences 
between rock types are indistinct and variation in the inclination of rock formations mineral. The 
limitations of remote sensing in groundwater exploration are:  
1. No quantitative estimates of expected yield of wells can be given from remotely sensed data. 
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2. No depth estimation of aquifers can be made. It may, however, be noted that empirical 
observations show that the length of a lineament (fracture zone) is related to the depth of the 
lineament. 

3. Assessment of quality of water is also not possible. Although the type and vigour of 
vegetation present on land surface does provide a clue to the quality of water underneath. 

4. In high-relief areas, satellite imagery may not be able to locate groundwater controls. Aerial 
photography may also have to be used. 

5. Lateral extent of only those aquifers, which are directly exposed or manifest through land 
covered for example shallow aquifers (vegetation), valley fills et cetera can be delineated. 

 
There are other geophysical methods like the Electrical Resistivity methods, Seismic Refraction 
Methods et cetera but they are too technical to be covered here. 
 
22..77  BBhhaakkhhrraa  DDaamm  vveerrssuuss  GGrroouunnddwwaatteerr  iinn  PPuunnjjaabb  
The first 'modern temple' of independent India, the Bhakhra dam has been given all the credit for 
food production and pushing the rest of the nation towards Green Revolution. The fact is that 
except for first decade after the construction of the dam, more and more farmers shifted to 
groundwater use, resulting in sharp decline of water table.  
 
This is amply corroborated by the continuously declining water table in Punjab. The trend 
started in mid-1980s. By 1988, out of a total of 12 districts, withdrawal in 6 districts exceeded 
recharge (Table 2.3). These were: Amritsar, Sangrur, Jalandhar, Patiala, Kapurthala and 
Ludhiana whereas Gurudaspur and Hoshiarpur were already declared 'gray' districts.99  By 1990, 
major parts of 11 out of 13 districts fell into the category of 'dark zones',1100 (Table 2.4). The 
overall groundwater balance in Punjab is given in Table 2.5. 
 
The situation has now only gone from bad to worse today as per the official data. By 2000, out 
of the total 118 Blocks of the Punjab, 62 fall under groundwater 'Over-Exploited' category and 8 
fall under Dark Bocks (Table 2.6). In the remaining Blocks too, the water table is falling and 
there are no signs of water table rising in any area, except those where waterlogging is taking 
place. A district-wise list of the waterlogged areas in Punjab shows that a total of 2.86 lakh 
hectare is waterlogged (Table 2.7).  The elaborate network of canals (Table 2.8) is also partially 
responsible for this waterlogging in Punjab, as the leakage and seepage from the canals adds to 
the subsurface water table, coupled with the flood irrigation practices.   
 
But this trend was not confined to Punjab only. The increase in grain production, throughout the 
country, for which large dams have been falsely given credit, basically rests on the foundation of 
over-exploitation of groundwater (Table 2.9). It is further corroborated by the marked increase 
in the number of groundwater structures throughout the country (Table 2.10). It sharply reflects 
the malignant growth as the long-term consequences of over-exploitation of groundwater was 
not visualised, the results of which we are facing now. Finally, the district-wise changes in 
groundwater availability and land quality in Punjab are shown in Table 2.11.      
 
The model of green revolution, based on intensive irrigation, excessive chemicals and HYV 
seeds has played havoc with soil fertility and crops, both. The natural fertility of soil has 
decreased substantially on the one hand, while the genetically modified HYV seeds have 
become highly susceptible to a host of pathogens and need to be constantly substituted after a 
few years. Punjab is no exception and throughout the state, soil is deficient in Zinc, Iron, 
Manganese and Sulphur. 
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22..88  WWoorrlldd  BBaannkk--PPuunnjjaabb  WWaatteerr  RReessoouurrccee  MMaannaaggeemmeenntt  PPrroojjeecctt  
As a result of Green Revolution, the availability of freshwater to people have declined sharply. 
The situation led Punjab to take a loan from the World Bank for water supply and sanitation in 
1997.1111 About the water resources of Punjab the project document states, "Punjab's water 
resources and environmental conditions are deteriorating at high speed. Groundwater resources 
are being overexploited in major parts of the state while the water table is raising to alarming 
levels and creating salinity and waterlogging problems in the southwestern part. Water quality 
and the environment are declining around major cities due to urban and industrial pollution and 
also in the rural areas due to intensive use of chemical inputs in agriculture."  
 
About the rural water supply and sanitation, the document says, "The quality of rural water 
supply and environmental sanitation provided by the Public Health Engineering Department is 
inadequate and deteriorating. The level of services does not meet the increasing demand due to 
population growth and improved standard of living. There is still much to be done to promote 
hygiene education to reduce diarrhoeal diseases especially among children. Less than 5 per cent 
of the rural population uses safe private latrines. Both the inadequate level of water supply and 
environmental sanitation generate loss of precious time which is compounded by health hazards 
for the rural population." The objectives of this project are described as:  
 
1. To improve water resources and environmental management in all water-related fields in 

Punjab, by assisting the government to develop policy reforms and institutional changes to 
promote efficient and sustainable use of water resources. 

2. To improve the health and living conditions of the rural population of Punjab through 
provision of more efficient and sustainable water supply and sanitation services by 
introducing the following new principles: 
• integrated approach to water supply, sullage, drainage and sanitation; 
• beneficiary participation in the planning, construction, operation and maintenance of 

water supply and sanitation facilities; 
• beneficiary contribution to capital costs (about 20 %) and full operation and maintenance 

costs; and, 
• emphasis on improved health and hygiene conditions.  

 
The relevant section states that, "all users and polluters should contribute to the investment and 
pay for the full operation and maintenance of public water supply system whether for irrigation, 
power, domestic, municipal or industrial purposes".  
 
 
Project financing will be over a period of 5 years and the cost-sharing arrangement is: 

IDA/IBRD (70%)  US $ 121.0 million 
 Punjab (14%)   US $  24.0 million 

Beneficiaries (16%)  US $  27.0 million 
 
So, about US $ 30 million will have to be contributed by the people in the project and the 
operation and maintenance costs in the future will have to be borne by them. The tables and 
graphs clearly show it is not the Bhakhra dam that is responsible for the Green Revolution but 
the overexploitation of groundwater, for which now they have to pay the penalty.  
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In the past two decades, the groundwater table in Punjab has been falling at the rate of 25-30 cm 
per year, says N. S. Pasricha of Punjab Agriculture University. According a study by Hira, out of 
the state's total area of 5.03 million hectare, 4.32 million-hectare has a falling water problem. As 
per the State Groundwater Department, the area where the water depth has gone down by 10 m, 
the increase has been from 3 per cent in 1973 to 25 per cent in 1990 and 46 per cent by 1994. If 
the water table goes below 15 m, the tubewells will stop functioning.1122  
 
The State of the World Report, 1998, published by the World Watch Institute says, "the gap 
between water use and sustainable yield of the aquifer is so high that the aquifers in Punjab 
could be depleted by 2025". According to the Report, pumping is three times more than the 
recharge rate. Since the wells are being deepened more year after year, the higher cost has 
resulted in low yields and may force many farmers to abandon agriculture. A Movement Against 
Social Repression has come into existence in Punjab which works to protect farmers from the 
declining growth. It says that "The productivity of the system is no longer sustainable for farm 
holdings less than 5.67 ha" and that "this is the political leadership's failure as they have not 
formulated a proper water management policy."  1133     
 
In Punjab, the demand for water, keeping in view the present cropping system, is 4.68-million ha 
metre against the availability of 3.08-million ha metre. As a result, there is a net deficiency of 
1.6 million ha metre every year. According to a study, the percentage of gross irrigated areas in 
the state to the gross cropped areas is 95 of which 62 per cent is irrigated by 8,80,000 tubewells 
and remaining by canals.1144 According to a report of Ministry of Agriculture in February 1998, 
the wheat and rice yields in both the states have stagnated since 1988-89.1155 
 
The problems have basically arisen as during the last four decades 90 per cent of farmers have 
shifted to wheat-rice cultivation, dropping the traditional crops. Government policies are also at 
fault: wheat-rice cultivation becomes lucrative because the government supports it through 
massive procurement programmes, while there are no procurement programmes for traditional 
non-cereal crops. And the problem is, government cannot force farmers to change their cropping 
practices. S.P. Mittal, Principal Scientist, Central Soil & Water Conservation Institute, 
Chandigarh states that “The government totally ignores other traditional crops like Maize.”  1166 
 
According to an earlier report1177 of World Bank (1985), in 3 million ha of irrigated agriculture 
land in Punjab, Haryana and northern Rajasthan, the water table is rising annually at a rate of 0.2 
to 1.7 m. Out of this, in 1 million ha, the water table has risen to just 3 metres below the surface. 
It further recommended to government of India that if drainage schemes are not implemented in 
this area immediately, then the entire area would become infertile in next 30 years. 15 years 
have already passed but nothing has been done in this direction. 
 
From the available reports and data, it is crystal clear that the myth of Bhakhra dam being 
responsible for the growth of entire agriculture in Punjab was deliberately created by elements 
having vested interests in large dams. The truth is that it was achieved solely on the foundation 
of over-exploitation of groundwater.     
 
A more detailed treatment covering all the related aspects of the Green Revolution has been 
documented elsewhere. It includes: loss of natural fertility, increase of toxicity in soil due to 
overuse of fertilisers, impact of exotic seeds through bio-technology, results of intensive 
irrigation, political and cultural costs et cetera  (Ref. 10) and hence there is no need to reproduce 
them here. 
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22..99  UUnnddeerrggrroouunndd  RReesseerrvvooiirrss  --  AAnn  IInnnnoovvaattiivvee  CCoonncceepptt    
In the backdrop of infinite problems associated with surface water reservoirs and excessive rate 
of transpiration, an innovative scheme of underground reservoirs (Fig. 2.1) has been proposed.1188 
With the advancement made in Hydrology and Hydrogeology, we can make an approximate 
estimation of quantum of water that is likely to percolate through the bed of a given stream over 
the entire rainy season. Based on this estimation and subsurface conditions we can then install 
sufficient number of wells along the banks of a stream and pull out the right quantity of water 
during the dry season. If we pull out less, the bed will be full before the rainy season is over. If 
we pull out more, the bed will get filled only partially, not till the brim. Therefore, it is possible 
to make correct adjustment.  
 
Rough estimates show that we should be able to pull out a large quantity of water safely. It will 
be replenished. The question is that, what will we do with this large amount of water that we are 
free to pull out? In this era of water-scarcity, it should not be a problem. This surplus water can 
be utilised for irrigation, domestic water supply and improving the degraded lands close by. In 
order to take advantage of the entire tappable water, the afforestation programmes should be 
encouraged, pasturelands, growing fodder, et cetera. 
 
Another new situation that will arise is a 'highly fluctuating water table'. The water table will go 
down by 10 to 20 metres during the dry season and rebound back to the surface at the end of 
rainy season. This means that all the wells in the area have to be deep. The issue of failure of 
monsoon will also have to be taken into consideration. The Meteorological Rain Forecast Model 
developed by Gowrikar, has been pretty close in predicting rains during the last decade and this 
should be taken into account for yearly planning.  
 
It must be stated that this scheme, aimed at creating replenishable underground reservoirs, is 
merely an idea as yet. Apparently it looks attractive, its practical demonstration, even on a pilot 
scale, remains to be done. If successful, as envisaged, we should be able to withhold 10 to 15 
million hectare metre (mhm) water in the Ganges valley alone where the scheme appears to be 
most suited. Though this does not seem much compared to the 50 mhm that the Ganges carries, 
compared to present total utilisation of groundwater which is just 10 mhm at present. Moreover 
it will improve the life of millions of rural people, as the Ganges passes through some of the 
most densely populated areas of the country.  
 
This innovative idea is not conceptualised by some quake but a very senior scientist of Tata 
Institute of Fundamental Research, Bombay. But it appears the mindset of our planners, 
administrators, political leadership and engineers are the biggest bottlenecks in adopting any 
new idea, even on an experimental basis, as vested interests are involved. It is amply clear in the 
case of Rajasthan, where, about 500 villages in Alwar district have improved their economic 
status through proper watershed management, rest of the state continues to reel under a water 
crisis. It is high time that such innovative ideas are experimented and given a chance to prove 
their feasibility. 
  
22..1100  DDrraafftt  BBiillll  oonn  GGrroouunnddwwaatteerr  bbyy  UUnniioonn  ooff  IInnddiiaa  
The National Water Policy has directed that exploitation of groundwater resources should be so 
regulated as not to exceed the rechargeable possibilities, as also to ensure social equality; and 
that groundwater recharge projects should be developed and implemented for augmenting the 
available supply. The Union Government has prepared and circulated to the State a Model 
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Groundwater (Control and Regulation) Bill to regulate and control the development there with. 
The salient features of the Bill1199  are as under:  
• Groundwater has been defined as the water, which exists below the surface of the ground at 

any particular point. 
• Groundwater Authority shall be constituted by the State Government. 
• The State Government, on a report received from the Groundwater Authority may declare 

areas as notified areas, where extraction and use of groundwater will be regulated in the 
Public interests. 

• Any person desiring to sink a well in the notified area for any purpose other than exclusive 
domestic use, either on personal or community basis, shall apply to the Groundwater 
Authority for the grant of a permit for the purpose and shall not proceed with any activity 
connected with sinking unless a permit has been granted by the Groundwater Authority. 

• In granting or refusing a permit the Groundwater Authority shall have regard to:  
 a. the purpose or purposes for which water is to be used;  
 b. the existence of other competitive users;  
 c. the availability of water; and,  
 d. any other relevant factor.  
• Every existing user of groundwater in the notified area shall apply to the Groundwater 

Authority for the grant of a certificate of registration recognising his existing use in such 
forms and in such manner as may be prescribed. 

• No person shall himself or by any person on his behalf, carry on the business of sinking 
wells or any other activity connected with the sinking of wells in any notified area except 
under and in accordance with a license granted in this behalf. 

• Any persons desiring to carry on the business of sinking of wells in the notified area may 
make an application to the Groundwater Authority for the purpose. 

• The Groundwater Authority or any person authorised by it in writing, on this behalf shall 
have power to enter any property with the right to investigate and make any measurements 
concerning the land or the water located on the surface or underground, inspect the well, 
sunk or being sunk, take specimens of such solid, or other materials or of water extracted 
from such wells, and obtain such information and record as may be required. 

• Any user of groundwater, who contravenes or fails to comply with any of the provisions of 
the Act, will be penalised and/or punished according to the provision of the Act.   

However, it must be viewed in the backdrop of experiences of the National Water Policy (1987) 
and revised Draft National Water Policy (1998). Each of them have come under heavy criticism 
as they are not only completely lacking in peoples' perspective but have severe drawbacks. So 
there is an apprehension that in the name of controlling and regulating groundwater, the 
government wants to take complete control of groundwater in its own hand, discouraging 
peoples' initiative. It is corroborated by the public declaration of Rajasthan's Irrigation Minister 
that "Every drop of rain belongs to the government! Only the government has the right to collect 
the rain".  2200  
  
22..1111  GGrroouunnddwwaatteerr  PPootteennttiiaall  &&  iittss  EExxppllooiittaattiioonn  iinn  SSppeecciiaall  AArreeaass  
According to the official document,2211 the government has identified special areas (tribal, drought 
prone and desert) where the groundwater exploitation can mitigate the hardship of people and a 
brief note is being given here. 
 
A. Tribal Areas - Maximum number of tribal districts are in the state of Madhya Pradesh and 
groundwater potential is also the highest in the state (now after the creation of Chhattisgarh, the 
situation may have undergone a change). West Bengal comes second in terms of number of 
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tribal districts and groundwater potential is so far as the tribal areas are concerned. However, the 
highest percentage of groundwater development is attained by Tamil Nadu, (70), followed by 
Uttar Pradesh (40) and Rajsthan (39). The groundwater potential as well as development is 
minimum in tribal districts of Bihar. The other states where the utilisation of potential is low 
include Assam, Tripura and Orissa.  
 
B. Drought Prone Areas - The number of drought prone districts is maximum in Uttar Pradesh 
followed by Maharashtra. The groundwater potential in these two states also is substantially 
high as compared to the corresponding potential in drought prone districts of other states. 
Groundwater development in drought prone areas of various states is comparatively better vis-a-
vis tribal areas. Haryana has overexploited its resource to the extent of 167 per cent. In many 
states the groundwater development in drought prone areas is around 30 per cent with the 
minimum in Orissa (6 per cent).  
 
C. Desert Areas - Gujarat, Haryana, Rajasthan, Jammu & Kashmir and Himachal Pradesh are the 
states covered by Desert Development programme. The highest number of districts covered 
under this programme are obviously in Rajasthan, which incidentally is having highest level of 
groundwater potential, closely followed by Haryana. Both Rajasthan and Haryana exploited 
around 54 per cent and 35 per cent respectively of potential whereas Gujarat managed to 
develop around 86 per cent. 
 
22..1122  IImmppaaccttss  ooff  OOvveerreexxppllooiittaattiioonn  ooff  GGrroouunnddwwaatteerr  
The Newton’s famous law says that every action has an equal and opposite reaction. The 
consequences of overexploitation of groundwater have once again testified it. The most recent 
news has come regarding the impacts of overexploitation of groundwater from USA.2222 
Geologists in Los Angeles were hunting for an elusive form of seismic fault that has hit Los 
Angeles twice in 14 years, killing 65 people and inflicting more than $ 10 billion worth of 
damages. They found the ground beneath Los Angeles moves up and down by as much as 11 cm 
each year - not because of any earthquake activity but - because of the sprawling city's thirst for 
water. Parts of Los Angeles are sinking by 12 mm per year as aquifers are pumped to meet the 
city's insatiable demand for water.  
 
According to Gerald Bawden of US geological Survey Report, the ground beneath LA moves up 
and down like a giant sponge which is alternatively drenched and drained, as published in 
reputed weekly science magazine, Nature (Thursday, August 23, 2001). "The magnitude and 
extent of these motions are a production of Los Angeles's great thirst for water." They are 
unprecedented and have not been observed elsewhere in the world.   
 
During the hot summer months, water is pumped out of natural underground reservoirs beneath 
Los Angeles, thus causing the ground to sink. These aquifers are then topped up during the 
cooler winter season, partly by re-injection from rivers and other sources elsewhere in 
California, and the ground rises again. The problem is that the aquifers are gradually falling and 
not being fully replenished during winter. This in turn is causing parts of the city to sink, a 
phenomenon that is also encouraged by oil and natural gas pumping. The most affected area is 
the 40-km long Santa Anta basin, which includes the cities of Santa Ana, Garden Grove, 
Norwalk, Downey, Lakewood and Fountain Valley. Parts of this basin are sinking at the rate of 
12 mm a year. Land-subsidence as a consequence of overexploitation of groundwater has also 
been reported from Bosnia-Herzegovina border.   
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Now these recent findings are a matter of great concern for India where groundwater is being 
overexploited. For example, in the Narmada Valley, there have been frequent reports of land 
sinking without any apparent reason.2233 It may be a result of overexploitation of groundwater as 
the areas of Malwa are under intensive irrigation, including from underground water source. 
There is yet another problem linked to it in the Narmada region, the areas where groundwater is 
being overexploited are riddled with faults, and the process of sinking grounds may accelerate 
their activity or even reactivate the dormant faults. It seems possible as in the cases of reservoir 
induced seismicity (RIS), it has been found that in certain geological settings, the RIS occurs 
during filling up the reservoirs while in some cases it was found associated during emptying the 
reservoirs.  
 
22..1133  NNiittrraattee  PPoolllluuttiioonn  iinn  IInnddiiaa’’ss  GGrroouunnddwwaatteerr    
The most potent threat to the quality of groundwater that has emerged in our country is 
pollution. As per the official and other scientific reports, groundwater in the whole nation is 
polluted. The main source of pollution beneath the agricultural fields in India is excessive use of 
fertilisers and pesticides, which not only creep into plants and subsoil but in groundwater as 
well. It is corroborated by the increase in the production and use of fertilisers (Table 2.12) and 
pesticides (Table 2.13) in the country. In just two decades (1980-1998) consumption of 
fertilisers has increased more than threefold whereas consumption of pesticides has almost 
doubled. Incidentally, it is yet another reason why the Indian agricultural produce would not 
gain accessibility to world food markets where presence of chemical residue in food grains is a 
very stringent criterion.  
 
World Health Organisation (WHO) has quantified the permissible nitrate standards in potable 
water. According to it, concentration below 10 mg/1 as NO3-N and 45 mg/1 as NO3 are 
permissible in potable water. The Indian Council of Medical Research (ICMR) has adopted the 
same specification. Exceptionally Europe has more stringent permissible limit of 25 mg/1 as 
NO3 and this can be understandable in the context of widespread nitrate pollution in Europe. A 
study carried out in India in 1993 has linked the rising nitrate levels in groundwater with 
increasing nitrogen fertiliser consumption2244 (Table 2.14).  The rising nitrate levels in shallow 
groundwater (dug wells) were first reported by Central Ground Water Board in 1986.2255  
According to this study, higher nitrate levels were reported from various states namely, Andhra 
Pradesh, Bihar, Delhi, Gujarat, Haryana, Himachal Pradesh, Jammu & Kashmir, Madhya 
Pradesh, North Eastern India, Orissa, Punjab, Tamil Nadu, Uttar Pradesh and West Bengal. In 
Haryana and Punjab, the districts using excessive nitrogen fertilisers recorded the highest 
concentration of nitrate in groundwater, for example Hisar (1800 mg/1), Mahendragarh (1620 
mg/1) and Bhatinda (567 mg/1). Subsequently, National Environmental Engineering Research 
Institute (NEERI) reported nitrate concentrations from various districts of 17 states in India.2266 
This study reported 27 per cent of the samples (i.e., 1290 out of 4696 samples) containing nitrate 
concentration higher than the WHO specification.  
 
A preliminary study regarding nitrate pollution potential of Indian urban solid waste capable of 
affecting water table aquifers by leaching was done as early as 1990.2277  Yet, in India, systematic 
studies on depth stratification of nitrate in aquifers and the response of hydrological and hydro-
geological parametres have not yet been taken up. These parametres include – seasonal 
variation, mechanism of infiltration, diffusion and dispersal of nitrate in different types of 
aquifers, et cetera. Based on all these and other similar ground truth collections, it has been 
concluded that the nitrate levels in groundwater are already showing the impact of diffuse 
agricultural contributions and the levels in several states are far beyond acceptable limits.2288   
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Adverse Effects of Nitrate pollution 
Methaemoglobinaemia or commonly known as Blue Baby Syndrome (BBS) is the most 
common cause of fatalities due to nitrate pollution in potable water. This disease is prevalent in 
bottle-fed infants and occurs when NO3 levels exceed 100 mg/1 (or 22.6 mg/1 nitrate-nitrogen, 
NO3-N). Nitrate rich water adversely affects the functioning of central nervous system and 
cardiovascular system. Higher NO3 concentration (300 mg/1 and above) is known to cause 
gastric cancer.   
 
In non-agricultural area, the main sources of groundwater pollution are untreated industrial and 
municipal waste. Often the industrial wastes contain life-endangering chemicals and 
carcinogens, which most of the times render groundwater un-utilisable for human use.  
 
Arsenic in Groundwater of West Bengal 
The presence of arsenic in groundwater at concentrations exceeding the permissible limit of 0.05 
mg/Litre for human consumption was recorded from West Bengal in 1978 and the first case of 
arsenic poisoning was diagnosed in 1983. But in a span of just 12 years, over three to four 
million people in six districts Malda, Murshidabad, Nadia, Bardhaman, 24 Paraganas North and 
24 Paraganas South in West Bengal were found to be affected by arsenic poisoning in 
groundwater.2299 All these districts are located east of Bhagirathi River.  
 
Unlike other parts of the world, the arsenic affected area in the Bengal Basin has an extensive 
span in alluvial and deltaic tract, which is free of volcanic activity or thermal springs, and 
virtually devoid of industry and mining activities. The fact that the affected area is mainly 
located in the delta of Ganges River, suggets multiple natural sources for the arsenic. There is a 
strong correlation between the arsenic affected area and geomorphology and Quaternary geology 
of the Bengal Basin. There are two opinions about it: 
1. The cause is entirely natural. 
2. It is partly anthropogenic, being triggered by intense exploitation of groundwater, 

application of fertilisers and pesticides.  
 
The wide expanse and regional extent of arsenic toxic zone is the Ganges Delta in West Bengal. 
The specific source of arsenic in the Ganges Basin remains unidentified till date. Likely sources 
for arsenic in the Ganges Delta may include the following:  
1. The Gondwana coal seams in Rajmahal Basin containing up to 200 ppm arsenic; 
2. Arsenic mineral Lollingite and Pyrite occurring sporadically in rocks; 
3. Pyrite bearing shale from Proterozoic Vindhyan Range; 
4. Gold belt of Son Valley with arsenic in bed rock; 
5. Isolated outcrops of sulphides containing arsenic in Darjeeling Himalayas; and, 
6. Sulphide outcrops in Upper reaches of Ganges River System.  
 
The intriguing part is that arsenic mineral has not been detected in the affected sediments. Thus 
arsenic appears to be absorbed in iron-hydroxide. Subsequently, arsenic was liberated by 
microbial reduction reaction in such sediments. The concentrations of arsenic have increased as 
the quantum of groundwater has drastically reduced due to overexploitation, coupled with the 
use of phosphatic fertilisers. Preliminary experiments have indicated that phosphatic solution 
can leach out significantly higher amount of arsenic from iron-coated quartz grains in sandy 
aquifers. Some geomineral and geochemical methods for controlling  the arsenic pollution in 
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groundwater of Bengal Basin have been suggested by the Geological Survey of India to get rid 
of it.3300   
 
Summing up, it can be said that groundwater situation in India is totally chaotic. Over the last 
three decades, owing to the non-availability or lack of surface water sources, peoples' 
dependency on groundwater has increased by leaps and bounds. As a result, in most of the areas 
of the country, the water table has sharply declined below the critical limits. There is a complete 
lack of co-ordination between different government agencies, both at Central and State level as 
well as on central-state level. Even in the areas where surface water is available, people have 
relied on groundwater and over-extraction has taken place, for example, in Punjab. Another 
significant concern is the deteriorating quality of groundwater, especially in areas of intense 
agriculture, as the excessive chemicals, used in the form of fertilisers, pesticides and herbicides, 
leach into the soil and finally into the groundwater. In the coastal areas, over-exploitation of 
groundwater has given birth to sea-wedge intrusion, for example in Kerala and Tamil Nadu. The 
government has been sleeping over the last five decades and now it has woken up from its 
slumber, when more than adequate damage has already been done. Even now it has nothing to 
offer except chalking out an outline of a model bill. There are no mandatory provisions for 
augmenting groundwater aquifers, matching with the financial allocations and its official 
machinery remains immune to new ideas, like groundwater reservoirs, even to take up on an 
experimental basis. Pollution of groundwater aquifers has already reached menacing proportions 
and government has again been caught napping – as it has nothing to offer to reduce the plight 
of the affected people.   
 

**    **    **    **    **  
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33..  WWaatteerrsshheedd  DDeevveellooppmmeenntt    
 
The consequences of ecological degradation are now all too well known. Deforestation, 
inappropriate farming techniques and faulty land use serve to amplify the deleterious impact of 
heavy rains, prolonged drought or high winds leading to soil erosion, floods, vegetative 
deterioration and water scarcity thus leading to eco-stress. It becomes important to evolve 
appropriate resource management techniques, involving ecological regeneration and 
management of demand and claims on the environment by the human community within a 
particular eco-space. It should be aimed at reaching the equilibrium between ecology (land, 
water and vegetation and their inter-actions), on the one side, and demands made by man and 
grazing animals, on the other side.  
 
The proper watershed management should then lead to enhanced resistance to drought, increase 
in the supply of food, agriculture produce, waterfall, timber, with its consequent impact in terms 
of improved living and reduced rate of poverty-induced migration. 
 
33..11  WWaatteerrsshheedd  DDeevveellooppmmeenntt  &&  CCoonncceepptt      
This refers to the conservation, regeneration and judicious utilisation of all resources - land, 
water, vegetation, animal, human - in a given watershed. It seeks to bring an optimal equilibrium 
(self-perpetuating and self-upgrading) in the eco-space between natural resources, man and the 
grazing animals.11 
 
What is a watershed? 
Watershed is all the land and water area, which contributes to the run-off at a common point. 
The watershed above any point on a defined drainage channel is therefore, all the land and water 
areas, which drain through that point It is marked by an elevated line that forms a division 
between two areas drained by separate streams, systems or bodies of water.   
 
It can be defined as the drainage basin or a catchment area of a particular stream or river. It 
refers to an entire upstream topography around a defined drainage channel, which feeds water to 
the lands below. It may vary from a few hectares to several thousands of hectares. 
 
What is Watershed Management? 

Watershed Management or protection, implies the wise use of soil and water resources within a 
geographical area. In terms of its physical components, it is very nearly synonymous with soil 
and water conservation - with an emphasis on optimum production rather than on maximising 
production. Watershed management is one such simple comprehensive technology, which 
actually reviews such agricultural practices, which were used in the ancient past such as small 
tanks and bunds.  

 

Watershed Management practices are those changes in land use, vegetative cover and other 
structural and non-structural actions that are taken in a watershed to achieve specific watershed 
management objectives. No two watersheds are alike and therefore no guidelines can be applied 
uniformly to all watersheds. Corrective programmes can be developed after a study of the 
characteristics, needs and problems of the area and facilities to accomplish the task.  It becomes 
clear then that knowledge of a watershed is important for its development. 
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Understanding Management on the Basis of a Watershed 

Experiences throughout the world indicate that there is a close relationship between land and 
water. The two are interdependent resources and can most effectively be considered and treated 
on a watershed. The watershed approach provides an ideal means of integrated development 
activities towards the evolution and consolidation of a watershed into an integrated economic 
and socio-political system. 

 

Watershed as a system has no meaning in itself unless it is integrated into a political system. A 
political system here means a group of people who depend on a watershed, have a self-
determining, self-rule system and are free from any form of exploitation. But a political system 
can not be sustainable unless it has a social and an economic basis. Socio-ethnic and cultural 
factors consolidate or disintegrate a political system. 

 

However, a socio-economic-political system should have a scientific basis. The economic 
stability of a watershed depends on the sound management of the natural resources of a 
watershed. Hence a watershed  needs to be studied from its various resource components. A 
watershed consists of:  

• Land 
• Water 
• Plant life 
• Animal life, including man 
• Social institutions 
 

Factors Influencing Operation on a Watershed 

The principal factors which influence operations on a watershed and which must be studied 
before the start of any programme are:  

• shape of watershed 
• topography 
• amount and nature of precipitation 
• land use pattern 
• type and quality of vegetative cover 
• size of the watershed  
 

1. Shape:  The shape of the watershed has a bearing on the time of concentration of surface run-

off. The time of concentration also affects the amount of the water it will percolate. The longer it 

takes water to leave a watershed, greater are its chances of infiltrating (soaking) into the soil. 

2. Topography: Topography and slope influence time of concentration and opportunity to 
infiltrate the soil. Run-off from steep slopes will reach the main channel faster than run-off from 
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gentle, rolling land or flat land. Topography is also a major factor in deciding which means will 
be used to slow down the passage of water.  

3. Soil and Geology: Soil and the geology of the watershed also determine the amount of water 
which will percolate and corrective measures which will be used. The character soil also 
determines the amount of silt which will be washed down into water harvesting structures and 
the valleys below. 

4. Precipitation: The amount and nature of precipitation is the most important factor which 
determines what will happen on a watershed. Gently falling rain, rainfall evenly dispersed 
throughout the year has a different impact from sudden, sharp showers or seasonal rainfall. 

5. Land Use: Land on a watershed has to be used for several purposes - crop and 
livestock production, housing, roads, et cetera). The land can rarely be put to use, which will 
provide maximum or most desirable uses for watershed protection. Land use affects rates of run-
off, infiltration and types and quality of vegetative cover.  

6. Vegetative Cover: The types and quality of vegetative cover and quality of watershed 
lands influence run-off, infiltration rates, erosion, sediment production and the rate of evapo-
transpiration. 
7. Size of Watershed: The size of a watershed affects channel and valley storage area. If the 
watershed is small enough, one can gauge watershed-wide precipitation. Development interest in 
watershed development amongst the people is also be easier on a small watershed - there is a 
greater chance that there will be ethnic and administrative uniformity.  

 

Finally it can be said that watershed is not only an eco-geographical but also a socio-economic 
and political unit. People in this unit depend on it primarily for their existence and secondarily 
for their development with social social justice. In a watershed approach both these aspects used 
to be taken into consideration. The ultimate aim of watershed management is development with 
justice. And for this we need to have an Integrated approach.  

 

On the surface, the above methodology may appear a bit technical for the common man but it is 
not so. The technical words are merely the names of various geomorphological and geological 
structures and for each technical term there are different local names, used in different regions of 
the country very commonly used by the common people. For example, the remote sensing 
techniques is being used for rainwater harvesting in villages of Gujarat by the people, as 
discussed latter in this section at the relevant place. 

 

33..22..  OOffffiicciiaall  IInnddiiaann  GGuuiiddeelliinneess  ffoorr  WWaatteerrsshheedd  MMaannaaggeemmeenntt  

Rapidly shrinking natural resources throughout India has emerged as a major serious crisis, 
threatening to engulf our contemporary civilisation. The rural areas, where 75 per cent of the 
population live, are the worst hit as vanishing forests have been accompanied with a plethora of 
problems: drying up of water resources, sharp increase in soil and water erosion, and many 
others.  
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Several strategies have been evolved, to cope with these problems in which watershed 
management is integral to all (watershed is a geographical unit or area that drains at a common 
point). The Ministry of Rural Development, Government of India, too has issued guidelines for 
watershed development (WSD) in the recent past (in 1996).  
 
Such a move is indeed welcome, but a close scrutiny of these guidelines carried out by the 
author, reveal an acute need to overhaul these guidelines as a number of inadequacies, gaps and 
lacunae have crept in.22   The foremost problem is that these guidelines ignore vast geographic 
contrasts as well as the vast diverse ecosystems and considers as if the entire nation has a 
uniform topography. The population-area criteria in selecting a watershed may prove invalid in 
hilly areas as population is sparsely distributed in smaller clusters. Owing to this very reason, the 
size of gram Panchayat is also very small.      
 
Practically throughout the country, only degraded lower catchments of a watershed are handed 
over to the concerned community as 'community resources' and hence only these are accessible 
to the people, whereas the upper catchments remain under the exclusive control of the forest 
departments of the government.   
 
The successful culmination of any WSD is directly dependent on the degree of intervention in 
the entire reaches of a watershed. In such a scenario, part treatment of a watershed is simply 
ineffective to yield any qualitative improvement. The case of Alwar district is an example of it, 
where people despite the strong resistance and police cases by the forest department intervened 
in the upper reaches of the catchment under official control and improved the overall watershed. 
In addition, introduction of exotic species in mountains, especially Chirpine in the Himalayas, is 
still being followed which is at loggerheads with the basic tenet of WSD.  
 
Actually the problem with WSD may arise at the very first step itself, as the project cannot be 
taken up without furnishing Panchayat resolution as stipulated in 25c and 25d. The Panchayats 
may have their own ideas about using the community land, especially in hilly areas where land 
is a scare commodity. If such a situation arises, the guidelines offer no other mechanism for 
acquiring land for WSD.  
 
But the major stumbling block is encountered during the various works initiated under the WSD. 
It has been stated that "the cost norm of Rs. 4,000/hectare shall be final". This cost appears to be 
insufficient even for the plains and for the mountains in particular, as the degree, intensity and 
spread of land degradation in hilly areas is very high. Just consider some of the important works 
to be done under WSD: contour and graded bunding, bench terracing, constructing small water 
harvesting structures like farm ponds, nalla bunds, gully plucking, check dams and percolation 
dams, drainage line treatment, nursery raising (for fodder, timber, fuelwood), afforestation, agro-
forestry, horticultural activities and so on and so forth.  
 
Some basic surveys and studies shall have to be carried out to perform these tasks, like 
benchmark surveys, contour surveys, hydrological surveys, remote sensing surveys, soil 
classification, land capability analysis, and other area-specific activities and studies depending 
on the problems encountered. All this demands high technical skill and expertise, which does 
not come cheap an only a ten per cent budget has been allocated for all such studies and surveys. 
It will obviously lead to either the omission of these studies or studies carried out to be of sub-
standard nature - both of which will result in the faulty design of WSD.  
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Similarly, the guidelines just do not take any cognisance of annual rate of inflation, which has 
been skyrocketing during the last few years, wage revision, and other economic factors, which 
will eventually deteriorate the quality of WSD work. Here it may be relevant to mention that any 
particular physical activity consumes as much as four times energy and time required to perform 
the same task in the plains. Obviously the cost of work undertaken in hilly areas may at least be 
two times than that in the plains.  
 
Coming to the institutional arrangements, the operational structure proposed is too complicated, 
too cumbersome, both horizontally and vertically when put in practice (see flow sheet). 
Formation of a registered association is yet another bottleneck as it places additional pressure on 
the office bearers. Formation of too many 'self-help groups' has been envisaged in the 
guidelines, which may actually prove a hurdle in day-to-day functioning.  
 
Likewise, the multiplicity of funding arrangements will only result in spending a lot of time and 
energy in procuring funds. This must be simplified to ensure easy procurement of funds. Again 
the structure of releasing funds is too rigid: 25 per cent of the funds shall be released in first 
year, 40 per cent in the second year, 25 per cent in the third year and 10 per cent in the fourth 
year. The release of the funds shall be released on ground realities (like most of the works in the 
hilly areas are only seasonal) rather than for the sake of simplification in maintaining the 
account books.  
 
In the very first place, a four-year project period is just too short to demonstrate any success of 
WSD and needs a little expansion. Yet another point is that a major thrust has been put on the 
voluntary agencies for implementing the aforesaid guidelines of WSD but their role, 
responsibility and accountability remain ambiguous, unspecified and undefined. It might lead to 
severe conflict when a project is underway, as has been witnessed in the Doon Valley 
Programme. In an identical manner, applicability of these guidelines to desert ecosystems, 
coastal ecosystems, Sunderbans et cetera fully expose the inadequacies.  
 
In the current scheme of things, the Government of India, has made excessively heavy budgetary 
arrangements (Rs. 6,000 crores in the ongoing five year plan) for the WSD. But if these 
guidelines remain unaltered, their failure in addressing area-specific problems will only make it 
a show of sending all the money down the drain. Unfortunately, this heavy amount on WSD has 
also attracted a lot of unscrupulous elements in this field, which have neither the expertise nor 
any genuine desire to work.   
 
As a result of ill-conceived and highly flawed official policies, it is no surprise that the 
government initiatives in watershed management have largely failed whereas the peoples' efforts 
in this direction have been extremely successful. More and more people are now realising that 
the official efforts are worthless and hence they have taken up the task of revitalising their own 
resources, even at the cost of conflict with the government officials. 
 
33..33  TThhee  RReevviisseedd  OOffffiicciiaall  GGuuiiddeelliinneess  ffoorr  WWaatteerrsshheedd  DDeevveellooppmmeenntt    
Earlier many government agencies were undertaking watershed development work, each one of 
them having their own set of guidelines. Owing to it there were practical difficulties as at times 
certain stipulations were at variance with each other. To overcome it, now all the different 
guidelines issued by various official agencies have been clubbed together and single common set 
of guidelines has been evolved by the Ministry of Land Resources. These are referred as 
common Guidelines for Watershed Development. The earlier guidelines have been revised in 
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August 2001.33 The main aim of this revision is stated as “encompassing all innovations in one 
place and making the intentions more specific, the guidelines for watershed development have 
been reformulated inter-alia", to ensure: 

 
i. programme-specific and focussed project approach; 
ii. greater flexibility in implementation; 
iii. well-defined role for State, District and Village level institutions; 
iv. removal of overlaps; 
v. a provision for keeping the watershed development projects on probation;  
vi. an “Exit Protocol” for the PIAs;  
vii. a “Twin-track” approach to the implementation of the projects;  
viii. seeking a combination of GO/NGO as PIA; 
ix. a greater role for women; 
x. an effective role for the Panchayat Raj Institutions;  
xi. bringing to centre-stage SHGs comprising rural poor, especially those, belonging to 

SC/ST categories;  
xii. establishing a credit facility from financial institutions;  
xiii. transparency in implementation; and 
xiv. effective use of remote sensing data furnished by NRSA.   
 
There has definitely been an attempt to remove the bottlenecks of the earlier guidelines. For 
example, for the first time, the forest land falling in a watershed to be treated has been covered 
in a watershed development project. The cost limit per hectare has been increased. Certain 
restrictions have been imposed on the NGOs in terms of the area to be developed, inclusion of 
one woman member in a Watershed Development Team mandatorily provided for, et cetera. The 
NGOs blacklisted in the past have been debarred for participation in watershed development. 
The salient features of the revised guidelines are: 
1. The watershed development projects may be sanctioned as per the prescribed rate and the 

prevalent rate with effect from April 1, 2000 is Rs. 6,000 per hectare.  
2. An NGO is eligible for selection as Project Implementing Agency (PIA) only if it has been 

active in the field of watershed development or in any similar area development activities in 
rural areas for some time.  

3. One NGO may not normally be given more than a total of 12,000 ha in all the programmes 
of similar nature to develop in a district and 25,000 ha in a state.  

4. The NGOs black-listed by CAPART or other departments of the State Governments and 
Government of India should not be appointed as PIAs.  

5. Each Watershed Development Team can handle 10-12 watershed development projects and 
in each Watershed Development Team at least one member should be a woman.  

6. The PIA has been re-shaped as a multi-disciplinary team and shall facilitate creation of self-
help groups and user groups in the watershed area.  

7. Since nature does not recognise artificial boundaries of forest and non-forest lands in any 
watershed, the entire watershed is to be treated in an integrated manner. Though the criterion 
for selection of watersheds primarily remains the predominance of non-forest lands, the 
forest lands forming parts of such watersheds may also be treated simultaneously. For this:  
i. District Forest Officer concerned should give technical sanction of the treatment 

plans.  
ii. As far as possible this treatment should be implemented by Village Forest 

Committee, and VFC should be treated at par with Watershed Committee.  
iii. Treatment in forest land should be in conformity with the Forest Conservation Act.  
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iv. A forest official should invariably be included as a member of Watershed 
Development Team wherever foret land falls within the watershed 

8. The project duration has been increased from 4 years to 5 years..  
 
Since these new guidelines have just come into existence in August 2001 and the document 
itself mentions that “an initial phase of 9-12 months for establishing the necessary institutional 
mechanism for execution of the project” is needed. So it will take some time to gauze the 
practicability of these guidelines and the problems encountered in the watershed schemes run 
under these new guidelines. 
 
33..44  PPeeoopplleess''  AApppprrooaacchh  ttoo  WWaatteerr  CCrriissiiss  ––  SSuucccceessss  SSttoorriieess  
In the wake of the abject failure of government to take care of peoples' problems, more and more 
villages have started depending on their own traditional approach to water, as their survival has 
been put to stake. More often than not, it has pitted people in direct conflict with the corrupt 
officials empowered with red-tapism and obsolete rules and regulations.  Following are some of 
the success stories of peoples' initiative to overcome drought and flood through traditional 
management practices.44    

 
MADHYA PRADESH – i. Shahdol District - Manna Singh traomed imder/by Anna Hazare received 
a financial aid of Rs. 12 lakhs from Union Ministry of Rural Development for Sitapur Project, 
which is nearing completion. So far 32 check dams have been built at a cost of Rs. 41,000 and 
the Raksamada dam at a cost of Rs. 93,000. All this has made land cultivable and the 
afforestation along Son is decreasing erosion.  
 
ii. Sagar District - Guraiya Watershed Community has constructed an 18,124 metre long contour 
trench, 2,000 metre long cattle protection trench, 5,145 staggered trenches and three boulder 
check dams.  55 These have led to a remarkable improvement in the overall well-being of the 
community, in addition to eradicating water-shortage.  
 
iii. Mandsaur, Dewas & Dhar Districts – In these districts people and government officials have 
joined hands to fight drought. This has resulted in spectacular results and peoples’ participation 
has largely solved the problem of water.  66    
 
iv. Jhabua District - In the state some exemplary work has been done in tribal districts of under 
the Rajiv Gandhi National Drinking Water Technical Mission.  In Dewas district, there are more 
than 1,000 roof-top rainwater harvesting systems.77    
 
TAMIL NADU - R. Devendra, Kedar, Tamil Nadu, formed a Village Tank Water Society which 
irrigates an area of 119 ha. The society collected Rs. 40,000 and the Government of Tamil Nadu 
gave Rs. 50,000. The Anna University gave the society Rs. 27.6 lakh for research purpose in 
1990. The society has constructed a road of 1.5 kms length, along the canal. The productivity of 
the land has improved immensely.  
 
MAHARASHTRA - Chandrapur District - Krushak Charcha Mandal of Sayagata village did a 
remarkable job as a caste-ridden society transformed depleted forests into a green heaven.88  

 
TRIPURA - Acharya Jagdish Chandra Bose Briksha Mitra Sangh, is a rural voluntary organisation 
which has changed the face of its village through Jeevan Deep Project, by involving 340 
families in JFM area..99    
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GUJARAT ––  Let us look at the most drought prone areas of Gujarat.1100    
i.Rajkot District - Manukhbhai Suvagia, Shapar launched a Lok Fund scheme to collect Rs. 1 
lakh and built 17 check dams in the area.  
ii. Junagarh District - Jamka village is successfully carrying out the work of building check 
dams. 
 
iii. Saurashtra Region – The entire region has faced severe droughts in 1964, 1972, 1985, 1986, 
1987, 1999, 2000 and 2001. During post-1985 droughts continuously for three years, there were 
good rains till 1988. Many farmers filled their wells with this rainwater while some thought that 
it would cause adverse impacts on the wells. But those who filled their wells benefited 
subsequently as the soil moisture spread. Since then the farmers have understood the importance 
of traditional water harvesting practices. This led to the formation of Saurashtra Lok Manch in 
1989. At present, in over 100 villages, money is being raised to build small and check dams. 
According to official data, by 2010 the water-shortage in Saurashtra will be of 3.60 crore cubic 
metre. The cumulative water-shortage in Saurashtra, Kutch and north Gujarat will be of 10,307 
million cubic metre and by 2025 it will escalate to 12,730 million cubic metre.  
 
a. Shyam ji Bhai Antala has launched a campaign throughout Saurashtra for recharging wells 
and till date has been instrumental in getting 3 lakh wells recharged in the state. According to 
him, in Saurashtra the rainwater falling at the roof top of one home is five times more than the 
average annual requirement of that home. So this rainwater has to be stored. 
 
b. Prem ji Bhai has been engaged in the work of afforestation and rainwater harvesting for last 
35 years in Saurashtra. He was the first person to recharge his well in the area 31 years ago, 
when nobody had thought about it. Since 1992 however, people have become aware about it. He 
has been throwing seeds at the suitable places throughout Saurashtra to green areas the area.   
 
c. The Khopala and Lakhanaka villages were severely drought affected for a long time. By 
building hundreds of smaller check dams they have been transformed into water surplus villages 
and become drought proof. In Lakhanaka, the different ways to conserve and store rainwater 
have been written on a long wall. It also mentions the places where afforestation, nala-plucking, 
check dams et cetera is being done in the area surrounding the village.   
 
d. In Rajsamdhiyala, the remote sensing technique is being used to save water, as it reveals the 
permeability and porosity of the soil. Hardev Singh has satellite images of 96 villages and has 
successfully worked in these villages. He now plans to extend his work in more villages of 
Saurashtra.     
 
RAJASTHAN – Rajasthan is another state where drought is as frequent as in Gujarat.1111   
i. Rajsamand District - Construction of ponds in 1980s, 1998 and 2000 in Jawan Lal Rebari, 
Barawa village, in collaboration with Village Panchayat in extending watershed management 
programme for better farming conditions.  
 
ii. Jaipur District - Ram Karan Bhadana, Laporia, - A Gujjar, constructed three ponds one after 
the other and changed the face of the village with a population of 2,500. Four bunds have also 
been built to attend to the needs of cattle. All this has stopped migration from the village and 
they are now profitably engaged in agriculture.  
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iii. Saipura - Laxmi Narayan Joshi started watershed work in 1998-99. A pond with a capacity of 
8,000 cubic metre storage has been built. Soil and moisture conservation storage on a hilly slope 
has transformed 300 ha of barren land into agricultural land.  
 
iv. Alwar District - Tarun Bharat Sangh, has done pioneer work and revived five rivers through 
watershed work. These rivers became extinct due to extensive deforestation and mining in the 
Sariska forests, Alwar, where the catchment area of these rivers was located. These rivers are 
Arvari river, Bhagani-Tildeh river, Sarsa river, Ruparel river and Jahaj wali Nadi. One of these 
rivers, Bhagani-Tildeh, became extinct 100 years back. Today the work of TBS is spread in 
about 500 villages whose life has been dramatically improved in economic terms. The President 
of India himself went to the area to present Joseph C. John Award to the people of the Bhaonta-
Kolyala village for rejuvenating a healthy ecology, better water management, increased 
economic prosperity and eliminating drought from the area, in association with TBS.1122,,  1133  And 
more recently, the Rajendra Singh of TBS has been awarded Magasaysay Prize on July 29, 2001 
for his excellent contribution to... 
 
But the story will not be complete, without mentioning some recent developments, which took 
place regarding TBS. For the TBS, the Magasaysay Award to its Secretary, Mr. Rajendra Singh, 
could not have come at a better time. The people have built a dam on their own in a village 
Laava ka Baas at a cost of Rs. 18 lakh and the government was hell-bent on demolishing it, on 
the pretext that it was unsafe. The Delhi-based NGO, Centre for Science & Environment, 
intervened and got a high powered citizens committee to examine it. This committee after 
physical verification at the site declared the dam to be completely safe. The government of 
Rajasthan then, took the pretext that construction of this dam violated a 1906 agreement between 
the erstwhile princely states of Alwar and Bharatpur, as if the states continue to exist. However, 
after the announcement of Magasaysay Award, the government decided not to demolish the 
dam.  
 
Rajendra Singh, himself stated that he was called a dacoit, terrorist and fraud, and has to face 
377 cases from the forest department alone as well as many by the irrigation departement.1144  

According to the irrigation department of Rajasthan, creating a johad (a small pond) is a direct 
violation of Section 55 and Section 58 of the Irrigation and Drainage Act of Rajasthan. By 
building a johad, they were trying to stop the free flow monsoon water. Right from the first 
johad, the cases were filed against him and he presented his own arguments to the court (unable 
to afford a lawyer, and the environmental lawyers had not arrived two decades back). The 
arguments were based on the rights of the villagers over their natural resources as long as it did 
not infringe on the rights of others. The case was settled but the same charges have been slapped 
on them every time a new johad is built.  
 
Interestingly, when the five rivers were rejuvenated, the government surfaced from nowhere to 
assert its claim over the resources people had generated, and started awarding fishing rights to 
the contractors. This gave rise to another battle and peoples' resistance finally won. He admits, 
"The award may have given me a reprieve in my battle against the irrigation department but our 
greater war against poverty and backwardness can only be successful when all those involved in 
the process try to co-operate. Our attitude and the development administration system have to 
change. Unless the communities are empowered and encouraged to develop stakes in 
development, winning the war is going to be difficult". 
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Even though the government has decided not to demolish the Laava ka Baas dam, the arrogance 
of the Irrigation Minister of Rajasthan remains unchanged, who publicly declared, "Award or no 
award, he (Rajendra Singh) has violated the law".1155 
 
There have been some other good developments for TBS. The PHD Rural Development 
Foundation, sponsored by PHD Chamber of Commerce and Industry, has signed a 
Memorandum of Understanding (MOU) with TBS, to help them to build small water harvesting 
structures for villages.1166 The Chairman of the Foundation told visiting newsmen at Laava ka 
Baas in Alwar district that the foundation and TBS are jointly taking up 100 water harvesting 
projects in Jaipur, Karauli, Sikar, Bikaner and Alwar districts, out of which 28 structures have 
already been completed.  
 
To mobilise industries in the campaign for water conservation, the foundation would be inviting 
industrialists and representatives of 10 embassies to visit Rajasthan on September 20, 2001, for 
exploring the possibilities of their participation in watershed management schemes. The 
foundation plans to spend about Rs. 60 lakh on water harvesting of which Rs. 25 lakh has 
already been spent. As per the MOU signed between the foundation and TBS, the NGO would 
select a proper site, work out the cost, provide technical support and mobilise 30 per cent of the 
financial support for a project while the foundation would arrange the rest of the funds.  
 
There are many individuals and organisations engaged in making people at large aware about the 
importance of rainwater harvesting and traditional practices. One of the leading personalities in 
this field is  Shri Anupam Mishra of Gandhi Peace Foundation. He has done extensive work in 
tracing the roots of traditional water conservation practices in Rajasthan1177 and about the utility 
of lakes in contemporary times of water scarcity.1188  Similarly, CSE, a Delhi-based NGO, has 
published a well researched document on the traditional water conservation practices in different 
eco-climatic zones of India, namely: Trans-Himalayan Region, Western Himalayas, Eastern 
Himalayas, Northeastern Hill Ranges, Brahmputra Valley, Indo-Gangetic Plains, Thar Desert, 
Central Highlands, Eastern Highlands, Deccan Plateau, Western Ghats, Western Coastal Plains, 
Eastern Ghats, Eastern Coastal Plains and Islands. All these show the wisdom of our ancestors 
who devised water harvesting techniques in harmony with nature, without destroying the then 
existing ecological equilibrium.1199,,2200 
 
These examples are only the tips of iceberg as hundreds of such innovative initiatives are taking 
place in the country now. If there is any significant change in the environmental scenario of the 
country, then it will certainly come through people and not by the officials sitting in their ivory 
towers, far away from ground realities, in their own dream world of minting money by fair 
means or foul. They also demonstrate to the critics of traditional techniques that these are 
relevant even today, provided they are implemented honestly and there is a component of social 
justice in the distribution of water.    
  
33..55  GGoovveerrnnmmeennttaall  EEffffoorrttss  ffoorr  WWaatteerrsshheedd  DDeevveellooppmmeenntt  ––SSuucccceessss  SSttoorriieess  
Throughout the country, different government agencies are implementing hundreds of watershed 
programmes mainly by Ministry of Agriculture, Ministry of Rural Development and Wasteland 
Development Board. The Ministry of Agriculture has recently released a book covering such 
programmes.2211  In addition to this, there are various other bodies which undertake the work of 
watershed development at the state level. Many of the Panchayats have also undertaken 
watershed development. There are various international bilateral agencies, which are also 
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implementing watershed development. There is one German Agency, namely Indo-German 
Watershed Project solely dedicated to this work.  
 
In this backdrop, it does not come as a surprise that there is no data bank, where one can have a 
bird’s eye view of all the watershed programmes of the country. A natural corollary of this 
lacuna is that no comprehensive assessment of the watershed programmes of the country can be 
attempted.  
 
The following success stories have been reported by the Ministry of Agriculture in its 
publication, referred above:  
 
ANDHRA PRADESH - i.   Akkachervu Watershed, Markapur Mandal 
   ii.  Kothkota Watershed, Giddalur Mandal            

iii. Varaha-I Watershed, in Kotauratla, Narsipatnam & Makavarapalem 
Mandals      
iv. Varaha-II Watershed, Golugonda Mandal, Vishakhapatnam District.  

   v.  Veeravanka Watershed, Ramapuram District 
   vi. Gosthani Watershed 
 
ASSAM –   i.   Ouguri Labankala Watershed, Dibrugarh District 
   ii.  Khonang Watershed, Biswanath Sub-Division 
   iii. Kalkuchijan Watershed, Sonipur District 
   iv. Changmai Watershed, Amguri Sub-Division 
 
GUJARAT -   i.   Khari I-L Watershed, Gandhinagar District 
   ii.   Banas-Khari-Samadhi-III Watershed, Banaskantha District 
   iii.  Ozat-Khengario-1/1L Watershed, Junagarh District 
   iv.  S.B.B.B.-9-4-R Watershed, Amreli District 
 
In addition to other works, the government has also started constructing check dams in 
Saurashtra since 1995. Till date 1,100 check dams have been built, out of which 300 check dams 
have been built in Saurashtra whereas 800 check dams have been built in Jamakdorna Tehsil of 
Rajkot District. However, the local people have remarked that the check dams being built by the 
government are at double the cost at which people have such built check dams.  
 
CHHATTISGARH -  i.   Moti Nala Watershed, Durg District 
   ii.  Chandragarh Nala Watershed, Sarguja District 
 
HARAYANA -   i.   Jhanvri Watershed  
   ii.  Bhud Soil Conservation Scheme, Ghaggar River 
 
HIMACHAL –   i. Jassu-Ki-Khad-II Watershed, Shimla District 
   ii.  Kandi Watershed Project 
 
JHARKHAND -  i.  Upper Swarna Rekha Watershed, Ranchi District 
 
KARNATAKA -  i.   Bijara Watershed, Tumkur District 
   ii.  Kyasapura Watershed, Ramanagaram Taluk 
   iii. Gulur Tank Watershed, Tumkur District 
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   iv.  Shimsha River Watershed, Tumkur District 
   v.  Kempasagara Tank Watershed, Banglore City 
 
MADHYA PRADESH - i.   Dohra Nala Watershed, Jabalpur District 
   ii.  Kanchan Nala Watershed, Jabalpur District 
   iii. Gajna Nala Watershed, Jabalpur District 
MEGHALAYA -  i.   Umsiang Watershed, Ri-Bhoti District 
   ii.  Middle Rongre Watershed, East Garo Hills District  
 
ORISSA -   i.   Hatpeta Nala Mini Watershed, Koraput District 
 
RAJASTHAN -   i.   Navagaon Watershed, Dungarpur District 
   ii.  Sayara Watershed, Udaipur District 
   iii. Dantisar Watershed, Udaipur District 
   iv. Dujod Watershed, Sikar District 
 
UTTARANCHAL -  i.   Khoontgad Watershed, Almora District 
   ii.  Ramgarh Watershed, Nainital District 
   iii. Doon Valley Watershed Management Project, Dehradun District 
 
UTTER PRADESH -  i.   Yamuna River Watershed, Kanpur District 
   ii.  Myorpur Watershed, Sonbhadra District 
 
Thus it is clear that despite rampant corruption in the official programmes implemented by the 
Ministry of Rural Development in rural areas (as mentioned in next chapter), there are still some 
officials who have ensured the success of the schemes undertaken by the Government. Yet, there 
is something, basically important, omitted in the book. There are many watersheds where 
districts and specific location have not been given and if anyone wishes to compare the 
performance of two different sets of watersheds, developed by the governmental and community 
efforts, it becomes a serious impediment. 
 
33..66  EEccoossyysstteemmss  ooff  IInnddiiaa  aanndd  WWaatteerrsshheedd  
An ecosystem is defined as a dynamic complex of interactive and interdependent biotic 
communities and their abiotic environment, functioning as a unit within a definable boundary. 
Since variations and gradations between ecological communities are yet to be fully and properly 
understood and the complete spectrum of their inter-linkages remains to be explored, there is no 
satisfactory and universally accepted definition and classification of ecosystems, as yet. The 
Zoological Survey of India has published a detailed account of Indian Ecosystems2222 and 
according to it, the following 18 ecosystems have been identified as distinct ecological identities 
in India. 
1. The Eastern Himalayan Ecosystem 
2. The Western Himalayan Ecosystem 
3. The North-West Himalayan Ecosystem 
4. The Trans-Himalayan Ecosystem 
5. The Thar Ecosystem 
6. The Rann of Kutchch Ecosystem 
7. The Forest Ecosystem 
8. The Grassland Ecosystem 
9. The Wetland Ecosystem 
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10. The Brackish-water Wetland Ecosystem 
11. The Estuaries Ecosystem 
12. The Mangrove Ecosystem 
13. The Coral Reefs Ecosystem 
14. The Marine Ecosystem 
15. The Island Ecosystem 
16. The Western Ghat Ecosystem 
17. The Eastern Ghat Ecosystem 
18. The Deccan Peninsula 
 
Since each ecosystem is identified by its own inherent distinct characteristics, based on biotic, 
geographical, geomorphological, edaphological, geological and hydrological parametres, each 
ecosystem demands an exclusive set of criteria for watershed development. Hence there is an 
acute need to collate and synthesise the two knowledge bases, by inducing appropriate changes 
in the guidelines suited to a particular ecosystem. Such a crucial component of integration is 
totally lacking in these new guidelines. There is yet another aspect to it. There is a land use 
capability classification and according to it broadly eight categories of land have been identified 
in India. Once again, there is no reflection of it in these guidelines. Perhaps this omission is 
symbolic of the official functioning where the left hand does not know what its right hand is 
doing. This may be the one of the reasons, other than corruption, that the ground realities have 
not shown improvement, commensurate with the money being spent on watershed development. 
 
33..77  IInntteerrnnaattiioonnaall  RReeccooggnniittiioonn  ooff  TTrraaddiittiioonnaall  WWaatteerr  HHaarrvveessttiinngg  PPrraaccttiicceess  
The war-ravaged Afghanistan is reeling under a severe water crisis due to terrible destruction of 
natural ecosystem during the three decades of civil wars. The United Nations has come to the 
forefront in rebuilding Afghanistan. One of the top priorities is to make water available to the 
people of that country on a sustainable basis and the UNDP has undertaken this task. The 
scheme of things mooted by the UN Secretary General Mr. Kofi Annan, for reconstruction of 
Afghanistan includes what Tarun Bharat Sangh has done. It may be recalled that water problem 
in Afghanistan has aggravated after three consecutive years of drought.  
 
It was in this context that a team of UN official made a visit to Jamwa Ramgarh Tehsil, Jaipur 
District, Rajasthan and interacted with the local people. It has a population of 1,000 inhabitants. 
The team comprised of D. Hafiz Pasha, the UN Secretary General and Assistant Administrator 
for UNDP, Mr. Khalid Malik, Director of UNDP, Mr. Jean Claude, Chief of South and West 
Asia Development, UNDP, and Brenda  McSweeny, UN resident Coordinator for India. After 
the visit, Dr. Pasha said, “We will request TBS to help us in Afghanistan”.2233          

 
The UN bodies plan to list Neembi village, Alwar District in the Earth Charter for the next 
round of the Rio Plus 10 Earth Summit in Johannesburg. Dr. Pasha further noted that the 
significance of the experiment was that the transformation of Neembi was the result of 
community-based action. The work on the dam too was possible with the contributions from the 
people using local technology. Dr. Pasha said, “The method is sustainable too. Neembi is 
nothing short of a miracle”. 
 

33..88  TThhee  SSmmaallll  VVeerrssuuss  LLaarrggee  SSttoorraaggee  ooff  WWaatteerr  
Here one can not escape the controversy over ‘small versus large’ storage of water. 

There is rock-solid scientific evidence proving that village level harvesting will yield much more 
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water than big or medium dams. In addition to this, it will also save heavy amounts of public 
funds being spent towards the costs of big dams.  

 
Israeli scientist Michael Evenari has produced plethora of data on this subject.2244 Michael 

Evenari was intrigued by the fact that ancient Israeli civilisation had built towns in the midst of 
the Negav desert with their own agriculture and water supply systems. It is similar to our own 
towns of Jodhpur and Jaisalmer developed by the enterprising Marwaris. Both, the Israelis and 
Marwaris judiciously used the rainwater they received to fulfil their food and water needs.  

 
Michael Evenari explored into this issue by trying to reconstruct ancient farms of Negav 

and reached a surprising water harvested from small watersheds per hectare of watershed area 
was much more in quantity than that collected over large watersheds. In Negav desert, Evenari 
found that a one-hectare watershed yielded as much as 95 cubic metres of water per hectare per 
year whereas a 345-hectare watershed yielded only 24 cubic metres of water per hectare per 
year. That is, in large watershed as much as 75 per cent of the water that could be collected was 
simply lost and this loss was higher during the drought years.   

 
A number of factors determine how much rain falling over a watershed will turn into 

runoff which can be collected by villagers for their needs. Table 3.1 shows that all other factors 
like slope remaining the same, the larger the size of the catchment, the less runoff (water) can be 
collected from it. This is so, because in large catchments water has to run over larger distances 
before it gets collected and during this period a lot of water is lost in puddles, small depressions, 
evaporation or through infiltration into the soil. Therefore small catchment gives the maximum 
water. And this difference can indeed be very high. As the table shows that 300 micro-
catchments of 0.1 hectare each will give five times more water together than one catchment of 
300 hectares, even though the total land area from which the rain is harvested remains the same. 
Or in simpler words, in drought-prone areas, 10 dams with a one hectare catchment each will 
substantially give more water than one large dam with a 10 hectare catchment. And indeed, the 
results of smaller watershed during drought years were more astonishing (Table 3.2).   

 
Michael Evenari reached the following inference after many years of research. “During 

drought years with less than 50 mm rainfall (average rainfall in Negav is 105 mm), watersheds 
larger than 50 hectare will not produce any appreciable water yield. While small natural 
watersheds will yield 20-40 cubic metres per hectare and the micro-catchments (smaller than 0.1 
hectare) will yield as much as 80-100 cubic metres per hectare.”   

 
These findings bear crucial implications. The quantum of rainwater collected is directly 

dependent on the amount of land from which runoff can be harvested. But Evenari showed that 
even if you have the same amount of land, you would collect more water by breaking it into 
several smaller catchments than you will collect from it as one catchment.  

 
Similar results are obtained by the studies carried out by Central Soil and Water 

Conservation Research and Training Institute, Dehradun, India, showing an inverse relationship 
between the size of catchment and amount of rainwater collected – larger the size of catchment, 
smaller the amount of rainfall captured. These studies were conducted at places like Kota, Agra, 
Bellary and Shillong. The finding from all these areas falling in high rainfall zone, low rainfall 
zone and moderate rainfall zone has been the same – smaller watersheds give higher amounts of 
water per hectare of catchment area. One such study demonstrated that merely increasing the 
size of catchment from 1 hectare to 2 hectares reduces the water collected by 20 per cent. In 
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common man’s language it means that in a drought-prone area where water is scarce, 10 tiny 
dams with a catchment of 1 hectare each will collect much more water than one large dam with a 
catchment of 10 hectare (see Figure 3.1). 

 
To sum up, watershed development is key to the well being of vast section of rural 

population. The official guidelines for watershed management and development have so far been 
poorly designed and ill-conceived and a new set of guidelines have been recently formulated. 
Efficacy of these remains to be seen. The guidelines continue to be at variance with the 
ecosystems of India. Vast amounts of fund have been earmarked for watershed development but 
the results have not been commensurate with the expenditure being incurred. The initiatives 
taken by government bodies have shown positive results only in patches while peoples’ 
approach towards solving their problem has yielded much better results. The obsession of 
government and planners with large dams, despite the remarkable scientific evidence from the 
field in favour of tiny watershed schemes, conducted by the governmental institutes itself, 
exposes the sincerity of the government in solving the problems of masses. 

 
 

**    **    **    **    **  
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44..  WWaatteerr  RRiigghhttss  iinn  IInnddiiaa  
  
In the swiftly changing scene of water, the water law in India, unfortunately, is stagnated at the 
deepest level. The bedrock of the law still consists of the old Roman law notions of property, 
easement, dominium and riparianism, which are 2,000 years old. Hence, modernisation of water 
law cannot come about unless the role of these laws is understood in their historical context, and 
the foundation re-laid on the advancement of legal framework.  
 
In ancient times when resource was available in plenty, and the demand was less, the 
jurisprudential principle of 'discovery' applied: whoever discovers the resource had 'dominiom' 
over it. This was the state of law in Roman Law and the Common Law of England. However, in 
contemporary times, when water has become a scarce resource, this cannot be applied.  
 
Before delving into aspects of the water law in India, the basic issue remains: getting a clearer 
view about what is meant by right. There are specific questions concerning the nature of rights:  
 Is it natural (customary) right or legal (positive) right (right granted by law)?   
 Is it an individual right or a group right? 
 Is it a positive right or negative right? 
 
44..11  TThhee  NNaattuurraall  RRiigghhttss    
A right may arise in at least three ways:  

(i) granted by law, this would be a legal right, such as forest laws, where people are given 
usufruct rights by the state to collect forest produce; 
(ii) arising out of contract, such as under family laws, especially concerning marriage, where 
each spouse acquires certain rights, by virtue of entering into a contract with each other; and,  
(iii) as a natural right arising out of either the very nature of human nature or society. 

 
The fact is that rights over water has existed in all ancient laws, including our own 
dharamshashtras (religious scriptures) and the Islamic laws, and these still continue to exist as 
customary laws in the modern period. But these clearly eliminate water rights as being purely 
legal rights, that is rights granted by state or law. They have been recognised by law in the 
various states, even within India, but not granted. The later statutes have curtailed the rights.11  
 
The other case is of contractual rights. The people have contractual rights with the state, society 
or each other, to share water and let the state or society use water for the benefit of all. Such a 
sharing can only occur by applying some basic principles of justice, for the people from their 
original position will not like to share water (or let the state use the water) unjustly. In such a 
situation, the basis of water rights will have to be grounded in notions (or principles) of justice 
which apply to the original contract. In any case it will not be a legal right in the ordinary sense 
of the term. It would be a right arising out of the nature of justice or that of a just contract.22  
 
There are other ways of arguing about the naturalness of water rights, like, 70 per cent of the 
human body consists of water, hence biologically in the very nature of human survival water is 
necessary. Since people have a natural right to survive, they have a natural right to water. 
Alternatively, another theory can be applied. God created the world and he, being desirous of 
peoples' well-being, wants people to share land equitably, since their well-being cannot come 
about without such a sharing. Now such a sharing necessitates that people have a fundamental 
right to this sharing. In the Two Treatise on Government, Locke, translated this necessity to 
share in terms of peoples' fundamental (natural) right to property. One may argue against this 
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that peoples' well-being lies in the ability to use land and reap the benefits and not necessarily in 
owning the land. This would show that the natural right is a proprietary or usufruct right, and not 
an ownership right.  
 
The question however, concerns the nature of right and does not depend upon whether it is an 
ownership right or not. Even the natural right to use the resource is as significant as the right to 
ownership. When applied to water, the reason which Locke gives yields the result that people 
have a natural right to use water, if not own it. Therefore whether one invokes a contractarian 
theory or natural law theories or even relies on mere historical data, water rights essentially turns 
out to be a natural right. The most reasonable belief concerning water therefore, would be that 
people, because they have a right to life and life cannot survive without water, have ipso facto, a 
natural claim to water. This natural right will be a claim right and not an entitlement. People 
have a claim over water in the same way as they have a claim over air, space or sunlight. It is the 
same type of understanding that motivates judges, in public interest litigation, to reinterpret 
Aticle 21, the right to life, the right to environment and hence right to clean water, as a 
fundamental right.33 
 
44..22..  GGrroouupp  RRiigghhttss  vveerrssuuss  IInnddiivviidduuaall  RRiigghhttss  
Traditionally India enjoyed both individual and group rights over water. In fact, often the group 
rights of communities, caste or whole villages over tanks, ponds, wells, streams or riverbanks 
were very common. In India the situation has been made somewhat complex from the very 
beginning of colonial legislation. Limitation Act of 1859 was made more explicit through 
easement in water rights in its amendment of 1871, The Northern Indian Canal and Drainage 
Act 1873, Bengal Irrigation Act of 1876, et cetera. All such Acts have drastically curtailed the 
group rights. What we are confronted with in India, therefore, are both the notions of group 
rights through customary and case law and individual right through the statutes. 
 
44..33  PPoossiittiivvee  vveerrssuuss  nneeggaattiivvee  RRiigghhttss  
Legally in positive rights there is an obligation on others to do something, and in negative rights 
there is an obligation to refrain from doing something. Even if right to water is a natural right, 
the question still remains, is it a positive right or negative right? That is, is it a positive kind of 
right in which the state and other people (on whom the corresponding duty falls) can be 
compelled to ensure that an individual is provided with water, or is it a negative kind of right in 
which the state and other people merely need to keep away so that an an individual can enjoy 
unfettered access to water? The jurisprudential basis of negative rights has traditionally been on 
the assumption that, that over which (or for which) one has a negative right can not be a subject 
matter for property. Natural human life, for example, can not be owned by anyone.  
 
It is interesting to observe how the question of water rights has historically been dealt within 
law. Traditionally the basic elements: space, air, water and energy, have been perceived as non-
legal objects, that is incapable of becoming property. The Roman Law did not ever classify 
running water as capable of becoming someone's property. No Dharmasastra or Vyavhar text 
mention property rights of anyone, in rivers, including the King (Begum vs. Khetranath, 1869). 
Halsbury's Law of England explicitly mentions that water in general can not be the subject 
matter of property; and moreover that water as such must continue to be common by the law of 
nature.44  
 
The coming of Easement Act in 1882, makes the first radical shift, in the history of Indian law, 
in both, recognising and not recognising water rights as a negative natural right. It has 
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contradictory provisions. Section 2, for the first time, gave absolute right over rivers and lakes to 
the government whereas Section 2(6) of the Easement Act, however gives full recognition to 
natural and negative customary rights, both for groups and individuals. On the other hand, 
Section 4 of the same Act, defines easements for the first time as iura in re aliena, legal rights 
that can be alienated. 
 
44..44  TThhee  RRiigghhttss  ooff  tthhee  PPeeooppllee  
A. Customary Rights: In India even before the coming of Limitation Act and Easement, various 
species of servitudes and easements were known, both in the Hindu and Muhamadan Law.55 
Even the easement Act 1882, legitimises customary rights of the people and provides two rules 
for recognition: i. by long use or prescription (Section 15) ii. by local customs (Section 18).  
 
B. Riparian Rights: Riparian owners have had a natural right - ure natural, incident to the 
ownership of the land abutting upon the stream. In fact, the establishment and recognition of 
Riparian rights, in the earlier phase as well as in the latter phase, post 1890 till modern times, 
has occurred mainly through the common law method of recognising customary law and natural 
rights. The existence of the fact that riparian rights are natural rights was accepted by the Privy 
Council66 in 1932. The same fact was recognised and established even after independence by the 
Patna Court in 1954.77    The riparian rights, as established by the courts, are as follows. A riparian 
owner has a right to use the water of a stream which flows past his land equally with other 
riparian owners, and to have the water come to him undiminished in flow, quantity or quality 
and to go beyond his land without obstruction.     
 
C. Group Rights: Group rights of the village communities also arise from statutory provisions, 
especially the Panchayat Acts of various states. These Acts vest the village tanks, ponds, streams 
and public wells in the Panchayats. As such the whole village under the Panchayat has a right to 
the use of these water resources. The Panchayats are supposed to regulate the usfruct rights of 
the village people. Since its inception, however, this arrangement of group rights has not worked 
very well. 
 
44..55..  RRiigghhttss  ooff  tthhee  SSttaattee..    
I. Constitutional Rights: The sovereign powers of the state over natural water resources begin 
with the Constitution. Entry 17, in the II List of the Seventh Schedule places water at the 
disposal of the states. This includes water supplies, irrigation, canals, embankments, water 
storage and hydroelectric power. This power is limited only by entry 56 of List I which gives 
power to the centre for regulation and development of inter-state rivers and river-valleys, to the 
extent to which "such regulation and development under the control of the Union is declared by 
the Parliament by law to be expedient in the public interest." Vide entry 57 of the same list the 
Union also has the sole power to regulate fishing and fisheries beyond territorial waters.  
 
In actual practice the centre-state relationship is far more complex. This is because although the 
water resources are at the disposal of the states, it is the centre, which allocates the revenues for 
development purposes. The states have to be dependent on the centre not only for the national 
funds but also for the international funds.  
 
II. Direct Rights over Water: In the context of the government's rights the customary law is not 
of much significance since almost all rights over water have been acquired through enactments 
by the government. It is important to note that although the constitutional provisions provide 
state's powers' own resources, the legislations, especially those concerning irrigation, translate 
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this power directly into rights. The Irrigation Acts vest the rights over the natural water 
resources in the government.  
 
The power of the state over water, however, is not a mere constitutional matter. It begins with 
the very first codification pertaining to water rights directly, namely the Easement Act 1882. 
Section 2 of the Act recognises the absolute right of the state and claims that no perspective 
rights of easement can be claimed against the government. The Preamble to the Act does not 
explain why it became necessary to vest this absolute right in the government. Though in the 
Easement Act, this overall absolute right was somewhat curtailed by the recognition of 
customary rights of the people. However, the subsequent irrigation laws progressively affirm the 
state's rights and relegate the customary rights to arenas of lesser and lesser significance.  
 
III. Implied Rights: There are other enactment involving use of water, such as production of 
electricity, water-ways, fisheries, food, recreation, et cetera. By implication, therefore, they give 
the government rights over such use of water. Some of these enactments are: 
• The Obstructing in Fairways Act, 1881 
• The Indian Ports Act, 1908 
• The Steam Vessels Act, 1917 
• The Indian Forest Act, 1927 [Section 26, 32(F)]   
• The Indian Mines Act, 1952 [Chapter V. Section 19 (1)] 
• The Rajasthan Soil and Water Conservation Act, 1964 
• The Indian Electricity Act, 1910 
 

Thus, practically all the powers and rights over water have been vested in the hands of the 
Government. The process started in 1882 and since then the trend has only been towards further 
consolidating the grip of the state on water, thereby depriving people of their natural, traditional 
and customary rights. In this picture, the public declaration by Irrigation Minister of Rajasthan88  
that "Every drop of rain belongs to the government! Only the government has the right to collect 
the rain", is merely a rejection of arrogance of the state.  

 

 

 

*  *  *  *  * 
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55..  DDrroouugghhttss  
 
The famines and droughts are two calamities, often used in conjunction though there is a marked 
difference between the two. Famine is “an extreme and prolonged shortage of food” whereas 
drought is “acute lack of water caused by longer spell of drier season”. Technically speaking, 
famines should have ceased in India long back, in the context of over-flooding stocks of food-
grains in the country, yet they continue to occur. The continuing recurrence of famines is 
demonstrative of political-administrative failures, as in today’s reference the famines owe their 
origin to the acute lack of purchasing power among the people. In an identical vein, the repeated 
occurrence of droughts is symbolic of land and water mismanagement through distorted policy 
options adopted by the state for implementation. 
 
55..11  CCllaassssiiffiiccaattiioonn  ooff  DDrroouugghhttss  
Drought is the result of an imbalance between soil moisture and evapo-transpirational needs of 
an area over a fairly long period causing damage to standing crops resulting in the reduction of 
yields. A distinction must be made between four very different types of droughts:11 
1. Meteorological drought - linked to actual rainfall failure. 
2. Surface water drought - linked to hydrological destabilisation of river catchments leading to 

flash floods and reduced flow or drying up of the river.  
3. Soil water drought - linked to reduced water holding capacity of soils due to reduced organic 

content, as well as high water demanding new crops.  
4. Groundwater drought - linked to ecologically unsustainable over-exploitation of 

groundwater through pumping beyond the limits of recharge, resulting in the permanent 
lowering of water table.  

 
A cursory look at all the above mentioned different types of droughts reveals that droughts over 
a period of time have become increasingly man-made features, with the possible exception of 
meteorological droughts, though the erratic nature of rainfall has also been linked to human 
activities resulting in global climatic changes. Altering the chemistry of atmosphere is 
responsible for changes in the patterns of precipitation, thereby affecting the nature, extent and 
magnitude of rainfall. It also affects the very process of cloud-formation and either accelerates 
or delays the time taken, causing imbalance in the rainfall pattern in a localised geographical 
area. The remaining three types of drought, by their definition, too are clearly man-made. The 
hydrological destabilisation of river catchments is directly linked to destruction of fragile 
ecology of natural ecosystems, eventually resulting in surface water drought. Exponential 
increase in chemical pollution, both in soil and water, is accountable for the death of humus 
content leading to reduced water holding capacity of soils and consequently bringing soil-water 
drought. The over-exploitation of groundwater without sufficient recharge is responsible for 
groundwater drought. 
 
The Indian Meteorological Department has also evolved its own formulation of identifying 
drought-prone areas in the country. According to it, there are two types of drought:  
1. Drought – Drought is a situation occurring in any area in a year, where the annual rainfall is 

less than 75 per cent of the normal. 
2. Moderate Drought – A moderate drought is stated to prevail where rainfall deficit is between 

25-50 per cent and when such deficiency occurs for more than 20 per cent of the year. 
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3. Chronic Drought – A chronically drought affected area is one where rainfall deficit is 
between 25-50 per cent and when such deficiency occurs for more than 40 per cent of the 
year.  

 
However, these definitions do not take into consideration the timeliness of rainfall. Such an 
omission was more. Because of the difficulty in quantifying the timeliness of rainfall, this aspect 
has simply been ignored. 
 
55..22  GGoovveerrnnmmeennttaall  PPrrooggrraammmmeess  ffoorr  DDrroouugghhtt  
The impacts of droughts are most severely felt in the rural areas and hence primarily the 
Ministry of Rural Development has been assigned the task of combating droughts. The Ministry 
of Rural Development has three major programmes for this purpose: Drought Prone Areas 
Programme (DPAP),22 Desert Development Programme (DDP)33 and Integrated Wastelands 
Development Project Scheme. The objective and salient features, coupled with other information 
regarding the DPAP and DDP, as described in official documents, are given below.  

 
A. The Drought Prone Areas Programme is a Centrally Sponsored Scheme 

under which funds are provided by the Central and State Governments in the ratio 
of 75:25 for the development of identified drought prone areas in 947 blocks of 
155 districts in 13 States covering an area of 7.46 lakh sq. kms. 
 
Objectives 
• To  mitigate  the  adverse  effects  of  drought  and  create  additional  employment 

opportunities. 
• To restore ecological balance and promote economic development of the area. 
 
Salient Features  
• Integrated development on watershed project basis. 
• Policy direction, financial and technical assistance provided by government agencies. 
• Planning, execution and management of the watershed projects by the local people. 
• Active involvement of the Panchayati Raj Institutions. 
• Watershed development through low cost indigenous technologies. 
• Equity through greater role given to Self-Help Groups, Women's groups and poor without 

assets. 
• Post-project maintenance through community contributions. 
 
AAccttiivviittiieess  
• Land development and soil-moisture conservation through measures like terracing, bunding, 

vegetative barriers. 
• Drainage line treatment through vegetative and engineering structures. 
• Water resource development through water harvesting structures. 
• Afforestation and pasture development. 
• Agro-forestry, horticulture, silvipasture. 
 
FFuunnddiinngg  
Central and State assistance is directly made available to the District Rural Development 
Agency/Zilla Parishad as the nodal agency at the district level. Funds are then passed on the 
Project Implementing Agencies. 
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WWaatteerrsshheedd  PPrroojjeeccttss  
• Size of a watershed project is about 500 hectares to cover a village. 
• Total cost of a watershed project is Rs.15 to 20 lakh. 
• Project period for complete treatment of the watershed may by from four to five years. 
 

PPrroojjeecctt  IImmpplleemmeennttiinngg  AAggeenncciieess  ((PPIIAA))  

• DRDA/ZP would administer and co-ordinate implementation of the programme at the 
district level and select suitable Project Implementing Agencies (PIAs) for the purpose. 

• A PIA can be an NGO, Agricultural University, Research/Training Institute, Co-operatives, 
Panchayati Raj Institution, Government Department et cetera with sufficient expertise and 
experience in watershed management activities. 

• Each PIA may handle 10 to 12 contiguous watershed projects. 
• Sustainability 
• Constitution of Watershed Development Fund through people's contribution. 
• Empowerment of people in all aspects of watershed management. 
• Implementation by Self-Help Groups, User Groups, Women's Groups and other weaker 

sections. 
• Ensuring involvement of landless and other rural poor by providing them assistance for self-

employment activities and equitable distribution of project benefits. 
• Involvement of  Panchayats. 
 
EEnndd  RReessuullttss  
• Reduction in the adverse effects of drought. 
• Improved productivity of agricultural and other wastelands. 
• Improved availability of water and increase in the water table. 
• More vegetative cover on ground leading to control of soil erosion and water run-off. 
• Creation of employment opportunities and reduction of out-migration. 
••  Improvement in the overall social and economic status of the rural community.  
 

At present, 961 blocks of 180 districts in 16 states are covered under Drought Prone Areas 
Programme. 

 
B. The Desert Development Programme is also a Centrally Sponsored Scheme under which 
funds are provided by the Central and State Governments in the ratio of 75:25 for the 
development of identified sandy, non-sandy and cold arid desert areas in 227 blocks of 36 
districts in 7 States covering an area of 4.57 lakh sq. kms. 

 

Objectives 
• To mitigate the adverse effects of drought and create additional employment opportunities. 
• To check further desertification, restore ecological balance and promote economic 

development. 

Salient Features 
• Integrated development on watershed/village development project basis. 
• Special provision for sand dune stabilisation projects in 10 sandy arid districts of Rajasthan. 
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• Policy direction, financial and technical assistance provided by government agencies. 
• Planning, execution and management of the watershed projects by the local people. 
• Active involvement of the Panchayati Raj Institutions. 
• Area development through low-cost indigenous technologies. 
• Equity through greater role given to Self –Help Groups, Women's groups and other assetless 

poor. 
• Post-project maintenance through community contributions. 

 

Activities 
• Land development and soil-moisture conservation through measures like terracing, bunding, 

vegetative barriers. 
• Stabilisation of shifting sand dunes, shelterbelt plantations, wind breaks. 
• Water resource development through suitable water harvesting structures like khadins, 

tankas, et cetera. 
• Afforestation and pasture development. 
• Agro-forestry, horticulture, silvipasture. 

 

Funding 
Central and State assistance is directly made available to the District rural Development 
Agency/Zilla Parishad. Funds are then passed on to the Project Implementing Agencies. 

 

Watershed Projects 
• Size of a watershed project is about 500 hectares to cover a village 
• Total cost of a watershed project is Rs.22.5 to 25 lakh. 
• Project period for complete treatment of the watershed may be from four to five years. 

 

Project Implementing Agencies 
• DRDA/ZP would administer and co-ordinate implementation of the programme at the 

districts level and select suitable Project implementing Agencies (PIAs) for the purpose. 
• PIA can be an NGO, Agricultural University, Research/Training Institute, Co-operatives, 

Panchayati Raj Institution, Government Department et cetera with sufficient expertise and 
experience in watershed management/area development activities. 

• Each PIA may handle 10 to 12 contigous watershed projects. 

 

Sustainability 
• Constitution of Watershed Development Fund through people's contribution. 
• Empowerment of people in all aspects of watershed management. 
• Implementation by Self-Help Groups, User Groups, Women's Groups and other weaker 

sections. 
• Ensuring involvement of landless and other rural poor by providing them assistance for self-

employment activities and equitable distribution of project benefits. 
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• Involvement of Panchayats. 

 

End Results 
• Improved productivity of agricultural and other wastelands. 
• Improved availability of water and increase in the water table. 
• Reduction in the adverse effects of drought. 
• More vegetative cover on ground leading to control of soil erosion and water run-off. 
• Creation of employment opportunities and reduction of out-migration. 
••  Improvement in the overall social and economic status of the rural community.   
 
Today 232 blocks of 40 districts in 7 states are covered under Desert Development Programme 
(DDP).  
 
The description of Integrated Wastelands Development Project Scheme is given in the relevant 
section.   
  
55..33  DDrroouugghhtt  PPrroonnee  AArreeaass  
The governmental procedure to declare an area ‘drought-prone’ is based on the report of 
Irrigation Commission (1972) India, which in its own turn has adopted the formulation evolved 
by the Indian Meteorological Department, described earlier. Based on these criteria, 99 districts 
spread over 13 states have been identified as 'drought-prone' districts in the country by the 
Central Water Commission44   (Table 5.1).  The fact remains that there is enough groundwater 
potential in the so-called drought-prone areas, which can eradicate the problem permanently, if 
planned and implemented judiciously (Table 5.2). 
 
It is very distressing to learn that the number, intensity and magnitude of droughts in post 
independent period has reached an all time high (Table 5.3).  
 
Drought is not only a result of gross mismanagement of natural resources but there is yet another 
aspect crucially linked to it. During the last five decades a very powerful nexus of corrupt 
politician-administrators has emerged in the country, which has vested interests in drought, 
consequently, drought relief has become rural India's biggest growth industry that has 
deliberately prevented the government to evolve any long-term strategy on drought.  
 
Thus it is no surprise that the official attempts have failed to create any impact in improving 
land, forest and water situation on the ground. The net result of all this is the increased 
frequency, magnitude and intensity of drought (and floods), and the expenditure on droughts 
(Table 5.4) is increasing significantly year by year, as especially droughts after independence, 
indicate a systemic problem in planning. As a result, intensive floods invariably follow any 
degradation in the catchment area in India, for which further investment is made. 
 
A very detailed and lucid analysis on this subject has been carried out recently.55 Consider the 
following points:  
• In 1994-95 alone, Maharashtra spent Rs. 1,170 crores combating drought, whereas the total 

profit of the state collected in taxes during the same period was Rs. 1,149 crores. The fact 
that 73 per cent of sugarcane in Maharashtra is grown in DPAP areas, itself tells the whole 
story of drought. And regarding irrigation, two per cent of farmers use 70 per cent of water.  
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• In August 1995, the then Prime Minister Narsimha Rao inaugurated an anti-drought project 
costing Rs. 4,557 crores for a few districts in Orissa for six years.  

 
Theoretically, drought prone areas come under a central scheme known as Drought Prone Area 
Programme (DPAP), as mentioned earlier. But bringing any block under DPAP has now become 
purely a political decision, as once included, it brings enormous amounts of money to the area. 
As a result, in many of the states like Bihar, Madhya Pradesh, Maharashtra et cetera the DPAP 
blocks have more than doubled in just the last few years. And all this happened when there were 
good monsoon nationwide. This provision of special financial assistance to a district, once it is 
brought under DPAP, is indeed being misused, is corroborated by the official figures 
themselves. It is a matter of general knowledge that states like Orissa, Bihar, Gujarat (Kutch and 
Saurashtra), Rajasthan are most frequently reeling under drought, yet, the maximum number of 
DPAP districts exist in Uttar Pradesh and Maharashtra. And both these states are known to be 
‘politically influential’ states.  
 
As per government data, total number of the problem villages as on April 1, 1985 was 1,61,722 
and by April 1, 1996 the problem of drinking water has been solved in all but 120 villages.66   
 
Considering the fact that the drought prone districts in the country have been identified and an 
elaborate mechanism of official network exists in the country, the government’s failure to come 
out with a long-term strategy to deal with droughts is indeed surprising. The answer to this 
mystery is cryptically embedded in the mis-governance, of which corruption is the single-most 
nefarious facet. Recently, a team from Ministry of Rural Development, Government of India, 
conducted investigations in 13 states and covered 30 districts to make on the spot checks of the 
various rural developmental schemes. Under these schemes, namely, District Rural 
Development Authority (DRDA), Integrated Rural Development Programme (IRDP), Indira 
Awass Yojna (IAY), Jawahar Rozgar Yojna (JRY) et cetera, thousands of crores of Rupees have 
been spent by the Ministry for betterment of rural people. It has concluded that there is hardly 
any improvement on the ground, norms and directives for implementation of the schemes have 
been grossly violated and the chunk of benefits is being drawn by the creamy layer (see box). In 
simpler words, the corrupt nexus has gobbled up the vast amounts of funds meant for 
developmental works. No surprise, government officials deliberately act only on an ad-hoc basis 
while dealing with droughts.  
 

DDeevveellooppiinngg  ssccaamm  
Sreenivasan Jain 

Same time ago, a team of about 40 accountants from the Rural Development Ministry left on a 
visit that would take them to 30 districts in 13 states. Their mission: an internal audit of some 
of  India’s  biggest  rural  development  projects:  IRDP, DWCRA,  JRY,  JAY,  EAS.  To  an  outsider, 
these acronyms reveal little of the ambitious sweep, at least in conception, of these multi‐crore 
schemes, some of which have been in place for almost 20 years. 

The men and women of  the Ministry began  their  investigations at  the offices of  the District 
Rural Development Authority, or DRDA, meant to be, at  least on paper, the organisation that 
receives  and  then distributes money  to  the  very poor  to build  low‐cost homes,  create  jobs, 
train women,  pay  out  pensions  to  the  old  and  destitute  or  to  pregnant women.  From  the 
DRDA,  the  accountants  then  worked  their  way  down  to  the  Blocks,  and  finally,  to  the 
Panchayats.  Eight  days  later,  they  came  back  to  Delhi  to  write  a  report,  that  despite  its 
officialese, is an explosive testament of false promises. 
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Let’s  start  with  Indira  Awaas  Yojana,  under  which  those  below  the  poverty  line  receive 
‘construction assistance’ of Rs 20,000 if they live in the plains and Rs. 25,000 if they live in the 
hills. JAY guidelines are clear that the beneficiary should either be women, or the loan should 
be  made  out  jointly,  to  husband  and  wife.  In  almost  every  single  case  across  India,  the 
beneficiary is a man. 

In  Tirunelveli  district,  in  Tamil Nadu,  the  team  found  houses  under  Indira Awaas  Yojana  so 
badly constructed that the ‘beneficiaries’ had not moved in. They found similar empty shells in 
Godhra  in  Gujarat,  and  in  Bastar  in  Chattisgarh.  They  begin  by  describing  IRDP,  or  the 
Integrated Rural Development Programme,  as  the  ‘single  largest  anti‐poverty programme  in 
India  (which)  has  been  an  instrument  for  directly  attacking  poverty  to  bring  all‐round 
prosperity in rural areas’. IRDP works by identifying those who live below the poverty line (BPL) 
and then giving them BPL cards. Assistance  is given to the poor on production of their cards. 
That’s the idea, at least on paper. 

The  team  found  that,  in  fact, very  few BPL cards have been  issued. And after visiting village 
after village, they have little choice but to conclude that the concept of the poorest of the poor 
is not correctly followed (and) a major chunk of the benefit is being drawn by the creamy layer. 
Who makes up this creamy  layer?  Is  it only the socially advantaged sections of rural society? 
Not  always.  In  Bhagalpur,  in  Bihar,  they  found  that  the  Block  Development  Officer  of 
Jagdishpur has made away with  just over Rs 14  lakh. This wouldn’t hurt so much  if  it wasn’t 
paired with  another  statistic.  About  Rs  14  crore  is  sitting  in  government  bank  accounts  in 
Bhagalpur, money meant to be spent for eight national level schemes. 

Bhagalpur  is not  the only case. Under  the descriptive  title  ‘Huge Closing Balance’,  the  report 
lists 13 districts as worst offenders. Together,  their balances add up  to  roughly Rs 90  crore, 
funds  that  should  have  been  used  long  ago.  Some  DRDAs  have  been  creative  about  not 
spending money meant for the rural poor. They have the cash  in fixed deposits. The DRDA  in 
Sasaram for  instance, has  invested Rs 15  lakh  in FDs, for that rainy day  in the not‐too‐distant 
future. Except that it rains every day when you are a BPL card‐holder. Others have obfuscated 
the  trail by  creating multiple bank  accounts: 123  accounts  for  an  JRDP  in Udaipur, 60  for  a 
similar  project  in  Bundi.  Across  the  country,  almost  all  have  transferred money  from  one 
scheme to another, repeatedly. 

 
How have they got away with it? Just four pages into their report, the team 

says ‘the monitoring of various schemes at DRDA is so poor that it has lost its 
significance’. Strong words, from a team of government accountants. 

  
  
  
55..44  TThhee  SSoocciioo--EEccoonnoommiicc  SSiiggnniiffiiccaannccee  ooff  DDrroouugghhttss  
The droughts have profound socio-economic impacts on an affected area, 

including the natural resources. A brief general account of these effects is being 
given here.  

1. Water Resources. The surface water sources tend to dry at a faster pace, 
like small nalas, tanks, ponds, et cetera. All the shallow wells dry up and in the 
deep-wells water table is significantly lowered. In slightly saline areas, the salinity 
increases to harmful level. Concentration of pollutants in the waterbodies increase 
as the reduced quantum of water is unable to dilute them.  
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2. Vegetation. The vegetal life at the lowest rung of a stratified natural 

vegetation system, that is, grasses and shrubs, are the first to wilt and vanish. It 
directly leads to acute shortages of water, fodder and feed for the grazing cattle, 
like goat, cow, buffalo, sheep, camel, horse et cetera. Consequently, the mortality 
rate increases significantly due to malnutrition, protein-imbalance, reduced 
immunity and the increased attack of pathogens.  

 
3. Crop Yield Performance. The total quantum of agricultural produce in 

Kharif is drastically reduced. There is also a decline in the net sown area.  
 
4. Livelihood. The marginal and small farmers are forced to take up menial 

work, in relief operations as landless labourers. Public health, in general 
deteriorates owing to malnutrition, imbalanced dietary intake, intake of poor 
quality water, leading to reduced capacity to work.    

 
5. Administrative. A drought proves a drain on public exchequer: scarce 

financial resources are diverted towards emergency relief measures, impinging on 
planned developmental activities. 

 
55..55  DDrroouugghhttss  iinn  RRaajjaasstthhaann  aanndd  GGuujjaarraatt  ((11999999--22000011))  
Rajasthan and Gujarat are two states, which are most frequently hit by 

droughts. Let us look at the drought situation there in recent times. 
 
I. Rajasthan A. 1990-2000 Drought  
The Central Arid Zone Research Institute (CAZRI)77  carried out a detailed 

study of draught in Rajasthan during 1999-2000, in the four worst affected districts 
namely, Jaisalmer, Barmer, Jodhpur and Jalore. Some of the salient socio-
economic impacts of this drought were: 
• All the shallow wells dried up and the water table dropped by 12-15 metres in 

deep wells in the affected areas. The quality of the groundwater also 
deteriorated from moderately saline to saline and the concentration of the 
undesirable elements increased to harmful levels.  

• Annual species of desert vegetation were severely affected because of 
overgrazing by the animals, including sheep and goat. Growth of leaves was 
very poor. The drought had impact on flowering and fruiting of some varieties. 
The availability of fodder was reduced and the price increased by 2-3 times.  

• The Kharif crop was already severely affected (1997-98 and 1998-99) prior to 
the drought of 1999-2000. Though in rainy season, the crops were sown in 
large areas, the crop production in these four district was even less than 10 per 
cent of that obtained in 1997.  

• The effect on livestock was due to drastic scarcity of water, fodder and feed. 
Roughage stock of farmers was already exhausted during 1998. There was 
large-scale migration of livestock (for example, 78 per cent from Barmer, 70 
per cent from Jaisalmer and 20 per cent form Jodhpur). In some areas, 
livestock mortality increased and possible causes are: 
i. Malnutrition and debilitated weak conditions 
ii. Negative protein balance caused by wheat straw 
iii. Intake of highly saline/contaminated water 
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iv. Intake of polythene bags and choking of intestines 
v. Incidences of various diseases 

• The agriculture sector failed to provide employment to rural wage-workers 
leading to underemployment and the crop farming ceased to be major source 
of income. 

• Large-scale male-migration makes the contribution of women in family 
income increase upto 80-90 per cent. This causes an adverse impact on their 
health as they have to undertake the house-hold chores too. 

• Lack of adequate food causing malnutrition among rural populace. 
 
Out of a total of 31 districts of Rajasthan, 26 were affected by 1999-2000 

drought. 23,406 villages out of 34,693 in the 26 districts of Rajasthan were 
severely affected by drought.88  The gravity of the drought can be gauged from the 
fact that in these drought-affected villages, 18085 were affected from 75-100 per 
cent while only 5,321 villages, fell in the category of effects between 50-74 per 
cent. Table 5.5 provides an overall impact of drought in 1999-2000, which shows 
the number of affected villages and affected population, total sown area and 
affected area and affected cattle. 

 
The value of crop-loss in Kharif season 1999 was estimated to be Rs. 

2,155.20 crores. The crop-wise losses are shown in Table 5.6.  
 
B. 2000-2001 Drought  
The failure of normal rains in the months of August and September 2000 

after good rains in the month of July 2000 led to further aggravation of the drought 
scenario. The severity of the situation can be understood from the fact that all the 
money in the Calamity Relief Fund of Rajasthan exhausted by April 31, 2000. As 
a matter of fact, the Rajasthan government overspent, and was in deficit and sent a 
detailed memorandum to the Government of India for a sum of Rs. 2367.80 crore 
in November 2000 for drought-assistance. The memorandum also highlighted 
drought related points: 
• Out of a total of 41,529 villages of 32 districts of Rajasthan, 39,383 villages of 

31 districts were affected by the drought.  
• A total population of 330 lakhs and livestock of 440 lakhs were affected by the 

drought. 
• The break-up of the financial assistance (Rs.2367 crores) sought to combat 

drought, was given as follows: 
(i) Employment Generation Rs. 1,560.00 crores 
(ii) Cattle Conservation Rs. 149.45 crores  
(iii) Drinking Water Supply Rs. 220.90 crores 
(iv) Input Subsidy Rs. 437.45 crores 

 
According to the Relief Commissioner, Rajasthan, by May 2001, 14-lakh 

labour force was employed in various relief works. 4,18,145 tonnes of foodgrains 
was allocated for distribution, free of cost. A total of 2,255,000 tonnes of 
foodgrains was allocated for distribution at BPL (below poverty line) rates. 
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B. Gujarat. I. 1999-2000 Drought 
In the past 40 years, Gujarat has faced 11 years of drought and 4 major 

scarcity situations, namely in 1972-73, 1985-87, 1992-93 and 1995-96. Among it, 
1985-87 drought was the most severe one, as monsoon failed for three consecutive 
years and scarcity prevailed in 14,832 villages out of a total of 18,356 villages in 
the state.99 The Saurashtra, Kutch and North Gujarat are recognised as rainfall 
deficient drought prone areas and 11 districts are identified as drought-prone: 
Banaskantha, Mehsana, Ahmadabad, Kheda, Bharuch, Kutch, Surendranagar, 
Jamnagar, Rajkot, Bhavnagar and Amrelli. Hence the three parametres identified 
for measuring the impact of the drought in Gujarat are:  
• Amount and Spread of Rainfall 
• Groundwater Level 
• Water Reservoir Level 

 
The July-September is considered monsoon season in Gujarat, as 90 per 

cent of the rainfall occurs during this period. The drought of Gujarat in 1999-2000 
was a straight result of monsoon-failure, as 19 districts of the state underwent a 
dry spell during June-December, 1999. This shortage in rainfall was so widespread 
that almost all the districts in the state had at least one area that has received less 
than 50 per cent of the average rainfall. The worsened groundwater situation can 
be best illustrated by comparing it to the situation in 1985-87 drought. Some of the 
salient points that emerge in comparison are: 
• The availability of storage in reservoirs was hardly 9.46 per cent compared to 

24.62 per cent in 1985-86.  
• Groundwater tables and underground water quality has significantly 

deteriorated, compared to 1985-86. 
• Ahmadabad and Gandhinagar faced potable water-crisis for the first time in 30 

years.  
• Tankers from Gandhinagar supplied water to Rajkot in 1985-86, this time 

Gandhinagar itself was experiencing water scarcity.  
• More than 75 per cent of total water available in 113 reservoirs of Saurashtra, 

was confined to only four reservoirs (Sani, Shetrunji, Phophal and 
Dhatarwadi).   

 
Gujarat has a total of 174 reservoirs and 84 out of these had levels less than 

25 per cent of the ‘design live storage’ (DLS). 12 reservoirs had levels less than 50 
per cent of DLS and 68 reservoirs were completely empty. This in a nutshell 
demonstrates the bleak water-scenario in Gujarat.  

 
Thus, the 1999-2000 drought is the most severe Gujarat has ever 

experienced. A list of the scarcity-affected villages in 1999-2000 is provided in 
Table 5.7. The scarcity of water put extra pressure on the groundwater and is 
corroborated by the exploitation of underground water, where every district has a 
Taluka which was either over-exploited, or dark or grey. Because of the scarcity 
situation, in every district the Kharif food production was drastically reduced in 
1999, compared to 1998 (Table 5.8). It has been estimated that the total loss of 
crop production in Rabi 1999-2000 was Rs. 70086 lakhs (Table 5.9).  
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B. 2000-2001 Drought 
The failure of monsoon post-mid August 2000, after a good beginning in 

July 2000, once again forced the state in second consecutive year of drought. 22 
districts of the state with 12,240 villages (out of a total of 25 districts with 18,356 
villages) were declared as scarcity affected villages. The drinking water crisis 
reached its peak and the state government took several steps to fulfil the 
requirement of drinking water supply: 
• Water scarcity situation was assessed district-wise and reviewed with 

Collectors and Municipal Commissioners and a systematic plan of action was 
chalked out.  

• A policy directive was issued that water stored in the reservoirs was meant for 
drinking purpose only and not to be released for irrigation unless approved by 
a high power committee of three senior ministers.  

• The government stopped supply of water from reservoirs to the industries, 
which were directed to make their own arrangements, specifically in the Mahi 
Basin.  

• The Gujarat Electricity Board was directed to give 4,000 power connections to 
the farmers for drinking water supply in the villages.  

 
In addition to that, the government launched a number of schemes for 

generating employment, fulfilling the requirement of fodder, for cattle 
management, health and nutrition programmes and providing additional input to 
small and marginal farmers. By May 2001, about 25 lakh persons were engaged in 
relief works. 

 
55..66  AA  SSttrraatteeggyy  ffoorr  DDrroouugghhtt--PPrrooooffiinngg  IInnddiiaa  
A blending of traditional wisdom and modern appropriate technology can 

successfully transform India into drought-proof country. The trick is simple – just 
capturing rainwater at village level, if the government puts its mind to it, and that 
too in mere 10 years maximum time. No one less than Prime Minster Atal Behari 
Vajpayee, himself told the Parliament that only six per cent of the country’s rain is 
being conserved and that greater emphasis will have to henceforth be placed on 
water harvesting.1100 Sadly, all the governments, present one as well as the 
preceding ones, have paid little attention towards efforts needed to make the 
country drought proof.   

 
Traditionally our ancestors have harvested water through local techniques of 

tanka, johads, zings, ahars, et cetera. The Centre for Science and Environment 
(CSE) conducted a survey of several villages facing drought in Gujarat and 
Western Madhya Pradesh in December 1999. In the districts of Jhabua, Dahod, 
Rajkot and Kutch districts, it found that all those villages which have undertaken 
rainwater harvesting and/or watershed development work in earlier years had no 
drinking water problems.1111 Such villages even have some water to irrigate their 
crops while the neighbouring villages were desperate for water and were migrating 
to towns. The survey further underlined the significance of rainwater harvesting.   

 
According to CSE, “It does not matter how much rain you get, if you don’t 

capture it, you can still be short of water. It is unbelievable, but it is true that 
Cherapunji, which gets 11,000 mm annual rainfall, still suffers from serious water 
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shortages.” Why is rainwater harvesting a must for India? Because India receives 
most of its rainfall in only 100 hours, out of 8,760 hours in a year. If this water is 
not captured or stored, there will be no water for the rest of the year.  

 
The CSE has consistently argued that there is no village in India that cannot 

meet its basic drinking and cooking needs through rainwater harvesting (Table 
5.10). Its line of reasoning follows as such: In 1991 India had 587,226 villages 
with a population of 629 million people, thus giving an average of 1071 persons 
per village. Let us assume it to be 1200. The annual average rainfall of India is 
1170 million litres. If even half of this rainfall can be captured, an average Indian 
village needs 1.12 hectares of land to capture 6.57 million litres for drinking and 
cooking. In case of drought and rainfall levels dipping to half, the land required 
will rise to a mere 2.24 hectares. Thus the amount of land needed to fulfil the 
drinking water needs of an average Indian village will vary from 0.10 hectares in 
Arunachal Pradesh (average population 236) to 8.46 hectares in Delhi (average 
population 4769). In Rajasthan, the land required will vary from 1.68 to 3.64 
hectares. Similarly in Gujarat, it will vary from 1.72 to 3.30 hectares.1122      

 
India’s total land area is 305 million hectares. Let us assume that 587,226 

villages can harvest rainwater from 200 million hectares only, the remaining area 
being forested, high mountains and other uninhabited terrain. Even then it will 
give every village an average access to 340 hectares or a rainfall endowment of 
3.75 billion litres of water. These calculations of CSE demonstrate the potential of 
rainwater harvesting and hence there is no reason for thirst in India. Therefore it is 
possible to make the entire country drought-proof. The strategy for drought 
proofing is simple – every village must ensure that it captures all the runoff 
resulting from the rain falling over its entire land, including the government 
revenue and forest land, store it in tanks or ponds or use it to recharge depleting 
groundwater.  1133  

 
The CSE concludes, “But for this to happen, our planners and politicians 

will have to stop confusing irrigation for drought proofing, with large scale 
irrigation for Green Revolution style agricultural development. Otherwise, the 
country will get its priorities wrong and tens of millions of poor people will 
continue to suffer from drought. In addition, it is important to realise that India’s 
future food security even from its so-called Green Revolution areas will depend 
heavily on a nation-wide groundwater recharge programme, which can only be 
taken by communities through rainwater harvesting”. 

 
55..77  RRaaiinnwwaatteerr  HHaarrvveessttiinngg  iinn  UUrrbbaann  AArreeaass  
The water scarcity is being felt more acutely in urban areas despite the fact 

that ample quantity of water falls as rain within our compound or on the rooftop of 
our houses. Rainwater harvesting is a simple, economical and eco-friendly method 
of water conservation as well as to recharge groundwater. Through this technique, 
the rainwater that falls on the surface/rooftop is guided to bore-wells or pits or 
new/old/abandoned wells through small diametre pipes to recharge the 
underground water, which can be used later whenever required. Rainwater can be 
harvested to the extent of 55,000 litres per 100 sq. metres per year from the 
rooftops.  
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Economics of Rainwater Harvesting Structures 
The approximate cost of rainwater harvesting systems has been worked out 

as follows –  
1. Recharge Pit   Rs. 2.500-5,000 
 (Suitable for rooftop area upto 100 sq. m.) 
2. Abandoned/Running Hand Pump   Rs. 1,500-2,500 
 (Suitable for rooftop area upto 150 sq. m.) 
3. Abandoned Dug Well   Rs. 5,000-8,000 
 (Suitable for rooftop area more than 1,000 sq. m.) 
4. Recharge Trench    Rs. 5,000-10,000 
 (Suitable for rooftop area upto 200-300 sq. m.) 
5. Gravity Head Recharge Well   Rs. 50,000-80,000 
 (Suitable for rooftop area more than 400 sq. m.) 
6. Recharge Shaft   Rs. 60,000-80,000 
 (Suitable for rooftop area greater than 1,500 sq. m.) 
Delhi Jal Board has taken up rainwater harvesting in a big way. It has 

installed more than 80 rainwater harvesting structures, mainly on government 
buildings like Rashtrapati Bhavan, Shram Shakti Bhavan, Lodi Gardens, IIT Delhi, 
JNU et cetera. Rainwater harvesting in IIT and JNU campus has led to a rise of 
0.51 to 1.00 m in groundwater levels. Delhi Jal Board is in the process of setting 
up many more water harvesting structures. This gains significance in the backdrop 
of Noida-Delhi express highway becoming functional, as the massive cut and field 
work and masonry construction has destroyed drainage system of more than 2 lakh 
acres, according to a conservative estimate.  

 
Benefits of Rainwater Harvesting 

• Improvement in the quality of groundwater 
• Increase in the water level of the drying wells and bore wells 
• Mitigates the effects of drought and achieves drought-proofing  
• Ideal solution to water problem in areas with inadequate water-resource 
• Reduces soil erosion through reduction in runoff  
• Decrease in the choking of storm water drains and flooding of roads 
• Energy saving – one metre rise in water level saves about 0.40 kilo watt of 

electricity to lift groundwater 
 
Summing up, it can be said that there is no national policy to combat 

drought in a long-term perspective. As a result, the ad hoc provisions are never 
sufficient to overcome drought and the danger of the next round is always lurking 
in the horizon. Adding salt to injury, a corrupt powerful politicians-bureaucrats 
nexus has emerged in the country, which ensures that funds employed for public 
welfare are gobbled up for personal gains. Huge public expenditure continues to 
be invested in large storage of water despite the scientific rationale and evidence 
that it would be more wiser monetarily to put greater thrust on smaller village level 
water harvesting structures. 

 
 

**    **    **    **    ** 
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66..  FFllooooddss  &&  EEmmbbaannkkmmeennttss  
  
Floods are caused by extra-ordinarily intensive rainfall of longer duration. Embankments are 
engineering solutions of floods. They are aimed towards controlling the flow of the river in a 
channel bound by concrete walls on either sides of the banks, called embankment. Bihar has 
suffered major losses due to floods. Owing to its geographical location, all the major rivers enter 
Bihar after traversing through the Himalayas. So it was natural that immediately after 
independence a major flood control programme was undertaken in Bihar through construction of 
embankments on major rivers of the state. However, not only did the embankments fail to 
control the floods but also introduced their own set of socio-economic problems. In the last five 
decades the intensity of floods has registered a nationwide increase. 
 
66..11  GGeenneessiiss  ooff  FFllooooddss  
The various conditions under which formation of flooding generally occurs are listed below:11  
• Flowing of rivers over their natural banks due to excessive precipitation, combined with 

inadequate conveyance of the river  
• Direction of movement of storm 
• Deforestation 
• Silting of river beds 
• Synchronisation of floods of the main river and its tributaries 
• Drainage improvement activities over the basin 
• Meandering of the rivers in plan  
• Gradual erosion of banks reducing the capacity of the rivers for containing water 
• Earthquakes and landslides which change the course of the rivers 
• Artificial obstruction to the river flow due to inadequate waterway provided for railways 

and road bridges or by road and railway embankments 
• High intensity rainfall on mountainous areas 
• Heavy rains in areas with poor drainage 
• Dam failures and bursts 
• Breaching of existing flood works 
• Temporary obstruction of water by landslides or ice jams 
• Sea tides when the rivers are in flood 
• Cyclones along the sea coast.  
 
66..22  FFllooooddss  ––  SSoommee  CCoonnssiiddeerraattiioonnss  
Table 6.1 shows the damages in country due to floods during 1953-1996 in different categories – 
damages to crops, houses, cattle loss, human lives loss, and public utilities. Table 6.2 shows the 
state-wise distribution of worst floods of the country during the period 1966-1994.22 It is very 
significant to note that the maximum number of worst floods have occurred in the states located 
in the Himalayas or bordering Himalayas for example, Assam (44), Bihar (55), Uttar Pradesh 
(54). It demonstrates the relationship between deteriorating health of Himalayas that is being 
manifested in the form of floods. 
 
Another cause of the increase in floods is change in climate. Monsoon variability could be 
related to either long-term natural variations or could be associated with short-term climatic 
phenomenon such as El Nino-Southern oscillations. On a longer time scale, monsoon rainfall 
exhibits a long period cycle which is manifested in terms of epochs of high and low rainfall. 
Such changes in rainfall regime can have a significant effect on the size and frequency of the 
floods. The probability of floods during wet epochs increases about 10 per cent.33 Modification in 
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the atmospheric circulation pattern due to the greenhouse effect can also cause variations in the 
magnitude and periodicity of floods.44 The increased flood activity caused by increased intensity 
of depressions and cyclonic storms can also be attributed to significant warming of 0.6 degree 
Celsius/100 years in annual maximum temperature over India during the period 1901-1987.55   
 
In simple words, floods is as complex a phenomenon as rainfall. There are various global, 
regional, local, atmospheric, environmental and various other factors involved, the role of whose 
is yet to be understood fully. But there is no doubt that floods and drought both are symptoms of 
deep-rooted malady of mismanaging land and water resources.  
 

Flooding  is  a major  and  apparently  growing  problem  in  Bangladesh,  a  low‐lying  country  in 
South Asia, which has historically suffered major floods about once every 50 years, but  in the 
1970s and 1980s,  the average  interval was only  four years. Part of  the problem originates  in 
the Himalayan watershed, where deforestation,  rapid population  growth,  and unsustainable 
farming on  steep  slopes have greatly  reduced  the  capacity of  the  land  to absorb water. The 
destruction of the coastal mangrove forests (which break the impact of ocean waves) has also 
increased the coastal populations' vulnerability to the surges of storm. 

 

66..33  OOffffiicciiaall  PPoolliicciieess  ––  AA  CCoommpplleettee  CCoollllaappssee  
The major 'flood prone areas' and 'rainstorm zones' in the country ((FFiigg..  66..11)), have been identified 
long back, yet the government has failed to chalk out a national strategy to control them 
effectively, curtesy the corruption, which has seeped into every aspect of public life. Obviously 
there are vested interests of dam builders involved for whom a dam is no more than a pill for all 
the ills. A very powerful mafia comprising of corrupt politicians-bureaucrats-engineers-
contractors has emerged in the country which continues to carry forward the case of 'big dam 
construction', despite a bulging official record of their failures. Every year crores of rupees are 
put to unplanned use in the name of flood control, which can be used in a better-planned manner 
through Panchayats and peoples' organisations.  
 
The total official collapse on this front can be assessed by the government's own admission,66  
that in "1953 the area affected by the flood was 2.29 mha, which in 1996 became 17.5 mha. At 
current prices, the damage to crops due to floods increases from Rs. 42 crores in 1953 to Rs. 384 
crores in 1996 and have also caused extensive damage to property at an annual average of Rs. 
136 crores. But in gross terms the losses are tremendous. It is officially recorded that the total 
damage caused by floods is estimated to the tune of Rs. 1,000 crores annually, on the average, 
during 1953-1996. At constant prices (1981-82) the total losses due to floods is estimated at a 
staggering Rs. 43,210 crores in last 44 years”.  
 
Miraculously all this has happened when the expenditure on flood control was shooting up in 
leaps and bounds. In the First Five Year Plan, Rs. 13 crores were allocated for the flood 
management programme while the Eighth Plan (1992-97) provides Rs. 1623 crores for flood 
management while the anticipated expenditure on flood control works alone would be to the 
tune of Rs. 1700 crores. Where is the tax-payers' money going? 
 
In the wake of official failures to cope with drought and floods, it becomes imperative that the 
initiative be given to people directly. This is further strengthened in the backdrop of the massive 
success stories of wherever the people have undertaken this task themselves throughout the 
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country. Now there is a nationwide Panchayat Structure and the task can be easily handed over 
to them. For its success, it is important to hand over the monetary, administrative and 
managerial powers to be vested in the hands of Panchayats rather than the existing corrupt 
nexus. The help of the NGOs engaged in the area will be an additional support to them.  
  
66..44  FFllooooddiinngg  aanndd  DDeeffoorreessttaattiioonn  RReellaattiioonnsshhiipp77  --  LLiinnkkaaggeess  &&  IInntteerrnnaattiioonnaall  PPoolliittiiccss  
Come monsoon and the floods will follow. The pattern of rainfall-flood association has become 
regular to the extent that this is now conceived as a cause-effect syndrome. Understanding the 
phenomenon demands a deeper insight into the mother-source, that is, rainfall - an extremely 
complex phenomenon, which is yet to be deciphered in meticulous detail.  
 
Hence, the forecast of rainfall is always riddled with uncertainty. The most successful model of 
rainfall forecasting evolved till date in India, Gowrikar Model (May 1988), only emphasiss its 
complexity, which involves 15 regional, global and oceanic parametres related with temperature, 
pressure, air, ice-cover et cetera. A slight change in any of them induces changes in others 
ending in wide ranging repercussions on the nature, extent, magnitude and intensity factor 
governing precipitation, infiltration and run-off, all of which in their own turn regulate rainfall.  
 
But looking at rainfall as a singular phenomenon in isolation will again be wrong. Rainfall after 
all constitutes only a small fraction of the hydrological cycle, which can be defined as sum of 
movement of water in all three forms on the Earth as well as above and under it, with the total 
amount of water always remaining constant. In this backdrop, we now look at the causes of 
floods. Flood is a relatively higher streamflow that overtops the natural or artificial banks in any 
reach of the stream. The most significant agents in inducing floods are human populations, rise 
in temperature, deforestation et cetera. Human population was restricted to 30 crores upto 14th 
century which doubled to 60 crores in 17th century. But the next doubling took place only in 
150 years, in 1850. And the subsequent doubling of population took place in 100 years when it 
became 3 Arabs in 1950. It was expected that by 2000 the global population would has reach a 
figure of 6 Arabs, which it has actually reached, that is, a doubling period of only 50 years.88 
 
The most important human activity, industrialisation, also increased many fold along with the 
population and it has become a source of grave concern. The amounts of carbon di-oxide, sulfur 
oxides, nitrogen oxides, lead and other toxins in the form of emissions emanating from industrial 
and urban centres has increased by million of tonnes in the atmosphere. For example, the 
increase in carbon dioxide is slowly and steadily increasing the temperature of the atmosphere99 
which in its own turn, is playing havoc with the melting of glaciers. 
 
The rapidly vanishing forests which act as a sink for this excessive carbon di-oxide has further 
compounded and hastened this process. And the records show, the recent years have been the 
warmest since 1860. The global mean surface temperature has increased from 0.3 to 0.6 degree 
Celsius since 19th century. This has induced a rise of 10 to 25 centimetres in global sea levels 
during the last 100 years. As the precipitation and evapo-transpiration, essential for rainfall, 
occur in atmosphere, any increase in its temperature will have a direct significant bearing on 
rainfall.1100  
The fundamental problem with the climate change is that once it sets in motion, it will be 
irreversible for a few centuries as past experiences have shown. The rise in atmospheric 
temperature also means large scale melting of polar ice, followed by rise in ocean surface levels 
and resulting in the submergence of low-lying nations and islands like Bangladesh, Lakhshdeep, 
Holland, Maldives et cetera.  
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Deforestation is one important factor directly responsible for the increased floods. In this regard, 
the traditional knowledge that dense forests reduce the calamity of the flood, has been 
completely backed by scientific experiments conducted in this field in the western countries 
themselves.1111 Some of these important experiments were conducted in the hardwood forests of 
North Carolina, Wagon Wheel Gap Catchment of Colorado, Tennessee Valley, Wasaksh 
Mountains of Utah et cetera. The results of these experiments can be summarised as follows: 
• Destruction of catchment led to widespread floods in Utah.1122 
• Conversion of forest lands to agricultural fields and ranches led to the increase in the rate of 

flood peak flow per second per square mile (Carolina) by eight times.1133 
• Even the destruction of dispersed forests resulted in significant higher rate of flood peak 

flow at Wagon Wheel Gap Catchment of Colorado.1144 
• Watershed severely inflicted by soil on proper treatment (plantation, land use as per its 

capability, check dams etc.) reduced the sediment load of rivers to the tune of 90 per cent 
and run-off by 50 per cent (Tennessee Valley).1155 

• Identical experiments conducted in France, Japan, Italy and other nations have only 
reaffirmed these results.1166 

 
Thus it can be very safely concluded that there is certainly a cause-effect relationship between 
deforestation and floods. Those who questioned the positive role of forests in flood-control can 
say that all these experiments were conducted in smaller watersheds. But the reasons for this are 
obvious: smaller watersheds have uniform geographical conditions, the measurement of 
hydrological parametres is relatively accurate, et cetera. And the scientific logic, reasoning, 
rationale and principles do not support the view that the forest playing a positive role in smaller 
catchment in relation to floods, will play an exactly reverse role in the larger catchments.  
 
The question that naturally comes to mind, is: why are the results of such experiments conducted 
in the developed nations themselves being challenged by the western institutes? For this we have 
to look at the role, politics and modus operandi of these institutes, most ill-reputed are the World 
Bank and International Monetary Fund. The World Bank has especially been funding dozens of 
development projects in Africa, Latin America and Asian countries in the name of development 
since last five decades and Structural Adjustment Programme has always been an integral part of 
it. But when reverse cash flow (total sum of interests exceeding total sum of capital) began, 
these developing countries became suspicious of the misdeeds of the World Bank and 
International Monetary Fund. A massive deforestation component was an integral part of all 
such development projects as it suited the then timber industry of the west. When the ill-effects 
of this deforestation became a world wide concern, there was opposition to these projects on a 
global scale by the indigenous and affected people. The World Bank evolved the strategy of 
discrediting the role of deforestation in causing floods. For this purpose, it generously funded 
projects aimed in this direction and many international seminars were organised, obviously 
funded by the World Bank.  
 
So in order to obfuscate the issue, the world Bank started commissioning studies which support 
the view that the deforestation in highlands does not lead to flooding in low-lying areas. One 
such study was commissioned to prestigious East-West Centre, Hawaii, USA and the 
publication of its report in the form of a book clearly demonstrates the intentions of the World 
Bank - all the seven papers published were of the view that deforestation in highlands does not 
lead to any flooding in low-lying areas.1177  All this is nothing but a damage control exercise in the 
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image of the World Bank. Sadly many academicians in different parts of the world, also fell into 
this trap of the World Bank in the name of scientificity.   
 
In order to get larger acceptance and legitimacy among the masses on this issue, the World 
Bank, also took help of international agencies like United Nations, UNESCO, UNEP and United 
Nations University as co-sponsors of various seminars on highland-lowland interactions in 1977. 
Subsequently in 1984 another such workshop was held in Appenberg, Switzerland, followed by 
another on the same topic at Moherk, USA, where there was a detailed discussion on the issue of 
deforestation. To attain some respectability on the conclusions reached, defying the traditional 
knowledge, the organisations like IUCN and EEC were also involved in publishing the final 
reports of these seminars.1188 
 
Obviously the results and findings of such projects and seminars were tailor-made to suit the 
designs of the World Bank. By invoking that deforestation does not lead to flooding in the 
lowland areas, not only the traditionally held knowledge but the results of scientifically 
conducted experiments too have been negated. It was in this backdrop, that some of the 
institutions, academicians and scientists of developing countries too, picked up the threads of 
such dubious conclusions and lent credence to the views of the aforesaid seminars and 
workshops. 
 
The inter-linkage between deforestation in the Himalayas and the frequently occurring floods in 
low-lying areas has to be seen in the above backdrop. Certainly the man-made activities have 
only added to this process, yet if massive deforestation had not taken place, then the extent and 
magnitude of the floods would have been of a much lesser order and would have been 
manageable. 
 
Yet another reason for more and more people being affected by floods is directly related with 
population explosion. With the rapid increase in population, more and more people are forced to 
live, on the floodplains. For example, in Delhi more than 40 lakh people are living in low-lying 
trans-Yamuna area which in case of any possible serious flood in future will be drastically 
affected. The story is similar in many of the cities located on the banks of rivers. 
 
EEmmbbaannkkmmeennttss    
Immediately after the independence, the first official scheme to tame the over-flooding rivers 
was construction of embankments along the both sides of the river, so that the river could flow 
between the embankments. Bihar was taken first for experimenting with embankments and 
embankments were constructed on the following rivers: Ghaghara, Gandak, Burhi Gandak, 
Bagmati, Kamala, Koshi and Mahanadi. The fact that rivers originating from the Himalayas 
carry maximum silt and debris load (compared to other rivers of the world), because of tectonic 
and man-made activities, will sooner than later fill up the embankments, was just glossed over. 
However the long-term consequences of constructing embankments have proved disastrous and 
we will take the Koshi river as a case study. 
 
66..55  TThhee  KKoosshhii  EEmmbbaannkkmmeenntt  PPrroojjeecctt  
The river Koshi originates from Tibet, traverses through Nepal and finally enters Bihar. The 
total length of Koshi river in Nepal and Bihar is 825 kms, out of which 571 kms lies in Nepal 
and 254 kms in Bihar. The total catchment area of the Koshi river in Nepal and Bihar is 70,409 
square kms, out of which 12,000 sq. kms falls in Bihar. Koshi is the river which has changed its 
course seven times in last 300 years: 1770, 1731, 1807-29, 1892-1921, 1922-1936, 1936-48 and 
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1958. The Koshi river covers the following 11 districts of North Bihar: Darbhanga, Katihar, 
Madhubani, Purnia, Araria, Saharasa, Supaul, Madhepura, Samastipur, Khagaria and Bhagalpur. 
Finally the Koshi meets the river Ganges near Katihar.1199 
 
The Koshi Multipurpose Project was finally started in 1953 with the twin aim of flood control 
and irrigation and was completed in 1959. Under this work, an eastern embankment of 99 kms 
and western embankment of 121 kms were constructed. Subsequently a length of 26 kms was 
added to eastern embankment and four kms to the western embankment. To control the flow of 
the river Koshi, a barrage with 56 gates was also completed in 1963. For the purpose of 
irrigation few canals were also constructed on the Koshi river.2200   
 
Very soon the construction of embankments on various rivers started causing more problems 
than solving those. Since almost all of the rivers enter north India after traversing through 
Himalayas in Nepal, they carry a huge amount of silt. Within a few years, the embankments 
were filled with this silt load and the rivers started overflowing the embankments, causing 
massive destruction to humans, cattle, land and forests.  
 
Each year floods have continued to occur due to the problems that should have been considered 
initially: 
• Both floodwaters and silting are contained between embankments. When the river level 

rises, embankments have to be raised. Finally, flood-dependent delta formation virtually 
stops.  

• The embankments thwart tributaries from joining the river. Sluice gates have to be installed 
at the confluence, but they cannot be operated during the rains, lest river water backs up into 
the tributary. 

• The tributary has to be embanked, and the process of inundation by blocked rainwater 
repeats itself.  

 
Engineers favour embankments arguing that they reduce the water flow area. Embankment 
construction, however, would increase flow velocity, facilitating bank erosion, resectioning the 
river, increasing its carrying capacity and scattering its sediment load.  
 
But the facts speak otherwise. Bihar in 1998 had 3,465 km long embankments, as against 160 
kms in 1952. Yet, the state's flood-prone area has shot up from 25 lakh hectares in 1954 to 68.8 
lakh hectares in 1994. These embankments constructed after 1954 have costed Rs. 746 crores.2211   
 
The Koshi embankment displaced 1.92 lakh people residing in the villages between 
embankments and submerged 2.60 lakh acres of land between the eastern and western the 
embankments, in the name of saving most of the population and increasing irrigation. Because 
of the overflowing of Koshi above the embankments, today a population of 14.50 lakh is 
permanently affected since last four decades and on an average, crops in 1.70 lakh acres are 
adversely affected due to overflowing of river. As a result of this overflowing, water has 
permanently accumulated in 7 lakh acres since last 35 years though the government 
underestimates this figure only to 44,973 acres, but the people and NGOs working in the area 
have provided a detailed village-wise report of water accumulated in 7 lakh acres in 11 affected 
districts. This water is extremely polluted and in the lack of any other water source, its 
consumption is causing a whole range of diseases: Amibiosis, Filaria, Jaundice, Malaria, 
Typhoid, Indigestion, Roundworm, Anemia, Entrotitis and many more. Every year hundreds 
people die of these ordinary ailments.2222 
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But the story does not end here. It is repeated everywhere where embankments have been 
constructed on rivers in Bihar. Mr. Dinesh Kumar Mishra has been working on the issue of 
embankments in Bihar since the last two decades and he has shown the total failure of 
embankments (Table 6.3). In a nutshell, by 1990, the total length of embankments built in Bihar 
was 3,45,400 km to protect an area of 64.61 lakh hectare. But they have only been able to 
partially protect an area of 29.23 lakh kms.2233  On the contrary, several lakhs of fertile lands are 
permanently waterlogged, islands of hundreds of villages, causing more problems than before.  
 
The regularly increasing silt load in the rivers flowing through Himalayas, has rendered the 
engineering  solution to tame the rivers by constructing embankments, futile. In 1988, in Assam 
Embankments constructed on rivers Brahmputra, Kopli, Kalang, Kiling, Pagladia and many 
other rivers finally either broke down or were filled by the silt  to the extent that the rivers 
started overflowing their embankments, causing massive damage to people and property. The 
issue was discussed in great detail in a meeting organised by Barh Mukti Abhiyan  at Patna.  
 
Many of the riparian rivers like Brahmputra, Koshi et cetera originate in Tibet, traverse through 
Nepal and then enter India. Hence the deforestation in the Himalayas of Nepal plays crucial role 
in determining the silt load of the rivers entering India from there. The deforestation is also 
accompanied with the onset of landslides in the area, which disrupts the naturally occurring 
drainage system of the area and hence the rivers change their course often. Due to this and other 
factors, Brahmputra has changed its course thrice in last 100 years. And there is hardly any part 
of north Bihar (12 districts) over which the Koshi river has not flown at some point or the other 
in last 300 years. 
 
66..66  BBaannggllaaddeesshh  FFlloooodd  AAccttiioonn  PPllaann    
Despite the all-round failure of embankments in India, it is indeed an irony that its neighbour 
Bangladesh has undertaken mammoth World Bank's multi-million dollar loan for its Flood 
Action Plan, which seeks to tame the country's rivers with embankments and polders. It will 
spell outright disaster and displacement for the majority of the landless peasants, farmers and 
fisherfolk. The plan fails to address adequately the far more destructive flooding caused by 
cyclones. 80 per cent of Bangladesh is made up of floodplains of the three major rivers (Ganga-
Padma, Brahmputra-Jamuna and Meghna) and some 240 small rivers, creating a 24,000-kms 
network of water channels which links most Bangladeshi villages.    
 
Peasants living in the floodplains acknowledge the benefits of the annual river floods. They 
cover upto four-fifths of the land in shallow water, replenish groundwater, provide silt, 
nutritious algae and moisture for fields, making Bangladesh one of the most fertile regions of the 
world.2244 In contrast, the huge cyclone driven tidal surges have no beneficial effects, they sow 
death and destruction only. Outsiders often fail to make a distinction between the two different 
types of floods - river driven and cyclone driven - as does the World Bank.  
 
The plan was conceived in December 1989 in London between Groups of 7 nations and 
President of Bangladesh Hossain Mohammad Ershad, under the auspices of the World Bank. 
The French Government appointed a team of 30 engineers to find permanent solution to the 
flood damage while Japan, USA and UNDP engaged their own experts to device elaborate flood 
prevention and control schemes. The Plan's 26 sections, 11 of them considered "priority", 
combining the French, USA, Japanese and UNDP proposals, comprise complex studies of 



85 
 

people, rivers, land, agriculture and environment, costing some US $ 50 million and other pilot 
schemes at an estimated cost of US $ 400-500 millions.2255  
 
Behind these studies and "pilot" schemes, however, is the plan's ultimate goal: to initiate the 
building of high embankments along both sides of Bangladesh's three main rivers, the Ganges, 
Brahmputra and Meghna. Proposed by the French, these embankments would average 4.5 m in 
height raising to a maximum of 7.4 m and total 3,350 to 4,000 kms in length.  Construction costs 
are estimated at between US $ 2 billion to 10.1 billion, depending whether the embankments are 
built 2-5 kms away from the river (lower estimate) or 1 km away from the flow. It is the biggest 
development project ever carried out in Bangladesh. Confirmation that the overriding objective 
of the Plan is the construction of high embankments, comes from the World Bank's own 
assertion that "controlling the major rivers is the Plan's underlying assumption",2266  the insistence 
of the Dutch representative on the Plan that "the belief that effective protection against flooding 
in Bangladesh is possible only by constructing a system of embankments along all the major 
rivers is the very basis of the Flood Action Plan2277 and the "guiding principles" drawn up by the 
Ershad Government which include "safe conveyance of the large cross-border flows to the Bay 
of Bengal" by construction of "embankments on both sides" of the major rivers.  
 
But the ferocious nature of the rivers will render the plan futile, as these rivers are among the 
largest, most powerful and most violent rivers in the world.2288 The Ganges at some places is 5 km 
wide and the Brahmputra 10-15 kms. The tributaries very often abruptly change their courses 
and add to the load of the main river. The embankments initiated by the Flood Action Plan 
would have a 'replacement effect' as well; the floodwaters would not be reduced, but barely 
moved with a high speed downstream to the Bay of Bengal. This would clearly add to the 
dangers faced by people living on river islands and in the coastal regions which are already 
vulnerable to cyclonic flooding.  
 
Bangladesh's experiences with flood control river embankments are testimony to it, and against 
building more of them, especially in one of the world's most earthquake prone areas2299  and the 
Flood Action Plan has overlooked them. Even the internal audit of an earlier World Bank 
financed flood control project, involving construction of 225-kms embankment along the right 
bank of Brahmputra, points to the "extraordinary absence of formal evaluations of flood control 
investments in Bangladesh after 26 years of experience". The audit also recognised that the 
"continued pressure for large scale capital intensive flood control problem when all available 
evidence indicates that such schemes have not been cost-effective in the past and are unlikely to 
be in future."  3300  

 
There are also serious doubts as to whether the embankments would even be able to contain the 
massive forces, they are pitted against them. The stretches of the right bank of Brahmputra, 
which were protected with an embankment in the 1960s to stop floodwaters from spilling across 
northwestern Bangladesh are just one example where the river "took little notice of this 
impediment" and continued its centuries long westward shift in course.3311 During the floods of 
1990, significantly less than those of 1987 & 1988, "reports came in virtually every day about 
the breaching and collapse of the embankments"3322  under erosion from the rivers. So, the sudden 
river channel shifts can make the Flood Action Plan obsolete overnight.3333 Bangladesh's 
economist Shapan Adnan believes that "the historical track record of existing flood control and 
drainage projects display recurrent and systemic failure of such physical constructions"3344 
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The Plan will have severe adverse impact on fisheries. More than three-quarters of the annual 
fish catch come from inland fresh water sources and the rest are collected from open sea. About 
80 per cent of animal protein in Bangladeshi diet come from fish. For as many as three-quarters 
of poor peasant families, fish capture is also a crucial source of income. Since the embankment 
will hinder their access to rivers, both the nutrition and livelihood will be affected.35 The Plan 
will also submerge a lot of land, the most scarce resource in Bangladesh where landlessness is 
extremely high, land distribution is highly skewed, 60 per cent of people are involved in 
agriculture and 80 per cent of the people live in rural areas, the Flood Action Plan will cause a 
social disruption of national magnitude. In the end, World Bank-aided Flood Action Plan is a 
gross mismanagement to deal with the floods and eventually it is the people who will have to 
pay a heavy price for it.  

 

We can see that floods have become almost a natural corollary of rains in this country. The areas 
susceptible to floods have been identified long back, yet the government has failed to provide a 
cushion to the people against flood. The old, discarded and redundant engineering solutions 
doled out by the establishment have failed to save heavy losses of human life and property. The 
lack of vision in official approach is equally symptomatic of the view that the official priorities 
rest somewhere else.  

 

 

**    **    **    **    ** 
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77..  WWaatteerr  &&  PPuubblliicc  HHeeaalltthh  
  

There has been an alarming increase in water-linked diseases resulting from the water 
development schemes, especially the irrigation schemes. Taking cognisance of this fact, World 
Health Organisation Regional Office, Europe, prepared guidelines on the environmental health 
impacts of irrigated agricultural development projects in order to mitigate the post-project 
problems.11  Sadly, lack in establishing pre-project baselines, especially in the projects undertaken 
in developing countries, has marred the possibility of furnishing in-built mitigatory measures in 
the project planning stage.   
  
77..11  WWaatteerr--HHeeaalltthh  IInntteerr--pphhaassee    
In any water-related development project, there are a number of stages or activities, each of 
which may have effects upon the aquatic environment, and thus on water-linked diseases: 
• Water must be introduced to the development from somewhere; 
• Usually the water must be stored by constructing a dam or reservoir; 
• There must be a spillway for excess water; 
• There must be a network of canals of gradually decreasing size, which may be continually 

or periodically inundated to transfer water to agricultural areas; 
• Usually there must also be a series of drains to remove excess water from the fields.  
• A variety of environmental health hazards are associated with the hydrological changes 

involved in each of these stages.  
 
In addition to these hydrological changes in the environment, irrigated agricultural development 
may also involve movements of people; both away from areas where dams and reservoirs are to 
be built, and into the area, as part of the construction workforce and as incoming fisher-folk and 
farmers in newly created reservoirs and irrigated areas. This movement of people has related 
health hazards, both, through introduction of a new diseases into an area, and through increased 
transmission of existing disease among immigrants who have no immunity.  
  
77..22  CCllaassssiiffiiccaattiioonn  ooff  WWaatteerr  LLiinnkkeedd  DDiisseeaasseess      
Water linked diseases are generally classified in four main categories:  
1. Water-borne diseases – diseases spread through water supplies by ingestion; 
2. Water-based diseases – diseases spread through an aquatic invertebrate animal; 
3. Water-related diseases – diseases spread by insects which depend on water;  
4. Water-washed diseases – diseases that result from inadequate provision and use of water for 

personal hygiene.  
 
A brief commentary on each of the above categories would be relevant here.  
1. Water-borne diseases are caused by highly infectious organism and only a small number of 

is needed to cause the disease. The diseases are transmitted by contamination of water 
supplied by faeces from a human carrier of the infectious organism. The two classical 
examples of water-borne diseases are typhoid and cholera. In addition, diarrhoea and 
dysentery may be caused by water-borne organisms, including protozoa, amoebae and 
enterobacteria. 

 
2. Water-based diseases are infections by worms, including flukes and trematodes. Most of 

them depend on aquatic crustacean hosts (called intermediate or secondary hosts) for their 
transmission. Faeces from infected humans contain worm eggs, which enter secondary 
crustacean hosts through contamination of water. Parasite larvae emerging from the snails 
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are able to penetrate in human skin and are thus transmitted to humans by direct skin contact 
with water. The most important water based disease, Schistosomiasis, is dependent on 
Bulinid snails, as the main secondary host. Another water-based disease, guinea-worm 
infection, is transmitted by ingestion of water containing the microscopic crustacean 
secondary host of the disease. The organism leaves the secondary host, once it is inside the 
primary host, that is, human body.  

 
3. Water-related diseases are transmitted by insect vectors, which breed in or around water. 

Mosquitoes, Tsetse flies and Simuliam species are the most important vectors of this 
category. They carry a wide range of infections including malaria, sleeping sickness, 
Onchocerciasis and viral diseases. These diseases are transmitted when the insect bites an 
infected human host and then an uninfected host.  

 
4. Water-washed diseases: in contrast to the above three categories, the transmission of these 

diseases is reduced, not aided, by water. This group includes diseases where the level of 
infection may be reduced by provision of more abundant or more accessible water supplies. 
These diseases are transmitted from one person to another where personal hygiene is poor 
due to lack of adequate water supplies. The most important water washed disease is 
diarrhoea transmitted by a faecal-oral route. Others include skin ulcers, scabies, skin fungus 
infections and trachoma.     

 
In addition to these, water resource development can also have other environmental health 
impacts. For example, use of polluted water for drinking, cooking and washing may result in 
toxic effects in human beings. Another well-known effect is increase in salt levels of soil and 
groundwater and eventually in the human body. A brief list of a few water-linked diseases in 
polluted water is given in Table 7.1. 
  
77..33  EEnnvviirroonnmmeennttaall  HHeeaalltthh  IImmppaacctt  AAsssseessssmmeenntt  ((EEHHIIAA))  
The process of predicting effects of developmental activities is best used and developed in recent 
years regarding the impacts of the development on the environment in general, named as 
Environmental Impact Assessment (EIA). A whole range of methodologies for carrying out EIA 
has been developed and several guidelines issued. In general, however, EIAs have tended to give 
little emphasis to health impacts. In contrast to EIA, Health Impact Assessment (HIA) aims to 
predict the direct effects of a development activity upon human health in terms of morbidity or 
mortality. Nevertheless, it was subsequently experienced that the issue of HIA is intricately 
intertwined with environment, which led to the evolution of the concept of Environmental 
Health Impact Assessment (EHIA). The EHIA aims to predict and assess the impacts of a 
development on environmental parametres, which have a strong significance for health, and they 
have been named as environmental health factors.  
  
77..44  SSoommee  GGlloobbaallllyy  CCoommmmoonn  WWaatteerr  LLiinnkkeedd  DDiisseeaasseess    
"India loses 73 million man-days a year as a consequence of water borne diseases."   Each year, 
about 15 million children under the age of five keep dying from water borne diseases. In India, it 
is estimated that 80 per cent of illness are preventable purely by ensuring the availability of 
potable water to the population. More than half of the world's hospitals are filled with people 
who are suffering from diseases directly linked to the consumption of unsafe water.22  
This grim picture only puts the emphasis on safe drinking water. Under the International Safe 
Drinking Water Supply and Sanitation Decade (1981-1990), commonly known as UN Water 
Decade, launched on November 10, 1980 at its General Body Meeting and it was aimed to 
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provide safe drinking water and sanitation to everyone.  However, since then, the scenario has 
only worsened, despite UN spending US $ 53 million for this decade.  
 
In 1981, more than half of the population in developing countries did not have safe water to 
drink. At any one time, there are: 
• 500 million people with trachoma 
• 250 million people with elephantiasis 
• 200 million people with schistosomiasis (Bilharzia) 
• 160 million people with malaria 
• 100 million people with diarrhoea 
• 30 million people with onchocerciasis (river blindness) 
 
As stated earlier, India loses 73 million man-days a year as a consequence of water borne 
diseases and the cost in terms of medical treatment and lost production is estimated at Rs. 4,500 
million (US $ 600 million).33 In brief following are the water borne diseases.  
 
Schistosomiasis44  - It is more commonly known as a 'disease of development'. Massive irrigation 
schemes aimed at increasing agricultural output have created breeding grounds for the water 
snails which carry the schistosomiasis parasite. The schistosomiasis parasite is a worm, 1 cm  
long which lodges in blood vessels of the human intestine or urinary tract and can live upto 20 
years. Blood in the urine, kidney damage, bladder cancer and liver failure are some of the effects 
of the disease. The parasite worm is transmitted from person to person via snails that live in 
fresh water. Eggs of the parasite damage the bladder resulting in blood in the urine. This so 
common in many parts of Africa and Eastern Mediterranean that many parents mistakenly think 
that it is part of growing up.  
 
The schistosomiasis parasite is found in urine and faeces. Infected people who urinate or 
defecate in or near water pass on the parasite eggs to the snails, which in turn, transmit the 
parasite to other people who swim, wash or fish there. In areas where agriculture requires people 
to stay in water for prolonged periods of time, the risk of infection is very high.  
 
Schistosomiasis was first noticed in India in 1952 in Ratnagiri district on the West Coast, south 
of Bombay. It is believed to have been brought in by migrant labourers returning from Africa. 
At that time it was estimated that 80 per cent population of Ratnagiri had been exposed to 
infection. Now there is a fear that the disease may have become endemic.  
 
In Africa, within five years of construction of dam on River Volta in Ghana, the prevalence of 
schistosomiasis among the inhabitants rose from 10 per cent to 100 per cent. In Sudan, the 
Gezira Irrigation Scheme contributed to dramatic increase in both, prevalence and intensity of 
schistosomiasis; the infection rate throughout Sudan is 60-70 per cent. In Egypt, over 70 per cent 
of rural people are debilitated by schistosomiasis.  
 
Filariasis55  - Among the many diseases, which are transmitted by vectors, which live whole or 
part of their lives in or near water, is filariasis. The WHO estimated that at least 250 million 
people are infected with the filarial nematode parasites "Wuchereria bancrofti" and "Brugia 
malayi", which are transmitted by mosquitoes. The Culex, Aedes and Anopheles mosquitoes are 
the vectors of Wuchereria bancrofti and the Mansonia mosquitoes are vectors of Brugia malayi.  
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The young immature filarial worms, called microfilariae, are transmitted from person to person 
by mosquitoes. These microfilariae occur in the human bloodstream. Persons may harbour these 
parasite with no apparent symptoms. These nematodes undergo changes in the mosquitoes, this 
is an essential link in the transmission cycle. The adult worms live in various parts of the human 
lymphatic system. Acute and variously transient attacks of adenolymphangitis and filarial fever 
leads to permanent extreme enlargement of various parts of body such as breasts, hands or legs. 
These enlargements of the parts of the body are termed elephantiasis. 
 
The mosquitoes pick up the microfilariae as they feed on human blood. A minimum 10-11 days 
is required for the development stages in the mosquito thorax before infective forms migrate to 
the mosquito proboscis, from where they enter into the new host when the mosquito next feeds 
on the human.  
 
Filariasis caused by Wuchereria bancrofti is endemic in sixteen states of India. In 1980, 236 
million people were estimated to be exposed to the risk of the disease. About 18 million were 
having micro-filaraemia and 14 million were having clinical filariasis, which manifested itself in 
elephantiasis.  
 
Malaria66  Malaria has existed in India for a long time and reference to malarial fevers and its 
herbal treatment are found in Atharva Veda. In more recent past, in 1845, a British Army 
Commission was appointed to investigate the cause of malaria, following the opening of western 
Yamuna canal in the area north of Delhi. It confirmed the age-old notion that mosquitoes are 
responsible for the spread of malaria. The enormity of the problem is evident from a 1914 
resolution of the Government of India - "The most important tropical disease in India is malaria. 
After allowance is made for the tendency to attribute to fever deaths from other causes, malaria 
stands out as universally prevalent in India and in many tracts, its is scourge greater than either 
plague or cholera. It maims as well as kills, and causes more sickness, misery and death than any 
other single disease".  
 
Large dams and canals are the most favourable breeding sites of mosquitoes and different 
mosquito species favour different dam and irrigation sites round the world, as shown in the 
Table 7.2.  Paddy fields are also breeding grounds of mosquitoes. In addition to this, culicine 
mosquitoes also transmit more than 300 species of arboviral infections, which cause many 
diseases like hemorrhage, dengue and yellow fever. Both kinds of fever are fatal. Here too, it has 
been found that different vector species thrive on the specific dam sites globally.77   
 
After independence, the National Malaria Control Programme was launched in the First Five-
Year Plan in 1953 and another National Malaria Eradication Programme was reinitiated in 1958 
while the first was still in operation. It was expected that Malaria would be eradicated from India 
by 1965. Both these programmes failed as the vector developed resistance to both DDT and 
HCH. Even the treatment of affected persons was hampered as the deadlier Plasmodium 
falciparum developed tolerance to chloroquine, which had replaced quinine.88    
 
In India, increase in malaria is directly linked with the progress of thousands of water schemes 
undertaken during last 50 years. According to Prof. V. Ramlingaswamy, Director General of 
Indian Council of Medical Research, "Water is essential for the development of mosquitoes that 
transmit a number of tropical diseases. A majority of disease vectors are man-made. Provision of 
water to rural areas for agriculture and for human use is a major development activity and a vital 
necessity. Such an activity, however, must be accompanied by a water management system so 
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that conditions favourable for breeding of vectors of human and animal diseases are not 
created".99 
 
Fluorosis1100 - Fluorosis is caused by the presence of excess fluoride in the water, both surface and 
sub-surface. The concentration between 0.5 to 0.9 ppm fluoride beneficial is to human health 
and is, in fact, mainly responsible for protecting teeth against dental caries. However in higher 
concentration it becomes deleterious to human health. Prolonged consumption of water with 
fluoride level of over 1 ppm gives rise to fluorosis. Skeletal fluorosis develops in adults, causing 
pain and stiffness in thoracic region and cervical spine. Due to calcification, there is stiffness of 
various joints of body. 
 
The chief fluoride mineral is fluorine, which is seventeenth in the order of abundance of 
elements in the Earth's crust and it is never found in element form. It is a component of igneous 
rocks, found in metamorphic rocks such as Hornblende and Mica and sedimentary rocks like 
dolomites and limestone. Minerals like fluorspar, cryolite, fluorapatite and phosphorite contain 
fluoride. These minerals enter vegetation grown in these areas and water bodies. 
 
In India, fluoride bearing waters are spread over ten states - Andhra Pradesh, Bihar, Gujarat, 
Haryana, Karnataka, Kerala, Punjab, Rajasthan, Tamilnadu and Uttar Pradesh.  
 
Guinea Worm1111  - Guinea worm (Dracunculas medinensis) has a thickness of knitting needles 
and is around 70 cm in length. Drinking water contaminated with the larvae of Guinea worm is 
the only source through which it spreads. In the human body these larvae mature in one year, 
after which mature female Guinea worm travels to the outside the body in the directions of those 
parts which are most likely to come in contact of water, lower limbs. When the female Guinea 
worm reaches the skin, it breaks through, causing an open wound with great burning sensation. 
This induces the patient to immerse his foot or leg in cool water - usually an open pond or river 
from which villagers draw their water. 
 
On contact with water, the female Guinea worm releases millions of embryos into the water. 
They are consumed by tiny water fleas, called cyclops, which are intermediary hosts. The 
embryo develops inside the cyclops. When the water containing cyclops is drunk by human 
beings, cyclops are destroyed by gastric juices and Guinea worm larvae are released inside the 
human body.  
 
Guinea worm affects 20 million people across a band of sub-Saharan and northeastern Africa, 
the Arabian Peninsula, Iran, India and Pakistan. In June 1982, in a nation-wide survey it was 
found that seven states are badly affected by Guinea worm - Andhra Pradesh, Gujarat, 
Karnataka, Madhya Pradesh, Maharashtra, Rajasthan and Tamilnadu. These included 11,736 
villages in 82 districts putting 12.6 million people at risk. Rajasthan is the worst hit by Guinea 
worm where 14,905 persons were affected in 6,104 villages.  
 
Onchocerciasis (river blindness) - Population living along or nearby many African dams is 
suffering from onchocerciasis (river blindness). It is caused by simulium and many of the 
smaller water storage schemes in Africa have also become the breeding ground for Simulium. 
Not much data is available about its presence in India.  
 
Diarrohoeal Diseases1122  - It is the major killer of children in the developing world: 4-5 million 
children die due to Diarrhoeal diseases. About 60-70 per cent of children die from diarrhea 
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because they do not have enough water left in their bodies, accompanied with the loss of 
important salts like sodium, potassium and bicarbonates. The balance of salts in the body fluids 
(electrolyte balance) is disturbed and dehydration takes place. In India 1.5 million children die 
annually from diarrhea.  
 
Former Director General, WHO, Dr. Halfdam Mahler, described this problem in its correct 
perspective, "Diarrhoeal disease is a symbol of under-development and a prominent factor in the 
poverty equilibrium. By that I mean the pernicious combination of unemployment or under-
development, scarcity of material goods, low level of education, primitive housing, poor 
sanitation, malnutrition, affliction by diseases and social apathy. The lasting answer to to that 
poverty equilibrium lies in the genuine human development of the people trapped in it."  

 
Though the oral therapy is considered to be the 'biggest medical revolution' 

of the century. But it is quite evident that diarrhea is not only a medical issue but is 
directly inter-related issues concerned with education, social justice, land reforms, 
poverty and social accountability. During the Sixth Five Year Plan, a National 
Diarrhoeal Diseases Control Programme was launched in India. The National 
Institute of Communicable Diseases, Delhi, All India Institute of Public Health 
and Hygiene, Kolkata and National Institute of Health and Family Welfare, New 
Delhi, have been given responsibility to conduct surveys to measure morbidity and 
mortality rates due to Diarrhoeal diseases. 
  

77..55  WWaatteerr‐‐LLiinnkkeedd  DDiisseeaasseess  ––  SSeelleecctteedd  CCaassee  SSttuuddiieess  ooff  DDaammss//WWaatteerr  SSttoorraaggee  

A selected number of case studies are given here illustrating the relationship between 
reservoir/irrigation projects and preponderance of water-linked diseases worldwide. These cases 
have been abridged from the detailed studies of World Health Organisation (WHO), enclosed as 
Annexes with the guidelines for health monitoring of water development projects.  
  

11..  NNaaggaarrjjuunnaassaaggaarr  DDaamm,,  IInnddiiaa     

Effect: Genu valgum, a crippling bone disease associated with skeletal fluorosis, developed in 
young people, especially males. 75 per cent of cases were in the age group 10-20 years. 

 

Cause: Water seepage from the dam raised the sub-soil water level, in turn increasing the 
alkalinity of soil and providing suitable conditions for increased uptake of molybdenum by 
sorghum. Increased dietary intake of molybdenum increased the excretion rate of copper. This 
copper deficiency coupled with skeletal fluorosis, which as endemic in the area, resulted in genu 
valgum. 

  

22..  SStt..  LLuucciiaa,,  CCaarriibbbbeeaann  IIssllaannddss  

Effect: Schistosomiasis was endemic, with half of the 100,000 population exposed to 
Schistosoma mansoni infection. 
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Cause:      

• Exposure to cercaria-infested water resulted from the following activities: 
i. carrying water from river to household; 
ii. washing clothes; 
iii. bathing; 
iv. swimming; 
v. fording rivers. 

• The degree of body exposure and duration of exposure were the major determinants. 
• The biological cycle of Schistosoma mansoni coincided with that of the village 

communities. Cercarial density peaked during the middle of the day as did the intensity of 
human activities, notably washing. 

  

33..  KKaaiinnjjii  DDaamm,,  NNiiggeerriiaa  

Effect:  

• Increased prevalence of urinary schistosomiasis (Schistosoma haematobium) but only at 
localised foci around the shoreline where infection rates increased from 30% in 1970 to 
70% in 1972. Only around 5-10% of the shoreline supported the vector snail (Bulinus 
globosus). 

• Elimination of Simulium damnosum, vector of onchocerciasis, both around the lake and for 
10 miles downstream of the dam. 

 
Cause:  
• Sharply sloping banks and wave action prevented water weed growth which would have 

encouraged vector snail establishment. 
• Schistosomiasis only occured in limited areas: 

i. where there was intensive human activity, for example ferry jettys; 
ii. on the eastern shoreline where the banks were relatively flat and so supported 

vegetation, which provides shade and humidity for aestivating vector snails. 
• High water turbidity did not favour snail establishment. 
• Onchocerciasis was reduced because of: 

i. reduced water flow upstream of the dam destroyed Simulium damnosum breeding 
sites; 

ii. periodic changes in lake level due to seasonal flooding provided an unfavourable 
environment for Sumulium damnosum as well as for the snail vector of 
schistosomiasis, Bulinus globosus; 

iii. frequent adjustments of spillway release to match the varying lake level caused river 
level variations downstream of the dam, preventing Simulium damnosum breeding 
for 10 miles downstream. 

44..  LLeessootthhoo  WWaatteerr  SSuuppppllyy  PPrroojjeecctt,,  SSoouutthh  AAffrriiccaa    
Effect: The population suffered high morbidity and mortality especially the under-five year olds, 
due to diarrhoea and gastro-enteric diseases. These diseases and infectious skin diseases were 
the main types of reported water related diseases. 
Cause:  
• Poor personal and domestic hygiene and inadequate sanitation. 
• Poor nutritional status. 
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55..  KKaarriibbaa  DDaamm,,  ZZiimmbbaabbwwee    
Effect:  
• Infestation of inlets and backwaters of the lake by vector snails heavily infected with 

schistosomiasis, though the main stream of the Zambezi had been relatively free of 
schistosomiasis prior to dam construction. 

• Schistosoma haematobium had increased by 70% in children 10 years after completion. 
• Sporadic cases of trypanosomiasis in areas away from the lake, previouly free of the disease. 
Cause: 
• Snail population encouraged by: 

i. reduced water flow 
ii. shoreline growth of weeds such as Salvinia auriculata. 

• Raising level of water pushed back tsetse fly into areas further from the lake. However as 
the vegetation in these areas did not provide the double canopy of shade which the tsetse fly 
prefers, this invasion was short lived. 

• Within the immediate surrounding of the lake, Trypanosomiasis declined due to the 
inundation of the tsetse fly habitat. 

  
66..  TThhee  GGuuaayyaammaa,,  GGuuaajjaattaaccaa    aanndd  LLaajjaass  VVaalllleeyy  PPrroojjeeccttss,,  PPuueerrttoo  RRiiccoo  
Effect:  
• Effects on schistosomiasis transmission varied  widely between schemes. 
• The irrigated southern coastal plain near Guayama became a major endemic zone for 

schistosomiasis 15 years after construction in 1974. 
• In contrast, the more recent Guajataca system and Lajas Valley project have experienced no 

problems with schistosomiasis. 
 
Cause: The differences in schistosomiasis transmission between different schemes indicates that 
transmission was encouraged by: 
i. Waterlogged and swampy land, present on the southern coast. This provided a suitable 

habitat for the growth of snail vector populations. The more recent schemes were located 
on sandy porous soil; 

ii. Slow water flow, as found in swampy areas, also encouraged snail population growth. 
The Lajas Canal was unsuitable for the establishment of snails due to the high water 
velocity; 

iii. Poorly designed irrigation systems. The Guajataca system had more efficient water 
control devices than the poorly designed southern coast system, and had fewer night 
storage ponds. 

  
  
  
77..  EELL  BBiirr  aanndd  FFoouumm  GGlleeiittaa  DDaammss,,  MMaauurriittaanniiaa,,  WWeesstt  AAffrriiccaa  
Effect: It was predicted that there would be an increase in the incidence of schistosomiasis 
especially in young males (infection rates already ranged from 14-78% in 10 year old school 
children). Prevalence rates were already the highest in M'Bout, the closest town to the proposed 
reservoir. 
Cause::  
i. Although schistosomiass was endemic in the area, transmission was limited by the dry 

season. A perennial irrigation system would remove this limiting factor allowing survival 
of vector snails through the dry season. 
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ii. Snails were encountered in or near existing rice fields but not in the main rivers, 
suggesting that the prooposed areas for irrigation were likely to become snail habitats. 

iii. No quantitative estimation of the future rates of schistosomiasis was attempted. 
  
88..  KKaannoo  PPllaaiinnss,,  YYaallaa  SSwwaammpp  aanndd  TTaavveettaa  PPrroojjeeccttss,,  TTaannaa  RRiivveerr  BBaassiinn,,  KKeennyyaa  
Effect::  It was predicted that expansion of the four irrigation systems by a total of 17,000 ha 
would significantly increase the prevalence of schistosomiasis in these areas. 
Cause::  Schistosomiasis was already endemic in Kenya and snail breeding was intense around 
the existing irrigation schemes: 

Tana River Basin 
  Schistosoma haematobium – up to 100% infection 
  Schistosoma mansoni  – up to 22% infection in children at key focal points 
 Kano Plains 
   Schistosoma haematobium - around 4% infection 
   Schistosoma mansoni - up to 62% infection 
 Yala Swamp 
  Schistosoma haematobium - 6.5% infection 
  Schistosoma mansoni - 17% infection 
 Taveta  
 
Both Schistosoma haematobium and Schistosoma mansoni were transmitted through the year 
The high prevalence of schistosomiasis resulted from the provision of perennial water supplies 
to each scheme, and continual man-water/contact through agricultural practices. 
Extension of these systems would provide a larger breeding habitat for the snail vectors (namely 
Bulinus pfeiffi, Bulinus globosus and Bulinus sudanica) and the increase schistosmiasis 
infection rates. 
  
99..  MMaalluummffaasshhii  PPrroojjeecctt,,  NNiiggeerriiaa  
Effect::  Increased incidence and transmission rate of schistosomiasis, especially Schistosoma 
haemotobium. 
Cause:  
• Significant changes in the proportions of different snail species present in low-earth dam 

lakes to give dominance by Bulinus globosus, previously limited as water sources dried up 
during dry season. Bulinus globosus is the major secondary host of Schistosoma 
haemotobium. 

• Increased human water contact activities (fishing, bathing, swimming and playing), 
predominantly amongst males, who account for 77% of environmental egg contamination 
and 83% of infected population. 

1100..  GGaammbbiiaa  EEssttuuaarryy  BBaarrrraaggee,,  GGaammbbiiaa    
Effect::  
• Extension of risk of malaria upstream. 
• Increase in malaria transmission and deaths especially in young age groups (62% of 

working population likely to be affected by increase in malaria). 
• Increase in filariasis. 
• Invasion of schistosomiasis-transmitting snails into the area and their establishment with 

rapid population growth. 
• Increase in schistosomiasis infection rates. 
• Increase in enteric infection. 
• Increase in social diseases. 
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• Possible introduction of trypanosomiasis. 
• Increase in bird transmitted viruses. 
Cause: 
• Permanent change of water regime upstream of barrage from alternating fresh and brachish 

to a permanently freshwater environment will allow colonisation by Anopheles gambiage, a 
freshwater breeding mosquito. 

• Expansion of irrigated agriculture will provide further mosquito breeding grounds. 
• Young age groups are less immune to malaria resulting in higher mortality rates. 
• 'Ponding' of the river behind the barrage will encourage local vegetation growth which in 

turn may provide a habitat for mosquitoes such as Mansonia africanus and Mansonia 
uniformis, vectors of filariasis. 

• Elimination of salinity and tidal fluctuations from the estuary will enable snail vectors to 
invade irrigation channels from surrounding areas, resulting in an increase in the incidence 
of schistosomiasis. 

• Reduction in river flow rate will allow these snails to migrate further upstream increasing 
the area at risk to schistosomiasis. 

• Double cropping of rice paddies causing the soil to remain moist for most of the year will 
allow worm eggs, if deposited in faeces, to develop and become infectious. This could 
increase transmission of worms such as ascaris, hookworms and whipworms, which causes 
enteric diseases. 

• Increase in population around barrage due to workers and their families may assist in the 
spread of social diseases to neighbouring towns. 

• Poor food preparation and handling resulting from the failure to cope with the population 
increase will assist in the development of enteric infections. 

• Human trypanosomiasis can be passed from man to man. Immigrant populations may 
introduce this disease. 

• The lake may attract virus carrying bird species. 
  
1111..  SSrriinnaaggaarriinndd  ((CChhaaoo  NNeenn))  DDaamm,,  TThhaaiillaanndd    
Effect::  
• Following dam construction an increase in malaria prevalence in the population from 16% 

in 1972 to 25% in 1977 was recorded. 
• Waterborne parasitic diseases, such as schistosomiasis, did not appear to have increased. 
Cause: Construction of the dam resulted in major changes in habitats, particularly with the 
clearance of forests for crop cultivation. This favoured the mosquito species most implicated in 
malaria transmission in the area (Anopheles minimus), leading to this species becoming 
dominant in the area. 
  
1122..  TTaannggaannyyiikkaa  PPrroojjeecctt,,  TTaannzzaanniiaa  
Effect: Invasion of the irrigation network by snails, in particular Biomphalaria pfeifferi (host of 
Schistosoma Mansoni). Prevalence of schistosomiasis rose to 85% in field workers on the estate. 
Cause::  The provision of perennial slow flowing irrigation water allowed the invasion and 
establishment of the vector snail. 
  
1133..  TTeennnneesssseeee  VVaalllleeyy  DDaammss,,  UUSSAA  
Effect:  Large increase in anopheline mosquito production, and a consequent increase in the 
incidence of malaria. 
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Cause::  The impounding of large areas of water significantly extended the areas suitable for 
mosquito reproduction. 
  
1144..  UUbboollrraattaannaa  DDaamm  CCoommpplleexx,,  TThhaaiillaanndd  
Effect::  
• High prevalence of intestinal parasitic infections in both the indigenous population and new 

settlers: 52-80% infected with helminths, 9-20% infected with protozoa. 
• Prevalence of opisthorchiasis high (27-70%). About 6-7% of fish collected from water beds 

were infected with opisthorchiasis metacercariae. 
• Some evidence of leptospirosis in man and rodents. 
• Many cases of eosinophilic meningitis admitted to provincial hospital from the Dam region. 
• No evidence of human schistosomiasis. 
• No evidence of increase in malaria. 
Cause: 
• Increases in the number of animal reservoirs, intermediate hosts and infective agents of 

endemic diseases. Local fish harbour opisthorchiasis and the local custom of raw fish eating 
allows this to spread to man. Also increase in numbers of snail hosts of parasites which also 
attack man. 

• Meningitis was increased by increased presence of rats in new development, which harbour 
the infective agent Angiostrongylus cantonensis, Pila sp. 

  
1155..  KKiissuummuu  PPrroojjeecctt,,  KKeennyyaa  
Effect: 
• Increased incidence of certain arbovirus infections, particularly onyongnyong fever, which 

is endemic. This is part of a general change in the pattern of arboviruses to which man is 
exposed due to change in mosquito species composition. 

• Increased incidence also of amlarial parasites and increased infant mortality. 
• No evidence of schistosomiasis inceases. 
Cause::  
• Six ecological consequences of irrigation were identified as affecting mosquito populations: 

i. simplification of the environment; 
ii. increased surface ater; 
iii. higher water table; 
iv. changes in water flow; 
v. climatic changes towards wetter and cooler conditions; 
vi. human population changes. 

• Simplification of the habitat reduced the total number of animal species: 
i. irrigation favoured ground-pool species such as Anopheles gambiae and Culex; 
ii. Anopheles gambiae is most prevalent in yong rice plants and would be further 

favoured by changes to two rice crops per year. 
• High humidity in the atmosphere above rice fields also favoured mosquito survival and 

increased longevity, thus increasing the chances of an individual surviving to bite more than 
once and transmit disease from one vertebrate host to another. 

  
1166..  BBlluuee  NNiillee  PPrroojjeecctt,,  SSuuddaann  
Effect::  Increased infection rates of Schistosoma mansoni from 5% of population in 1944 up to 
80% in 1973. Schistosomiasis currently affects around 50% of the population. 
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During initial stages of the development, between 1925 and 1935 there was a major increase in 
malaria. 
Cause::  
• Provision of slow flowing water in irrigation channels favouring the vector snail. 
• Increase in human water contact due to the irrigation shceme. 
• Increase in population in irrigated areas. 
• Early build-up of malaria due to influx of farmers from infected areas. 
  
1177..  SSooee  DDaamm,,  GGhhaannaa  
Effect::  Increase in prevalence of onchocerciasis. Prior to construction the nearest breeding place 
for the vector Simulium damnosum had been 14 miles to the South. 
Cause: 
• Fast flowing water in the dam spillway (3.5 to 4.3 feet/sec) favoured Simulium breeding. 
• The concrete of the spillway provided a suitable support for the Simulium eggs. 
• Larvae were able to migrate to areas of higher water velocity when water flow decreased. 
• Non-submerged pupae hatched when the surrounding air was sufficiently humid. 
  
1188..  OOrrdd  RRiivveerr  DDaamm,,  AAuussttrraalliiaa  
Effect::  
• Changes in bird-mosquito-arbovirus-man equilibria. So far, no major increase in human 

disease had occurred. 
• Malaria and schistosomiasis are not currently found in the area. though species capable of 

acting as vectors are present. 
Cause::  
• Change in the environment resulted in ecological and evolutionary changes in the 

prevalence of various arboviruses. 
• Anopheles sp. capable of carrying malaria parasites was found to be present in the area. 
  
1199..  AAsswwaann  DDaamm,,  EEggyypptt    
Effect::  
• A 10-fold increase in urinary schistosomiasis Schistosoma haematobium giving an infection 

rate of 100% in some communities. Introduction of Schistosoma mansoni, intestinal 
schistosomiasis, and its increase to high levels of incidence. 

• Increases in malaria currently limited by confinement of Anopheles gambiae to Southern 
Sudan. However, should the species be introduced, environmental conditions would favour 
its expansion. 

Cause: 
• Creation of conditions for transmission of waterborne diseases in a previously arid area, 

through water being constantly available. In agricultural areas irrigated by water from the 
dam, change from periodic to perennial irrigation greatly increased the prealence of 
schistosomiasis. 

• Increased human contact with water facilitated increased incidence of the disease. 
  
2200..  TThhee  VVoollttaa  DDaamm,,  GGhhaannaa    
Effect: 
• Extension of mosquito breeding habitats (but malaria was already endemic). 
• Significant increase in urinary schistosomiasis from 3% to 70% in surrounding villages. 2 

million people had the disease. 
• Reduction in the prevalence of onchocerciasis above the dam. 
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• Reduction in Trypanosomiasis. 
• Creation of opportunities for the spread of yellow fever. 
 
Cause: Provision of breeding sites for the most important malaria vector Anopheles gambiae due 
to the extensive shoreline (6400 km). This species has a wide range of breeding habitats 
including shallow waters which would exist in parts of the littoral zone and in isolated pools 
near the shore. 
• Schistosomiasis, originally only sporadic, was encouraged by the environmental conditions 

created by the lake: 
i. slow water flow, preferred by the vector snail; 
ii. establishment of aquatic plants which support the snails and their eggs. In particular 

the species Pista stratiotes, Salvinia nymphellula, Lemnna sp. and the submerged 
plant Ceratophyllum demersum were responsible for harbouring many snail species 
especially Bulinus truncatus rohlfsi host of Schistosoma haematobium resulting in 
an urinary schistosomiasis epidemic; 

iii. movement of large numbers of people to the lake, taking advantage of the 
productive fishing has greatly increased human-water contact; 

iv. Simulium damnosum breeding sites flooded. Absence of moving water further 
prevented breeding; 

v. inundation of tsetse fly (trypanosomiasis vector) breeding areas initially reduced its 
populations; 

vi. the yellow fever mosquito Aedes aegypti breeds in discarded containers and pans. 
Although the lake itself would not create conditions favoring increased incidence, it 
was feared that the movement of people to the shore would encourage breeding. 

  
2211..  AAcchheellooooss  PPrroojjeecctt,,  GGrreeeeccee  
Effect: 
• Increase in abundance of mosquitoes (though not carriers of malaria) 
• Possible immigration of foreign workers infected with malaria. 
• The two factors above may result in an increase in malaria 
• Possible increase in arbo viruses, carried by mosquitoes and migrant birds (via mosquitoes 

to man) 
 
Cause: 
• Although malaria has been eradicated, the chief vectors, A. suerpictus and A. sacharovi, 

remain in large numbers. An increase in the mosquito population will be encouraged by the 
impounding of water, providing a suitable breeding habitat. 

• Workers from malarious countries will be attracted into the area by employment 
opportunities. 

• Mosquitoes and migrant birds will be attracted to the water development area. 
  
2222..  SStt..  PPaauull  RRiivveerr  DDaamm,,  LLiibbeerriiaa    
Effect: 
• Increase in the incidence of malaria 
• Possible increase in onchocerciasis 
• Increase in the incidence of schistosomiasis, particularly Schistosoma haematobium 
Cause: 
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• Malaria is already hopoendemic in Liberia (i.e. a large propotion of the population harbour 
the parasite). The impounding of water would extend the mosquito breeding habitat 
favouring an increase in transmission of the disease. 

• Onchocerciasis is already widespead in Liberia, particularly in the St. Paul area (50% of the 
population being carriers of the parasite). The provision of rapid waters associated with the 
spillways of hydroelectric developments would encourage breeding of the vector fly 
(Simulium sp). 

• Extension of the habitat of the vector snail Bulinius globosus. At the moment, the 
distribution of the vector snails and consequently the transmission of the diseases is limited. 

 
Summing up, water development projects invariably involve changes into the naturally existing 
hydrology and hydrometry, which in their own turn provide favourable breeding conditions to a 
number of pathogens, putting the public health at risk. Generally no ameliorative and mitigatory 
measures are adopted in developing countries to prevent it, owing to paucity of financial 
resources. Considering the enormous social costs of these impacts, such measure should be in-
built in the project planning to ensure that they are implemented in words and spirit.  
 
 

**    **    **    **    **  
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88..  WWaatteerr  PPoolllluuttiioonn  
  
The nature, extent and magnitude of pollution in all major rivers of India have exceeded the 
limits to such an extent that they are no more fit for human use. In the lack of any 'right to 
information' the data on pollution in terms of solid figures is not available. Though every state 
has a Pollution Control Board and there is a Central Pollution Control Board, under the Union of 
India, pollution is increasing, every passing year. Central Pollution Control Board has classified 
the flowing water from the point of view of human use (Table 8.1).  
 
For the first time, in 1993-94, the Economic Survey of Government of India included a section 
on water-pollution. In the 1994-95, the Economic Survey of Government of India devoted mere 
3 pages, out of 167 to the environment.11 The survey admitted, that:  
• 90 per cent of water in 241 cities of Class II is polluted.  
• 54 per cent of urban and 97 per cent of rural population do not have sanitation facilities.  
  
88..11  TThhee  GGaannggaa  RRiivveerr  
The holy-river Ganga is one of the most polluted and an ambitious 'Ganga Action Plan' (GAP) 
was launched in 1985. By March 2001, Rs. 451 crores have been spent on it. The main aim of 
the plan was to bring down the levels of pollution to at least the level, where it becomes usable 
for human use, because making it totally clean is impossible. The untreated sewage was 
identified as a major source of polluting Ganga river.   
 
The Central Pollution Control Board (CPCB), along with State Pollution Control Boards, has 
conducted an assessment of Phase I of GAP in May-June 2001, for preparing a report for the 
Supreme Court. The team found severe drawbacks in the manner it is being implemented.22 The 
CPCB, for this purpose, inspected 35 sewage treatment plants built under Phase I of GAP, which 
ended in the early 1990s. These included: 3 in Uttarnchal, 10 in Uttar Pradesh, 7 in Bihar and 15 
in West Bengal. Of these 32 have been commissioned and 29 were found functioning by the 
team, but only 12 were working satisfactorily.  
 
The findings of the team are quite damming indictment: some do not have enough sewage to 
treat, some have too much, many already need upgradation and surprisingly none of the plants 
has received the mandatory, operational consent from the State Pollution Control Boards. The 
original plan was to treat only 875 million litres per day (mld) of sewage in these plants - out of 
the 1,345 mld, estimated to be flowing in the river Ganga in 1985. Since than the volume of 
sewage has nearly doubled.  
 
According to CPCB, another worrying point is that in most of the towns included in GAP, there 
is no sewerage. Sewage flows in the open drains and during the rainy season, the run-off mixes 
with it. Pumping stations can not handle this additional load. So pumping out from the drains is 
not effective in controlling pollution. Operation and maintenance is the weakest point. There is 
lack of funds, especially in Bihar and Uttar Pradesh and shortage of qualified and trained staff. 
Regular monitoring of the treatment plants or the staff is not being done. 
 
Some plants, like Jajamau in Kanpur and Naini in Allahabad are 'underloaded' while those in 
Dinapur and Bhagwanpur in Varansi are 'overloaded' In Bihar, two plants are yet to be 
constructed and two are 'under-designed' (inadequate for the sewage generated). One plant in 
Chapra is not getting sewage as the sewer is blocked. According to Dilip Biswas, Chairman, 
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CPCB, this situation is partly due to, lack of communication between people who designed the 
plants and those who operate them.   
  
88..22  TThhee  DDaammooddaarr  RRiivveerr  
Another river about which data is available is Damodar.33  As the Damodar basin area is rich in 
minerals, their exploitation has resulted in heavy industrialisation and industrial waste has 
become main source of widespread pollution in Damodar river. Presently the basin area has got 
over 660 industries of various levels. These industries include: Thermal power plants (6), coal 
washeries (15), metal smelting plant (1), inorganic chemical plants (4), organic chemical plants 
(4), beehieve coke oven and allied briquette plants (<200), metal casting and steel rolling plants 
(22), refractories (3), mica and glass industries (20), rubber industries (3), fabrication and 
engineering industries (2), stone crushers, lime kiln, brick kiln and others (<200). In addition to 
these, there are thousands of ancillary units  
 
Large-scale mining and industrialisation has resulted into heavily polluted river Damodar. The 
whole area has thickly polluted air in the atmosphere due to the smoke emanating from industris 
and mine fires. This has happened not only to the main river but all its tributaries; Barakar river, 
Jamunia river, Khudia river, Katri river, Konar river, Nanjari river, Bhairavi river. This has 
made the groundwater of the whole coal-belt unsuitable for drinking, resultantly, there is a 
prevalence of water-borne diseases. In addition, there is noise pollution too. All this has caused 
detrimental effects on the natural vegetation of the area and people. The area, once densely 
forested, is now denuded and degraded land. For greater details on this, see the reference. 
  
88..33  TThhee  YYaammuunnaa  RRiivveerr  
Similar is the story of river Yamuna and it has become a sewer rather than a river.44 The Yamuna 
is so densely polluted that merely coming in contact with the skin causes skin diseases. 
Traversing through Delhi, everyday 120 crore-litre water based domestic and industrial waste is 
added to it and for its bio-degradation 100-tonne oxygen will be needed every day. The other 
cities also add to this pollution as their sewers directly drain into Yamuna, like Agra, Mathura, 
Alalhabad, Itawa, Panipat, Sonipat and Bagpat. The Yamuna is worst polluted in the region 
between Tugalaqabad and Najafgarh.  
 
In 1989, a High Power Committee has recommended to install joint waste treatment plants in the 
industrial areas of Delhi, at a cost of Rs 1 crore, half of which was to be borne by the polluting 
industries. But they have declined to contribute and the installment of plant is still pending. In 
addition to this there are more than 600 jhuggi-jhonpadi colonies (452 under MCD and 155 
under DDA), out of this only 73 have pipelines for sewer. In remaining colonies, the untreated 
waste and sewer finally end up its journey into Yamuna. Though, has Committee has 
recommended that within three years, all the colonies be provided with proper sewer and 
drainage, but the situation has only deteriorated further.  
 
In view of the total apathy and callousness towards environment in general and polluted river in 
particular, the Centre for Science & Environment has done a detailed nationwide study of the 
pathetic health of some major rivers of India.55  The state of pollution in other rivers is 
summarised below from the CSE report.  The report identifies five major causes of water 
pollution: 
• Urbanisation; 
• Industrialisation; 
• Withdrawal of water; 
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• Agricultural runoff and improper agricultural practices; and,  
• Religious and social practices. 
 
The 25 large cities and towns, located on the banks of Ganga, generate 1,340 million litres (mld) 
sewage, prior to GAP, and 95 per cent of it drained into river untreated. Add to this the rapid 
increase in industrial pollution, effluents often containing toxins and heavy metal entering into 
the river. And the same river, is the source of drinking water for the towns downstream.  
 
Municipal water treatment facilities do not remove traces of heavy metals. These heavily 
polluted rivers being the major sources of municipal water for towns and cities, every consumer 
has been injected with unknown quantities of pollutants in the water they have consumed over 
the years.  
 
CSE Report, on the basis of DO (dissolved oxygen), BOD (biological oxygen demand) and 
presence of coliforms, has identified stretches of rivers which are grossly polluted (Sabarmati, 
tributaries of Indus, Yamuna, Subarnarekha, Godavari, Krishna, Chambal, Damodar, Gomti, 
Kali, Khan, Kshipra, Hindon) and less polluted (Baiterni, Krishna, Bhadra, Tunga, Cauvery, 
Tapi, Narmada, Betwa). It has used the following classification for water quality:  

A. Drinking water-source without conventional water treatment, but after disinfecting 
B.  Outdoor bathing 
C. Drinking water-source with conventional treatment after disinfecting  
D. Propagation of wildlife 
E. Irrigation, industrial cooling and waste disposal  

 
Almost all of the grossly polluted rivers fall in E and some in partly D categories whereas the 
desired class is B and C. For maintaining the quality of water in the river, it is necessary to limit 
the entry of pollutants in the river, both in quantity and quality. This can be achieved either by 
diversion of effluents or treatment of effluents to the required degree before discharging them 
into the river.  
 
Most rivers in India carry industrial pollutants or effluents, which are toxic to the life forms that 
consume this water. This can harm the liver, kidneys, reproductive systems, respiratory system 
and nervous system. The existing municipal facilities are incapable of eliminating heavy metals 
and pesticides from drinking water supply, as such facilities are expensive, so they enter into 
human bodies.  
 
Extensive withdrawal of freshwater from rivers for irrigation and other purposes leaves 
practically no water in river. Hence the only water that flows in the river is that from sewers, 
drains and seepage of groundwater.  
 
Consumers are also affected by the pesticides and fertilisers, traces of which are washed in 
monsoon or heavy showers (as well as which enter into human body via crops). Indian farmers 
generally use excessive fertilisers and pesticides, which remain in soil, finally landing up in the 
nearest waterbodies. Moreover, according to religious and social norms number of dead bodies 
or their remains, carcasses of cattle and other animals are disposed in the so-called holy rivers, 
adding to the pollution load.  
  
  
  



107 
 

88..44  TThhee  SSuubbaarrnnrreekkhhaa  rriivveerr    
The Subarnarekha river (450 km long), downstream of Jadugoda in Bihar, is contaminated with 
radioactive materials from mineral processing units and discharge of uranium-laden effluents 
from wet processing of radioactive material. In addition to this, waste from mining, processing 
of other minerals and metal production has polluted the river tremendously. Subarnarekha River 
Action Plan has failed to improve the quality of water, so far.  
  
88..55  TThhee  BBeettwwaa  rriivveerr    
The Betwa river (573 km long), is an important tributary of Yamuna, covering parts of Bhopal, 
Raisen, Vidisha, Tikamgarh, Guna and Shivpuri in Madhya Pradesh, is also heavily polluted, 
curtsey industrial and domestic effluents. Most of the industrial effluents come from Mandideep, 
an industrial estate, 22 km from Bhopal. From Mandideep's two drains, industrial discharge into 
Betwa is 300 cubic metres (cum) per day and there is 250 cum of domestic effluents. BOD load 
from here is 42 kg per day. Discharge from Bhopal is 11,000 cum of wastewater per day, which 
has a BOD load of 1,200 kg. All in all, the river receives a BOD load of 37,000 kg from urban 
and 220 kg from rural sources.  
  
88..66  TThhee  PPeerriiyyaarr  rriivveerr    
The Periyar river, lifeline of 5 million people in Kerala, is now environmentally degraded, 
polluted and dying due to indiscriminate acts of human intervention. For irrigation and power 
generation purposes, Periyar has been regulated at 12 sites by dams, 5 more are proposed and 
under different stages of consideration. According to a study by Kerala Forest Research 
Institute, the high density of dams per unit area would probably make the upper Periyar 
catchment area, one of the most dammed catchments in the world. Assessment made by the 
Kerala State Pollution Control Board show that every day, 67,400 litres of effluents are being 
discharged into the Periyar. These effluents contain highly toxic rare-earth chloride, rare-earth 
oxides, formic acid, copper sulphate, aluminum ingots, ammonium sulphate and sulphuric acid. 
There are 50 large and medium industries and 2,500 small-scale industries on the banks of the 
river. Moreover, river is being robbed of 43,700 tonnes of sand every day, juxtaposed to it, only 
2,700 tonnes of sand reaches the river. The river's depth has touched 30 feet on account of sand 
mining.  
 
Save Periyar Plan initiated in 1989 was followed by A Periyar Action Plan Committee, which 
submitted its report in 1990. However the change in Government brought it to a halt. A new Rs, 
213 crore project initiated in 1997 aims to improve the quality of river water.  
  
88..77  TThhee  CCaauuvveerryy  rriivveerr  
The Cauvery river  (770 km long) is a riparian river between Tamilnadu, Karnataka and Kerala. 
The three major reservoirs, number of weirs and anicuts, built across the river and its tributaries, 
make it one of the most exploited rivers in the country, with almost 95 per cent abstraction of 
water. The Coffee production in Coorg, Hassan and Chikmagalur contributes 4,730 tonnes of 
BOD load in each season. Since the Cauvery basin, with a 288 million people, has a high rate of 
cultivation and large amounts of chemical fertilisers and pesticides are discharged into the river. 
The use of chemicals is highest in Puddukotai district (339 kg/ha) and lowest in South Arcot 
district (3.14 kg/ha).  
 
Major industries, 61 in Karnataka and 1,139 in Tamilnadu, drain their untreated waste into the 
river, in addition to untreated discharge from big towns like Banglore Sriangapatnam, 
Pandavapura, Nanjangud and T Narsipur.  The quantity of wastewater discharge directly into the 
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Cauvery is about 87,600 cum per day. The river has TDS (total dissolved solids) level of 
1,450mg/l, which is three times more than the WHO permissible limit of 500 mg/l.    
  
88..88  TThhee  NNooyyyyaall  rriivveerr  
The Noyyal river (merely 173 km long), a tributary of Cauvery in Tamilnadu is dubbed dead. 
The issues that confront the river basin are limited water availability, multiple users, severe 
industrial pollution, confrontation and legal action. The Noyyal basin, polluted by 800-odd 
dyeing mills and bleaching units of Tiruppur, on one hand, and the textile processing industry on 
the other. The former can not use river water as effluents have been draining into the river for 
years. With no fresh water to dilute the effluents and sewage, it has severely contaminated 
groundwater. The Orathapalayam dam, the only source of surface water, is a cruel joke. Quality 
of water is so poor that the farmers of Karur Taluka, potential users of this water, downstream of 
Tiruppur have nothing to do this water.  
 
A public interest petition was filed in 1996 seeking action against industrial pollution. And in a 
truly remarkable judgement, Tiruppur's industry have been asked to pay for a complete cleanup 
of the dam - its water as well as bed of the reservoir. Industry was also under judicial orders to 
set up common effluents treatment plants (CEFPs) by November 23, 1998. These are to be run 
by independent private run companies.  
 
In its eagerness to develop Tiruppur, the state government dispensed with licenses to setup an 
industry, thereby encouraging a water-intensive industry in a water-scarce region, showing its 
misplaced priorities.  Tiruppur's dyeing and bleaching units earn the nation's exchequer more 
than Rs. 2,000 crore in exports. Approximately 90 million litres per day (mld) of water is used 
and discharged from the bleaching and dyeing industry in Tiruppur.66    
  
88..99  TThhee  BBhhaavvaannii  rriivveerr  
The Bhavani river (217 km long), a tributary of Cauvery, flows between Coimbtore and Erode 
districts of Tamilnadu. More than 94 per cent of water is used for irrigating 99,000 ha 
agricultural land. Industry takes 5 per cent and 1 per cent is consumed in domestic use. 
However, the 5 per cent used by the industry threatens the remaining 94 per cent of Bhavani's 
water. A pulp unit of South India Viscose is based at Sirumugai. The unit is closed now as it is 
upgrading its effluent treatment plant following court orders. SIV withdraws about 50 mld 
water, about 56 per cent of total water withdrawn by the industry.  When the SIV increased its 
capacity from 50 tonnes to 300 tonnes in 1993-94, widespread protest and litigation followed as 
sugarcane, paddy and onion production declined alongwith the fish catch. Between 71-97 a few 
fish species have also vanished.  
  
88..1100  TThhee  NNaarrmmaaddaa  rriivveerr    
The Narmada river (1,312 km long) runs through Madhya Pradesh, Maharashtra and Gujarat. 
The BOD load is maximum between Jabalpur and Hoshangabad at 175 tonnes per day. The use 
of fertilisers is common in Narmada basin - total nitrogen fertilisers applied in the season is 
about 140,000 tonnes. As the industrial development in the basin is poor, so the BOD load of 
industries is restricted to 14 per cent.  
  
88..1111  TThhee  GGooddaavvaarrii  rriivveerr    
The Godavari river (1,465 km long) flows through Maharashtra and Andhra Pradesh. The 
application of fertilisers in the Godavari basin is 50 kg/ha, more than twice the national average. 
The total BOD load is 998 tonnes whereas the total consumption of fertilisers in the basin 
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(Andhra Pradesh, Madhya Pradesh and Maharashtra) is 21,586 tonnes. Industry consumes 808 
million cum of water annually. About 90,600 kg, 18 per cent of total BOD load, comes from 
industrial sources.  
  
88..1122  TThhee  KKrriisshhnnaa  rriivveerr  
The Krishna river  (1,400 km long), flows through Maharashtra, Karnataka and Andhra Pradesh 
and the basin has a population of 79 million people. With an annual consumption 7,941 tonnes 
of pesticides in the basin, runoff adds 120 mg/l of nitrogen, 26 mg/l of phosphate and 31 mg/l of 
potassium to the river. The total domestic pollution loads in Krishna basin is 1,433,084 kg/day. 
Load of industrial pollution is quite high in the river. The largest industrial pollution in 
Maharashtra part of basin comes from Pimpri Chinchwada New Corporation. The Harihar 
Polyfibres Limited, at Harihar (Dharwar district) draws 35,000 cum per day from Tungbhadra 
and discharges 33,000 of wastewater into the river. Though treated, it adds to the organic load 
into Tungbhadra in significant quantities. About 88,000 cum per day of treated effluents is 
discharged by the Bhadradavati-based Mysore Paper Mills. Vishveswarya Iron and Steel 
Limited discharges 22,866 cum of treated effluents per day.  
  
88..1133  TThhee  TTaappii  rriivveerr  
The Tapi river (724 km long) passes through Madhya Pradesh, Maharashtra and Gujarat, 
supporting many Class I towns like Burhanpur, Akola, Dhule, Nasik and Surat. Agricultural 
runoff add 35 mg/l dissolved salts in Madhya Pradesh, 433 mg/l in Maharashtra and 226 mg/l in 
Gujarat. The total carry-over of nitrogen and potassium compounds is about 10 per cent. The 
total BOD load is 488 tonnes per day, out of which 39 per cent is urban domestic wastewater 
which is the single largest contributor. The industries in the region contribute 21 per cent to the 
pollution.  
 
The government finally awoke from its slumber and envisaged a National River Conservation 
Plan. The CSE report also carries a biopsy of Ganga Action Plan, alongwith Yamuna Action 
Plan and Damodar Action Plan.   
 
As a matter of fact, it is not only the surface waterbodies, which are polluted, but the 
underground reservoirs too are heavily polluted, especially those areas lying under extensive 
agriculture. The main source here is nitrate pollution. Central Water Pollution Control Board, 
Government of India has recently published an Environmental Atlas of India, depicting the 
extent of pollution in Indian rivers. The atlas presents a very bleak picture.  
 
Pollution has emerged as the most potent threat to the rivers and it must be fought on a war 
scale. Otherwise, the naturally existing replenishable mineral, that is water, will be transformed 
into a non-replenishable mineral in the next few decades. So far, through our activities, we have 
done everything to put water on that course.   
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99..  WWaasstteellaannddss  
 
Land is a critically important national resource among the natural resources. The efficient 
management of land is vital for economic growth and development of rural areas since the 
degradation and depletion in the quality of land is linked to rural poverty and backwardness. 
Being a finite resource, land cannot be created. On our planet, about two thirds of land fall under 
the vast stretches of sea and oceanic water and only one third of land is available to us.  
  
99..11  LLaanndd  RReessoouurrcceess  iinn  IInnddiiaa  ––  AAnn  IInnttrroodduuccttiioonn  
The total area for which statistics is available in India is 305 million-hectares11 (see flow sheet). 
Of these, 18 million-hectares are under urban and non-agricultural uses. Another 21 million-
hectares are classified as barren and unculturable, as they are perpetually snow-bound or rocky 
in nature or have some other intrinsic disabilities.  Thus there is 266 million-hectares of 
manageable land available to us, out of which 17 million-hectares are classified as culturable 
waste and 23 million-hectares as fallow lands. So 40 million-hectares of land is lying 
unproductive because of degradation that has crept in.  
 
Of this 266 million-hectares, 83 are classified as forest and permanent pastures and 143 million-
hectares as agricultural land. In this 83 million-hectares, the actual forests are only in 35 million-
hectares while remaining 48 million-hectares are completely devoid of any vegetation.  So all in 
all, 88 million-hectares (40+48) of lands are more or less completely unproductive, representing 
33 per cent of total manageable 266 million-hectares of land.  
 
According to Ministry of Agriculture, as many as 175 million-hectares (66 per cent of 
manageable 266 million-hectares of land) are suffering from soil erosion, waterlogging and 
salinity. Since, the 88 million-hectares of unproductive land must be part of this 175 million-
hectares, by implication the remaining 87 million-hectares of sick land are under cultivation. 
This represents a percentage of 61 over the 143 million-hectares, which are classified as 
agricultural lands. In simple words, over three fifths of our agriculture lands are degraded to a 
greater or lesser extent.  
 
The wider ramification of this degraded land use is reflected in the crop yield data. India has 
managed to produce 140 million tonnes of foodgrains from 143 million-hectares of agricultural 
lands whereas China produces 300 million tonnes of foodgrains from a mere 112 million-
hectares of agricultural land.   
 
The soil profile of the land determines its ability to serve socio-economic needs. Nature takes 
500-1000 years to form one inch of fertile topsoil. For all practical purpose, topsoil is a non-
renewable and irreplaceable resource. About 38 per cent of the area in this country suffer from 
moderate to high degree of water-based erosion and 4 per cent of the geographical area in arid 
zones suffer from moderate to high degrees of soil loss. Most of it can be put back to normal 
through suitable soil and water conservation techniques. No wonder, more than 5,000 million 
tonnes of topsoil are eroded every year, which includes 5 million tonnes of nutrients in it. Thus 
about 42 per cent of the country’s area need soil and water conservation efforts on a priority 
basis.  
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The per capita availability of land in the country has been on the decline throughout the last 
century.   

S. No.  Year  per capita land availability 
1.  1901   1.37 ha 
2.  1950   0.89 ha 
3.  1981   0.50 ha 
4.  2000   0.33 ha 

 
Considering the importance of land and the special attention it deserves, a separate Department 
of Land Resources was created in April 1999, under the Ministry of Rural Development 
(DoLR). Currently, the DoLR has two wings, land reforms and wasteland development. But the 
programmes relating to conservation, development and management of land resources are still 
scattered in different Ministries and Departments.  
 
It was in this context that President of India made the following announcement in Parliament in 
February 2000:  22    

 
There is an imperative need to put in place an integrated mechanism capable of responding 
effectively to the challenges of managing our scarce land resources – especially those arising 
from globalisation, liberalisation and privatisation. The Government will therefore bring all the 
programmes and schemes as well as the institutional infrastructure relating to land in rural areas, 
under the control of the newly created Department of Land Resources in the Ministry of Rural 
Development. 
 
The DoLR has initiated action for implementation of the above announcement. However, the 
final decision on this matter is still awaited.      
  
99..22  CCaatteeggoorriieess  ooff  WWaasstteellaannddss 
The Technical Task Group constituted by the Planning Commission in 1987, evolved a precise 
definition of wastelands.33  According to it, wastelands are described as "degraded land which 
can be brought under vegetative cover with reasonable effort, and which is currently under-
utilised and land which is deteriorating for lack of appropriate water and soil management or on 
account of natural causes.”  
 
Broadly, the following causes have been identified for genesis of wastelands:44 
• Increasing biotic pressure on the fragile ecosystem 
• Population pressure, unplanned urbanisation and rural poverty 
• Break down of traditional institutions for managing Common Property Resources 
• Lack of appropriate management practices  
 
Wastelands can result from inherent/imposed disabilities such as by location, environment, 
chemical and physical properties of the soil or financial or management crisis. Though the 
causes of land degradation have been mentioned above, a specific cause of salinity and water 
logging is irrigation with poor drainage system. The area irrigated by canals increased from 8 
million in 1950/51 to 17 million in 1992. About half of the saline and water logged lands in 
India are canal irrigated.     
For the first time a systematic study of wastelands was done in India.55 An authoritative figure of 
63.58 million hectares has been provided for the extent of wastelands in the country into 13 
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categories, based on a wastelands classification system. Accordingly, the following categories of 
lands are recognised as wastelands: 
 
1. Gullied and/or ravinous land - The gullies are formed as a result of localised surface runoff 

affecting the unconsolidated material resulting in the formation of perceptible channels 
causing undulated terrain. Gullies are the first stage of excessive land dissection followed by 
their networking which lead to the development of ravinous land.  

2. Ravinous land - The word ravine is usually associated not with an isolated gully but a 
network of gullies formed generally in deep alluvium and entering a nearby river, flowing 
much lower than the surrounding table lands. The ravines then, are extensive systems of 
gullies developed along river courses.  

3. Land with or without scrub - This is land which is generally prone to deterioration due to 
erosion and may or may not have scrub cover. Such land occupies relatively high 
topographic locations.  

4. Waterlogged land - Land where the water is at/or near the surface and water stands for most 
of the year.  

5. Marshy land - Marsh is land which gets permanently or periodically inundated by water and 
is characterised by vegetation, which include grasses and weeds.  

6. Saline land - Salt affected land is generally characterised as land that has adverse effects on 
the growth of most plants due to action or presence of excess soluble salts (saline) or high 
exchangeable sodium.   

7. Alkali land - has an exchangeable sodium percentage (ESP) of about 15, which is generally 
considered as the limit between normal and alkali soils. The predominant salts are 
carbonates and bicarbonates of sodium.  

8. Coastal saline soil - saline soils may be with or without ingress or inundation by seawater.  
9. Shifting cultivation area - Such land is the result of cyclic land use consisting of felling of 

trees and burning of forest areas for growing crops. This results in massive soil losses, land 
degradation and extinction of flora and fauna.  

10. Sands-Inland/Coastal - Sandy areas are those areas, which have stabilised accumulation of 
sands, in coastal, riverine or inland areas.  

11. Mining wasteland - Lands where mining operations bring about the deterioration of land.  
12. Industrial wastelands - Lands, which have deteriorated on account of large-scale industrial 

effluent discharge.  
13. Snow covered and/or glacial areas - areas permanently covered under snow and/or glacier.  
  
99..33  DDiissttrriibbuuttiioonn  ooff  WWaasstteellaannddss  
A state-wise and category-wise distribution of wastelands in India is given in Table 9.1 and 
Table 9.2. It shows that among all the states, Kerala has minimum wastelands (3.73%) whereas 
Jammu and Kashmir has maximum (64.55%) wastelands. The study has been done on the 
satellite images and the detailed tables of district-wise distribution of wastelands are provided. 
In addition to this, there are 20 maps of India showing categorically the extent of wastelands in 
districts. Some of the maps additional to the categories of wastelands, include degraded 
pasture/grazing land, degraded land under plantation crops, barren/rocky/stony land and steep 
sloping areas. To sum up, out of the total geographical area of India, (316641 sq. kms), the total 
wastelands in 584 districts of India is 638518.31 sq. kms, precisely 20.17 per cent. In simpler 
words one fifth of the total available land is lying as sheer wastelands.  
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99..44  TThhee  OOffffiicciiaall  AApppprrooaacchh  ttoo  WWaasstteellaanndd  TTrreeaattmmeenntt  
The Integrated Wastelands Development Project (IWDP)66 Scheme is the main tool through 
which the government establishments deal with the wastelands. It is a 100 per cent Centrally 
Sponsored Scheme under which Grant-in-Aid is provided for Development of Wastelands on 
Watershed basis. The objectives, salient features and other akin aspects of IWDP are given 
below.  
 

Objectives  

The basic objective of this scheme is to take up integrated wastelands development based 
on village/micro-watershed plans. These plans are prepared after taking into consideration the 
land capability, site conditions and local needs of the people. 
 

Salient Features  

• Development of wastelands through peoples participation 
• Empowering rural masses in decision-making 
• Low cost locally available technology 
• Active involvement of Panchayati Raj Institutions 
• Greater Role to Self-Help Groups, Women's Groups and Stake Holders 
• Post project maintenance through self contributed Watershed Development Fund 
 
Activities 
• Land Development, in-situ Soil and Moisture Conservation Measures – terracing, bunding, 

vegetative barriers. 
• Drainage Line Treatment by Vegetative and Engineering Structures. 
• Development of Small Water Harvesting Structures. 
• Afforestation. 
• Agro-forestry, Horticulture, Silvi-pasture. 
• Pasture Development 
Funding  
Under this Scheme, 100 per cent Central Assistance is made available to the DRDAs. The cost 
norm for the projects is Rs. 4,000 per hectare for integrated treatment of gross watershed areas. 
 
Implementation Agency  

The Project Implementing Agencies can be the Line Departments of State/Central 
Governments, Agricultural Research and Training Institutions, Voluntary Agencies having 
Sufficient experience in the related field. PIA is to facilitate actual implementation of project by 
the rural people. 
 
Institutional Arrangements 
• State Watershed Programme and Review Committees 
• District Watershed Development Advisory Committees 
• Zila Parishads/ DRDAs 
• Project Implementing Agencies 
• Watershed Development teams  
• Watershed Associations 
• Watershed Committees 
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• User Groups 
• Self-Help Groups 

 

EEqquuiittyy    
• Women's Participation 
• Greater Access to Income Generating Opportunities 
• Sharing of Benefits by Community 
• Assets for the Weaker Sections of Population 
• Employment Opportunities for Landless and Weaker Sections 
 
Sustainability 
• Constitution of Watershed Development Fund 
• Active People's Participation 
• Involvement of Panchayats 
• Actual Implementation by the Self-Help Groups, User Groups, Women & Weaker Sections 
• Involvement of Community Organisations 

 

EEnndd  RReessuullttss    
• Improved Productivity of Wastelands 
• Improved Availability of Fuel-wood and Fodder 
• Increase in Water Table in the area 
• Reduction in migration from Rural Areas  
• Improvement of Economic Status of the People 

 
The coverage under the Integrated Wastelands Development Programme 

(IWDP) extends to 216 districts in 28 states. Generally this excludes the areas 
where DPAP and DDP are in operation. There is also a Wasteland Development 
Board, an autonomous body under the Government of India.  
  
99..55  AAnn  AAsssseessssmmeenntt  ooff  tthhee  WWaasstteellaannddss  AAttllaass  ooff  IInnddiiaa  
The figures given in the wastelands atlas do not match with the official figures provided by the 
Central Water Commission, National Bureau of Soil Survey and Land Use Planning, Central 
Pollution Control Board, et cetera. According to CWC (1998),77  the area degraded through water 
and wind erosion alone was 141.25 m ha and another 33.70 m ha is degraded through special 
problems, which include - waterlogging, alkali soils, acidic soils, saline soils, ravines and 
gullies, shifting cultivation and riverine and torrents. Similarly, Ministry of Agriculture has also 
compiled data on waterlogged areas in the country, which is substantially higher than figures 
provided in the Wasteland Atlas of India.  
 
Between 1977 and 1997, the area critically affected by soil erosion almost doubled. A study 
conducted in 1976 estimated that about 6 million hectares in 17 states was waterlogged and a 
more recent estimate puts this figure at 11.6 million hectares. Water-logging is common in West 
Bengal, Assam, Bihar, Orissa, Andhra Pradesh, Uttar Pradesh, Tamilnadu, Kerala, Punjab and 
Haryana.88 The data of water logging, compiled from various official documents is significantly 
high, as shown in Table 9.3. In 1994, Sehgal and Abrol, working at the National Bureau of Soil 
Survey and Land Use Planning, Nagpur, estimated that the total degraded land in India is 187.8 
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million hectares.99  Tata Energy Research Institute, Delhi has estimated that the total degraded 
area in 1947 could have been about 112 million hectares.1100 Thus it is clear that the data provided 
in Wasteland Atlas of India is far from being final and conclusive.  
  
99..66  TThhee  EEnnvviirroonnmmeennttaall  AAttllaass  ooff  IInnddiiaa  
Yet another blow to the Wastelands Atlas has been delivered most recently by the 
Environmental Atlas of India (2002), brought out jointly by the Central Pollution Control Board 
(CPCB) and National Atlas and Thematic Mapping Organisation (NATMCO). According to it, 
about 175 million hectares, more than half of the geographical area of the country, is suffering 
from some form of degradation – be it water or wind erosion, salinity, sodicity or flooding. 
Water erosion taking on top-soil and terrain, affects about 90 million hectares, wind erosion 
affects about 50 million hectares, flooding affects about 20 million hectares, and salinity and 
sodicity affects about 7 million hectares.1111 Additionally, it also mentions the problems on air and 
water quality, groundwater contamination and waste. It has also listed 24 critically polluted 
areas, among these are Parawanoo, Mandi Gobindgarh, Tarapur, Chembur, Greater Kochi, North 
Arcot, Visakhapatnam, Patancheru-Bolaram, Talcher, Korba, Singrauli, Dhanbad, Durgapur, 
Digboi, Jodhpur, Pali, Ankleshwar and Delhi’s Najafgarh drain basin area.  
 
The extent of degraded lands, according to the Environmental Atlas of India, is shown in Table 
9.4. A state-wise distribution of waterlogged and salt affected areas is shown in Table 9.5 (the 
figures in this table have been adopted from Ministry of Water Resources, Government of 
India). And finally, Table 9.6 provides state-wise estimate of problem areas. According to it, 
Rajasthan has the highest area under degraded land, de-vegetation being the main cause behind 
the degradation of top-soil. Then comes Madhya Pradesh, followed by Maharashtra, Uttar 
Pradesh, Gujarat, Andhra Pradesh and Karnataka. Water erosion and associated sheet wash, 
formation of gullies and ravines are the major problems in these states. In hilly areas, 
deforestation of the slopes is the main reason behind landslides, causing land degradation.    
 
The difference between the two figures of 20 per cent (Wastelands Atlas of India) and more than 
50 per cent (Environmental Atlas of India) of total geographical area of India as wastelands is 
hard to reconcile. And both come from the government bodies. A comparison of both these 
figures with various other published reports, research papers and data available clearly points 
that the later figure is relatively closer to ground reality.  
 
These contradictions arise primarily due to limitation of satellite images, as the accuracy 
demands greater ground truth verification. The figures of Central Water Commission and most 
recently by Central Pollution Control Board as published in Environmental Atlas of India are 
more reliable and authentic. These figures are based on data collected from the different states, 
which in turn gather the required data through their officials posted at district headquarters, sub-
division, block, and village levels. Another reason may be the differences in the very premises 
on which the degradation is defined. Since the Central Water Commission is responsible for 
water-management, it may have more sharply defined criteria for identifying the areas affected 
by water and wind erosion. In an identical manner, Central Pollution Control Board is directly 
responsible for monitoring water-quality and pollution abatement, so its data-base would 
naturally be more authentic.    
  
99..77  EEccoonnoommiicc  CCoonnsseeqquueenncceess  ooff  LLaanndd  DDeeggrraaddaattiioonn  
It has been estimated that the economic loss due to soil degradation is Rs. 89 to Rs. 232 billion, 
a loss of 11-26 per cent of agricultural output. The economic consequences of land degradation 
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are reflected in loss per unit in production. Every year, growing crops remove more than 20 
million tonnes of nitrogen, phosphorous and potassium from soil. It has been estimated that 
every year about 14 million tonnes of major nutrients like nitrogen, phosphorous and potassium 
are lost from India’s soils. In 3.7 million hectares of agricultural land, the loss of plant nutrients 
and/or organic matter is high enough to lower crop yields.  
 
The important point is that this decline in soil fertility cannot be accurately assessed on satellite 
images. For example, India had 119 million hectares of net sown area in 1950/51, which rose to 
140 million hectares in 1970/71 by reclaiming fallow land and cultivable wastelands, and using 
lands once covered by groves. This has been constant since 1970/71. The food production in 
1950/51 was 50 million tonnes and has reached 191 million tonnes in 1990/91.  
 
Since the net sown area has remained constant post-1970, the increased food production per 
hectare only points to increased use of chemical fertiliser and pesticides. Unfortunately, the 
efficiency of the fertilisers in India is still relatively low – only 23 per cent out of the total 
fertiliser applied in agricultural fields is absorbed by plant the rest is either leached or lost. 
Therefore it implies that crops every year are removing more and more nutrients than that that 
are added, making the soils progressively poorer.1122 The annual cost of soil degradation in India 
is shown in Table 9.7. In addition to lowering the productivity of an ecosystem, soil degradation 
affects global climate by altering water and energy balances and disrupting the cycles of carbon, 
nitrogen, sulphur as well as other elements.   
 
In a nutshell, nobody knows the precise extent and magnitude of land degradation in India and 
every government organisation has its own set of figures. It is a classic example of official 
functioning where the left hand does not know what the right hand is doing. There is an urgent 
need to remove all the apprehension, confusion and chaos arising from the different set of data 
being doled out by the different wings of the government as well as researchers. Only after such 
an exercise, can the uniform authentic data be prepared and the gravity of the deteriorating 
situation be understood in a holistic framework. Forming such an inter-departmental nucleus of 
co-operation will additionally help in chalking out a multi-disciplinary action plan to put back 
our land resources to the optimum use.   
 

**    **    **    **    ** 
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1100..  WWaatteerr  RReesseerrvvooiirrss  &&  SSeeiissmmiicciittyy  
  

An earthquake, as we all know, is a highly devastating natural phenomenon as it causes great 
loss of life and property. There is a global belt of earthquakes and 90 per cent of the earthquakes 
occur in this belt which are related to plate tectonics. There are other causes for the remaining 10 
per cent. In India the earthquakes occurring in Himalayas come under the first category. For 
earthquakes occurring in Peninsular India, certain seismic zones have been identified ((FFiigg  1100..11)).  
 
The association of earthquakes with the filling of a reservoir was first noticed at Lake Mead in 
USA and was pointed out by Dean S. Carder in 1945.11 Until the beginning of Sixties, the largest 
reservoir associated earthquakes were only of the magnitude 5. The occurrence of several 
damaging tremors exceeding magnitude 6 in the vicinity of reservoirs drew the attention of earth 
scientists in the Sixties. Detailed investigations have shown convincingly that under certain 
geological conditions filling of an artificial reservoir dam can increase/induce the occurrence of 
earthquake tremors locally. This phenomenon is called reservoir-induced seismicity (RIS).   
 
The RIS tremors have certain common characteristics that differentiate them from normal 
regional seismicity. Usually the largest earthquake occurs within one to eight years after the 
peak reservoir levels are reached. However there are exceptions. At Aswan dam, Egypt, for 
example, the largest RIS of magnitude 5.5 occurred 17 years after the reservoir was filled - on 
November 14, 1981. And at Koyna RIS is alive since 1962.22     
  
1100..11  MMeecchhaanniissmm  ooff  RRIISS 
It was during 1960s when several cases of seismicity were found to be associated with water 
reservoirs round the globe, a growing consensus began to emerge that reservoirs may generate 
earthquakes. This class of earthquakes generated by reservoir impounding has been designated 
as 'reservoir induced seismicity' (RIS). For a long time, the role played by a reservoir in 
triggering an earthquake was debated, until a satisfactory explanation of trigger mechanism 
evolved. Increase in pore fluid pressure at depth, consequent to to reservoir impounding offers a 
satisfactory mechanism.33  
 
Earthquakes are caused by shear fracturing of rocks. The shear strength of the rocks is related to 
the normal effective stress across the fault plane. The normal effective stress is equal to the 
normal stress minus pore pressure. When the pore pressure increases (as after impoundment the 
percolating water reaches subsurface), shear stress does not alter but the effective stress 
decreases by the same amount. If rocks are under an initial shear stress, as is generally true, an 
increase in fluid pressure will trigger shear failure and cause an earthquake.  This theory has been 
tested experimentally and demonstrated in the case of fluid injection under pressure into deep 
wells at Rangley and Denver in Colarado and at Dale at New York.44   
  
1100..22  DDiissttiinngguuiisshhiinngg  bbeettwweeeenn  RRIISS  &&  nnoorrmmaall  sseeiissmmiicciittyy  
The question, which comes naturally to one's mind, is how can RIS event can be differentiated 
from a normal earthquake? Indeed such a differentiation is possible on the basis of 
characteristics of waves associated with the seismic event and various ratios between them.55 On 
the basis of applying these criteria on some earlier events, which occurred in the vicinity of a 
reservoir, it was determined, which of them were normal earthquakes and which were RIS 
events. Some common features of RIS are:  
• RIS are very shallow (<10 kms focal length) and occur within the immediate vicinity of the 

reservoir, that is, within 25 kms.  
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• The seismicity is usually associated with high water level. Most often, the RIS activity 
increases with the increase in the water level and the larger RIS events occur after peak 
levels have been reached.  

• Most RIS events of magnitude 5 and larger have occurred near reservoirs where the height 
of the water column exceeds 100 m.  

• The main RIS event is preceded by foreshocks. The aftershock activity continues for a long 
duration.  

• In an RIS sequence, the largest aftershock magnitude could be nine-tenth of the main event. 
• All the RIS are associated with strike-slip or normal fault types. No RIS is reported to be 

associated with thrust faults.  
• RIS generally occurs in the areas having a history of seismic activity 
• The 'b' value in the ' frequency magnitude relation’ for RIS is high. 
 
1100..33  RRIISS  --  SSoommee  CCoonnssiiddeerraattiioonnss  &&  MMiissccoonncceeppttiioonnss66     
One of the most commonly misunderstood fact about RIS is that it is the weight of the water 
which causes RIS. A simple calculation shows that the weight of water in a reservoir, say even 
200 metres deep, would be less than two per cent of the weight of the overlying rocks at a depth 
of four kms, which is the minimum depth at which the volume of the strained rocks would be 
sufficient to release a moderate earthquake of 5.5 magnitude. Thus the very weight of the 
reservoir is by itself inconsequential in producing an earthquake.  
 
It is precisely this reason that a relatively smaller reservoir like Koyna (the water capacity is 
hardly two to three per cent when compared to SSP) has registered a RIS event of maximum 
magnitude recorded anywhere in the world. Because it is the subsurface geology of the reservoir 
which govern the extent and magnitude of an RIS.  
 
Another commonly misunderstood notion (especially by civil and construction engineers) about 
RIS is that a fault, if it exists at any construction site and is lying inactive at present, then almost 
always it is presumed that it will remain inactive even after the completion of the construction 
work. A fault, by virtue of being a fault can remain inactive for some time or even for a longer 
period of time, but once the favourable environs are provided, it will rejuvenate and can play 
havoc. Increase in pore pressure provides such favorable environs to the faults located at/or in 
the vicinity of the reservoirs. And even when a fault is not present, continuous increase in pore 
pressure itself is capable to generate a fault through shear failure.  
 
Another interesting corelation between faults and RIS, which has been noticed is that, it is the 
type of faulting which determines whether RIS will occur during the filling up of a reservoir or 
while it is being emptied. Till this date, out of the fourteen dams where RIS of magnitude five or 
above is recorded, active faulting was present in nine cases.    
 
It has been observed round the globe that RIS is confined in low to moderately seismic stressed 
regions where reservoirs trigger earthquakes soon after being impounded. Normally it would 
have taken decades to mature a large magnitude earthquake, owing to larger accumulated strain 
budget.  
  
  
1100..44  UUNNEESSCCOO  --  SSPPAAWWLLRR  WWoorrkkiinngg  GGrroouupp 
As more and more cases pertaining to RIS kept recurring at regular intervals throughout the 
globe, UNESCO was the first to realise the socio-economic dimensions of the RIS. In August 
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1969, UNESCO took the initiative by recommending a Working Group of experts as early as 
possible, to study the phenomenon of seismicity associated with large reservoirs and suggest 
remedial measures. This was called SPAWLR (Seismic Phenomenon Associated With Large 
Reservoir) Working Group.  
 
The SPAWLR Working Group, in its final report recommended that whole range of 
instrumental studies and surveys be undertaken in the first two phases, which are:  77  
 
Phase 1. Coinciding with the Preliminary or feasibility stage of the project, it should include:  

(i) A study of the historical seismicity of the reservoir region, that is, within its 
tectonic setting; 

(ii) A preliminary geological and geomorphological survey; 
(iii) Sampling of seismic survey employing a tripartite radio-linked high frequency 

portable network;  
(iv) Monitoring of pre-impoundment seismicity; and, 
(v) Establishment of the areas of minimum noise level prior to the start of the 

construction.  
Phase 2  

(vi) A more detailed geological and neo-tectonic survey of the reservoir and its 
adjacent area; 

(vii) The installation of permanent seismological instruments;  
(viii) A programme of precise levelling;   
(ix) Instrumentation to detect the activity of faults;  
(x) Studies of the stability of the reservoir slope;  
(xi) Estimation of in-situ stresses by means of hydraulic fracturing techniques. 

Obviously, the sites showing underground rocks, which are near-critically 
stressed should be avoided for dam construction.  

 
In the third meeting of the SPAWLR held in 1973, it was pointed out that many larger reservoirs 
have been instrumented only preceding two years of impounding. Hence in its final report 
SPAWLR Working Group made detailed recommendations for suitably instrumenting the 
artificial reservoirs. These recommendations include details of:  

(xii) Number of seismic stations in relation to dams;  
(xiii) Accurate location of seismic stations in relation to reservoirs;  
(xiv) Sources of errors in calculating the focal parametres; and,  
(xv) Geodetic movements.  

 
Similarly International Commission on Large Dams (ICOLD) has also recommended to carry 
out certain detailed specific studies.88 Incidentally, none of these have been carried out even in 
the case of the costliest ever dam (SSP) which is not only being constructed in a seismically 
active Narmada zone, but the river itself flows over a 1200 kms long fault. This, despite the fact 
that some of the smaller dams constructed on the tributaries of Narmada river, RIS has already 
been reported. On the basis of geological criteria for evaluating occurrence of RIS, there is every 
likelihood that the SSP-NSP, on completion will introduce RIS in the area.99,,  1100 For a detailed 
description on this issue, see Annexure 7. 
  
1100..55    GGlloobbaall  SSttaattuuss  ooff  RRIISS  
Globally over 60 cases of RIS are now known (Fig. 10.2 & Table 10.1). The world’s most tragic 
dam disaster was probably Vajont Dam in Italy. This dam is adjacent to Mount Toc and 



122 
 

Longarone town, located downstream. The earthquake caused an enormous mass of rock strata 
to break off in one piece from Mount Toc and fall into the reservoir created by the Vajont Dam. 
The volume of overflow created a huge wave of water, which erased Longarone township, 
killing over 2,000 inhabitants.1111  
 
Filling of the Vajont reservoir had commenced in 1960. Over the period 1960-63, about 50 
tremors were recorded and a good correlation was noticed between the reservoir level and 
frequency of tremors. In 1963, the reservoir was loaded rapidly reaching the highest level in the 
month of September. The seismic activity, which was at its peak at that time, is suspected to 
have triggered the disastrous landslide.    
 
RIS of magnitude 6 and larger have occurred at Hsinfengkiang Dam in China (1952), at Kariba 
Dam in Zimbabwe (1963) and at Koyna Dam in India (1067). There are 7 cases of RIS with a 
magnitude lying between 5.0 and 5.9. 15 reservoirs have been the sites of RIS ranging between 
4.0 and 4.9.  At about 20 reservoir sites RIS of magnitude less than 4 have occurred. At several 
other reservoir sites, micro-seismic activity has been found. Among the five largest reservoirs in 
the world, namely Daniel Johnson (Manic-5) in Canada, Aksosombo in Ghana, Kariba in 
Zimbabwe, Bratsk in USSR and Aswan in Egypt, RIS have occurred in three - Daniel Johnson, 
Kariba and Aswan. Height of the water column is an extremely important factor here.1122 
  
1100..66  SSttaattuuss  ooff  RRIISS  iinn  IInnddiiaa 

As mentioned in the beginning, the worst case of RIS took place in Koyna Dam. So far, 
RIS has been recorded in 12 dams in India (Table 10.2). The role of faulting in generating RIS is 
explicitly visible in the case of Indian dams (Fig. 10.3 & Fig 10.4). Most of the water reservoirs, 
exhibiting RIS in India, either directly lay on a fault or in the closer vicinity of the fault, as the 
figures show.  
 

The Koyna Dam is located in the Satara district of Maharashtra. The Koyna Dam is unique in 
more ways than one. It has exhibited seismicity for last 35 years and has registered the largest 
number of RIS events on the globe. The 103 metres high Koyna Dam was completed in 1962 on 
Shivajisagar lake. The reservoir impoundment started in 1963 and immediately after seismic 
tremors started occurring. It reached the climax on 10 December, 1967 with an earthquake of 6.3 
magnitude on Richter Scale. In this earthquake, 200 people died, 1,500 were injured and 80 per 
cent of the township was razed.1133   

 
The Koyna RIS has shown distinct, direct and simple relationship between the water 

levels in the reservoir and the frequency of the earthquake (Fig. 10.5). Increase in water levels 
lead to the increase in frequency of earthquakes. As a matter of fact water levels in Koyna were 
kept at maximum during September 1967 to January 1968. During this period, an initial tremor 
of 5.5 magnitude was recorded on 13 September, and when same level was maintained, the 
earthquake of 6.3 magnitude rocked the area on 10 December 1967.  
 

After this event, for the next five years reservoir level was kept at minimum and no significant 
seismic event was recorded. Then in September 1973 the water level was increased to 
maximum: as a result on 17 October 1973 an earthquake of magnitude 5.1 was recorded. 
Another significant point has been brought to light, after the analysis of the seismographs of the 
Koyna Seismic Observatory that if two earthquakes of magnitude >4 are closely spaced, say 
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within 15 days, then there is a 50 per cent probability of occurrence of a magnitude >5 
earthquake in Koyna. It is also observed that this phenomenon of reservoirs induced earthquakes 
exceeding >5 preceded by a pair of >4 earthquakes, is also observed at Kariba, Kremasta, 
Orville and Aswan.1144  

 

It is very significant that the Koyna area was totally aseismic before the construction of the 
Koyna Dam. Today this area is considered the most sensitive from seismic point of view in the 
Indian Peninsula and has thus become highly unstable where more than 400 earthquakes have 
been recorded. Between 1969-1977 alone, 52 earthquakes of magnitude 4 have been recorded.  

 

Another interesting case, just 200 kms north of Koyna, is Bhatsa Dam at Khardi in Thane 
district of Maharashtra. Prior to the construction of dam, the area was strictly aseismic. The 
height of the dam is 110 metres and the usual water level is 80-90 metres. On June 20, 1983, the 
water level was at 90 metres which on July 20 1983, reached 110 metres and remained at that 
level upto September 20, 1983. This sudden rise generated several foreshocks and on July 17, 
1983 an earthquake of magnitude 4.0 was recorded, followed by another of magnitude 4.8 on 
September 15, the same year. After this the water level in the reservoir was immediately reduced 
back to 90 metres and since then only smaller aftershocks are being recorded.1155 

 

Iduki Dam, situated at the southernmost part of the Indian Shield, the reservoir has a depth of 
160 metres. The reservoir is traversed by a number of faults of various ages. There is regular 
seismic activity in the area, which consists of earthquakes of low magnitude in quick succession, 
generally below 2.0 magnitude. However the RIS increased after the impoundment of Iduki 
Dam in 1971. The maximum-recorded RIS was 3.5 (July 2, 1977 and a gain on February 1, 
1988). The epicentre of the RIS is generally confined to the reservoir area. Other examples of 
RIS in India are:1166  

 

The Kinnersani Dam is situated in a mild seismic zone of the Eastern Ghats. The area has 
suffered many earthquakes in the past. Almost like Koyna, at Kinnersani also the micro-seismic 
RIS was immediately associated with the impoundment in 1965, followed by a moderate RIS of 
5.3 in 1969 and then the after-shocks continued upto 1971. The identical seismic nature of 
Koyna and Kinnersani might be due to similarity in their geotectonic and hydrogeologic 
characteristics.  

 

The Ukai Dam in Gujarat is part of the Narmada River system. The impoundment of the dam 
took place in 1971 and RIS increased in 1972 in association with increase of water level in the 
reservoir. The largest dam in the Deccan Plateau is situated in an aseismic zone. Following 
impoundment, copious micro-seismicity was recorded during 1972-74. The RIS frequently 
showed a significant correlation with the water levels in the reservoir.  
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The Manglam Dam, in the southernmost part of the Peninsular Shield is in an area, which is 
mildly seismic. Following impoundment, very low magnitude RIS was noticed, which soon 
faded down.  

 

The Parambikulam Dam and Sholayar Dam, also situated in the southernmost part of the 
Peninsular Shield have exhibited impoundment related RIS. At Parambikulam Dam, RIS 
attained its peak in 1968 following impoundment and sharp rise in the reservoir level. Here the 
maximum magnitude recorded is 3.0.  

 

The Ghirni Dam area in the Deccan Basalt Plateau had a history of a few isolated low-magnitude 
earthquake. After the impoundment, residents have continuously complained of rumblings, most 
probably of seismo-tectonic origin.  

 

The Sharavaty Dam is on the western coast. However, there is a moderately active oceanic ridge, 
parallel to the coast where low-magnitude seismicity has been observed. After the 
impoundment, an RIS of magnitude 2.0 was recorded in the reservoir area with no fore- and 
after-shocks.  

 

The Ramganga Dam was located in a highly seismic area in the sub-Himalayan zone. A large 
number of micro-RIS have been recorded at the dam site.  

 

The Nagarjunsagar-Srisailam Dam site in Andhra Pradesh is another interesting example. It is a 
very stable, highly aseismic part of the Indian Shield. There is no historical record of any RIS 
even at micro-seismic level. However, an isolated shock of magnitude 3.5 occured a few years 
after impoundment.  

 

The construction of the Sukta Dam and the RIS generated subsequently has critical implications, 
particularly since the Sukta Dam is just 80 kms south of the Narmadasagar Dam site. Prior to the 
dam-construction, the area was highly aseismic. Within two years of impoundment, RIS started. 
A teacher at Kalanka, the village closest to the Sukta Dam, has kept a continuous record of RIS 
and its results like shaking ground, cracks in the houses et cetera. He lodged an FIR in the police 
station. Soon after the government officials rushed to Kalanka and threatened the teacher and 
villagers with dire consequences if they pursued their complaint.  

 

The earthquake, which occurred in Jabalpur, may have some cryptic linkage with the Bargi 
Dam. Since the detailed data is not available, we can not comment in detail.  

 
Thus we see that the relationship between dams and seismicity is a highly scientific one 

and it is necessary to take all the precautions while going ahead with the large dams since the 
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wider implications bear grave socio-economic impacts. Sadly, in any water development project 
in India, for evaluating geological criteria of any possible RIS, there has been no systematic 
scientific study as suggested by international agencies. This is the position despite the fact that 
India is third largest builder of the large dams in the world and a large number of dams 
exhibiting RIS.    

 
 

**    **    **    **    **  
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1111..  EEccoo--ddeeggrraaddaattiioonn  &&  WWaatteerr  iinn  HHiimmaallaayyaass  
 

In South Asia, five countries namely, Bangladesh, Bhutan, India, Nepal and Pakistan are directly 
dependent on the Himalayas for their bulk water supply as most of the rivers enter these 
countries through Himalayas. Hence it is pertinent to summarise the various processes going on 
in the Himalayas affecting quantum of water in the rivers. There are two important processes, 
glacial melting due to the rise in atmospheric temperatures and deforestation. The situation is 
further compounded by the plate tectonics of the Himalayas, which makes Himalayan belt 
extremely susceptible to naturally existing seismicity. The Himalayan rivers owe their quantum 
of water largely to the in-situ glaciers and the worldwide melting of glaciers is of vital 
importance to South Asia. The remaining two island nations, Sri Lanka and Maldives, would 
also be affected by the melting of glaciers in the Himalayas, as this melting and sea level rising 
has a direct linear cause-effect relationship.  
 
Before delving into the issue of deforestation in the Himalayas and its long-term consequences 
as well as the ongoing process of global climate changes including worldwide melting of 
glaciers, it is equally important to have a brief overview of the Himalayan mountain range.   
  
1111..11    TThhee  HHiimmaallaayyaann  MMoouunnttaaiinn  RRaannggeess  --  AAnn  IInnttrroodduuccttiioonn 
The Himalayan Mountain Range, compared to other mountains of the world, is different in 
many ways. The first and foremost difference is that it is the only 'live' mountain range, 
geologically active and youngest mountains; rest are inactive and older. A series of three parallel 
mountain belts running along a great arc for a length of about 2,400 km with a width ranging 
from 200 km to 400 km constitute the Himalayas. The northernmost belt is known as the greater 
or high Himalayas with numerous summits exceeding 7,500 m to 8,500 m. Their average height 
is about 6,000 m and include some of the highest in the world. Most of the greater Himalayas is 
situated above the treeline, which ends at 4,000-4,500 m.  
 
The Southern flanks of the greater Himalayas merge with the lesser Himalayas or the so-called 
middle mountains, whose average height is about 2,000 m to 3,300 m. The various ranges here 
have different names - for example, Pir Panjal in Jammu & Kashmir and Dhauladhar in 
Himachal Pradesh. The width of the lesser Himalayas ranges between 60 km to 80 km. These 
mountains have a high population density. The northern portion of the lesser Himalayas, lying 
between 2,900 m and 4,000 m still remains under upper montain forests. Below is a belt of 
intensive agriculture.  
 
The Siwaliks constitute the outer Himalayas, which abuts the Indo-Gangetic plain. They rise 
abruptly from 200 m to 500 m and attain a height from 900 m to 1,200 m. The famous tectonic 
depressions, which exist here, called dun valleys, support the richest agricultural land in the 
region.  The duns range from Dehra Dun in India to Rapti Valley in Nepal. The width of the 
Siwaliks varies from 10 km to 50 km and they extend from Brahmputra valley in the east to the 
Potwar plateau in Pakistan.11   
 
The Himalayas are the product of plate tectonic activities. They are born out of a massive 
collision between two drifting plates, namely Indian and Eurasian, the Asian plate moving to the 
north and the Eurasian plate moving to the south. The Indian plate came in existence after 
breaking away from Gondwanaland, about 100 million years back. The Indian plate started 
moving northwards and continues to do so till date. In the past 40 million years 2,000 km of 
Indian plate has subducted under the present day Tibet.22   
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This collision caused the Earth's crust to buckle and rise forming the Himalayas. The uplift has 
taken place at least in three distinct phases. The first phase, about 38 million years ago, giving 
birth to the greater Himalayas, the second phase between 7 and 26 million years ago and formed 
the lesser Himalayas. The third phase, which gave birth to Siwaliks began about 7 million years 
ago. Huge amounts of sediments, washed down from the upper mountains, had accumulated in 
the shallow lagoons of water formed immediately to the south of the newly risen lesser 
Himalayas. During the third phase, these sediments were lifted up to form the Siwaliks Hills.33  
 
This process of subduction, the Indian plate going underneath the Asian plate, is continuing at 
present too. Consequently, the Himalayas continue to rise in height, elevating from 5 cm to 15 
cm per year.  In the last ten million years, certain parts of the western Himalayas have been 
uplifted to 6 km. The Nanga Parbat are rising at a rate of  2.5 to 5 mm per year.44   
  
1111..22  GGllaacciiaall  MMeellttiinngg  iinn  tthhee  HHiimmaallaayyaass  aanndd  CCoonnsseeqquueenncceess  
The most damaging and probably uncontrollable, at least so far, aspect of the global 
environmental changes (increase in temperature, sea level rising) will be glacial melting. All 
three processes are inter-linked. The rising global temperature accelerates the process of glacial 
melting, which eventually adds to the rising of sea level. The overall situation is that compared 
to 19th Century, the global temperature of the 20th Century has increased by 0.6 degree 
Celsius.55 The 1990s were the most heated decade of the century and 1998 was the warmest year, 
though 1999 was not much behind it. In the last 200 years, the amount of carbon dioxide in 
atmosphere increased by 30 per cent, shooting up from 260 PPM (parts per million) to 368 PPM. 
Scientists have warned that if the polluting activities, like expansion of oil exploration sites, 
mining activities and vehicular emissions, continue to increase due to policies of liberalisation, 
then by 2080 the amount of carbon dioxide in the atmosphere will double and by 2100 it will be 
tripled (taking 2000 as base year). It means that the global temperatures in 2100 will increase by 
3.5 degrees. Even this increase of 0.6 degree has caused the vanishing of three glacial layers of 
Antarctica, namely, de Varti, de Larsen and de Prince Gustavo. For the first time, cracks have 
developed in the ice of Antarctica, which has lost its 40 per cent snow by melting in last 50 
years only. So the environmental catastrophe in 2100, can just be imagined, if the current trend 
of global warming is not arrested.   

 

Sadly the process of climate change has already started and we have failed to realise its holistic 
impact on humankind. The glaciers are melting at an increasing and swift rate worldwide (Table 
11.1). "The glaciers will be decaying at rapid, catastrophic rates. Its total area will shrink from 
the present 500,000 to 100,000 sq km by the year 2035", according to the International 
Commission on Snow and Ice.66 The total volume of glaciers on Earth is 162* 1066 km22 out of 
which only 0.7* 1066 km22 (1,20,000 sq km) area is covered by glaciers outside the polar region. 
The continent-wise distribution is as follows: Europe (23,000 sq km), North America (68,000 sq 
km), South America (19,000 sq km), Africa, New Zealand & Tasmania (22 sq km) and Asia 
(120,000 sq km).77  

 

The Himalayan glaciers cover about 17 per cent of the mountain area as compared to 2.2 per 
cent in the Swiss Alps. The vast glacial coverage included in two largest components of high 
Asia glacier complex, the Himalayas and Trans-Himalayas comprise about 50 per cent area of 
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all glaciers outside the Polar region. According to first generation inventory prepared by 
Geological Survey of India in 1961, Himalayas contains 15,000 glaciers spreading over 43,000 
sq km and these glaciers mostly belong to Indus, Brahmputra and Ganga river systems.88 

 

The data on observation of retreat of Himalayan glaciers including recent ones, is available 
(Table 11.2 A & B). The rate of melting is highest in the Himalayan glaciers. This will result in 
sweeping adverse impacts on the Himalayan nations. The rise in the global temperatures (Table 
11.3) will lead to an unprecedented melting of the glaciers and the trend available with the 
existing data clearly demonstrate that the process has already started. Some of the important 
observations are noted in brief: 

• If the massive snowline mass in the Himalayas – which is the third largest in the world, 
after the Greenland and Antarctic ice sheets – continues to melt, it will affect the water 
supply of much of the Asia. Hydrology of all the major rivers of the region – Indus, Ganga, 
Mekong, Yangtze and Yellow – will be drastically altered, for the worst.  

• The Earth’s ice cover is melting in more places and at higher rates than at any time in 
history. Reports compiled at the global level show that the global ice melting accelerated in 
1990s, which was also the warmest decade on the record.  

• Within the next 35 years, the Himalayan glacial area alone is expected to shrink by one-fifth 
to 100,000 square kilometres.  

• In the last 50 years alone, some 15,000 glaciers have already vanished in the Himalayas. 
• The Dokriani Bamak Glacier in the Indian Himalayas had already retreated by 20 metres in 

1998, compared with an average retreat of 16.5 metres over the previous 5 years.  
• In the Gangotri Glacier of Indian Himalayas, average rate of retreat is now 30 metres a year, 

compared with only 18 metres a year between 1935 and 1990, and only 7 metres a year 
between 1842 and 1935.  

• The Pindari Glacier in the Indian Himalayas is retreating at an average rate of 135 metres an 
year. 

• It is projected that by 2030, many of the rivers originating from the Himalayas, including 
the Ganges, Indus, Kali, to name a few, will all become dry.99 

• This unprecedented melting of glacial ice will add to the seas and oceans and even a very 
modest rise would affect the low-lying river floodplains of Asia, where most of the region’s 
rice is produced. According to a World Bank’s analysis, a 1-metre rise in sea level would 
submerge half of the Bangladesh’s rice-land area and will completely submerge the 
Maldives. The residents of densely populated river valleys in Asia would be forced inland 
into already crowded interiors. This will create climatic refugees by the millions in the 
countries such as China, India, Bangladesh, Indonesia, Vietnam and Philippines. Based on 
the computer simulation studies, the Space Application Centre Ahmadabad has shown that 
India will lose a strip of 150-200 kilometres throughout its coastal area ((FFiigg..  1111..11)) as a 
result of this.1100 

• This also means a warning for the 150 dams of the Himalayas as more melting means more 
silt and sediment load, that will be deposited in the reservoirs and drastically reduce the life 
span of the dams and their functioning.  

 

There are two institutes in India dealing with glaciers: Glaciology Division, Geological Survey 
of India and Wadia Institute of Himalayan Geology (WIHG) based at Dehradun, Uttaranchal. 
The International Commission on Snow & Ice, has constituted a Working Group on Himalayan 
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Geology (WGHG) of which Prof. Hasnain, School of Environmental Sciences, JNU, New Delhi, 
is the Chairperson. WGHG has submitted its final report to ICSI.   

 

Prof. Hasnain says, "Ironically, we have very little information on India, because apart from the 
possible causes of recession, we do not have many weather monitoring stations near glaciers to 
collect information and create a database. The glaciers in Nepal are better monitored. Our 
Government is totally blind to the urgency of the problem. Just one glacier monitoring station 
has been set up and that stopped functioning within two months."  1111 

 

Considering the threat of glacial melting and its long-term consequences at South Asian level, 
Nepal, Bhutan, Pakistan, China and Bangladesh have jointly launched an organisation, Flow 
Regime from International Experimental and Flow Data (FRIEND).1122 Prof. Hasnain is a member 
of FRIEND and he says, "Strangely, India is not participating in this very important regional 
activity supported by UNESCO. It is beyond my comprehension why the government is 
ignoring these initiatives, though the Himalayan waters are the lifeblood of millions of Indians". 
The Siachin glacier, over which India-Pakistan are fighting a war for last three decades, is also 
disturbing the fragile glacial ecology of the area. It is the only glacier in the world where a war is 
going on. Prof. Hasnain expressed concern about the Siachin glacier, "If the Indo-Pak conflict 
over Siachin continues, the Indian soldiers will soon be fighting over the melted ocean floor. 
When there are reports of receding glaciers all over the Himalayas, Siachin can be no exception. 
Heavy military activity in the accumulation zone of the glacier must have affected the 
microclimate and dynamics of the glacier. The armies of the two countries have also constructed 
helipads over there. And to top it all, the soldiers incinerate their waste". 

 
Though the Indian government does not allow monitoring of the glaciers by civilian scientists, 
Hasnain says with conviction that the glacier must have receded phenomenally and there seems 
to be no reason to disbelieve his conviction.  
  
1111..33  DDeeffoorreessttaattiioonn  iinn  tthhee  HHiimmaallaayyaass  --  GGeenneerraall 
One of the most disturbing aspects of the Himalayan Ecosystem, cutting across geographical 
boundaries, is the fast depletion and degradation of the resource base (Table 11.4). This invites a 
double destruction – firstly, the adverse ecological impacts and secondly, the intertwined human 
tragedy of the populations dependent on this resource base. The forest resources in the tropics, 
unlike the western commercial monolithic greens, are diverse, stratified and fruitful in more 
ways than one, thereby sustaining a whole range of human life, cattle and wild life. The entry of 
market forces in the forests has further compounded the situation. The government policies to 
treat forests merely as a source of earning revenue, invariably always at the cost of people 
dependent on these resources, is actually a more responsible factor in destroying the forests in 
the Himalayas. Logging and felling on a massive scale, legal and illegal both, has just begun to 
demonstrate its disastrous results in the form of increased frequency and magnitude of floods 
and droughts, both periodic and flash, decreasing soil fertility, erratic and sudden climatic 
swings and so on and so forth. In addition to this, the entire South Asia is riddled with major 
land degradation problems (Table 11.5). It therefore becomes pertinent that the situation in the 
nations of South Asia be overviewed from ecological point of view, before attempting any 
successful mechanism for co-operation. 
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For example, take the case of Myanmar. The bifurcation of Burma from India by British in 1937 
did not cause much problems as both the nations were under British rules and movement of 
people was not made difficult. But independence of India in 1947 and Burma in 1948 divided 
the existing uniform Naga-homelands, placing them under two different nations. Since then, the 
massive deforestation, logging, mining and dam-induced submergence, both in India and 
Myanmar, have increased the problems of Nagas, many fold. The problem in Burma has reached 
disastrous proportions since 1988 when the SLORC rulers allowed 30 foreign logging ventures 
for felling of Teak and Hardwood for commercial considerations, mainly in China and Thailand 
(Table 11.6). This has deprived the indigenous population of their resource base. Consequently, 
Myanmar has acquired ill repute in generating environmental refugees which owing to the 
degradation in their resource base, have been forced to take shelter in neighbouring countries. It 
is estimated that there are 2,64,000 refugees from Myanmar in Bangladesh, 70,000 in Thailand, 
30,000 in China and 3,000 in India, originally all being indigenous people in Myanmar..2255  

 

Yet another factor, earlier to a lesser extent, is Jhum cultivation practiced by about 150 tribes 
living in the northeast as an integral part of their life style. The patch of forest undergone Jhum 
cultivation takes 15 years to rejuvenate naturally, after the Jhum has been abandoned over it. 
The lesser availability of the forests has squeezed the Jhum cycle to a bare five years and hence 
the forests now, once cleared for Jhum, never rejuvenate and so are permanently lost.  

 

Moreover, throughout the Himalayas within the Indian Territory, a whole range of medium and 
large dams and reservoirs are in different stage of preparation – planned, under construction and 
constructed.2266 On the one hand they submerge the living forests, while on the other, larger tracts 
of forest are destroyed by related ancillary activities.. It is important to take an overview of 
deforestation since it is directly linked with the availability of water, despite the recent attempts 
being made to contradict it.  Let us have an overview of eco-degradation in the Himalayas to 
understand the nature, extent and magnitude of the problems being faced by South Asia.    

  

1111..33  AA..  DDeeffoorreessttaattiioonn  aanndd  WWaatteerr  iinn  NNeeppaall 

Though the forests in Nepal are spread to 5.5 million-hectare area, about 54 per cent of the 
surface area is under some sort of vegetation cover (37 per cent forests, 12 per cent grasslands 
and 5 per cent shrublands). Only three biogeographic provinces exist in Nepal, out of a total 193 
biogeographic provinces recognised worldwide.  They are Himalayan Highlands within the 
Palaearctic realm, Indo-Gangetic monsoon forests within the Indo-Malayan realm and the 
Bengalian rainforests. A total of 118 forest ecosystems with 75 vegetation types and 35 forest 
types have been identified in different physiographic zones in these realms. Out of this, 35 types 
of eco-systems are represented in the protected areas (national parks, wildlife reserves and 
conservation areas. Hydropower potential of Nepal is estimated at 83,000 MW, of which 50 per 
cent is considered economically feasible, mainly due to large number of rivers originating from 
the Himalayas or passing through the Himalayas above the Nepal. 

 



132 
 

About 11 per cent of the forests are degraded (less than 40 per cent crown cover), 59 per cent of 
the forests are small sized timber (40 to 70 per cent crown cover) and remaining 31 per cent 
(over 70 per cent crown cover) is occupied by large timber species. The picture of destruction of 
forests, emerging from the Himalayas of Nepal is equally grim. Forests are the main sources of 
fuelwood for about 70 per cent of the total population.  

According to a recent 1998 study by the Ministry of Population and Environment (MOPE),2277 
Royal Government of Nepal, the forest cover in the country has shrunk from 37.4 per cent in 
1990 to 29 per cent in 1999. It may be recalled that the area under forests in Nepal upto sixties 
was 45 per cent. The study has noted an increase of 10 per cent in the shrublands, indicating that 
the forest cover has dwindled significantly. In Nepal, densely forested area with 10 per cent 
crown cover are categorised as forests while those with less than 10 per cent forest crown cover 
are considered as shrublands. Though the average rate of deforestation in Nepal is 1.1 per cent, 
these rate of deforestation in the Tarai area is 1.3 per cent.  It has also been explicitly stated that 
forest cover should occupy at least 43 per cent of the land area to maintain a healthy 
environmental balance. The same study has warned onset of desertification and unprecedented 
environmental disaster if the present trend is not curbed in time. The various reasons attributed 
for the destruction of forests in Nepal, as summarised in the report are: “total lack of political 
and beaurocratic will”, “rampant corruption”,  “logging” and “population boom”.  

 

Water resource is one of the major natural endowments of Nepal. Nepal is drained by more than 
6,000 rivers with considerable flow variation, sediment loads including erosion and deposition. 
The water balance statistics reveal a surplus water resource in four major basins - the Koshi, the 
Gandaki, the Karnali and the Mahakali. Water shortages occur during the dry seasons in the five 
medium river basins and most of small streams originating from the Siwaliks. Water balance 
study of the five rivers namely the Kankai, the Kamala, the Bagmati, the West Rapti and the 
Babai has indicated water limitation during the winter season.  

 

The annual mean stream flow for the snow-fed river systems is estimated to be about 4,900 
m3/sec.  This amounts to 70 per cent of the total annual surface runoff. About 60 to 85 per cent 
of annual runoff occur during the monsoon period. The annual runoff from Nepal is about 222 
billion m3/sec.  

 

Use of groundwater for drinking purposes is extensive in Kathmandu Valley. About 46 per cent 
of the water supplied in Kathmandu and Lalitpur is from underground sources. The total 
maximum demand of water for Kathmandu and Lalitpur stood at 123.8 MLD in 1994 but only 
103.6 MLD was supplied. The prominent contaminants are coliform bacteria, iron and ammonia.    
The Terai contain a reasonable amount of good groundwater resource for irrigation and drinking 
water purposes. A substantial amount could also be used for operating water-demanding 
industries. The water table is generally found at around 15 m from the surface in the northern 
part of the Terai whereas it is available near the surface in the southern part of the Terai. In the 
middle part of the Terai there is high-pressure artesian condition. The top water table is nearly at 
the surface in the Eastern Terai region, varying from 3 to 4.5 m at some places, while it varies 
from 3 to 9 m in the Dun Valleys in the Central Terai, and upto 18 m depth in the Bhabar zone 
in the Western Terai.  
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Studies on water qualities indicate the degradation of both, river and drinking water. In general 
drinking water quality in urban areas is contaminated. Such deterioration is limited to an urban 
and riverside settlement areas. Drinking water in most of the rural parts also experience 
biological contamination. For example the Bagmati river, which drains into the Kathmandu 
Valley, is highly polluted in different stretches and is unfit for human use. One-year water 
quality monitoring record of the Bagmati river indicates a high level of discharge and disposal of 
oxygen demanding waste in the river. The concentration of BOD and COD levels is high in the 
river. The monitoring study also revealed that the river water quality in general is fair along the 
riverside with the exception of human settlement areas. Chloride is moderately high to very 
high. The other pollution indicating parametres also reveal that the drinking water quality is 
excessively contaminated by urban pollution sources, particularly the sewage and solid waste. 

 

The water-quality, to some extent, is degraded through sediments. The monthly average 
sediment load in major river systems is estimated at 1.131g/L in Sapta Koshi, 1.434 g/L in Sapta 
Gandaki and 0.988 g/L in Karnali. The Tamur river has the highest annual suspended sediment 
load - 57.6 million tonnes.  

 

One of major factor of land degradation in the Himalayas is soil erosion, which though depends 
on the land use, mainly has been accelerated by the sharp decline in the forest, both in quantity 
and quality. Consequently most of the Nepal is bare of topsoil. Throughout the hill region, 
cultivated and grazing lands are major factor of soil fertility. There are two broad groups of soil 
loss: those with soil losses below 5 tonnes/ha/year and with losses greater than 5 tonnes/ha/year. 
Soil loss in undegraded forest areas tends to fall below 1 tonne/ha/year. Estimated rates of soil 
loss under forest scrub and grazing land in the Phewa basin to be 5.2 to 30.2 tonnes/ha. In 
August-September, after the Maize harvest, gross soil losses from the rain-fed terraces are 
considered close to maximum tolerable levels of about 10 tonnes/ha/year. The constant tectonic 
uplifting of major mountain ranges coupled with deforestation and other man-made activities are 
the causes of higher rate of erosion in the Himalayas of Nepal. The second major factor in land 
degradation is landslides, 70 per cent of which are natural. Mass wasting is also caused from 
rock failures, riverbank cutting and gullying. Another cause is earthquakes which occur in Nepal 
frequently as the Main and Central Boundary Thrust cross the entire country. It is estimated that 
1.8 million tonnes of plant nutrients (N, P2O5, K2O and Ca) are removed away due to soil erosion 
process with 1.3 million tonnes of soil.  

 

Scarcity of Drinking Water in Kathmandu  

Since Nepal is only second to Brazil in terms of water resources, one may think that there should 
be no water crisis in Nepal. But this is not the case. Taps in Nepalese households often remain 
dry and water loaded with leeches and human excreta is not uncommon. Not that efforts were 
not made, but all have been futile. The foreign money pumped in ostensibly to make water flow 
in Nepalese pipes have produced nothing but files after files in the offices. Billions of dollars 
have been consumed yet, clean drinking water remains a luxury for many Nepalese.2288 The World 
Bank launched three projects during 1974-1981, followed by many bilateral and multilateral 
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assistance from donors during '91-'94 (see Tables 13.2 and 13.3 in Chapter 13) for water supply 
and sanitation but the situation continued to worsen. The government is investing 10 billion 
rupees annually in this sector yet it has failed to provide water to Nepalese people.  

 

According to Dr. Binayak Bhadra, former member, National Planning Commission, Nepal, 
"Actually, the issues are confined to the negotiation table only and when they go to the 
implementation level, they fall flat. This is why earlier efforts gave no yields". He indicates 
another bottleneck, "The donor or multilateral agencies showing concern and providing loan, are 
guided by vested interests and this taxes heavily on people and the country". The Under-
Secretary at Ministry of Physical Planning (MOPP) cites why the government has not been able 
to tap foreign co-operation and admits that "the donor agencies attach tags of tariff increase, and 
if the government does not comply with it, the loan disbursement is less than what is 
committed". He further adds, "Because of this reason, the World Bank did not disburse the 
committed loans in the first three projects".2299 Therein lies the catch: the World Bank is 
promoting water corporations on the globe and failing in its agreed commitment is an example 
of arm-twisting (see Chapter 9).    

 

But contrary to this, Secretary MOPP, Dhruba Shrestha says, "Political interference has 
disrupted smooth functioning of Nepal Drinking Water Corporation (NWSC) and this has ruined 
the whole thing. Political decisions overshadow the professional decisions. It is because of the 
political interference in the corporation. The World Bank has suggested the government to hand 
over the Kathmandu water supply business to the private party on lease". Deputy Director, 
Department of Urban Development and Building Construction adds "It is actually not the 
shortage of water that led to the scarcity but the mismanagement of resource that is hampering 
the situation".3300  

 

Things have come to a level that Pro Public (a non-governmental organisation) has filed two 
petitions in the Supreme Court of Nepal. First, against the NWSC to prevent the supply of 
contaminated drinking water to Kathmandu, Patan and Bhaktpur cities. Second against the 
government's decision to allow dumping of municipal waste on the banks of holy Banhmati river 
(from Guheshwari to Gokarna). 

 

The quality of water being supplied is another matter of grave concern. The water examination 
(1996) of 21 Dhunedharas (stone spouts) in the Kathmandu valley found 79 per cent of the 
sources to be contaminated. The coliform count per 100-ml water of these sources was found to 
be 102-36,600. The result of using this contaminated water is reflected in the public health. 
Parasite Prevention, Control and Blood Grouping Research Centre examined 40,000 students 
from 244 schools in the Kathmandu valley and found the presence of one or the other kind of 
intestinal parasite in 73.1 per cent of students. Likewise, out of 100 samples examined by Teku 
hospital, 91 samples were found to have had the presence of human excreta.3311    
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So the aim of the National Water Supply Policy, which states "Water for All by 2002", as its 
principle objective remains a far-fetched idea.    

  

1111..33  BB..  DDeeffoorreessttaattiioonn  iinn  IInnddiiaa 

In the entire northeast, Himalayan forests are depleting at a very fast rate. Already by 1982, 
there were literally no forests left in Himalays below 2,000 metres in any of the Himalayan 
states. And in the middle Himalayan belt, average height being 3,000 metres, the forest area 
originally estimated as being a third of the total area, now has been reduced to a mere 6 per cent. 
In the whole of northeast Himalayas, forests are depleting at a much faster rate. Assam supplies 
60 per cent of India’s plywood requirement and obviously the forests over there have been 
reduced to a mere raw material for this industry. Human settlement too has emerged as a major 
destructive factor. Between 1961-81, 11,241 hectare of reserved forests were de-reserved and 
handed over for the human settlements. In addition to this 1.36 lakh hectares of forestland are 
under encroachment. Take another example of Garo Hills, Meghalaya. There were 15 officially 
licensed timber contractors in Meghalaya in 1970, but by 1982 their number skyrocketed to an 
astonishing 800.3322  It is a direct result of government policies to treat forests merely as a source of 
earning revenue; invariably always at the cost of the people dependent on these natural resource 
base. As a matter of fact, this is the largest single factor in destroying the forests in Himalayas.  

 

Take the case of Arunachal Pradesh. 82 per cent of its area is forest, stretching over 51,450 
square kilometres. By the end of 1991, about 1,600 square kilometres had already vanished.3333 It 
has also been reported unofficially that since then many more thousands of kilometres of forests 
has gone in last 10 years. Timber from the tall, sturdy Hollock, Hollong and Jutuli trees fetch 
ready cash and it is being plundered at will as felling is legalised by providing permits to tribal 
landlords. In Tawang and West Kameng districts, the presence of Indian army has also resulted 
in massive deforestation by blasting mountains, constructing roads, bridges, residential areas, 
army depots, et cetera. It has already started affecting the rainfall of the area in a downward 
trend. 

 

In Srinagar, timber worth over Rs. 10 crores continued to be reduced to ashes on account of 
subsidised firewood supplies to consumers. At a supply level of 5 lakh quintals of firewood in 
1985, the cost of timber used for the purpose was estimated at Rs. 20 crores.3344 In addition the 
state government paid a subsidy of Rs. 42 lakh on transportation and extraction. And the scheme 
has continued till 2000. The state government has formulated a programme for supplying 
firewood from 'bio-mass plantation' to the entire population of Srinagar City from 2000, when 
the first crop will be ready for harvesting.  

 

Similarly large scale felling of trees is going on in Koki forets, Kopalli Valley Range and Hojal 
under south Nagaon Forest Division in Assam. In addition to this, large-scale encroachments are 
taking place in Tangiya, Duhejarbigha and Derapathar forest areas.3355 
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The story of deforestation, practically in every Himalayan state of India is similar. After the 
creation of Uttarakhand, separated from Uttar Pradesh, the state of Uttar Pradesh is left with 
forest only on 1 per cent of its total land. But depletion of forest in Uttararkhand, a newly 
created state, is happening rapidly. Interpretation of the lANDSAT images show that only 28.7 
per cent of the Kumaon and Garhwal is now forested and only 4.4 per cent of the area has forest 
with greater than 60 per cent crown density.3366    

 

The story is same in Tibetan part of the China, which has cleared 50 per cent of the pristine 
Himalayan forest in Tibet since 1960.3377  By 1985 an incalculable number of trees were reduced to 
2,442 million cubic metres of timber worth over US $ 54 billion, exported to China and other 
nations. The sources were mainly old growth forests. These are among the world's most dense 
coniferous forests with average stock densities of 2,300 cubic metres per hectare. Since 
regeneration and afforestation efforts have been minimal, a manifold increase in erosion is 
noted.  

 

Deforestation, landslides and environmental degradation in Tibet has contributed substantially to 
the siltation of Huangho, Brahmputra, Yangtse and Indus rivers. These are four of the five rivers 
on the Earth with the highest siltation rates in the world.   

 

Moreover, the developmental activities in the post-independence era cutting across the 
geographical boundaries, have also severely disturbed the existing equilibrium in the Himalayas, 
like road construction, mining, damning, industrialisation and militarisation. As per the estimate 
of the Government of India, in the Himalayan States (Jammu & Kashmir, Himachal Pradesh 
Uttar Pradesh, Sikkim, Arunachal, Darjeeling Hills) the total length of roads built is 48,150 kms, 
covering an area of 4,22,948 sq. kms.3388 These roads, alongwith the thousands of tonnes of debris 
produced in the process, have obstructed, blocked and truncated the natural drainage system of 
the Himalayas, one of the major reasons of recurring floods in the Himalayan area.  

 
The most important and immediate consequence of deforestation in the Himalayas is the 
increased silt load of the rivers flowing through these mountains. Deforestation in the catchment 
area has turned the tributaries of major rivers like Brahmputra into gushing torments which load 
the main river with increasing quantities of silt every year. A study done by the Brahmputra 
Flood Control Commission on Puthimari river, originating in Bhutan and a major northern 
tributary of Brahmputra, showed an average rise in the river bed between 1968-75, from 0.5 
metres to 1,35 metres per year3399  Moreover, a series of large dams have been built in the northeast 
further dispossessing the people from their resource base, for example at, Jagithopa in Assam, 
Dihang in Nagaland, Sabansisri in Arunachal, Tipaimukh in Manipur, just to name few. A more 
detailed list of recent dams being constructed in the northeast is given in Table 11.7.  
 
The net result of these ongoing destructive processes is lesser availability of forests to the people 
of the northeast. There are 150 different tribes living in the northeast and their self-economy was 
based solely on natural resource base and Jhum cultivation.  
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The most profound impact of twin process of glacial melting and deforestation has been on the 
river Ganges. The Ganges is not only a river in this country but has been given the status of 
mother and Goddess by the common man. The river is considered to descend from heaven itself. 
It is the belief of the Hindus that one can only get mokhsa by completing the last rituals of 
deceased in the Ganges.  According to a recent report, the Gomukh, the glacier from where the 
Ganges originates, is moving backward at the rate of 20 metres per year.4400. The plight does not 
end here. From Rishikesh to Gangasagar, the water has become so polluted that it can no longer 
be used for human purposes.  
 

The basic action of the Ganga Action Plan (1985-95) was that the quality of water at least should 
be brought to the level where it can be used for the bathing purpose.4411  Sadly even this could not 
be attained. A fleet of 40,000 turtles was released in the river under the Ganga Action Plan, to 
get rid of the dead bodies flown in the river but they were hunted down. There are 29 major 
urban settlements and thousands of villages located along the banks of the Ganges. These jointly 
discharge a waste of 13 crore tonnes and chemical waste of 26 crore tonnes, making the Ganges 
the world's worst polluted river. Constructing a series of dams and barrages on Ganges has 
further compounds the situation. At Bhimgoda, Neemgoda, Middle Ganga Barrage, Lower 
Ganga Barrage and at many other places, the river is so thin that it can be crossed on foot. 
Construction of hundreds of tourist resorts and hotels on the banks of Ganges in the last two 
decades has played a crucial role in the death of the river Ganges. 

  

1111..33  CC..  WWaatteerr  SSccaarrcciittyy  iinn  PPaakkiissttaann  

Pakistan is reeling under an unprecedented water crisis as well as other ecological problems and 
some of the related incidents, given below, present a bleak picture:  

• 10 ecosystems in Pakistan - ranging from the Himalayan region in the north to the Indus 
delta in the south - are under immense pressure and can be treated as critically threatened. 
This was stated by the World Wide Fund for Nature's conservation director Ashiq Ahmad at 
a workshop on Ecology and Environment held at Karachi recently. He said that the ill-
planned and haphazard use of the country's natural resources and population explosion were 
the major causes for the damage being caused to the ecosystems4422 

• As Pakistan reels under a severe drought, water scarcity has become a common problem. In 
Sindh province several protests have been held against the water crisis. "In a country where 
public demonstrations are banned, many people, including women, are agitating against the 
government for the water problems," says Tanveer Arif of Society for Conservation and 
Protection for Environment (SCOPE), a Karachi-based non-governmental organisation 
(NGO).4433  

• Pakistan has become a 'water scarce' country as its water availability has declined to 800 
cubic metre per person in 2000. This is way below the anticipated availability of 1,400 
cubic metre per person. There has been a 40 per cent fall in water availability, says Akram 
Kahlown, Chairperson of Pakistan's Council for Research in Water Resources. He said that 
a National Monitoring Programme will be soon introduced in 20 big cities where 10 to 15 
permanent points will be set up for taking bi-annual samples for inspection of water 
standards.4444 

• Two people died and 40 others were injured during one of Pakistan's worst riots over water 
on June 10, 2001. The incident took place during a rally organised by a political party called 
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Jiye Sindh Quami Mahaz (JSQM) and Jiye Sindh Students Federation against the severe 
water shortage in the Sindh Province. Police officials used tear gas shells and resorted to 
firing to disperse the angry protesters.4455 

• In a country where public demonstrations is uncommon, frequent demonstrations against 
water scarcity have become the order of the day. In April 2001, two bomb explosions in 
Karachi killed one person and injured two others, during a strike in protest against the water 
shortage.  According to a United Nations report, around 2.4 million people are suffering due 
to water shortage in Pakistan.4466 

• The Pakistan's Finance Minister, Shaukat Aziz has said that the drought would cost at least 
US $ 2 billion in lost production and the cost of importing oil to replace water for electricity 
generation. Economists believe that at least a third of the wheat crop has already been 
destroyed. The official production for this year's economic growth rate has been cut to 3.5 
per cent, and many analysts think it may be even lower.4477 

 

As if it was nor enough, Pakistan's most important human rights body in a new report has 
pinpointed 10 major areas of environmental damage. The Pakistan Human Rights Commission 
(PHRC) said that apart from the cost of human health and lives, the eco-degradation has cost the 
nation's economy US$ 1.65 billion in 1998 alone. The report says that the major cities of 
Pakistan have the capacity to treat or suitably dispose of no more than 30 to 40 per cent of 
municipal waste. The rest was left in open spaces or thrown to watercourses. The report calls the 
precarious condition of hospital waste "even more directly dangerous to human health". On 
industrial waste the commission says that the treatment facilities are scarce and inadequate. In 
Pakistan's largest industrial city, Karachi, not more than 3 per cent of 6,000 industries meet the 
international waste treatment standard. It also states that at least 5,000 of the 50,000 industrial 
units of the most populous Punjab province are in gross violation of the prescribed standards.4488 

 

The report further says that pollution is playing havoc with the coastal waters of the Indus and 
Arabian Sea It is contaminating the waters of Ravi, Chenab, Swat and Kabul rivers, and water 
channels like the Lyart, Malir, Leh and Hadlara, even the large Manchhar and Rawal lakes, have 
not been spared. The tanneries of Sialkot, Kasur and Karachi are held as the main culprit. It said 
various illnesses are on the rise because of lead, carbon dioxide, sulfur dioxide and other 
substances in the atmosphere of cities like Karachi and Lahore.4499 

 

The report drew attention to the fact that at present, forest covers only 4.2 million of the 85 
million hectares land - as compared to a requirement of 20 per cent forested area for maintaining 
the correct ecological balance. Coupled with deforestation, hunting and poaching are adding to 
the perils faced by endangered species like the Greyleg goose, Shadduck, the Indus Dolphin, 
Antelope, Ibex, Houbara and Markhor. The pollution in the sea has also played havoc with the 
marine life. It says that notwithstanding a government ban, illegal timber harvesting is thriving, 
especially in the frontier province bordering Afghanistan.5500   

 

Another report says that the Pakistan is completely neglecting the time bomb it is sitting on. It 
states that heavy smoke pollution, tonnes of industrial discharge of untreated toxic waste, 
massive deforestation, and increased salinity are giving rise to diseases like allergies, diarrhea, 
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skin ailments, abdominal infections, asthma and cancer. Physicians say that dust and smoke 
account for the majority of eye ailments.5511  

 

The eminent Pakistani environmentalist Dr. Tarique Niazi is highly critical of government's 
apathy towards environment, as today's neglect can become tomorrow's calamity.5522 He firmly 
believes that the environmental problems of Pakistan are deeply anchored in the country's 
economy, society and politics. Since Pakistan is an agriculture-based economy, the agricultural 
fields are heavily poisoned due to overuse of chemicals. Already one-third of the most fertile 
lands is lost due to fertiliser pollution, water logging and salinity - a total of 5 million hectares of 
land. This will result in ever increasing import of food in future by Pakistan, which is already 
running a deficit of 4 tonnes of wheat.  

 

Another problem relates to water resources. In 1980s the entire water resource availability in 
Pakistan was 137 MAF out of which 130 MAF was used for agricultural purposes and remaining 
7 MAF was used for industrial and human purposes. But now there is a great water shortage due 
to increase in industry, power-generating sector, urbanisation and rural demands. Pollution has 
increased to such a level that just two industrial sites of Karachi discharge respectively 615 and 
550 tonnes of pollutants into the Malir and Liyari rivers everyday. Similarly, a daily inflow of 
over a million litres of dirty waters is thrown to Ravi river near Lahore. The reckless 
deforestation has resulted in flash floods, long dry spells and decreasing amount of snow.5533 

 

The proposed Kalbagh Dam has generated a fresh controversy in the distribution of water 
among the riparian provinces of Pakistan. There is massive opposition to this dam in Sindh, 
Baluchistan and NWFP as people of these provinces feel that Punjab has been given maximum 
benefits from this dam, and as a result the agricultural field in other three provinces will be 
completely destroyed due to lack of water. This dam is also supposed to produce 3,600 MW of 
electricity. But the government counters these arguments by saying that out of a total water of 
140 MAF available in the Indus River, Kalbagh dam will take only 6.1 MAF that is, 8.5 per cent 
only. Moreover, out of the 2.4 million acres of land to be irrigated by the Kalbagh reservoir, the 
highest - 800,000 acres will be irrigated in Sindh. The government though admits that there will 
be negative impacts of this dam in the three states of Sindh, Baluchistan and NWFP, but it 
claims that they can be mitigated and can be taken care of.5544 

 

However a new controversy has erupted as Pakistan Tehreek-e-Insaf Party President Imran Khan 
(former Captain, Cricket Team of Pakistan) has stated that technically speaking "there is not 
enough water in the Indus River for Kalbagh Dam, which should never be built". He accused the 
then Prime Minister Nawaz Sharif for causing confusion and frustration among the people by 
announcing the decision to build Kalbagh Dam without taking the nation into confidence and 
seeking general consensus on such an irritant issue.  He said that Sharif's announcement has led 
to the creation of anti-Kalbagh Dam alliance by ANP, PPP and other political parties belonging 
to Sindh, Baluchistan and NWFP.5555  
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In yet another bizarre development, the Tarakzai tribals of Peshawar have threatened to blow up 
the Warsak Dam, cutting off electricity to the whole of Punjab Province, if power supply was 
not immediately restored to their area which has been facing a blackout for quite sometime now.  
The meeting of the tribal elders demanded immediate restoration of power supply to the tribals, 
saying that the dam has been allowed to be constructed in the area only on the condition that 
they will never be asked to pay the electricity bills, and the power supply metres would not be 
installed there. So in a meeting held recently by the tribal elders it was decided to oppose any 
attempt of the government to collect electricity bills from them. The meeting arranged by the 
Tarakzai tribesmen, a sub-clan of the Mohmand tribe, was attended by thousands of people from 
the Halimzi, Khawazai, Safi and other clans of Mohmand tribe besides tribal delegates from 
Khyber Agency, Kurram Agency and the frontier region of Dera Adam Khel.5566 

 

The major point of conflict though is political in nature as NWFP has unilaterally declared the 
merging of tribal areas of Subhan Khawar and its surrounding villages with Chrasada districts of 
the Province whereas they have been historically part of the Mohmand Agency tribal areas.5577  

  

1111..33  DD..  DDeeffoorreessttaattiioonn    &&  WWaatteerr  iinn  BBaannggllaaddeesshh  

An alarming report about the deforestation in Bangladesh has recently been released.5588 
Forestland area in Bangladesh is nearly 2.48 million hectares, which covers nearly 17 per cent of 
the total land area of the nation. The forest cover in Bangladesh is lower compared to the 
popularly believed 25 per cent needed for balancing the ecosystem of a country. Even the 25 per 
cent of forest coverage may not be considered adequate for a country like Bangladesh where 865 
persons live per hectare and the rate of population growth is 2.2 per cent per annum. Moreover, 
excepting the village forests the national forests are in Sundarbans, on hills of north-east, east 
and south-east and on the Madhupur and Barind tracts in the central and north west regions. 
Consequently, extraction and marketing of forest products requires huge financial investments.  

 

The Sundarbans in the southwest part of Bangladesh cover 0.57 hectares. It is the largest 
commercially exploited littoral forests of the world. Although geographic and biotic obstinctions 
do not cause the land of Sundarbans of the Khulna part to dwindle much, the ecosystem of this 
vast littoral forests has been subjected to degradation due to overexploitation, poor management, 
change in environment caused by biotic and abiotic disturbances over the past three decades. 
The most serious concerns are:  

• Rising of forest floor above normal tide level due to siltation.  
• Pollution of water due to spillage of petroleum products from the ocean going vessels.  
• Unauthorised felling of the commercial species.  
• Indiscriminate poaching et cetera.  
 

These have collectively affected the forest quality and consequently the productivity of the 

Sundarbans.  
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The hill forest cover of 0.67 million hectares is managed by the Forest Department (FD) and 
0.53 million hectares of unclassed state forests (USF) under the district administration. Studies 
conducted by the FD and SPARRSO on tree stock density in the national forests showed an 
average of 50-57 per cent. This comes out as less than 5 per cent of the total land area of 
Bangladesh. The USF area is virtually tree-less at present and is covered by scrubby forests, 
savannas or vacant land. Nearly 0.5 million hectares of USF land have shrunk at the connivance 
of the law enforcing authorities and FD staff with the wood traders. A study conducted by the 
FD indicated that nearly 30 per cent of forestland in the Barind and Madhupur tracts have 
already been encroached upon for agricultural purposes and the remainder is under serious threat 
of encroachment.  

 

Village forests in Bangladesh cover nearly 0.12 million hectares. These forests are scattered 
throughout the country and are good for environmental balance. Moreover, the extraction, 
transportation and marketing costs for timber, fuel wood and other products from village forests 
are minimum compared to the products of national forests.  

 

Studies by FD indicated that areas of state managed forests, protected forests and USF have 
shrunk since the past two decades. A study conducted by the National Conservation Strategy 
Project 1 (NCSP-1) in 1996 indicated that 55,000 hectares of established forestland has been 
leased out by the district administration along the coastal belt from 1960 for shrimp culture. This 
has completely denuded 20,000 hectares of mangrove forets in the Chakma Sundarbans. In 
addition nearly 40,000 hectares of forestland in the Barind and Madhupur tracts and 50,000 
hectares of hill forestland have been encroached upon during this period. The village forests are 
also under severe pressure due to growing demand for duel wood, timber and other construction 
material. The village forest is most seriously affected by the burning of the bricks using the bio-
mass energy. Use of biomass energy in brick burning clines is prohibited by legislation but this 
law is seldom honoured.  

 

The depletion of forests and the fall in the productivity per unit area will affect the ecological 
balance of the country. This will create acute shortage of timber, fuelwood and construction 
materials in the future. Shrinking of tree covered area will also affect productivity of the 
agriculture, fisheries, livestock sectors and cast its grim shadow on the public health sector.  

 

Dwindling of the forest area and degradation of forest quality have seriously affected the output 
of forest products. This is evident from the following data made available by the Forest 
Department. According to the supplied data the output of timber declined from 565,000 cubic 
metre to 173,000 cubic metre in 1994-95. Even before the imposition of the moratorium in 1989 
the timber output was merely 353,000 cubic metre. Production of honey and fish has also been 
affected.  
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According to the information available from the studies (1985-87) made by FAO/UNDP/USAID 
et cetera. it becomes clear that the gap between demand and supply of forest products is 
widening continuously. If the present rates of dwindling of forest area and depletion of forest 
trees continue, it is apprehended that by the year 2000 the net deficit of timber in Bangladesh 
will stand at 5.96 million cubic metres. The situation is no doubt very alarming.  

 

To face the situation, the government has taken up a donor assisted forestry sector project, which 
is at the implementation stage. The project involves TK 8,000 crores for the overall development 
of the forestry sector with the objective of enhancing the forest covered area in Bangladesh to 20 
per cent through government and private sector initiatives. The success of the Forest Sector 
Project remains doubtful. FD, BFRI and BFDIC, the main players responsible for implementing 
the project, suffer from inherent weakness due to shortage of trained professionals, weak chain 
of command and institutional capacity at every level. Little can be achieved by money alone 
unless the investment is backed by efficient manpower and reliable modern equipments. 

 

According to the latest data available with the government of Bangladesh, only 11 per cent of 
the total land area of the country is now covered under forests.  

  

1111..33  DD..  ii..    AArrsseenniicc  CCoonnttaammiinnaattiioonn  iinn  BBaannggllaaddeesshh    

Despite the hue and cry raised by the Bangladesh media about the arsenic contamination 
of drinking water, around 20 million people are likely to be still consuming arsenic tainted 
water. This was stated in the British Geological Survey report of 1999. However, this figure is 
disputed by the Dhaka Community Hospital, which says that 75 million people are drinking or at 
the risk of drinking arsenic contaminated water.   
 
According to Shitbosh Roy of the Dhaka Community Hospital, who has carried out research on 
the issue, 52 out of the country's 64 districts are affected by arsenic levels in excess of 0.01 
milligrams per litre (mg/1) which is World Health Organisation's minimum acceptable level. 
Incidentally, Bangladesh has accused India of heavily polluting their rivers and fields by sending 
untreated factory wastes.5599  But India has a different opinion on this. It says that with the 
overwithdrawals of water, the arsenic present in the subsurface leaches to the surface and 
reaches the top. The natural geography of low lying Bangladesh is such that it finds its way into 
that Bangladesh. 

 
But there appears some truth in the allegation of Bangladesh, as the groundwater aquifers in 
West Bengal have been found heavily contaminated with Arsenic and eight out of 16 districts of 
West Bengal have been found loaded with Arsenic.6600 This far exceeds than the less stringent 
Indian limit of 0.05 mg/1 and is supposed to be the worst case of arsenic poisoning in the world. 
The former Chief Minister of West Bengal Mr. Jyoti Basu himself admits that about 45 lakh 
people spread over 61 blocks are exposed to the problem and approximately 200,000 people are 
suffering from Arsenic related diseases.6611 
 
These incidents spell death-knell for whole of South Asia as most of the groundwater aquifers 
cut across geographical boundaries. Moreover many of the rivers either originate from 
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Himalayas or get perennial water supply from the glaciers present over there and any large scale 
melting, as predicated, will play havoc in whole of South Asia. What is worse is that the 
catchment area to be treated for the healthy functioning of most of the river flowing in South 
Asia lies in Nepal. Sadly, so far Nepal has strongly refused to grant permission to either nation 
for catchment area treatment (CAT) on the grounds of being it an infringement on its 
sovereignty.  
 

The Government has responded to the severity of this problem. The West Bengal government 
constituted a working group in 1983 which found that more than 1,000 people in 47 villages 
were suffering from the Arsenic-related skin abnormalities. It also found that in the 1980s that 
Murshidabad, Nadia, Malda, Burdwan, 24 Parganas (North) and 24 Parganas (South) were 
contaminated with Arsenic. The Central Government proposed a follow-up project in 1988. The 
Central Government set up an expert committee in 1988 and the state government set up another 
expert committee in 1992. The World Health Organisation is providing international inputs and 
has been supporting efforts to mitigate the Arsenic disaster.  

 

The oceans and seas are now considered as the repository of the future as the land based 
resources are fastly depleting and so another potential area of conflicts is the Indian Ocean. In 
South Asia, India, Pakistan, Bangladesh, Sri Lanka and Maldives share maritime borders. In 
addition to these nations, Burma, Indonesia, Thailand, Mauritius et cetera also have put forward 
their claims on some of the islands in the vicinity of Indian marine borders. In the proximity of 
Nicobar Island, Burma has leased out Cocoa Island to China and unofficial reports have 
suggested that China has established a naval and nuclear observatory over there to monitor the 
movements of Indian Navy. India has entered into agreements with many of these nations but 
with the establishment of “Law of the Sea” Headquarters independently at Hague in 2001, the 
claims and counter-claims are now open for submission upto 2005. It is bound to open a 
Pandora’s Box and everything will have to be redrawn.  

  

1111..33  DD..  iiii..    EEnnvviirroonnmmeennttaall  RReeffuuggeeeess  ‐‐  tthhee  CChhaakkmmaass  

The Chakmas are best example of ecological basis of political-ethnic conflicts at trans-national 
level. Although there are thousands of cases of development induced displacement of indigenous 
people, Chakmas, as a case of 'environmental refugees' have been chosen for specific reasons. 
There are various issues involved: development induced displacement, forced eviction, trans-
boundary migration, rights of refugees, international/bilateral dimensions, threat of eviction 
from the neighbouring states of India in which they took shelter, State government versus Union 
Government, issue of human rights and legal implications. All of these elements are very well 
reflected in the case of Chakma refugees. 

 

The Chakmas/Hajongs (hereafter called only Chakmas) are native inhabitants of the Chhittagong 
Hill Tracts (CHT) of Bangladesh where they were co-existing in an area of 14,000 square kms, 
with 20 other indigenous tribes. In 1777, the then East India Company took the CHT under their 
control and subsequently in 1860 British took control of the area. In 1900 British government, 
through an Ordinance, made independent administration for the area and the people encroaching 
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this area for settling down were banned. In 1947 the CHT were incorporated in the then East 
Pakistan, which in 1962 declared it an independent area.6622  

 

The root of the current problem dates back to Sixties when the Kaptai Dam was built in CHT, 
resulting in the destruction of the 1,00,000 persons, all belonging to the Chakma community. 
The Kaptai reservoir covered an area of 256 square miles and submerged 54,000 acres of land, 
which constituted 40 per cent of the total land available in CHT. In practice there was no 
rehabilitation and whatever little arrangements were made in this direction they proved a total 
failure.6633 

 

This led to serious resentment among the Chakmas and in this situation some educated youth 
from the CHT turned to Marxism, eventually forming the Rangamati Marxist Party in 1970. 
During Bangladeshi War of Liberation in 1971, the Chakma King Raja Tridib Roy took the side 
of Pakistan. In the post-liberation times, the CHT people were therefore subjected to the wrath 
of people belonging to the plainlands. Taking advantage of the situation, many opportunity-
seekers moved to the CHT and took over the land and property.  

 

In 1972, immediately after coming into existence, the new government of Bangladesh made the 
British Government ordinance of 1900 null and void. Making the matters worse for Chakmas, 
the separate ethnic identity of the CHT people was constitutionally subsumed within the concept 
of 'Bengali nation', as the drafting committee of the Constitution firmly rejected their demand in 
1972. This failure of constitutional attempt in recognising their identity was followed by the 
Chakmas taking up an armed struggle, giving rise to the stricter anti-insurgency measures. The 
repression carried out by the military and armed forces reached an all time high, especially after 
the late General Zia-ur Rahaman assumed power and compelled the Chakmas to flee their 
homelands, to take refuge in neighbouring state of India.6644   

 

From 1979 onwards, a policy of settling Bengali Muslims in the CHT was adopted. The military 
cantonments were also established in the CHT area. The religious places and shrines of 
Chakmas were destroyed and on protest Chakmas have to face atrocities. Coupled with other 
related natural and man-made problems like natural disasters, floods, deforestation, increasing 
density of population in CHT, lack of resources, food shortages, lack of employment avenues, et 
cetera force Chakmas to flee their native habitat and take refuge in other places. It was in these 
circumstances that Chakmas took shelter in neighbouring states of India: Arunachal Pradesh, 
Tripura, Assam and Mizoram.6655  

 
The Chakmas who chose to stay in CHT against all odds were subjected to yet another new 
problem. According to various estimates since 1979, 2,00,000 to 4,00,000 landless Bengali 
people were settled in CHT. These migrants were young and have a small family. If we assume 
that the average family had 5 members, then the total number of the migrant families would be 
40,000 to 80,000 families.6666 
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In 1979, survey officials of Bangladesh Government started making physical verification of the 
land as well as measuring what were till now cultivated by the CHT people, so that the same 
land could be handed over to the new settlers, making the land transfer official. This deprivation 
of the basic entity needed for the survival of the Chakmas, proved the last nail in the coffin and 
led to widespread resistance by the Chakmas, only to be dealt in a more violent manner by the 
military, accelerating the process of influxing Chakmas in India.6677 
 

In 1978, the Government of Tripura brought the seriousness of this problem of Chakmas to the 
attention of the Union Government of India. In 1979, the Government of West Bengal too 
confirmed that the problem was getting worse day by day. Finally India and Bangladesh entered 
into an agreement under which Bangladesh agreed to take back 17,000 Chakmas but no 
arrangements were made for their return. During the period 1981-84, the Chakmas were 
brutalised in Bangladesh and the number of Chakmas taking refuge in Indian states of northeast 
registered a steep rise. In January 1987, at the SAARC Forum, the then Foreign Minister of 
India talked with his counterpart of Bangladesh. The Government of Bangladesh agreed to take 
back 21,000 Chakmas out of a total of 29,000. But the actual number of Chakmas present in 
India became a matter of dispute between the two countries and hence the return of Chakmas 
could not be implemented. In the meantime, the influx of Chakmas in India continued and in 
April 1987, their official number swelled to 48,000.6688 

 

In 1981 after the Bcgum Khalida Zia became the Prime Minister of Bangladesh, under the 
pressure of United Nations and International Human Rights Commission, finally Bangladesh 
agreed in principle to accept and call back all the Chakmas. An agreement was signed during 
Begum Khalida Zia’s visit to India in May 1992, giving a flicker of hope to Chakmas. Another 
agreement was signed between the two nations in June 1994. And yet another agreement was 
signed between the Government of Bangladesh and State of Tripura, under which Bangladesh 
agreed to accept and call back 50,000 Chakmas living in Tripura since last 11 years. But none of 
these agreements could be converted into  reality.6699 

 

A piquant situation was reached when the Government of Arunachal Pradesh issued a time limit 
for the Chakmas to leave their state. The Central Government issued directives to the state of 
Arunachal Pradesh to maintain status quo with regard to Chakmas and protect them from 
atrocities, which the Government of Arunachal Pradesh refused to comply with. In such a 
scenario, the Chakmas approached National Human Rights Commission (NHRC) which 
reiterated that the order issued by the Central Government in this respect must be complied. The 
refusal of the state of Arunachal Pradesh to do so, led the filing of a case in the Supreme Court 
by the NHRC against the state of Arunachal Pradesh.7700 This writ petition (No. 720 of 1995))  
became a matter of nationwide interest as it was for the first time that refugees in such large 
numbers were brought under the purview of the apex court for staying in India. The petition was 
decided on January 9, 1996, by a bench of Justice A. M. Ahmadi, Chief Justice and Justice S. C. 
Sen. In this petition Article 32 of the Constitution of India was invoked to deliver justice to the 
Chakmas and the matter was decided in favour of the NHRC, giving directives to the 
Government of Arunachal Pradesh to ensure that the life and property of Chakmas within the 
boundaries of the state are protected. 
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The salient features of this case and the judgment are summarised below. The present population 
of Chakmas in Arunachal Pradesh is 65,000. On October 15, 1994, the Committee for 
Citizenship Rights of the Chakmas filed a petition with the NHRC complaining the persecution 
of the Chakmas. The petition contained a news report in The Telegraph dated 26-08-1994 stating 
that the All Arunachal Pradesh Students Union (AAPSU) has issued “quit notices” to all alleged 
foreigners, including the Chakmas to leave the state by September 30, 1995. If the demand is not 
acceded, the AAPSU threatened to use force. Failure of NHRC in getting directives from the 
State of Arunachal Pradesh to protect the Chakmas, despite the directives of the Union of India 
to the State of Arunachal Pradesh, led the NHRC to file a case in the Supreme Court. 

 

The Court on November 2, I995 issued an interim order7711 directing the State to ensure that the 
Chakmas situated in its territory are not ousted by any coercive action, not in accordance with 
law. The court observed that there exists a clear and present danger to the lives and personal 
liberty of the Chakmas and this court held that foreigners are entitled to the protection of Article 
21 of the Constitution of India. The question of grant of citizenship is entirely governed by the 
Citizenship Act, 1955 and the Central Government is the sole authority to grant citizenship. The 
state Government has no jurisdiction in this regard. 

 

In view of the above we allow this petition and direct, as under: 

1. Thc first respondent the State of Arunachal Pradesh, shall ensure that the life and personal 
liberty of each and every Chakma residing within the State shall be protected and any attempt to 
forcibly drive them out of the State by organised groups, such as the AAPSU, shall be repelled, 
if necessary by requisitioning the services of paramilitary or police force, and if additional forces 
are considered necessary to carry out this direction, the first respondent will request the second 
respondent, the Union of India, to provide such additional forces and the second respondent 
shall provide such additional force as is necessary to protect the lives and liberty of the 
Chakmas. 

 

2. Except in accordance with law, the Chakmas shall not be evicted from their homes and shall 
not be denied domestic life and comfort therein. 

 

3. The quit notices and the ultimatum issued by the AAPSU and any other group which 
tantamount to threats to the life and liberty of each and every Chakma shall be dealt with by the 
first respondent in accordance with law. 

 

4. The application made for registration as citizen of India by the Chakma or Chakmas under 
Section 5 of the Act, shall be entered in the register maintained for the purpose and shall be 
forwarded by the Collector or the DC who receives them under the relevant rule, with or without 
inquiry, as the case may be, to the Central Government for its consideration in accordance with 
law; even returned applications, shall be called back or fresh ones shall be obtained from the 
persons concerned and shall be processed and forwarded to the Central Government for 
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consideration. 

 

5. While the application of any individual Chakrna is pending consideration, the first respondent 
shall not evict or remove the person concerned from his occupation on the ground that he is not 
a citizen of India until a competent authority has taken a decision in that behalf. 

  

6. The first respondent will pay the petitioner cost of this petition which we quantify at Rs. 
10.000 within six weeks from today by depositing the same in the office of the NHRC, New 
Delhi 

 

The Role of Ecological Factors in Chakma Crisis 

The three districts of the CHT (Bandarban, Khagrachari and Rangamati) constitute about 10 per 
cent of the total area of Bangladesh and population residing in the area was 1 per cent of the 
national number. So the per capita land in CHT is 10 times more than the rest of the country. 
This was the argument the government has given while encouraging the massive resettlements 
of Bengalis in CHT. 

 

But this argument must be scrutinised in the context of ground realities. The total area of CHT is 
30 lakh acres, out of which 77 per cent of the land is hilly, making it unsuitable for cultivation or 
even residential purpose. 15 per cent is good only for orchid cultivation and only three per cent 
is cultivable. Because of the Kapatai Dam, 40 per cent of total cultivable land was submerged.7722 
It increased pressure on the forests as well as on the cultivable land. Less availability of the 
cultivable land means increasing dependence of people on forests and accelerate their 
destruction. Like other tribes of the northeast, for Chakmas too, Jhum has been an integral part 
of their life and culture.7733 

 

But this is only one part of the story. A large part of the forests in CHT was systematically 
destroyed by the logging contracts and military.7744 The military controls the granting of logging 
concessions to contractors. The forest department gives the final permit for a logging concession 
but only after the army has given its approval.7755 These concessions have never been awarded to 
the Chakmas but have always been given to outsiders. The excessive logging destroyed the 
resource base, increased erosion and loss of top soil, which in its own turn accelerated the rate of 
siltation in the Kaptai reservoir. Consequently, for the first time in the history of CHT, there 
were landsides that killed 39 people.7766  

 

The so-called development and industrialisation too made inroads in CHT for which ecology of 
the area paid a heavy price. In 1963, Karnaphuli Paper Mill at Chandragona was completed. 
Millions of tonnes of bamboo and other soft-wood were guzzled by this factory. The 
Karnaphulli Rayon Mill too has played its role in this degradation as it has become a source of 
widespread pollution in CHT. At least two species of the abundantly available fish have become 
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extinct. The two factories have created jobs in thousands, the paper mill alone employs 10,000 
persons, but the 99 per cent of the jobs are given to outsiders. The housing and settlements of 
these employees put further pressure on the forests, which were cleared for this purpose7777 

 

The readily available water from the Kaptai Dam introduced cash crops and exotic species in 
CHT which destroyed many local shrubs and grasses, which have been useful for the Chakmas, 
paving way to the destruction of their once self sufficient economy. Finally banning the Jhum 
cultivation by the Forest Department broke the backbone of Chakmas’ survival. 

 

Another aspect related to Kaptai dam which led to the ongoing destruction of resource base is 
rehabilitation and resettlement of project affected families. As said earlier, the land suitable for 
human use is really meagre, only 4675 sq. miles of reserve forests was opened up for 
rehabilitation and resettlement of 18,000 Chakma families displaced by the Kaptai Dam. 
Collection of wood, illicit felling and smuggling of wood too took its toll. Such causes have 
been widely reported in the newspapers (1990-98).  

 

In a nutshell, the Kaptai Dam, intensive militarisation, industrialisation, introduction of cash 
crops and orchid farming, wood collection coupled with political marginalisation and 
subjugation of the Chakma identity, and systematic settlement displacing indigenous people, 
systematically transformed the once thickly forested land into barren landscape which only 
abetted the Chakma crisis. 

 

But the most important factor singularly responsible for massive deforestation was intensive 
militarisation. By 1980, about 30,000 troops, an estimated one third of all regular troops of 
Bangladesh were based in that area. Between 1976-1980, the number of police stations increased 
from 12 to 28. The International CHT Commission, based on the data gathered from the military 
sources, concluded that there were more than 80 police camps, 230 army camps and over 100 
Bangladesh Rifles Camps in CHT in l990. Cantonments have been built in all the three districts 
of CHT. There is a naval base at Kaptai and a counter insurgency-training centre in Mahalchari, 
in Khagrachari district. It is difficult to know the exact number of security personnel in CHT but 
the figure varies from 35,000 to 60,000.7788    

  

1111..33  EE..  EEccooddeeggrraaddaattiioonn  iinn  BBhhuuttaann  

Bhutan, by choice of King, is a very exclusivist and isolated society and any information is not 
easily available. According to official figures, Bhutan has an area of 46,000 sq. km of land, out 
of which, 64 per cent of the country is covered with forest, the forest area being 28,399.65 sq 
kms. Forest in Bhutan can be divided into four types ((FFiigg..  1111..22)):  

1. Sub-tropical forest, 200-2,000 metres 
2. Cool broad-leaved forests, 2,000-3,000 metres 
3. Temperate forest, 3,000-3,800 metres 
4. Alpine Scrub, above 4,000 metres 
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The details of the types of vegetation are given in Table 11.8. The total growing stock is 
446,.493 million cubic metres whereas the annual allowable cut is 13.80 million cubic metres. In 
Bhutan, timber is basically used for manufacturing different products like plywood, veneer, 
block-board, pre-fabricated structures, laminated board, particle-board, furniture, broom handles 
and in saw mills. There are 30 sawmills in Bhutan. For fuelwood, 4.5 cu.m. forest wood is used. 
For construction purposes 180,000 cu.m. timber is required and normal logging is about 150,000 
cu.m. annually. In addition to all this, 115,043 hectares of forest land is cleared in the form of 
shifting cultivation. As per the official reports, against the annual allowable cut of 13.80 million 
cu.m., the maximum wood extracted is 5.174 million cu.m. 

 

All this has started causing adequate impacts on the forest coupled with other activities, which 
are responsible for degradation of what, like, mineral exploration, mineral based industries, road 
construction, logging, unplanned forestry operations, shifting cultivation, urban development, 
hydropower development, forest fires, unrestricted grazing, et cetera.7799  

 

Bhutan is rich in fresh water resource, having numerous rivers and springs. Throughout the year, 
the greater Himalayas remain covered under snow and their melting points are the origins of 
most of the rivers and lakes. The monsoon season is from June to September. There are four 
major river basins in Bhutan ((FFiigg..  1111..33)):8800 1. The Amo Chhu (Torsa). 2. The Wang Chhu 
(Raidak). 3. The Puna Tsang Chhu (Sunkosh) and The Dangme Chhu.  

 

The glaciers, glacial lakes and snow are reliable sources, ensuring the flow of water in rivers 
throughout the year. Eventually all the major rivers enter in India through South Bhutan. Since 
the terrain is rugged with high altitude, only 11 per cent of the land is considered suitable for 
crop or animal-based agriculture, including grazing or pasture lands; and only 3 per cent is 
currently devoted to crop husbandry. About 25 per cent of the cultivated land is irrigated, and is 
mainly for paddy cultivation, 60 per cent is under rainfed agriculture crops, 14 per cent is under 
orchards and about 1 per cent is under kitchen gardens. Due to very little population 
landlessness is almost negligible and renting and sharecropping is very common.8811     

  

1111..33  FF..  WWaatteerr  iinn  SSrrii  LLaannkkaa 

In the island of Sri Lanka, land and inland waters are two most important natural resources. Its 
land area is 65,610 sq. kms with a population of 19 million. 38 per cent of the population is 
dependent on land-centered activities (Table 11.9). The rapid population growth and high 
density of population have exerted severe pressures on land, like: 

• Rapid decline in land-man ratio, from 2.25 ha. per person in 1980 to 0.38 in 2000 
• Widespread landlessness 
• Encroachment of environmentally vulnerable lands and failure in freezing future 

encroachments  
• Increase in the demand of land for industry, settlement, tourism, infrastructure, et cetera.8822   
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The major land use in Sri Lanka is classified into seven categories: agriculture lands, built-up 
lands, forest lands, rangelands, wetlands, water bodies and barren lands. Soil erosion by water is 
identified as the major cause of land degradation. It has on-site as well as off-site effects and the 
latter has greater adverse impacts on environment and economy. About 41 per cent of Sri 
Lanka's land is affected by water erosion. The rates of erosion (tonne/year/hectare) vary on land 
use and are maximum in Tobacco cultivation with no conservation (70 per cent), followed by 
clean weeded VP Tea (52 per cent), seeding Tea with no conservation (40 per cent), Capsicum 
with no conservation (38 per cent), Cotton (22 per cent) and Sorghum (21 per cent).8833  

 

Other reasons of land degradation in Sri Lanka are: landslides, salinity, pollution, desertification 
(lowering of soil pH) and eutrophication. Sea wedge intrusion has taken place in low-lying areas. 
Water resources in Sri Lanka can be categorised into rainwater, rivers and lakes. There are 103 
rivers flowing in a radial pattern from high watersheds. The longest river Mahaweli drains 16 
per cent of the island and transports water from the Wet Zone to the Dry Zone. There are 
primarily two monsoons, Southwest monsoon (May-September) and Northeast monsoon 
(November-February). 79 per cent of the fresh water from the Wet Zone and 51 per cent from 
Dry Zone escapes into sea. Only 14 per cent of the rural population has access to piped water as 
compared to 75 per cent of the urban population. With rapid increase in urbanisation and 
industrialisation pollution has emerged as a major threat to the limited freshwater resources.8844

  

Meanwhile the Sri Lankan Government has proposed a National Water Resources Policy,8855  

which states that "all surface and groundwater are owned by the government in partnership with 
water users on behalf of all Sri Lankans". This policy is the result of ongoing privatisation as 
prompted by MNCs and financial institutions. Although the Sri Lankan Minister of Irrigation 
denies that the proposed Water Resources Policy involves the imposition of a water pricing 
mechanism, a careful reading of the proposed law shows otherwise. It is clear that the proposed 
policy will protect the rights of large companies with water entitlements. Small users will be 
charged higher prices for water, electricity and other resources.    

  

1111..33  GG..  WWaatteerr  iinn  MMaallddiivveess   

The Maldives forms a chain of coral atolls on the Laccadive-Chagos submarine ridge rising 
from the deep Indian Ocean. The 1,190 odd islands make up less than 2 per cent of the total area 
of the country. The average elevation of the islands is about 1.6 m above the mean sea level and 
the surrounding reefs of the islands protect them against swells, currents and waves of the Indian 
Ocean.  

 

Freshwater management has been identified as a major problem, officially.8866 With rise in 
migration to Male, the Capital, solid waste has increased many times and it is disposed untreated 
and the groundwater is contaminated by sewage. Deforestation rate is very high as fuelwood is 
the only source for domestic energy for more than 80 per cent of the population. With the help 
of UNEP and UNDP, the Government of Maldives has chalked out a National Action Plan for 
environmental protection and has been able to make some success in this field.  



151 
 

 
Thus, overall throughout South Asia, ecosystem is becoming increasingly fragile and 

vulnerable, reducing the quantum of water available to people and adversely affecting 23 per 
cent of global population living in this landmass. The situation in the coming days, not so far, 
may eventually lead to a regional disaster, if suitable amendments and re-correction of the 
course is not applied immediately. After all, nature is natural, supernatural but catastrophic. 

 
 

*  *  *  *  * 
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1122..  WWaatteerr  RReellaatteedd  DDiissppuutteess  iinn  SSoouutthh  AAssiiaa  

  

South Asia is a contiguous terrain where one ecosystem smoothly transgresses into 
another. The Himalayan Mountain Range is a common pivotal feature to all South Asian 
nations, barring Sri Lanka and Maldives, which is both a blessing and a curse. Blessing, as it is 
the mother source of many important waterways providing enormous benefits to all the nations, 
through which they traverse, and a curse, as harnessing these waterbodies almost always 
becomes a bone of contention among the riparian nations. Claims and counter-claims over these 
waterbodies too have played its crucial role in perpetuating pre-existing suspicion and bitterness 
among the countries of the South Asia.   
 
Practically all the existing treaty arrangements for sharing/harnessing riparian rivers between 
India-Nepal, India-Bangladesh, India-Pakistan and India-Bhutan have somehow become 
debatable and there is a greater feeling in the smaller neighbours of India that they have not been 
given their due share. In this context, there is an urgent need to look at these water-related 
conflicts. There are two recent international tools in this regard, one evolved by the International 
Law Commission on sharing riparian freshwaters and the second is resolution passed by the 
United Nations General Assembly on international fresh water. An account of water-related 
disputes in South Asia alongwith a synoptic model based on these lines was presented by the 
author at an International Conference at Lahore University, Pakistan,11 and a modified version of 
the same is given below. 
 
The analysis also reveals that, India, irrespective of its position as lower or upper riparian state, 
has been accused of taking the maximum possible advantage while harnessing the international 
rivers of South Asia, at the cost of undermining the interests of people of its smaller 
neighbouring countries. This is true to its image of a regional superpower in this part of the 
globe. It appears that the Indian water policy in South Asia is merely an extension of its 
domestic water policy (if such a thing really exists, in practice), which has resulted in 
deprivation and dispossession of the poor people and has benefited and enriched upper rural and 
urban elite. In the case of Nepal and Bhutan, it has succeeded in getting itself maximum 
benefits. In the case of Bangladesh, it has used the water of Farakka as a tool to harass the ruling 
party whenever they acquire anti-India posture. In the case of Pakistan, it has started making 
demands for renegotiating international Indus Treaty. Taking all this into account, one can not 
escape the conclusion that India has somehow always found itself in the centre of all water-
related disputes in South Asia. 
  
1122..11  TThhee  BBiillaatteerraall  WWaatteerr  DDiissppuutteess  iinn  SSoouutthh  AAssiiaa 
The bilateral water disputes in South Asia are between India-Bangladesh, India-Nepal and India-
Pakistan. A brief discussion on each of these conflicts involving in-depth analysis of a few 
important bilateral treaties and agreements on international rivers, flowing in South Asia, 
sharply brings out the fact that there is an acute need for a rational water policy in South Asia. 
The treaty arrangements between India-Bangladesh, India-Nepal, India-Pakistan and India-
Bhutan have been discussed and analysed for this purpose. 
  

1122..11  AA..  IInnddiiaa‐‐BBaannggllaaddeesshh::  TThhee  FFaarraakkkkaa  WWaatteerr  TTrreeaattyy    

The sharing of water of Ganges at Farakka Barrage during the lean summer period (January 1 to 
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May 31) is the bone of contention between India and Bangladesh, as during rest of the year, the 
river carries enough water to fulfil the requirements of both the nations. The water availability at 
Farakka during the dry season is 55,000 cusecs (cubic feet of flow per seconds), out of which 
both the countries need a maximum possible share for their own utilisation. 

 

Importance of the Ganges for Bangladesh and India: The problem of sharing the water from the 
Ganges at Farakka has acquired greater significance, primarily owing to heavy reliance of 
Bangladesh over the Ganges water. It provides water to 37 per cent of the geographical area of 
Bangladesh, over which one third of its population depends. The river Ganges, however, has 
seasonal flow: during rainy season, over-swelling causes floods whereas in the dry season there 
is scarcity of water in the river. It must be stated here that Bangladesh has very limited cultivable 
land and for increasing its food production, it has to provide inputs to agriculture, of which 
irrigation is a pivotal component. So the twin major concerns of Bangladesh regarding water of 
Ganges at Farakka are: to control floods and to ensure the supply of adequate water for its 
agricultural needs. 

 

From the Indian point of view, Calcutta is an important port, situated on the banks of River 
Hooghly (as the Ganges is called in West Bengal) and India is specifically concerned over the 
maintenance and functioning of this port. The Calcutta Port commands Khirdipur Dock I and 
Dock II, Netaji Subhash Dock, a deep water Dock at Haldia and a number of riverside jetties. 
Nearly 1,000 vessels use the Calcutta Port every year. The shortage of water in the Calcutta Port 
has demanded necessary alterations in the river flow to ensure the navigability of the Port. 

 

In the beginning, the main channel of the Ganges used to flow through the Bhagirathi-Hooghly 
river basin and therefore there was no scarcity of water in the Hoooghly for the navigational 
purposes. But continuous siltation in the river bed has resulted in the gradual shifting in the 
course of the Ganges, leading to the scarcity of water at the Calcutta Port. Thus there was an 
urgent need to save the Calcutta Port by inducing the alternative arrangements in the river flow 
at Hooghly. There was also a need to make a strong current of water so as to flush down the silt 
deposited in the Calcutta Port. A number of reports, survey studies and expert opinions 
suggested that constructing a barrage across the river Ganges at Farakka would solve the 
problem. 

 

The Dispute. The dispute between the two nations started in 1951 when India decided to 
construct a barrage at Farakka, 18 km upstream of the then East Pakistan and now Bangladesh. 
India claimed this as essential to maintain the navigability of Hooghly as well as to preserve and 
maintain the Calcutta Port, which is also used by Nepal and Bhutan for trade. Decreased 
headwater supply of the river in dry season leads to silting of waterways, rendering the port 
inaccessible for the large ships. The plan envisaged the construction of a 38-km long canal to 
take water from the barrage and supplement the river at lower points, thereby enabling the 
currents strong enough to flush silt and keep the Calcutta Port in operation.  
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Pakistan protested this by sending a note to India in December 1951, on two counts: first, it is a 
security threat to her and second, it jeopardises her agricultural requirements. Thereby, Pakistan 
threatened to raise the issue at the UN. The four India-Pakistan expert meetings were held during 
June 1960-January 1962, but without any result. In 1962, India unilaterally decided to construct 
the barrage, suspending all further talks and the 1965 India-Pakistan war froze any possibility of 
a negotiated settlement. 

During 1947-56, the differences between India and Pakistan acquired such level of bitterness, 
that India, in March 1956, withdrew from being the signatory of the Barcelona Protocol on 
Sharing of International River Waters. India took this extreme step on the apprehension that 
Pakistan might succeed in forcing its own terms on India under this Protocol, by convincing the 
international community. 

 

An important point needs to be mentioned here in all fairness. In 1961, when Pakistan was 
satisfied with only 3,500 cusecs of water from the Ganges at Farakka, its claim by 1970 reached 
58.5000 cusecs, the entire flow of the Ganges available at Farakka. This finally led to such a 
situation that India unilaterally started construction of Farraka Barrage, suspending all further 
talks with Pakistan. 

 

Meanwhile Bangladesh came into existence in 1971 and India-Bangladesh Joint River 
Commission (IBJRC) was set up but it too failed to yield any result. In 1975, India completed 
the construction of a 2,24,440-metre long Farakka barrage. Before commissioning it, India 
signed an agreement with Bangladesh, to get some flimsy moral sanctity and recognition. Under 
this pact, India agreed for much less than her original plan of sharing the river water. India 
agreed to utilising 11,000 to 16,000 cusecs of water during the dry season (January-May) and 
the rest of water was to be drawn by the Bangladesh. But after the assassination of the then 
President of Bangladesh, Mr. Sheikh Mujibur Rehman, many attributed the reason to this 
agreement, India went back on her promise and started withdrawing 40,000 cusecs of water from 
the Farakka barrage, without consulting Bangladesh. Bangladesh raised this issue at the Islamic 
Conference and the UN but its failure at both these forums compelled Bangladesh to re-enter 
into negotiations with India. 

 

Finally an agreement was signed between India and Bangladesh for five years on November 5, 
1977, which allowed India to withdraw 20,500 cusecs and Bangladesh 35,000 cusecs during 
January-May period. After five years this pact was extended, first, for 18 months and then for 
another three years in 1985. In 1985, both the countries approached Nepal to find a permanent 
solution to this problem and a trilateral meeting was held. Nepal did not show much enthusiasm 
and the issue remained unresolved. 

 

India refused to extend the 1985 Treaty, once it expired in 1988, even though the then President 
of Bangladesh Mr. Ershad, personally flew to India on September 29, 1988, on his own 
initiative. After this, India started withdrawing water from Farakka Barrage at its own will. 
Bangladesh again raised this at UN, Commonwealth and SAARC forums but it was all in vain. 
Once again the JBJRC was reactivated in 1990 but several meetings convened during next one 
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year too failed. In 1995, after a lapse of four years, IBJRC was once again reconvened but it too 
could not yield any result. 

 

In order to find a permanent solution to this problem, both the nations proposed their own set of 
alternatives. India proposed to construct a link canal from Brahmaputra and the Ganges to 
provide Bangladesh with the required amount of water in the dry season. Bangladesh on her 
part, has viewed this proposal as untenable, unnecessary and unacceptable on several grounds. 
First, Brahmputra already flows in Bangladesh, therefore Bangladesh will not receive any 
additional water by construction of link canal. Second, digging the canal, will unnecessarily 
divide the country into two and displace the people in large numbers. Third, Bangladesh will 
lose 20,000 hectare, of precious agricultural land and it just cannot afford it: being a low-lying 
country, there is already a shortage of cultivable land in Bangladesh. Fourth, and the most 
worrying, all the starting, control and end points of this link canal would be located in India, 
which can sabotage the water supply in case of strained relations between the two countries. 

 

On the contrary, Bangladesh has put forward her own proposal of constructing 12 storage dams 
in the upper reaches of the Ganges in India and Nepal. These reservoirs would store monsoon 
water during rains for release in the dry season. It would raise the dry season flow of the Ganges 
at the Farakka barrage from 55,000 to 1,80,000 cusecs. It is based on the presumption that there 
is ample water in the Ganges to meet the requirements of both the nations, India and 
Bangladesh, in dry season. The inclusion of Nepal has been justified on the grounds of being a 
major contributory to the Ganges. 

 

India adopted a strong line of opposition to this proposal on several grounds. First, these storage 
dams would be too far away from the Farakka and hence substantial amount of water would be 
lost through seepage. Second, the proposal does not take into consideration the submergence of 
the large parts of land in Nepal and the subsequent problems of displacement and rehabilitation 
of affected people arising from it. Third, after construction of these reservoirs, Nepal might 
demand navigational rights to Bangladesh through India, which is totally unacceptable to India. 
Fourth, it is purely a bilateral issue and involvement of any third party will further complicate 
the issue. Finally, there is no indication of Nepal’s willingness to accept the large storage in 
Nepal as envisaged by Bangladesh to augment the flow of the Ganges at and below Farakka. An 
the deadlock continues. 

 

Impacts of the Farakka Barrage. Bangladesh believes that its agricultural production has come 
down considerably due to the non-availability of water for irrigation. It is believed that the rice 
production has been reduced to 1,50,000 tonnes. Navigation too has been affected badly. The 
total waterways for the mechanical vessels have been reduced from 15,000 miles to 3,000 miles, 
after the commissioning of the Farakka Barrage. Similarly, the fish production has been affected 
adversely. The shortage of the fresh water has increased salinity and has raised the problems of 
ecological imbalances. Bangladesh is also faced with the problem of floods which, it believes, 
are caused by the mismanagement of the Ganges water, and for which it blames India. 
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India too has faced problems, mainly in the form of backwater effects, which are evident in West 
Bengal and Bihar. Thousands of families of fishermen have been rendered jobless as the 
transformation of the riverine ecology has been accompanied with the extinction of the local fish 
species, which were available in plenty earlier. Because the backwater has risen considerably, 
there has been submergence of villages and agricultural fields. As is the norm, rather than the 
exception, the concerned state and the central departments in the Government of India, Bihar 
and West Bengal, shut their eyes to the plight of the affected people. There is a people’s 
struggle, “Save the Ganges Campaign” on this issue in Bihar but it has failed to sensitise the 
official machinery. 

 

The India-Bangladesh Farakka Accord 1996: The deadlock over this issue continued till 1996 
and it was in this backdrop that the General Elections were being held in Bangladesh in 1996. 
The failure of the ruling party to reach an agreement with India, on the sharing of water from the 
Farakka Barrage, was the key issue in these bitterly contested elections. The then main party in 
opposition, the Awami League, led by Mrs. Sheikh Hasina, succeeded in mobilising mass-
support on this point and came to power. Within 30 days of forming a new Government in 
Bangladesh, she finalised an accord with India on the Farakka. This task was made easier by the 
Indian politicians in power, as the Awami League is viewed as a pro-India Party in Indian 
political circles and hence India this time was sympathetic to the problems of Bangladesh. It 
may be relevant to mention that it was for the first time since the assassination of President 
Sheikh Mujibur Rehman in 1975 that a pro-Indian political party had come to power in 
Bangladesh.  

 

Incidentally, Mrs. Sheikh Hasina is the daughter of the late of President Sheikh Mujibur 
Rehman. Mrs. Sheikh Hasina and her counterpart Mr. Deve Gowda, signed a 12-Article Indo--
Bangladesh Treaty on December 12, 1996, for a period of 30 years. The salient features of this 
treaty are: 

• The sharing would be determined by the 15 blocks of 10 day periods from January 1 to May 
31 every year. The formula agreed upon, gives India a constant 40,000 cusecs for the first 
two months while the Bangladesh’s share would come down gradually from 67,516 cusecs 
to 39,106 cusecs during this period. 

• Between March 1 and May 10, there will be six ten-day blocks, three each for the two sides, 
apportioning 35,000 cusecs. The side that gets less amount of water, will get compensated 
during the next block. 

• During April 2 1-30, estimated as the leanest of the lean period, as per the data gathered 
between 1947-88, Bangladesh would get 35,000 cusecs while India has to be content with 
25,992 cusecs. 

• As per the stipulations of the Treaty, in the eventuality of the Farakka having less than 
70,000 cusecs of water, both the nations will share it on a 50 per cent basis. If it is between 
70,000 to 75,000 cusecs, Bangladesh will get 35,000 cusecs and India will retain the 
balance flow. If the availability is more than 75,000 cusecs, India will receive 40,000 cusecs 
and Bangladesh would retain the balance. 

 

The Treaty shall be valid for a period of 30 years, with a provision for mandatory reviews at the 
end of five years and even earlier - after two years - with scope for adjustments, if and when 
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required. 

 

But herein lies a big catch. On a closer scrutiny, it is revealed that the present Treaty contains 
nothing new except newer verbal jugglery. The total quantum of water available at Farakka 
during January-May period is hardly 55,000 cusecs and the crucial issue here remains 
unresolved: how to augment the flow in the river? To be fair, in the Treaty, both the sides have 
expressed the desirability and sincerity of both countries towards the question of water 
augmentation in the Ganges at Farakka (Article 8 and Article 9). But these are of general nature 
without invoking any concrete plan or scheme to realise and attain it. From the point of view of 
Bangladesh, this Treaty guarantees it an additional 500 cusecs of water than what was allowed 
in 1977 Treaty. 

 

In a nutshell, the 1996 Accord over Farakka is merely old wine in a new bottle. But the 
differences over the sharing of water of the Ganges at Farakka is only a small part of the overall 
picture which has gotten into limelight as this issue has been highlighted in the media. There are 
a total of 52 smaller rivers, which drain into Bangladesh from Indian side, and there has always 
been a controversy over the sharing of water of these rivers as well as over its other uses. Some 
of the more recent developments in this direction are the indicators of the overall picture. 

 

In May 1998, Bangladesh accused India of unilaterally withdrawing water from as many as 14 
rivers of Greater Dinajpur and Rangpur districts, entering Bangladesh. These rivers are: 
Mahananda, Karotoa, Teesta, Atrai, Ghoramara, Chawai, Talma, Dharla, Karum, Timai, Varsha, 
Ghaghat, Buri Teesta and Daluk. The Teesta-Mahananda Barrage has been built in Jalpaiguri 
district of West Bengal near Panchgarh, just 200 yards away from the zero point. India has also 
constructed a four-facet embankment at Fulbari, in Silguri subdivision, on the course of river 
Mahananda, flowing into Bangladesh’s territory. 

  

1122..11  BB..  IInnddiiaa‐‐NNeeppaall::  TThhee  MMaahhaakkaallii  TTrreeaattyy  

Introduction: The importance of the water resource development in Nepal is enormous, as the 
hydropower potential of Nepal has been estimated to be 7,27.000 GWh/year, out of which it has 
already installed a hydropower capacity of 252 MW. Thus if Nepal is able to harness this water, 
it will facilitate its agricultural and industrial growth, accelerated fishery development, 
electricity generation and also generate capital by selling surplus electricity to other countries. 
However, the major problem Nepal faces in developing this resource is, lack of capital and the 
technological know-how, as this requires huge capital investments and sophisticated technology. 
Therefore Nepal has to seek foreign aid for this.   

 

The India-Nepal Treaty of Peace and Friendship (1950) in Para 4 of the letters exchanged with 
the Treaty and which are integral part of this Treaty, stipulate: “If the Government of Nepal 
should decide to seek foreign assistance in regard to the development of natural resources or 
industrial project in Nepal, the Government of Nepal should give first preference to Government 
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or nationals of India, as the case may be, provided that the terms offered by Government of India 
or Indian nationals aren’t favorable to Nepal than the terms offered by any other Government or 
by foreign nationals”. This virtually leaves no option for Nepal except to seek assistance of India 
in developing and harnessing its water resource. 

 

The Historical context: The very first project jointly undertaken by India and Nepal was on the 
Kosi river and the Kosi Agreement was signed on April 23, 1954. It involved a canal system, 
flowing channels on both the sides, a barrage across the river and a hydel station. However, 
there was nation-wide opposition to the Kosi Agreement in Nepal on the following grounds: 
extraterritorial rights granted to India for an indefinite period, loss of fertile land in Nepal 
without equivalent gains in exchange and inordinate delay in awarding compensation to the 
project affected people (PAPs). As a result, no significant progress could be made in the next 12 
years. That there was indeed some grain of truth in Nepalese people’s opposition to the Kosi 
Agreement, is testified by the revised Kosi Agreement, signed on December 19, 1966, wherein 
most of the grievances were attended to. Only after this exercise, could work commence on the 
Kosi Project. 

 

The second joint venture between the two countries was Trisuli Agreement, signed on 
November 20, 1958 and its final phase was completed as late as in 1971. The project as designed 
to generate 21,000 KW of electricity was to cost approximately Rs. 3.5 Crores. The Trisuli 
Project comprised the construction of a 368 feet long barrage across the Trisuli river, for 
dividing its flow of 1,100 cusecs of water into 15,720 feet long water conductor and a 
powerhouse. India also provided assistance for laying transmission lines from Trisuli to 
Kathmandu.  

 

The third major mutual project undertaken by the two countries was the Gandak Agreement 
signed on December 4, 1959, which again became a focus of public and press criticism in Nepal. 
The opposition leaders demanded its cancellation and a fresh reappraisal by the experts of third 
neutral country like Sweden or Switzerland. The total cost of this project was estimated to be Rs. 
50 Crores, to be borne solely by India. The flow of Gandak is such that its tapping is only 
possible in the Nepalese territory. The construction of the barrage in the Nepalese territory was 
propagated as Indian encroachment on Nepal’s sovereignty and territorial integrity.  

 

All the ill-will and bitterness generated in Nepal by these joint ventures, compelled Nepal to 
slacken its pace and tread cautiously on other major bilateral projects. In the meantime, some 
smaller projects continued to be taken up after signing agreements. The Devghat Project 
undertaken in July 1976 was estimated to cost Rs. 30 Crores with a total capacity of 10,400 KW. 
India also provided aid for some small hydroelectric plants like Khariya powerhouse (4.8 MW) 
completed in 1977, the Surajpur powerhouse (15 MW) completed in 1981 and the Phursa Khola 
powerhouse (1 MW) completed in 1983. 

 

The Mahakali Treaty: Considering that the Nepal did not get equal benefits from three initial 
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joint water projects, Nepal began to follow a very cautious approach in the case of other 
multipurpose projects, which the two countries have agreed to undertake in principle. This 
explains the extraordinary delay in fructification of the Mahakali Treaty (including Sarda 
Barrage, Takankpur Barrage and the Pancheshwar Project). But the widespread opposition to the 
Mahakali Treaty, as witnessed by the furore in the National Parliament of Nepal and a very 
successful bandh next day after the ratification of the Mahakali Treaty by the Parliament of 
Nepal, once again opened the healed wounds and raised the question about whether the justice 
had been done to Nepal in this Treaty. 

 

Nepal’s first concern is over the unequal sharing of the river’s water. India already receives 
9,000 cusecs of water from Sarda and Tanakpur Barrage, against only 1,000 cusecs that Nepal 
receives, and this distribution agreed earlier, has been retained in the Mahakali Treaty, as such. 
As the total quantum of water available in the river is 24,000 cusecs, only the remaining 14,000 
cusecs is available for redistribution. So both the nations get 7,000 cusecs each. But in reality, it 
works out to be 16,000 cusecs for India and only 8.000 cusecs for Nepal. 

 

The second concern of Nepal is about forfeiting its rights, in its share of excess water. Nepal 
needs only 4,000 cusecs of water for irrigating 93,000 hectares of land and hence it is left with 
three options: leave it in the river, lease it out on royalty or let India use it in return for investing 
more in the project. In any case, this excess water not being used by Nepal will eventually reach 
India, but there is not a single word about this in the Treaty. 

 

Nepal’s third concern is for equal investment by both the concerned nations. There is an unequal 
share of water, as already explained earlier. The total cost of the project has been estimated to be 
Rs. 6,000-7,000 Crores, to be shared equally by both the nations, but in return India will be 
getting 16,000 cusecs of water whereas Nepal gets only half of the India’s share. 

 

Nepal’s next concern is that it has been virtually forced to produce as much electricity as India, 
as the powerhouses on both the banks will have the equal capacity of power generation, though 
her energy requirements are at much lower scale. Not only this, the Treaty stipulates Nepal to 
share its excess electricity, thus generated, with India. But the Treaty is completely silent over 
the modalities of fixing price of the electricity per unit. 

 

Consequently, the Mahakali Treaty has added one more issue in the long list of subjects which 
have soured relations between the two countries. Perhaps taking all this into account, there is a 
detailed mechanism enshrined in the Treaty for setting up of arbitration over any issue of 
disagreement, which might crop up in the future, including an interpretation of the clauses of the 
Treaty. This definitely has been done to avoid creating any newer confrontation between the two 
countries. 

 

The Mahakali Treaty has given rise to the apprehension that it would cause severe displacement 
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and submergence in both the nations. Since September 20, 1996, many rounds of discussions 
between India and Nepal to finalise Details Project Report (DPR) on sharing the Mahakali 
waters have failed. Last round of such bilateral talks held in February 1999 too failed without 
any breakthrough. Under the Mahakali Treaty, the Pancheshwar and one more dam, 60-km 
downstream are to be constructed. 

 

But it is not only the Nepalese people, politicians and press, fiercely opposed to the Mahakali 
Treaty: a strong people’s movement has also exploded in the Himalayan hills within the Indian 
territory. Let us have a look at the concerns of the people living in the Indian Territory, in the 
area supposedly going to be affected by the implementation of this Treaty. As per preliminary 
information, the Pancheshwar Dam will have a height of 288 to 190 metres with a submergence 
area of 120-sq km. These figures attain demonic proportion in terms of social impacts. This can 
be understood from the fact that Baluakot (near Jouljivi in the Kali River valley) to the villages 
in Gouri river valley will be submerged in the Kumaon’s most fertile Saryu river valley, Pilkhi 
village and 15 km area of Ramganga river valley will also be submerged. Thus the most fertile, 
most populous region of the Kumaon will cease to exist. 

 

The Pancheshwar Dam will convert Pitthoragarh into an island, as the filling up of the reservoir 
will submerge all the access routes - bridges of Ghat, Jhalghat and Jouljivi. The Pancheshwar 
Dam site is located just one km away from the confluence of Kali and Saryu rivers and hence 
will submerge Rameshwar temple (at the confluence of Saryu and Ramganga rivers), Devtal 
temple (at the bank of the Kali river), shrines of Jagannath alongwith hundreds of other holy 
places and cultural centres, which have been an integral part of the lives of millions of Indians 
and Nepalese living in the area. This has agitated citizens of both the nations to no end. 

 

According to Government, only 115 villages (82 in India and 33 in Nepal) and a total of 11,361 
persons will be affected. These figures appear to be totally false. A fact-finding cum awareness-
generation field trip was jointly organised by the Himalayan Seva Sangh, Laxmi Ashram 
Kausani, Parvtiya Paryavaran Samiti and Lok Chetna Manch in 1996, immediately after the 
Mahakali Treaty was signed. According to this team, the number of the villages to be affected 
and submerged will be much higher but as the DPR remains yet to be finalised at present the 
exact names and number of the villages can not be provided. The rough estimate of this team is 
that a population of 65,000 (40,000 in India and 25.000 in Nepal) will be displaced by the 
Pancheshwar Dam. 

 

One of the most damaging impacts on ecology will be the extinction of Chura plant, as the only 
native place in the world where it exists, will be submerged. The Chura plant has been the 
backbone of the socio-economic sustenance base in the region. Its leaves provide fodder, fruit is 
consumed by people and the seed. Above all it flowers and fruits during the season oil is 
extracted from the seed when nothing else is available.  

 
Another serious environmental threat to the Darn will be seismicity. The dam site is in 

the vicinity of the Almora fault. The area is riddled with many other active faults. The natural 
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seismicity of the area can be gauzed by the fact that about more than a dozen large earthquakes 
have rocked this area. The rate of siltation is yet another factor, which will drastically reduce the 
effective life of the dam. The rivulets, nalas and rivers of the area are eroding the land at a rate 
of 17 mm per year. The example of the Tehri darn in the Himalayas is a case in point. The rate 
of siltation in the Tehri darn was estimated to be 13.02 hectare metres per 100 sq km but actual 
rate is 22.72 hectare metres per 1 00 sq km, thus the effective life of the Tehri dam in reality 
turns out to be only 40 years, whereas originally it is claimed to be as 100 years. 
 
The latest point of difference emerging between Nepal and India involves the construction of an 
embankment re-started by the Uttar Pradesh government. An Indian official said that 
construction of a 60-km long embankment joining two rivers, Kuda (called Danav in Nepal) and 
Ghonghi (called Danda in Nepal) in Uttar Pradesh's Siddharthnagar district, was first started in 
the First Five Year Plan. According to him, 47.5-km long embankment was built a long time ago 
and the construction of remaining 12.5 km long embankment has been lying incomplete since 
the last 50 years, due to the strong protest from Nepal. The cost of the remaining work is 
estimated at Rs. 237.44 crores. Both the rivers originate in Nepal. 
 
The Uttar Pradesh government restarted the construction of this remaining part of embankment 
in Jannuary 2001 and had completed construction 1.8 km of work by June 2001, when Nepal 
protested strongly against it. Nepal fears that this construction will inundate the Buddha's birth 
place Lumbini, place the existence of 200 nearby villages in danger, submerge 3,300 ha 
agriculture land and 13 sq km other land. This will cost Nepal a loss of 2,800 metric tonnes of 
foodgrains annually.33 On the other hand, the Uttar Pradesh claims that this un-constructed patch, 
lying between Lotan and Rasiabalkhurd villages, has always been a threat to about 85 Indian 
villages and hence the embankment has to be completed.  
 
The Collector of the Siddharthnagar district, Uttar Pradesh, Mr. Mohan Swaroop, while talking 
to the media said that if Nepal had any objection regarding this construction, then it should have 
raised it at the 11th Meeting of the Standing Committee of Inundation Problems, held at 
Kathmandu. He further said that it was in this meeting that India informed Nepal about re-
starting the construction of Kuda-Ghonghi embankment.  
 
The Foreign Ministry of Nepal sent a letter to the Indian Mission on July 6, 2001, saying that 
any obstruction in the flow of water in these rivers on the Indian side will submerge 18 Nepalese 
villages and land. The Parliament of Nepal also reverberated with protests on July 28, 2001, 
with members cutting across the party lines to ask for an immediate halt to what they described 
as India's unilateral decision to build the embankment. And the issue has already gained wide 
currency in the Nepalese media. 
 
Meanwhile, the Government of India has assured Nepal that taking its concerns into 
consideration, the work has already been stopped on June 24, 2001. The Ministry of Foreign 
Affairs, Government of India has also assured Nepal that to control the flow of water from the 
embankment towards Lumbini, six regulators are being installed in the embankment. This will 
ensure that the water will flow only towards India and hence there will be no threat to Nepalese 
villages. A meeting between engineers from Nepal and Uttar Pradesh had been called on August 
6, 2001 to discuss this issue.  

 
In the wake of Indian experiences with the impacts of embankment, especially in Bihar, 

Nepal's concerns cannot be dismissed as exaggerated. As already stated, the rivers originating or 
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flowing through Himalayas carry maximum silt load with them, compared to rivers originating 
from other mountains in the world. So the embankment constructed on the banks of these rivers 
gets filled with silt and the river starts overflowing and flooding the areas outside the 
embankments. The Koshi embankment has not only played havoc in 12 districts of north Bihar 
but has permanently waterlogged more than 3 lakh ha fertile land in last four decades.   

 
It is in this backdrop that Nepal has started exploring other avenues of co-operation in its 

development of natural resources, despite the bindings of India-Nepal Treaty of Peace and 
Friendship. The work on a hydro-project is to begin soon in Central Nepal, for which NEA has 
secured a loan from the ADB. It is scheduled for commissioning in 2001. Meanwhile, the SMEC 
of Australia is starting the development of the West Sati hydropoject in Western Nepal, which 
will supply most of the power to India. It is being developed on a BOO basis under a 30 year 
license. In addition to these already awarded projects, ‘there are several other medium sized 
hydroprojects, planned for the next five years or are at the feasibility or detailed design stage, 
like Chilime (20 MW), Upper Bhote Koshi (36 MW), Khirnti (60 MW), Middle Marsiyangdi 
(42 MW), Modi and Upper Modi (both 14 MW each) and Kulekhani 111 (13 MW). Complete 
data on the hydropower plants under construction or being constructed in Nepal is not available, 
because many of the dams are now being constructed under private ownership following 
delicensing.  
 

Primarily such a situation has arisen because of India’s insistence on extracting maximum 
favours in the bilateral agreements. Now the field of water resource harnessing in Nepal has 
opened up to the whole world, and the Indian share in the open market is almost cipher. All the 
electricity generated will largely be sold to India but now it has to deal with the private 
entrepreneurs, not with the Government of Nepal, which was vulnerable to all kinds of pressures 
from India. Had the India been more tactful in dealing with Nepal, in the true spirit of 
neighbour, this situation would have never come. 

  

1122..11  CC..  IInnddiiaa‐‐PPaakkiissttaann  ::TThhee  IInndduuss  TTrreeaattyy  

The problem in sharing Indus water emanates from the fact that after the partition while the 
Indian part of the Indus basin received less percentage of water for irrigation, Pakistan received 
more. India’s contribution to the flow of the Indus is 69 per cent, Pakistan’s 19 per cent and 
Tibct Afghanistan’s 12 per cent. A standstill agreement was concluded between India and 
Pakistan to continue the status quo till March 31, 1948. On May 4, 1948, a new agreement was 
signed which provided for gradual diminishing of supply of water to Pakistan to tap alternative 
sources. This led to serious differences in the respective approach of the two nations over the 
sharing of water from Indus. Both the nations underwent a lengthy process of negotiations and 
dialogue but failed to reach at any common point. 

 

It was in this scenario that the World Bank offered its mediation in order to  find out a techno-
engineering solution to this problem. The World Bank proposed two independent irrigation 
systems for the two involved countries, by dividing Eastern and Western rivers between India 
and Pakistan respectively. Pakistan, although accepted the proposal in principle, did not give a 
concrete answer so as to conclude an agreement. This led to a piquant situation where India 
opened the Bhakra canal and, it warned Pakistan that it cannot wait till 1962, when Bhakra Darn 
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will be completed. Pakistan called it a naked aggression of India and raised the issue at various 
international forums whereas India insisted upon a bilateral solution to the problem. 

 

Finally, after a series of discussions, an agreement was concluded between the two nations on 
September 19, 1960, with the mediation of the World Bank. Under the stipulation of this Treaty, 
the flow of the Western rivers (lndus, Jhelurn and Chenab) is being used exclusively by Pakistan 
and that of the Eastern rivers (Ravi, Beas and Sutlej) by India. Pakistan completed the Mangla 
Dam on Jhelum in 1967 and Tarbela Dam on Indus in 1977. The Indus Treaty came under 
severe criticism in India, for providing concessions to Pakistan, as the total quantum of Western 
rivers allocated to Pakistan is 137 MAF while that of the Eastern rivers allocated to India, is a 
mere 33 MAF. 

 

The first voice demanding a review of this Treaty, was raised by the late Mr. Shcikh Abdullah, 
the former Chief Minister, Jammu & Kashmir in 1979, following Pakistan’s repeated objection 
to critical technical specifications with reference to the Salal hydropower project on Chenab in 
Jammu. As a result, the project was delayed by more than 10 years, resulting in the cost 
escalation by 15 per cent. Due to these objections, the height of the sluice gates was lowered. 
Yet another project, the Taulbul Navigational Lock in the Kashmir Valley, is suffering precisely 
because to the same reasons. Originally the project was conceived as water reservoir to store 
Wular Lake water in winter when the snow cover over the mountains reduce the supply of water 
to almost cipher. In the current round of bilateral talks, held in November 1998, Pakistan has 
asked for some more time to study the impacts of this project. 

 

In recent times, immediately after taking oath as the Chief Minister of Jammu & Kashmir in 
September 1996, Mr. Farookh Abdullah has pressed the Union of India to seek an immediate 
review of the Indus Treaty. He said that the state of Jammu & Kashmir be freed from the 
restrictions on the use of the Jhelum and Chenab waters, in order to fulfil the power and 
agricultural requirements of the state. The Government of Jammu & Kashmir wants this issue to 
be listed in the agenda for the next future talks between the two nations on a top priority basis. 
But in all probability, the issue may be first placed at the Indus Commission, where 
representatives of both the countries are present and which so far has held 80 meetings. The 
Government of Jammu & Kashmir firmly believes that the Indus Treaty has strong pro-Pakistan 
bias, is against the interests of people of Jammu & Kashmir, in its totality is ‘unjust’ and 
‘discriminatory’ and hence needs to be rectified without any further delay. The Government of 
Jammu & Kashmir also desires to construct a dam on Jhelum to ensure adequate power 
generation at Lower Jhelum project as well as stabilising the power generation of the Un Project, 
which was scheduled to be commissioned in January 1997. A review of the Indus Treaty is the 
prerequisite for both these projects. 

 

Meanwhile a new controversy has begun in the river-water-related disputes between the two 
nations. The Ravi River has meandered more than one kilometre inside Indian territory during 
1998 monsoon at Rania in Punjab. The Indian Army based at Rania has alleged that this is the 
direct result of the deliberate construction of a 1.5-kilometre dyke upstream by Pakistan. The 
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Indian Army also claimed that India suffered an inherent disadvantage, as the natural slopes of 
the terrain in certain regions along the border, are towards the Indian side. India further claimed 
that Pakistan has exploited this geographical factor to its advantage. The Indian Army realised 
the potential threat from the river in early July 1998, after noticing a wide crack on the river 
embankment close to the ditch-cum-bund here. The Chief Minister of Punjab and the members 
of the Central Water Commission, Government of India, visited this site. The state Government 
of Punjab sanctioned Rs. 30 lakh for emergency protection to reinforce the river embankment to 
surmount this problem. The Central Team also formulated a Rs. 4.86 Crore plan to build 
permanent structures. This alteration in the course of Ravi river has severely damaged the 
barbed fence in over a 10-km stretch and has destroyed all the standing crops in its affected area. 

 

Thus a new point of conflict between the two countries, which have already fought a few wars, 
seems to be in the making.  

 

The Indus Treaty has been considered as a watershed in the India-Pakistan relations and it has 
often been boasted that it has withstood the test of time even though the two nations have has 
fought bitter wars during the same period. The truth is that it is the inherent pro-Pakistan tilt in 
the treaty that has effectively put a break on any potential Pakistani misadventure in this regard. 
This bias is manifested in the unequal quota of wares allocated to India and Pakistan. The World 
Bank lured India into accepting this treaty on the promise of massive development grants in 
future, once this bilateral arrangement is finalised. Perhaps it is time that the treaty be opened for 
renegotiations to rectify the aberrations.  

  

1122..11  DD..  IInnddiiaa‐‐BBhhuuttaann::  TThhee  CChhuukkhhaa  HHyyddrroo  PPrroojjeecctt 

The Chukha hydropoject, on river Wangchu in West-Central Bhutan, was built by India at a cost 
of Rs. 245 Crores and lies on the main route between Phuntsholing and Thimphu. The Chukha 
Dam was inaugurated in 1988. In the 12 months ending June 1989, the total energy generated by 
the Chukha Hydel power plant was 360 MW, 90 per cent of which was exported to India. 

Let us look at the phrase ‘surplus water’. In a tiny country like Bhutan, with an official 
population of only 6.5 lakhs, there are only 14,092 electricity consumers spread among 20 towns 
and 171 villages. So in fact Bhutan itself is in dire need of electricity and hence there is no 
question of  any surplus electricity. In fact, in this scenario, India has taken advantage of the fact 
that Bhutan cannot harness its own water resource, took up the matter and pays Bhutan for the 
electricity at rates convenient to India. 

 

There are other Indo-Bhutan Dam projects in the pipeline. One is Tala Hydroelectric Project 
which envisages the construction of a 91 m high and 130 metre long diversion dam across river 
Wangchu, near Honka, 3 km downstream of the existing Chukha Hydroelectric project. The aim 
is to divert 142.5 cusecs of water into 22.4 km long head race tunnel to generate 1,020 MW 
power.  
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The detailed project report of another Sankosh multipurpose project was completed in December 
1995. This project is proposed to be constructed near the Indo-Bhutan border. It envisages 
construction of a 265 m high dam with an installed capacity of 4,000 MW near village Kerabari 
in Bhutan and a lift dam of 62.5 m height, 13 km downstream of Kerabari near Indo-Bhutan 
border with a generation capacity of 60 MW. 

 

Another interesting development which has been officially reported for the first time, is to carry 
the water from Bhutan to Farraka barrage. A canal of 350 cusec capacity would carry water from 
the lift dam through 142 km long canal into the pond of the Teesta barrage. Similarly, a canal 
will be taken from Teesta to join the pond of Farakka barrage. Incidentally, this aspect has not 
been included in the 1996 Treaty on Farakka barrage. Of the 350-cumec water flowing in the 
canal, 50 cumec is proposed to be utilised for drinking and other purposes, while the balance 
300 cumec would be utilised for irrigating 4.00 lakh hectare of land mainly in West Bengal and 
partly in Bihar. An investment proposal for this project under the IXth Plan amounting to Rs. 
7,800 crore is planned to be taken up with an agreement with the government of Bhutan and 
approval of Planning Commission, as soon as the project gets the clearance from the 
environmental angle.  

 

The way India has taken its smaller neighbouring countries for granted is best illustrated in the 
manner in which the Chief Minister of West Bengal, Mr. Jyoti Basu, has attempted to end the 
Farakka water impasse, during his tour of Bangladesh in December 1996. Mr. Jyoti Basu has 
assured the Prime Minister of Bangladesh, Mrs. Sheikh Hasina that 13.500 cusecs of water will 
be generated from Bhutan. This raises a whole gamut of questions. Has Bhutan ever been 
sounded on this aspect? Has the Bhutanese people’s need been taken into consideration before 
deciding the import of 13,500 cusecs of water from Bhutan? Has the National Assembly of 
Bhutan, even though a puppet of the King, given its concurrence to this proposal? How will the 
cost et cetera incurred on this import will be shared between India and Bangladesh? And above 
all, if this is true, then why has this aspect been kept cut of the India-Bangladesh Farraka Accord 
1996? Or is there a secret clause in the Treaty, pertaining to this aspect (as speculated in the 
media), about which, the people in general and the Parliament in particular, of both the nations, 
have been kept in dark?  

  

1122..11  EE..  BBaannggllaaddeesshh‐‐IInnddiiaa‐‐CChhiinnaa::  TThhee  BBrraahhmmppuuttrraa  rriivveerr  

As no picture of conflicts in South Asia is complete without the covert or overt presence of 
China, here too it has made an entry into the already muddled river water-related conflicts, 
further compounding it. It has recently started feasibility studies over a project to divert 40 
billion cumec of Brahmputra’s water towards its arid areas. This will have serious repercussions 
on the two lower riparian nations namely, India and Bangladesh, especially the later. According 
to Mr. Jayant Madhab, former Director, Asian Development Bank, no one can stop China as the 
“Chinese Government has equal rights to the use of the water”. 

 

This Chinese proposal has sent shock waves to India and Bangladesh, the two other riparian 
nations of the Brahmputra. Out of the 2,900-km long stretch of Brahmputra, half of the river 
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runs through Tibetan part of China and the other half through India and Bangladesh. In Assam, a 
state of India, it is known as Luit and it figures prominently in the folklore and culture of Assam 
and the northeast. In Assam, it is 916-km long, has 26 tributaries in the north and 15 in the 
south. The average annual water yield of Brahmputra in Assam is 50 million-hectare metres or 
about 20 per cent of India’s total water resources. The maximum discharge of the river 
Brahmputra, at Pandu near Gowhati, is 77,794 cubic metre per second. 

 

This project was first heard at the Annual Meeting of the Chinese Academy of Engineering 
Physics, held in December 1995, where two scientists presented a proposal to divert 40 billion 
cumecs of water from the Yarlung Tsangpo/Xangbo (Brahmputra), to China’s northwestern arid 
parts. This water will help in irrigating large arid tracts in Lop Nur desert, northwest of China’s 
Xingjiang lJygur Autonomous Region. 

 

That the Government of China is really determined to push this project into the realms of reality 
is corroborated by the subsequent developments in this matter. Since then the Chinese Academy 
of Sciences has organised several rounds of discussions with experts over this proposal. In April 
1996, State Science & Technology Commission finally decided to start feasibility studies. 
Subsequently in March 1998, a joint team of 40 scientists and journalists, undertook the Yarlung 
Tsangpo Grand Canyon Expedition for the total length of the river in China. Yet another 
scientific expedition comprising 21 scientists, from diverse fields of specialisation was 
undertaken in September 1998, to collect data on the different aspects of the river. 

 

According to Jayant Madhab, former Director, A.D.B., the upstream Brahmputra running 
through China contributes around 34 per cent of the discharge at Paridu, Assam. Therefore the 
Chinese scheme will certainly result in the reduction of the flow, on its completion. The concern 
in Assam is therefore understandable. In June 1997, when the Chinese proposal became public 
knowledge, Minister of Flood Control, Government of Assam, dispatched a missive to the 
Government of India, seeking prompt measures to stem the move. Similarly, the leading 
Hydrologist of Bangladesh, Dr. Ain-ur Nishad has raised concerns in Dhaka, the capital of 
Bangladesh at China’s unilateral decision. If Bangladesh has to take up the matter with China, 
Dr. Nishad counts on Indian support. 

 

In the absence of any fresh official announcement from China, no one knows the present status 
of the operation diversion. In any case no one knows how much of water the Chinese will divert. 
The Indian Government is aware of the problem and is trying to gather more information about 
the Chinese agenda. Jayant Madhab reiterates that the Government of India cannot ignore its 
implications of this scheme on the Brahinputra river, as human lives and the environment of 
north east India is intricately linked with the Brahmputra river. 

 
The above analysis reveals that, India, irrespective of its position as lower or upper riparian 
state, has been accused of taking the maximum possible advantage while harnessing the 
international rivers of South Asia, true to its image of regional superpower in this part of the 
globe, at the cost of undermining the interests of people of its smaller neighbouring countries. 
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There is some grain of truth especially in this accusation especially with reference to Nepal and 
Bangladesh. Honestly speaking, the Indian water policy in South Asia is merely an extension of 
its domestic water policy (if such a thing really exists, in practice), which has resulted in 
deprivation and dispossession of the poor people and has benefited and enriched upper rural and 
urban elite. In the case of Nepal and Bhutan, it has succeeded in getting itself maximum 
benefits. In the case of Bangladesh, it has used water of Farakka as a tool to harass ruling party 
whenever they acquire anti-India posture. In the case of Pakistan, it has started making demands 
for renegotiating international Indus Treaty. Taking all this into account, one cannot escape the 
conclusion that India is always in the centre of all the water-related disputes in South Asia. 
  

1122..22..  AA  RRaattiioonnaall  WWaatteerr  PPoolliiccyy  ffoorr  SSoouutthh  AAssiiaa  

In order to resolve the water-related conflicts in South Asia, it becomes pertinent that a rational 
water policy be evolved for South Asia which incorporates the just and equitable sharing of 
benefits accruing from any joint bilateral water development project, undertaken for harnessing 
water resource. In the backdrop of past conflicts in sharing riparian river waters in South Asia, 
an outline of such a policy has been evolved here which is congruent with the guidelines framed 
by the International Law Commission for sharing international riparian rivers and the resolution 
passed by the General Assembly of the United Nations, also for for sharing international riparian 
river waters.  

 

The salient features of this water policy are presented here: 

1. All the waterbodies (rivers+lakes+aquifers+glaciers+canals) and groundwaterbodies of 
South Asia shall be identified, named, demarcated and delineated in line with 
internationally accepted and recognised norms and practices at the South Asian level. 

2. The length and quantum of flow in a waterbody must be measured at the following points 
on a monthly, and if possible on a fortnightly basis: 
i. at the origin, 
ii. at the point of entering a country, and, 
iii. at the point of leaving a country. 

3. If the waterbody is of flowing nature, the total quantum of water available in all 
waterbodies should be directly measured, for which hydrometric stations should he 
established at regular, uniform intervals, right from the origin of the river to its delta, as the 
observed flow series are known to give inflated yields, compared to direct measurements. 

4. The riparian nations can carry out an agreement either over the entire system or of its any 
part, in the case of later, the following must be specifically mentioned to avoid any 
confusion and ambiguity: 
• the length of the waterbody over which the agreement has been made, in all the riparian 

nations, and which are signatory to the agreement; 
• quantum of flow in each signatory nation, both before as well as after the use, as 

envisaged in the agreement; 
• the current level of the perennial nature of waterbody and the expected impact on its 

perennial nature, once the project becomes functional; 
• a detailed plan of action to maintain at least the current level of perennial nature of the 

waterbody; 
• the details of the adverse impacts and concrete ameliorative and mitigative measures 
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coupled with a detailed plan of action, and the financial allocations for it, if the 
proposed agreement threatens to cause adverse impacts, and,  

• the total financial component involved and the formula for sharing the expense, 
inclusive of the inflation and cost overrun factors. 

5. Any proposed scheme over the waterbody or a part of it, should mandatorily involve the 
representatives of communities, directly or obliquely dependent on that waterbody, along 
with the technicians, policy planners and people’s representatives and their opinions should 
be given equal importance and weightage, while arriving at any final decision. 

6. Decentralised, small scale, locally conceived, financed, designed, built managed and 
operated schemes of community with a thrust on equitable social justice to all segments of 
the society, should be given an overriding preference over the centralised, state owned, 
heavily financed, almost always with a foreign loan component, having intensive 
mechanised nature. 

7. During the execution of any agreement, optimum utilisation, conservation and development 
of the waterbodies should be carried out in a manner that does not adversely affect the 
interests of the other riparian nations, which are not signatory to the agreement, to a 
significant state. 

8. Ideally, all the nations through which a waterbody traverses should be involved in any 
agreement, even over a part of that waterbody, right from the consultation, 
conceptualisation, execution, management and operation of the agreement, just in order to 
ensure that the interests of all the riparian nations related to the waterbody are protected. 

9. Under any agreement, during the development of any waterbody, all uses and needs should 
be attained on the basis of integrated planning, sustainability and optimum utilisation. 

10. Quantum of water allocation to different riparian nations from any waterbody should not be 
done in an absolutely rigid manner but be kept rather flexible and accorded on the basis of 
ground situations. 

11. All nations of South Asia, singularly or jointly, must chalk out a programme of protection 
of waterbodies, which shall include: 

i. Flood and drought mitigation; 
ii. Disease vector  control; 
iii. Pollution abatement 
iv. River training; 
v. Erosion control; and, 
vi. Hydraulic safety  

12. Every nation should be solely responsible within her boundaries for the catchment area 
treatment, related to the part of the waterbody, falling within its land and territory. The 
neighbouring nations, if need be and asked for, shall provide the necessary technical data 
required for this, as well as, shall cooperate in chalking out joint strategies for the 
implementation of programmes undertaken in this direction. 

13. The utilisation of a waterbody should be as equitable and as reasonable as possible and in 
this regard, should be governed by the following broad parametres: 
i. Geography, hydrology and climate; 
ii. Social and economic requirement; 
iii. Population dependent on the waterbody; 
iv. Impact of use on other neighbouring nations; 
v. Existing and potential uses and changes incorporated due to proposed use; 
vi. Conservation, protection, development and viability of use; and, 
vii. Cost of the measures taken for use vis-à-vis their alternatives, if any. 
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Obviously, there cannot be any prioritisation of these factors and it shall solely depend on the 
ground situations, but as rule, in case of diverse claims and counter-claims, human needs should 
be given the top-most priority. 

 

14. Plausible adhoc adjustments should be an integral part of any agreement and consultation 
in order to minimise and mitigate adverse and negative harms to other riparian nations. 

15. When such adverse and negative harms to a third nation become unavoidable, as a result of 
execution of a project under an agreement, the nations getting benefits from the project 
should be liable to pay for compensation and rehabilitation. The proportion, in which the 
each of the individual nation concerned with the project gets benefits, should form the basis 
of sharing the burden of compensation and rehabilitation. 

16. The co-operation between the waterbody nations should be on the basis of sovereign 
equality, territorial integrity and mutual benefits for the optimum utilisation and adequate 
protection of the waterbody. 

17. Exchange of data and information among all nations should he a must for any meaningful 
co-operation and which must be done on a regular monthly basis. There may be certain 
exceptional cases when all the waterbody nations must be informed without the slightest 
delay, like: 
• Abnormal rise and fall in the quantum of water; 
• Abnormally high pollution levels; 
• Any abrupt change in the waterbody indices; 
• Presence of vectors of water-borne diseases; and, 
• Any other akin important change. 

18. The policies concerning protection, preservation and management should be aimed towards 
the entire aquatic. marine or estuarine ecosystem, to which the waterbody is a part of rather 
than the waterbody alone in isolation. 

19. Whenever an agreement envisages establishing joint mechanisms under a project, the roles 
duties, responsibilities and expectations, (if any)’, of each concerned nation should be very 
clearly evolved, sharply defined and pin-pointedly assigned, through a series of meticulous 
consultations, leaving no scope for the slightest ambiguity to creep in later. 

20. Any attempt of altering, varying, controlling, regulating or modifying the waterbody or a 
part of it, by any other means, which may affect the quantum of the waterbody or a part of 
it shall only be put in practice after the concurrence of the other waterbody nations.  

21. All the waterbody nations should individually or jointly adopt appropriate measures to 
prevent and mitigate harm from the natural causes or human conduct. These should 
include: 
• Flood or ice conditions; 
• Water-borne diseases; 
• Siltation 
• Erosion; 
• Sea-wedge intrusion 
• Drought 
• Desertification, and so on and so forth.  

22. A waterbody nation should be responsible for the safety of all the hydraulic structures 
falling within its territorial limits against acts of war, sabotage or terrorism. 

23. A SAARC Water Authority shall be constituted, the membership restricted to all the 
waterbody nations of SAARC and the Chairman shall be appointed by the alphabetical 
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rotation. This Authority shall be solely responsible for the implementation of the water 
policy of South Asia, carrying out the review of programmes and policies and modifying  
them, if need be. 

24. A dispute settling mechanism/procedure should be evolved right at the beginning of any 
joint venture as part of the agreement, preferably headed by a neutral person of 
international repute, belonging to any country outside the SAARC region. This person shall 
appoint a commission to work under him. 

25. The SAARC Water Authority shall also provide necessary economic, financial, advisory 
and technical inputs, within its limitations, for the schemes detailed out in Para 6. The 
SAARC Water Authority shall also adopt the role of monitoring agency for the people’s 
schemes, as elaborated in Para 6. 

26. This SAARC Water Authority shall have the powers to penalise the nations, in following 
cases: 
i. Violating the stipulations enshrined in the Agreement between two nations; 
ii. Significant destruction of a waterbody in a nation; 
iii. Any negative impact or change induced in the waterbody by a nation to a significant   

state; and, 
iv. In any other case which the Authority deems suitable for punishment. 

27. The SAARC Water Authority can appoint a Permanent Three Member Committee PTMC 
for carrying out, supervising and monitoring the tasks and responsibilities assigned to it. 
The PTMC should have a fixed term, the duration of the PTMC to remain effective as well 
as, the names of the persons in the PTMC, both shall be finalised by all the members of the 
SAARC Water Authority, by consensus. 

28. The PTMC shall conduct the monitoring of the waterbodies on a regular basis, especially in 
the cases of bilateral project under construction/completion. In case of any dispute accruing 
from the implementation of the bilateral or multilateral agreement, the PTMC will be 
responsible to take a decision. The member nation/s, on disagreement with the decision of 
the PTMC, can appeal against this decision in the full body of the SAARC Water 
Authority. The decision delivered by the SAARC WATER Authority, after review of the 
hearings, shall be final and binding on all the member nations. 

 

Thus a meaningful, positive and beneficial agreement between the nations of South Asia, for 

harnessing waters of riparian rivers, is possible provided there is political willingness, for the 

larger interests of the people. 

 

 

**      **      **      **      **  
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1133..  TTrraaddee  iinn  WWaatteerr  --  TThhee  WWaatteerr--mmoonnggeerrss  
  

Water remains the last common resource for both, the common man as well as the 
multinationals. The emerging trend in the last decade, at the global level, is that more and more 
governments have been handing over water delivery and charging systems to private companies. 
Hence, MNCs/TNCs have entered this business in a big way and the result has been manifold 
increase in water charges and pollution levels as the safety standards have been relegated to the 
periphery for maximising profits. Gradually and firmly these MNCs are increasing their hold 
and grip on the global water resource. Some of the recent developments in this field are eye 
openers. 
  
1133..11  TThhee  GGlloobbaall  SScceennaarriioo  ooff  TTrraaddee  iinn  WWaatteerr 
After destroying a substantial quantity of forests, empowering MNCs/TNCs, putting developing 
countries into a debt trap, privatisation of power, now the main thrust of World Bank-WTO-
MNCs, trinity is privatisation of water. In fact the global water industry is going well beyond the 
privatisation of municipal and regional water. Global water corporations are also acquiring 
control of water through the ownership of dams and waterways, control over bottled water, the 
development of new technologies to facilitate water desalinisation and purification, and water 
exportation. While development in these areas is being undertaken by small entrepreneurial 
engineering and construction companies as well as larger transnational companies, these smaller 
enterprises are often brought by the large transnational, once smaller units have proven their 
viability.    

 
Between 1994 and 1998, there were 139 water related mergers and acquisitions, with a total 
market value of nearly UK Pound 10 billion.11 The private water sector in USA, even in its 
infancy, generates more than US $ 80 billion a year in revenue, four times the sale of Microsoft 
Corporation. Together there are 10 water corporations, called ‘The Big 10’ ((TTaabbllee  1133..11)), that 
provide a representation of the corporate agenda for the privatisation and corporatisation of 
water in the new millennium.22  

 
In 1992, two events laid the foundation stones for the formation of network of 

international water agencies, namely the International Conference on Water & Environment 
(ICWE) in Dublin and The United Nations Conference on Environment and Development 
(UNCED) in Rio de Janerio. Subsequently three particular interrelated agencies emerged: the 
Global Water Partnership, the World Water Council, and the World Commission on Water for 
the 21st century. On a superficial look, each of these international water agencies appear to be 
neutral insofar as they exist to facilitate dialogues between the various stakeholders in bringing 
about more sustainable management of water resources. But a closer look reveals that these 
agencies promote the privatisation of water resources and services through close links with 
global water corporations and financial institutes.  
  

GGlloobbaall  WWaatteerr   PPaarrttnneerrsshhiipp: Established in Stockholm in 1996, the Global Water Partnership's 
mission statement is to "support countries in the sustainable management of their water 
resources".33 As a follow up to Dublin and Rio, the GWP exists to put the principles of these two 
international conferences into practice, including the recognition that "water is a good" and "has 
an economic value in all its competing uses". This operating principle is the basis for the GWP's 
priority of privatisation of water services. The GWP's programmes focus on both the reform of 
water utility system in the countries and the integration of water resource management, 
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agriculture and sanitation. The Chair of the GWP's steering committee is Ismail Serageldin, 
Vice-President of the World Bank. The GWP is funded by both government aid agencies (for 
example, Canada, Denmark, Finland, Germany, Luxembourg, Netherlands, Norway, Sweden, 
Switzerland and UK) and international financial agencies like the World Bank, the United 
Nations Development Programme and Ford Foundation.  

  

WWoorrlldd  WWaatteerr   CCoouunncciill: Formed in 1996, the World Water Council is seen as one of the leading 
water policy think-tanks. Its prime objective is to provide decision-makers with advice and 
assistance on global water issues. The WWC's 175 member groups include leading professional 
associations, global water corporations, UN organisations, government water ministries and 
financial institutions, plus representatives from some NGOs, policy-makers, scientists and 
media.44 The WWC was responsible for convening the second World Water Forum at Hague, 
Marc 17-22, 2000, which was designed to promote private-public partnerships as the only 
solution to the global water crisis. The WWC also spearheaded the World Water Vision report, 
together with its sister organisations, the GWP and the World Commission on Water (see 
below), in which 85 individuals and groups (most of whom are clearly linked with the global 
water corporations and related bodies) outlined a water privatisation agenda. 

  

WWoorrlldd   CCoommmmiissssiioonn   oonn   WWaatteerr:  In 1998, the World Water Council established the World 
Commission on Water for the 21st century. Organised in response to recommendations arising 
out of WWC's I World Water Forum held in Marrakesh, 1997, the World Commission on Water 
is committed to outlining a global vision for addressing water issues in the 21st century.55    

 
The interests of the global water corporations at the top levels of all three of these global 

water agencies are deeply entrenched. For example, Rene Coulomb, former director of Suez, is 
Vice-President of the World Water Council and an influential member of the steering committee 
of the Global Water Partnership. Ivan Cherat, Senior Advisor to the Chairman of Suez, is on the 
technical advisory committee of the GWP. Jerome Monod, Chair of Suez's supervisory board, is 
a member of the World Commission on Water. Margret Catley-Carlson, former President of the 
Canadian International Development Agency and currently Chair of the Suez-sponsored Water 
Resources Advisory Committee, is also a member of the World Commission on Water.   
  
1133..22  TThhee  WWaatteerr  MMuullttiinnaattiioonnaallss  
The 10 big corporations involved in water industry are not based only on their annual revenues, 
but also on the breadth of their operations and their potential to meet future market demands. 
These Big 10 ((TTaabbllee  1133..11))  include: Vivendi (France), Suez Lyonnaise des Eaux (France) 
Bouygues (France), Enron (USA), RWE Aktiengesellschaft Group (Germany), United Utilities 
(UK), Thames Water (UK), Anglian Water (UK), Severn Treat (UK) and the Kelda Group (UK). 
So far the two largest water corporations in the world are Suez Lyonnaise des Eaux and Vivendi, 
both jointly control about 70 per cent of the existing world water market. The Suez Lyonnaise 
des Eaux operates in 120 nations (supplying water to 72 million people) while Vivendi works in 
90 nations.66 
 
In many instances, these Big 10 MNCs are entering into consortiums with each other to obtain 
contracts.77 Suez Lyonnaise has joined hands with a subsidiary of RWE as the two private 
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stockholders in Budapest Waterworks Rt, which supplies water to the Hungarian capital.88  In 
another instance, Suez Lyonnaise and Anglian Water entered into a co-operative agreement as 
part of SMVAK, the second largest water supplier in Czechoslovakia.99  Even the two water 
giants Suez and Vivendi placed a joint bid to provide water services to Rio de Janeiro.1100  Only 
large corporations have the capacity and financial resources to develop these large scale projects, 
therefore in practice these policies favour privatisation and the involvement of the larger 
corporations. Financing providers from international funding agencies like the World Bank 
favour multi-utility service providers for many development projects.  
 
Water is a huge international business. Conservative estimate by water corporations value the 
industry at US $ 300 billion annually, while World Bank estimates have gone as high as US $ 
800 billion. The policies of the financial institutions such as World Bank appear biased towards 
funding large multi-utility infrastructure projects. Since the mid-1980s, the World Bank has 
been developing "policies and strategies to better manage water resources, integrating the 
disparate and often competing uses of water (water supply, sanitation, irrigation, hydro-power 
and ecosystem) into a sustainable, holistic approach".1111  
 
The relationship among the Big 10 themselves as well as their relationship with the Banks are 
also closely inter-linked. All the Big 10 are intimately connected to banks in their home 
countries. The bank representatives sit on the Board of Directors of almost every major water 
corporation and the corporations often receive financing from these same banks. The water 
corporations, with the help of World Bank, have the express policy to expand their operations 
internationally and their policy objectives are:1122  
1. Advocating privatisation and deregulation 
2. Capitalising on water scarcity 
3. Developing expertise in provision of water management, services and relevant technologies 
4. Taking a multi-utility service approach 
5. Creating joint ventures & purchasing major water operation 
 
Their secrecy of water corporations is another matter of great concern:   
• None of the corporations' water policies are publicly available. 
• Less obvious is the presence of corporate representatives in international government trade 

efforts.  
• Most of the senior executives of the water corporations are always part of the Ministerial 

delegation visiting developing countries to promote their business interests.  
• Executives of Big 10 are involved in bribery, corruption and other illegal activities, for 

which many of the corporations have been heavily penalised by law.  
• Most of the water corporations have poor records of financial management.  
• Salaries of executives and workers are kept secret.  
• Record of health and safety standard of water corporations is most disturbing. Enron was 

fined US $ 355,000 by Occupational Safety & Health Administration in USA.  
• Neglecting safety requirements by Enron resulted in an explosion at Puerto Rico Plant 

which killed 33 workers and injured 69 others.  
 
Within the USA, the water corporations are also large donors to political parties. In the case of 
Bechtel, one of its guiding principle is to "reward those contributing to our success". 
Accordingly, political action committee contributions by Bechtel in 1997-98 totaled US $ 
153,900.1133  Enron executives have donated US $ 89,650 to George W. Bush's presidential 
campaign and over US $ 3 million to both political parties of USA in the period from 1988 to 
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1999.1144 In 1995-96, Suez Lyonnaise des Eaux donated US $ 9,550 to the democrats and US $ 
3,465 to the USA Republicans through their US subsidies.1155 Within France, there has been 
controversy over political donations by the three major French water corporations, which have 
been awarded 80 per cent of the public utility contracts.1166  

 
In the context of labour, corporations argue that privatisation will lead to increased employment 
and better working conditions for employees; however the limited information available 
regarding labour relations in the water industry suggests otherwise. Evidence in some operations 
points to discrimination against union members, selective hiring practices, disparity between 
foreign and domestic employees, lay-off despite consistent growth, and exorbitant executive 
remuneration.  
 
This is of major concern given that the labour force in many of the corporations number in the 
hundreds of thousands and is growing.1177 
 
There is also reported disparity between the treatment of employees in local and foreign 
operations. Suez Lyonnaise and Thames Water have different pay scales for their expatriate and 
local workers on their Indonesian water projects and have come under pressure to regulate salary 
standards.1188  
 
Reports of the poor quality of water supplied by the Big 10 occur globally. In Jakarta and 
Manila, people have frequently complained about chronic shortages of drinking water following 
privatisation and Yorkshire consumers have complained of increase in water charges by 12 per 
cent in 1997-98.  The inability of the government to assert meaningful controls over the water 
corporations is further evidenced in the small penalties administered for water quality violations. 
Suez's Water was fined a mere UK Pound 6,000 plus Pound 3,800 in costs for supplying water 
contaminated with sediment to 15,000 consumers. Such penalties are not a meaningful deterrent 
for corporations whose annual revenue are in billions of dollars.1199 
 
The trinity of World Bank-WTO-MNCs, is eyeing the global water market which is to the tunes 
of billions of US dollars, where the World Bank provides loans easily to water corporations as 
well as puts conditionality on privatising water sector while granting loans to developing nations 
and the WTO provides the legal framework for trade in water,2200 as discussed in the relevant 
section. The privatisation and commercialisation of water as a 'commodity' will take it out of 
reach of 50 per cent of the world's poor as the experiences have shown manifold increase in the 
water charges after privatisation, coupled with the deteriorating water quality and quantity, 
putting millions of peoples' health at risk.  
  
1133..33  TThhee  RRoollee  ooff  WWoorrlldd  BBaannkk  &&  EEuurrooppeeaann  BBaannkkss  
With Ismail Serageldin at the helm, the World Bank recently adopted a policy of making 
privatisation of water and full-cost pricing a condition of its loans to developing countries. In 
Bolivia, for example, the World Bank refused to guarantee a US $ 25 million loan in 1998 to re-
finance water services in cochabamaba, the country's third largest city, unless the local 
government sold its public water utility to the private sector, and passed the cost on to 
consumers. In desperate need of financing, the Bolivian government (whose cabinet even 
includes full participation by a World Bank official) saw to it that the utility was sold to a 
subsidiary of Bechtel. 2211  The World Bank then granted monopolies to private water concessions, 
called for full-cost water pricing, pegged the cost of water to US dollar and instructed that the 
loaned money could not be used to subsidise the poor for water services. Permits were required 
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to gain access to water. Even peasants were compelled to buy permits to collect rainwater in 
their communities. 2222 
 

According to Public Service International, the World Bank and other funding agencies forced 
Mozambique to privatise its water service utilities in 1999. The Africa Development Bank, the 
Dutch Government and the European Union joined the World Bank in demanding the 
privatisation of Mozambique's water services as one of the main conditions for a US $ 117 
million loan.2233 As a result, rights to provide private water sanitation services to 2.5 million 
residents of the city were granted to a consortium led by the Bouygues subsidiary SAUR, which 
expects to make US $ 9 million a year from these concessions.2244 Water privatisation was also 
cited as a condition for extending Mozambique's debt relief in 1999. It appears moreover that the 
World Bank puts greater priority on the privatisation of water than the elimination of corruption. 
In Kenya, when the government privatised Nairobi's water services but failed to progress on 
elimination of corruption, the World Bank resumed its aid package despite the fact that 
decreasing corruption has been a declared condition.  

 

Similar is the situation with the European Banks. One of the largest financiers of water projects 
around the world is the European Investment Bank (EIB). However, outside Europe, EIB can 
only provide capital for projects when they involve European corporations.2255 (European 
Investment Bank website is www.eib.org.). According to PSI, Asian and Latin American loans 
by the EIB were expected to reach EC ECU 900 million between 1997-1999.  2266 The European 
Bank for Reconstruction and Development (EBRD) began financing water projects in 1995 with 
a $ 90 million equity and loan grant to Suez Lyonnaise des Eaux for a water and sanitation 
development in Eastern Europe.2277 Interestingly the deal was signed when the Deputy Vice-
President of the EBRD, Thierry Baudon, joined as Managing Director of International Project 
Finance.2288 In 1998, the EBRD granted an ECU 22.7 million loan to re-finance a Vivendi-led 
consortium's 25 per cent equity stake in the privatisation of the Budapest Municipal Sewage 
Company.2299 This EBRD loan was primarily designed to reduce the investment costs of the 
Vivendi consortium and increase its profit margins rather than improve the utility's operational 
performance.3300 

 

In Europe and elsewhere, cash-starved local governments have begun to favour privatisation 
schemes as a means of improving their own revenues. Regardless of the effects on the quality 
and performance of water services, the sale of local water utilities equals a revenue injection. 
For example, to reduce its debt, the city of Berlin sold half of Berlin Wasserbetriebe, a 
municipal water company, that had proven to be both efficient and profitable. For similar fiscal 
reasons, water and sanitation services were privatised the same year in Santiago, Chile, despite 
the fact that they were highly efficient public services. What is more, Suez and RWE made a 
successful bid in 1997 for the Budapest Water Works, even though their price projections were 
higher than their rivals. Suez was simply willing to pay the city council an extra Florint 3 
billion.3311   

 

In the developing countries of the South, the lion's share of capital financing for water 
privatisation schemes comes from international financial institutions, rather than from the water 
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corporations themselves. Take the case of the huge water privatisation project of Buenos Aires. 
In the first year, the consortium led by Suez Lynnaise des Eaux was to put up the required one 
billion-dollar investment. But according to PSI, Suez came up only with $ 30 million. The rest 
was raised by an agency of the World Bank, alongwith contributions from the International 
Development Bank and local Argentinean Banks.3322    

 
In addition to the global water agencies and the international finance institutions, there 

are numerous industry and professional associations representing the interests of the global 
water corporations. As with the global agencies, there is a tendency for these industry 
associations, to present a neutral image and emphasise their role in promoting dialogue, 
information and coordination. But, in one way or the other, all of these industry and professional 
associations are committed to the agenda of water-privatisation. Through these associations, the 
global water corporations are able to promote water-privatisation projects, lobby for legislative 
or financial assistance, and build community support where necessary. Some of these industry 
associations are: International Private Water Associations, Water Aid, Business Partners for 
Development, Water Supply and Sanitation Collaborative Council, et cetera. 

 
It is not that the World Bank has set its eyes on water only recently. As stated (Chapter 

2) it applied pressure on Nepal for handing over the water supply to private agencies as for back 
as the 1970s, when it funded three drinking water projects, citing corruption in the NWSC as a 
major reason. Refusal of Nepal to do so, resulted in deliberate delay in the disbursement of loan, 
which adversely affected the entire exercise. Yet, in another case, in the 1990s, World Bank 
continued to finance Kenya, where removal of corruption was a pre-condition, despite the failure 
of Kenya on this front, simply because Kenya has handed over the water supply to a water 
corporation, as suggested by the World Bank.  
  
1133..44  TThhee  RRoollee  ooff  WWoorrlldd  TTrraaddee  OOrrggaanniissaattiioonn 
Though the trade in water is a recent phenomenon, the commodification of water began quite 
early. In the General Agreement of Tariffs and Trade (GATT) definition of a “good” clearly lists 
“waters, including natural and artificial waters and aerated waters” and adds in an explanatory 
note that “ordinary natural water of all kinds, (other than sea water) is included." Article XI of 
the GATT Rules, states that no country is allowed to prohibit the export of a good.3333    When 
Canada-USA Free Trade Agreement was signed in late 1980s, opponents pointed out that water 
was clearly at risk and asked their government to specifically exempt the trade in water from the 
agreement. Subsequently, when NAFTA came into existence, similar provision was retained.   
 
The World Trade Organisation (WTO) created in 1995 with 134 nations as its members, also has 
water under its authority, as it retains the same definition of goods as given in GATT. This has 
draconian implications as unlike any other global institution. WTO has both the legislative and 
judicial authority to challenge laws, policies and programmes of member countries if they do not 
conform to WTO rules and it has the power to strike down these national rules if they can be 
shown to be “trade restrictive”.3344 
 
One provision of WTO particularly places water at risk. Article XI specifically prohibits the use 
of export controls for any purpose and eliminates quantitative restrictions on imports and 
exports. This means that quotas or bans on the export of water, imposed for environmental 
purposes, could be challenged as a form of protectionism. Further, WTO forces nations to forfeit 
their capacity to discriminate against imports on the basis of their consumption or production 
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practices. Article I, “Most Favored Nations” and Article III, “National Treatment”, require all 
WTO countries to treat “like” products exactly the same for the purposes of trade whether or not 
they were produced under the ecologically sound conditions. If it were discovered that the 
commercial trade in water was destructive to watersheds, WTO could prevent countries from 
restricting that trade on the grounds of environmental concerns. Though technically, there is a 
provision of “exception” (Article XX) it is only in words, as so far in each case WTO has upheld 
the rights of commerce over the rights of environmental protection.3355 It will be eye-opener to 
look at some of the major trade agreements on fresh water supply to different nations by the 
'water rich' nations:3366  
1. Barges carry loads of fresh water to islands of Bahamas and tankers this deliver water to 

Japan, Taiwan and Korea. 
2. A Turkish water company has undertaken a project that would divert water from Manavgat 

river, across the Mediterranean Sea to be sold to Cyprus, Malta, Libya, Israel, Greece and 
Egypt.  

3. The Nordic Water Company (Norway) has signed a contract to deliver 7 million cubic 
metres of water per year in bags to Cyprus. 

4. United Water International (an Australian MNC) has developed a 15-year plan to export its 
water to other nations for computer software and irrigation.   

5. Throughout northern USA, more than two dozen large companies have taken control of 
water supply and charging.  The former USA President George Bush and former Canadian 
Prime Minister Brian Mulroney are in the Board of Directors of ‘Bechtel’, which is a major 
partner in many north American municipal water projects.  

6. In the early 1990s, Multinational Water & Power Inc. spent US $ 500,000 promoting 
diversion of water from Thompson river to Columbia river to be delivered to California.  

7. In 1998, Nova Group (a Canadian company) got approval from Canadian Government to 
export millions of litres of water to Asia by tankers. 

8. Global Water Corporation (a Canadian company) has signed an agreement with Alaska to 
export 58 billion litres to China. 

9. The trade in bottled water is the fastest growing and least regulated industries in the world. 
In the 1970s, annual volume was 300 million gallons and by 1980s this climbed to 630 
million gallons. By 1990, the world was drinking 2 billion gallons of drinking water every 
year. But this pales in comparison to the explosion in bottled water sales in last five years – 
over 20 per cent annually. In 1998, over 18 billion litres of water was bottled and traded 
globally.  

10. Multinationals like Coca-cola and Pepsi both predict that within a decade, their sales from 
drinking water bottles will exceed the sales of soft drinks.  

11. In Chile, where privatisation is a government goal, water companies are buying water rights 
from farmers and selling it to cities.  

12. In India, some households spend a staggering 25 per cent of their income on water.  
13. The latest mantra of the World Bank, after the privatisation in power sector, is privatisation 

in water. In India a Swajal Project has already been launched in the Uttar Pradesh, where the 
consumers will have to pay for the use of water. 

14. It has been envisaged that a World Water Export Treaty will be signed by 2006, on the lines 
of OPEC, by more than 25 countries with vast water reserves. Canada will end up 
scrambling to head this body.  

  
1133..55  CChhaannggiinngg  OOffffiicciiaall  PPoolliiccyy  iinn  IInnddiiaa 
In congruence with the global trend of privatisation in water sector, the policies of the 
government have also started a gradual but definite shift towards the privatisation of water in 
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India. In India, water is considered a "free gift of nature". Now in the new policy of water supply 
of Government of India,3377 The new interpretation is that, "No doubt, water is still the free gift of 
nature but it is so in 'as it is where it is' condition. When it is desired that that water, as is 
available in nature, should be made safe for drinking and transported to the points of 
consumption, it becomes a 'commodity', that is, it acquires an economic value. A water works 
must therefore be treated as an industry and be built and operated as a 'commercial enterprise, 
with professional approach where the aim is not only to meet debt-servicing and operational 
costs but also to earn a fair return on the investments made, so that future expansion of the water 
works can be financed, at least partly, and the undertaking can attract funding from outside 
sources. It is in this context, that financing of water works, water pricing policy, and overall 
financial management of water supply undertakings have been receiving serious attention of the 
planners and administrators at National and State levels". 
 
The document further identifies the following sources of funding available for this purpose:  
1. Internal borrowing; 
2. Government grants and loans; 
3. LIC loans; 
4. Loans from financing institutions; and  
5. International/bilateral aids.  
 
It further states that if a water supply undertaking has to function in the long run on a self-reliant 
basis, it must charge for supply of water and collect revenue adequate for meeting debt-
servicing, operation and maintenance charges and also generate surplus for future investment.  In 
simpler words it opens the gates for the entry of water corporations in India, through points 4 
and 5 as identified sources of funding. The heavy loan-burden and dependency on external 
borrowings, especially from the World Bank, may very soon put India in a position where in 
future, loans from the World Bank will be in a position to link them with the conditionality of 
'privatisation of water', as we have witnessed in the case of other nations.  
 
Though the policy talks about the 'poor' and 'weaker' sections, that seems service only lip, as 
past experiences demonstrate. For instance, India had launched the International Drinking Water 
and Sanitation Decade (1981-1990), with special thrust on rural supply and Accelerated Rural 
Water Supply Programme, spending hundreds of crores of rupees on it. But in the end it turned 
out to be a total failure, as no positive improvement was noticed on the ground. In a country like 
India where 35 per cent of people live below the official poverty line and another 40 per cent 
hovering just over and/or at it, the privatisation of a common property resource like water may 
usher a social chaos of national magnitude.  
 
Exactly in line with the policies of the World Bank on water, which promotes participation of 
multinationals in the use of fresh water at every stage, the Minister for Irrigation of Rajasthan 
publicly declared that "Every drop of rain belongs to the government! Only the government has 
the right to collect the rain". (Umesh Anand. Drought in Reforms, but who owns the rain? Times 
of India, July 29, 2001).  
  
1133..66  WWaatteerr  TTrraaddee  iinn  IInnddiiaa 
The mineral water trade has not left India untouched and has already made a deep penetration in 
the Indian markets.3388 But there has been an increasing number of cases of contamination in the 
mineral water bottles being sold here. The fact that the mineral water comes in bottles does not 
necessarily mean that they are safe, as the numerous experiences have eloquently demonstrated. 
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Now there is a battle going on between the Indian mineral water companies and government's 
Bureau of Indian Standards (BIS) on this count.  
 
Buying and using bottled water has become a common practice in many households. Nobody 
trusts the purity of the water that flows from the municipal taps, and many people still rebel 
against carrying boiled water wherever they go. And this is where bottled water manufacturers, 
especially of the unscrupulous kind, manage to make high profits on their minimal investments.  
 
Every year, over 180 brands sell an estimated 800 million litres of bottled water, valued at more 
than Rs. 600 crores, all over India. Naturally the bottlers claim that their water is nothing but 
pure, 100 per cent bacteria-free, contains minerals that make it tastier and healthier et al. But is 
the water in these bottles really safe to drink? Do they confirm to the international or national 
standards? Apparently no.  
 
Following increased consumer complaints, the Ministry of Health and Family Welfare has 
issued two notifications, amending provisions of the Prevention of Food Adulteration (PFA) 
rules and introducing new standards for packaged drinking water: Manufacturers were required 
to obtain a BIS certification saying that the water was being processed and bottled in hygienic 
conditions, with proper monitoring of quality control. "In a surprise check that we conducted, we 
found that the plant belonging to one of the leading manufacturer in the capital was not even 
adhering to the basic hygiene", reveals one BIS official.  
 
Shockingly, it was not just one, but several brands - many of them leading players - that were 
found not complying to the standards. "Increasingly we have been hearing lately of 
manufacturers filling bottles with tap water and labeling them as natural mineral water," says 
Additional Director General, BIS, Mr. Satish Sharma. But before punitive action could be taken, 
companies came together and requested the Ministry of Health to extend the compliance 
deadline of March 29, 2001.  
 
This has been done and the new deadline for the the companies to comply with the BIS 
standards is now June 30, 2001. "The state government has been advised not to take action 
against any manufacturer who has already applied before the due date to the BIS certification", 
says Chandra.  
 
Does that mean that the water we get these days are unsafe? Well, to put a not too fine point on 
it, yes. Especially so with the smaller regional players. Thankfully, the government notification 
has put a scare into the water-wallahs, and most of them have begun putting their houses in 
order for fear of losing their customer base.  
 
The catch is that the peak season for bottled water will more or less end before the deadline. So 
the smaller players might get away simply by selling volumes till June 29 - provided they have 
applied for certification - and then shutting their shops! As of date BIS has given certification to 
42 of the 173 applicants for vending packaged drinking water, and three of the five applicants 
for packaged mineral water.      
 
Significantly, the market leader Bisleri is yet to get certification for its product, though the 
Company's Chairman (India) Mr. Ramesh Chauhan dismisses it with the explanation, "Since we 
applied late for the license, it is still under process". Some of the his competitors Bailey, Kinley 
and Aquifina have already obtained BIS certification.  
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Pepsi's 100-bottles a minute manufacturing plant for Aquifina, for instance, has "seven different 
stages, including deep filtration, granular activated carbon, reverse osmosis, membrane filtration 
and ozonisation", as Deepak Jolly of Pepsi company points out.  
 
Bisleri produces 120 bottles a minute. But it has been asked to update its plant, and Chauhan is 
unhappy. "We have over 40 plants all over India, and the whole process of certification and 
upgradation will cost me Rs. 5-6 crores." Rationalising further, he says that this works out to 
approximately Rs. 4 more over 20 litres, and quips "is not that an expensive proposition on 
something like water!" Not surprisingly, Chauhan has branded the entire process as a money-
making exercise for the BIS.  
 
BIS on the other hand, defends itself by pointing out that it has recently lowered its fees for 
granting licences to  Rs. 96,000 per annum or Rs. 20 per 1,000 litres for large scale units (from 
Rs. 1.49 lakh previously) and Rs. 84,000 for small scale units (Rs. 1.34 lakh previously).  
 
The bottled water industry has never been so organised. Bisleri, which has virtually become 
generic for mineral water, today faces threats from the flood of new players. Right now it has the 
lion's share of the market, more than 50 per cent. The next is Coca Cola's Kinley with a distant 
10 per cent. The market which is growing at about 70 per cent per annum, has been witnessing a 
lot of activities for the last few years, with a number of big players (multinationals) like Coca 
Cola, Nestle, et cetera entering the fray.  HLL, Britannia and Manikchand among others are 
waiting on the wings, and the market is expected to witness more churning in the near future. 
"The day is not far when water will cost even more than milk", BIS official Chandra 
prognosticates.  
 
If there is a winner in this war of waters, it is the customer. "This will ensure that the consumer 
gets the best quality," says Jolly. Chauhan has his task cut out if he wants to maintain the 
supremacy of Bisleri. With bottled water becoming all about branding, it seems that the next 
battleground after the cola wars will be H2O. And unless the players shape up, they face a 
watery grave.  The tables show the comparative consumption of bottled water in few selected 
countries and the growth of bottled water trade in India. It clearly shows that the real growth in 
bottled water trade has really picked up in last four years - from 60 million litres in 1997 to 120 
million litres in 1998 to 324 million litres in 1999 and reached an all time high 1,000 million 
litres in 2000.   
  
  
  
1133..77  WWoorrlldd  BBaannkk''ss  SSWWAAJJAALL  PPrroojjeecctt  iinn  UUttttaarraakkhhaanndd 
So far the main thrust of trade in water has been on the mineral water but things are likely to 
change soon. The World Bank in the name of 'community driven development' has launched a 
SWAJAL Project in Uttarakhand and Bundelkhand of UP at the cost of US $ 71 million 
covering 1,000 villages, with a population of 1.2 million.3399 The project duration is from 1996 to 
2002. It is the first direct intervention of World Bank in rural supply schemes. The aims of the 
project have been stated as:  
1. To deliver sustainable health and hygiene benefits to rural population through improvement 

in water supply and environmental sanitation services.  
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2. Promote the long-term sustainability of rural water supply and sanitation sector, by 
providing assistance to UP Government to identify and implement an appropriate policy 
framework and strategic plan.  

3. Testing and validating an alternative service delivery mechanism.  
 
Witnessing the experiences in other countries, by the words 'appropriate policy framework' and 
'strategic plan', we can extrapolate that they involve increase in the charges from the consumers 
and prepare a suitable policy framework and legal background for it. The project is being 
implemented in four stages: 90 villages in Batch 1, another 260 villages in Batch 2 and 325 each 
in Batch 3 and 4. The project commenced in the midle of May 1996 and in May 2000, has about 
130 villages in the O & M stage, about 270 village ongoing construction and about 650 in the 
planning phase. The rationale of working through field-based NGOs, is justified by the World 
Bank by concluding that UP Jal Nigam has no experience or capacity to implement a community 
driven, demand responsive approach in rural water supply and Panchayati Raj Institutions were 
quite feudal.4400  The villagers will have to bear the cost and return it on a monthly house-hold 
basis.4411 
 
The grant of the project is justified by saying that the rural population of UP receives less than 
40 litres of water per capita (minimum the Government of India's prescribed basic service level), 
only 2.5 per cent of rural populace use latrines and one-third of the public utilities are 
unfunctional.4422  Since the project is presently underway, it is difficult to make an assessment. 
But there have been strong protests against it in hilly areas and many of the villages have refused 
to participate in it.         
  
1133..88  SSaaffee  DDrriinnkkiinngg  WWaatteerr  --  DDeeccllaarreedd  AA  FFuunnddaammeennttaall  RRiigghhtt  bbyy  SSuupprreemmee  CCoouurrtt  
A recent development in the Supreme Court may have far reaching implications in this regard. 
The matter was related to an industrial unit named Surana Oils and Derivatives (India) Ltd. This 
industry was located within 10 kilometres of Hyderabad city's Osman Sagar and Himayat Sagar 
lakes, two water reservoirs that are the source of drinking water to some eight million people of 
the city. Location of this industrial unit was contrary to a Union Government's order that 
prohibited operation of any industrial unit within the area. Despite the prohibited order and non-
granting of consent by the state Pollution Control Board, the state government allowed the 
industrial unit to operate in the area. The state government allowed the industrial unit to operate 
in the area. The state government granted a special exemption to the unit simply on the basis of 
an assurance by the unit that it would dispose off its effluents in a safe manner. This was 
challenged in the High Court of Andhra Pradesh, which allowed this polluting industrial unit to 
continue its operation. This Andhra Pradesh High Court verdict was challenged in the Supreme 
Court of India.  
 
The Supreme Court set aside the verdict of the Andhra Pradesh High Court. The Supreme Court 
noted that "Grant of such exemption was without statutory backing and so arbitrary and violative 
of Article 21 of the Constitution. Exercise of such a power in favour of a particular industrial 
unit must be treated as arbitrary and contrary to public interest and in violation of the right to 
clean water under Article 21 of the Constitution". Applying the 'precautionary principle 
approach', the court observed that the mere assurance of the industrial unit that it would safely 
dispose off its effluents is not sufficient.         
 
The Supreme Court of India ruled that clean drinking water is a fundamental right of all citizens. 
The Apex Court said that Article 21 of the Constitution of India, guarantees ‘Right to Life’ and 
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it also includes the ‘Right to Clean Drinking Water’. The Supreme Court specifically said that a 
state is duty-bound to provide clean drinking water.4433 Further, the Apex Court asked the 
Ministry of Law to review the existing environmental laws so that environmental courts could 
be set up for the implementation of the order of Supreme Court. More importantly, the Apex 
Court directed the law commission to explore the legal possibility of involving environmental 
scientists and experts in the ‘Green Courts.’ The Law Commission is the nodal body of the 
government that has the authority to review all the existing laws. 
 
The Supreme Court also quoted 1977 resolution of the United Nations Water Conference that 
pledges access to clean drinking water for everybody, to which India is a signatory. The 
Supreme Court said that today environmental rights are described as "third generation" rights, 
the first and second-generation rights being “political” and “socio-economic” rights respectively.  
Prof. M Y Naydu is a Hyderabad-based retired university Professor and he had filed the case 
against Surana Oils and Derivatives (India) Limited in the Andhra Pradesh High Court. Prof. 
Naydu says, "The verdict restores the prime importance of water and brings into focus the 
ignorance of our politicians and government officials about it”. 
 
The wider ramifications of this Supreme Court verdict revolve around the court's insistence on 
environmental courts and inclusion of environmental scientists and experts in their judgements. 
The Apex Court ruling made it clear that scientific and expert inputs are vital in case of 
environmental-related judgements. This was the only reason that the Supreme Court rejected 
Andhra Pradesh High Court order. The Supreme Court asked three technical institutions, namely 
New Delhi-based National Environmental Appellate Authority, Department of Chemical 
Technology, Bombay University, and Hyderabad-based National Geophysical Research 
Institute, to study the impacts of the industrial unit on the reservoir's water. These institutes 
unanimously stated that the industrial unit might contaminate the reservoirs. The Supreme Court 
said, "Our efforts to get the best scientific evidence have yielded satisfactory results in the sense 
that today we have greater confidence about the correctness of our conclusions”. This aspect is 
important, as often due to lack of scientific knowledge, people do not get access to their rights 
through judicial process.  
 
Earlier the Supreme Court had sought the opinions of various states and universities regarding 
the proposal to set up environmental courts, but the response was poor. Therefore, on the basis 
of a report of Cambridge University's Department of Land Economy, UK, Supreme Court has 
suggested the concept of environmental courts. The report visualises the working of 
environmental courts alongwith the participation of environmental experts and having powers of 
both judicial review and civil procedure. The verdict's main catch is that when there is a dispute 
between individual and community interest, the community should prevail. To solve these 
disputes on common resources like water we need specialised courts, as the verdict suggests.  
The long-term repercussions of this historic Supreme Court judgement will be very interesting to 
watch in the context of fastly changing scenario of water at global level. This judgement has 
come at a time when the state is deeply engaged in discarding its role of a welfare agent. On the 
other hand, since WTO recognises water as a tradable commodity, this judgement may be 
challenged in the Appellate Body of WTO by the multinationals as an obstruction in their trade. 
The wordings of the apex court that "state is duty-bound to supply safe drinking water to all its 
citizens" can be interpreted in WTO by the MNCs/TNCs as being "trade-restrictives. 
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1133..99  WWaatteerr--mmoonnggeerrss  iinn  SSoouutthh  AAssiiaa  
 A. Scarcity of Drinking Water in Nepal 
Since Nepal is only second to Brazil in terms of water resources, one may think that there should 
not be any water crisis in Nepal. But the taps in Nepalese households often remain dry. Several 
efforts have been made to improve the situation but all have been in vain. The foreign money 
pumped in ostensibly to make potable water flow in Nepalese pipes, produced files after files in 
the offices. Billions of dollars have been consumed yet clean drinking water remains a luxury 
for many Nepalese.4444 The World Bank launched its first three projects during 1974-1981, 
followed by many bilateral and multilateral assistance from donors during '91-'94 (Tables 13.2 
& 13.3), for water supply and sanitation but the situation continues to worsen. The government 
is investing 10 billion rupees annually in this sector, yet it has failed to provide water to the 
people. 

 

According to Dr. Binayak Bhadra, former member, National Planning Commission, Nepal, 
"Actually, the issues are confined to the negotiation table only and when they get to the 
implementation level, they fall flat. This is why earlier efforts gave no yields". He indicates at 
another bottleneck, "The donor or multilateral agencies showing concern and providing loan, are 
guided by vested interests and this taxes heavily on people and the country". The Under 
Secretary at Ministry of Physical Planning (MOPP) cites why the government has not been able 
to tap foreign co-operation and admits that "The donor agencies attach tags of tariff increase, 
and if the government does not comply with it, the loan disbursement is less than what is 
committed". He further adds "Because of this reason, the World Bank did not disburse the 
committed loans (fully and timely) in the first three projects".4455 Therein lies the catch: the World 
Bank is promoting water corporations on the globe and failing in its agreed commitment, is an 
example of arm-twisting. 

 

But contrary to this, Secretary MOPP, Dhruba Shrestha says, "Political interference has 
disrupted smooth functioning of Nepal Drinking Water Corporation (NWSC) and this has ruined 
the whole thing. Political decisions overshadow professional decisions. It is because of the 
political interference in the corporation, the World Bank has suggested the government hand 
over the Kathmandu water supply business to the private party on lease". Deputy Director, 
Department of Urban Development and Building Construction adds, "It is actually not the 
shortage of water that led to the scarce but the mismanagement of resource that is hampering the 
situation".4466  

 

The things have come to a level that Pro Public (a non-governmental organisation) has filed two 
petitions in the Supreme Court of Nepal. First, against the NWSC to prevent the supply of 
contaminated drinking water to Kathmandu, Patan and Bhaktpur cities. Second against the 
government's decision to allow dumping of municipal waste on the banks of holy Banhmati river 
(from Guheshwari to Gokarna). 

 

The quality of water being supplied is another matter of grave concern. The water examination 
(1996) of 21 Dhunedharas (stone spouts) in the Kathmandu valley found 79 per cent sources 
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contaminated. The coliform count in per 100-ml water of these sources was found to be 102-
36,600. The result of using this contaminated water is reflected in the public health. Parasite 
Prevention, Control and Blood Grouping Research Centre examined 40,000 students from 244 
schools in the Kathmandu valley and found the presence of one or the other kind of intestinal 
parasite in 73.1 per cent of students. Likewise, out of 100 samples examined by Teku hospital, 
91 samples were found to have had the presence of human excreta.4477   

 
So the aim of the National Water Supply Policy, which states "Water for All by 2002", as 

its principle objective remains a far-fetched idea. 
 
B. Drinking Water in Sri Lanka 
Water resources in Sri Lanka can be categorised into rainwater, rivers and lakes. There are 103 
rivers flowing in a radial pattern from high watersheds. The longest river Mahaweli drains 16 
per cent of island and transports water from the Wet Zone to the Dry Zone. There are primarily 
two monsoons, Southwest monsoon (May-September) and Northeast monsoon (November-
February). 79 per cent of the fresh water from the Wet Zone and 51 per cent from Dry Zone 
escapes into sea. Only 14 per cent of the rural population has access to piped water as compared 
to 75 per cent of the urban population. With rapid increase in urbanisation and industrialisation 
pollution has emerged as a major threat to the limited freshwater resources.4488  

 

Meanwhile the Sri Lankan Government has proposed a National Water Resources Policy,4499  

which states that "all surface and groundwater are owned by the government in partnership with 
water users on behalf of all Sri Lankans". This policy is the result of the on-going privatisation 
as prompted by MNCs and financial institutions. Although the Sri Lankan Minister of Irrigation 
denies that the proposed Water Resources Policy involves the imposition of a water pricing 
mechanism, a careful reading of the proposed law shows otherwise. It is clear that the proposed 
policy will protect the rights of large companies with water entitlements. Small users will be 
charged higher prices for water, electricity and other resources. The same Bechtel Corporation 
that was kicked out from Bolivia has now joined hands with some British investors, and has 
started eyeing South Asia. They were recently in Sri Lanka on a "water Mission", to explore the 
scope of developing joint ventures with the Sri Lankan government.5500  

 
In a nutshell, the emerging global trend with a thrust on commodification of water is an issue of 
grave concern for the entire human community. The ultimate aim of the World Bank-WTO-
MNCs triangle is to control the water resources of globe for individual profits. The WTO 
provides the legal framework for trade in water, World Bank provides a twin impetus to this 
process – by exerting pressures on nations and funding water delivery and supply projects of 
MNCs and MNCs actually undertake the task of privatising water resource.  Water, a naturally 
existing gift of nature should not be allowed to become a prey of multinational greed.  
 
 

*  *  *  *  * 
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1144..  RRoollee  ooff  EEccoo--DDeeggrraaddaattiioonn  iinn  tthhee    
EExxttiinnccttiioonn  ooff  AAnncciieenntt  CCiivviilliissaattiioonn  

  
It is now more or less an established fact of human history that the ancestors of present human 
beings lived in Central Africa about 3-2 million years back. It is equally true that the early 
human beings were closely dependent upon nature in a much more direct and intimate way than 
the later civilised people, since they were totally dependent on natural environment for their 
daily food, drink and shelter. This early man-nature interface presents various dimensions for 
exploration: how the environment has influenced and shaped the evolution of civilisation; 
human attitude towards nature; the impact of contemporary civilisation on environment; and 
vice versa, the impact of environment on human beings; and many more.  
 
As rivers had been free-flowing sources of water, they have been the cradles of civilisation 
round the globe since prehistoric times. The ruins of each civilisation, are surrounded by the far 
larger ruins of an environment, which they desolated at the same time. Great philosopher Plato 
saw evidence of the changes that had occurred not long before. There were buildings in Athens 
with beams fashioned from trees that had grown on hillsides, which by his times were eroded. 
Plato only saw them covered with herbs and he visited shrines once dedicated to the guardian 
spirits of flowing springs which had since dried up.11 Throughout the Mediterranean Basin and 
the adjoining Near East, the ruins of ancient civilisations stand amidst the evidences of depleted 
environment. The remnants left by our own Indus Valley civilisation (Harappan Civilisation) are 
equally replete with a series of ecological disasters - marks of frequent floods, changing course 
of rivers, soil salinity and alkalinity, drying up of rivers, denuded natural resource base, et 
cetera. There is strong evidence to suggest that the Indus Valley civilisation finally came to an 
abrupt end due to an abnormal regimen of over-flooding and sedimentation, product of an 
earthquake. The conclusion seems inescapable that the natural environment has determined the 
course of civilisations. A brief overview of the role of ecological factors in the extinction of few 
known civilisations is given below. 
  

1144..11  TThhee  IInndduuss  VVaalllleeyy  CCiivviilliissaattiioonn  

The alluvial character of the lands in which majority of its settlements flourished and the rivers, 
which created them, corroborates that the Indus Valley civilisation or Harappan civilisation was 
dominantly agrarian. Mohanjodaro, Chanhu-Daro and Kot Diji evolved in the vicinity of the 
Indus; Harappa on the Ravi; Ropar on the banks of Sutlej, and Sandhanwala Ther, Kudwala 
Ther and Kalibangan flourished on Ghaggar/ Hakra. The Harappa centres like Rakhigarhi, 
Banawali and Mitathal were also lying within the drainage system of Saraswati-Drishadvati 
rivers. In Gujarat too, the ancient towns of Rangpur and Lothal were within the settings of 
Bhadar and Sabarmati rivers. The hydrographic history of most of these rivers is strikingly 
analogous.        

 

The sudden demise of the Indus Valley civilisation has remained an enigma till today. The 
commonly held view was that the invading Aryans destroyed this unique existence. The earlier 
proponents of this theory were Archaeologists J. H. Marshall,22,,33 P. R. Deshmukh44, R. E. M. 
Wheeler,55--88 and many others. This hypothesis of ‘external conquest’ came under sharp criticism 
from many archaeologists who labelled so-called genocide as a ‘figment of imagination’ solely 
resting on the finding of a mere 26 bodies99 when viewed in the backdrop of population estimates 
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at various settlements of Harappa civilisation (Table 14.1). The failure in paying credence to this 
view largely rests on the lack of finding ‘Aryan’ people and secondly, any demographic 
disruption in north-western India during and immediately after the decline of Harappan 
civilisation.  1100,,1111   

 

Though E. J. H. Mackay was one of the early believers of natural floods annihilating chalcolithic 
Indus Valley civilisation,1122--1133 these views were more of a conjectural nature. It was in 1956 that 
a satisfactory explanation rooted in scientific evidence was proposed by Sahni.1144,,  1155 
Subsequently, more field evidences were unearthed strongly pointing to the viewpoint that the 
ecological vagaries led to the demise of the civilisation.  

 

Sahni adduced evidence that the Indus Valley civilisation suffered sudden decline owing to 
floods of unprecedented magnitude in which uplift appears to have played an important role. He 
first drew attention to it in his book Man in Evolution. The evidence consists of bedded alluvium 
on Budh Takkar and an important Hillock east of Jhirak (south of Hyderabad, West Pakistan), 
many feet above the present Indus bed. The bedded character of thick alluvium containing 
Planorbis, Viviparus, Lymaea besides unionids, suggests prolonged lacustrine conditions. It is 
presumed that in late Mohanjodaro times but prior to Aryan influx, parts of this area were 
submerged and remained so, long enough for beds of alluvium to be formed.  

 

The manner of the occurrence of alluvium suggests that it cannot be of the nature of an 
aggradational terrace. The floods may have been due to an earthquake causing elevation, 
perhaps at more than one point, which dammed the Indus course, or due to simultaneous floods 
in the Punjab rivers, which ultimately pour into the Indus. Attention is drawn to the ‘Alla Bund’ 
or “Mound of God’. A barrier 50 miles long, 20 miles wide and 10-26 feet formed in Kutoh as 
the result of an earthquake in 1819, when an area of 2,000 square miles was submerged for a 
period of two years.  

 

Furthermore, in 1826, the Indus burst every dam in its course, carved for itself a passage through 
the old channel discharging into Koree creek and overspread the Sind desert. Sahni suggested 
that there were earlier episodes on a larger scale in the destructive history of Indus, the cradle of 
early Indian civilisation. Sahni also discussed the evolution of the Western Indian plains and 
points out its possible connection with the Indus civilisation.      

 

Mohanjodaro itself lies within a critical zone, which narrows into a bottleneck of alluvium 
within which the entire Punjab drainage has to be accommodated. This undoubtedly has had a 
greater influence upon the vagrant character of the Indus, whose course has undergone far-
reaching changes more than once and altered the fortunes of the cities that grew along or in 
proximity to its banks, of which Mohanjodaro was one. Sahni substantiated his hypothesis by his 
own findings of two settlements in Sind. These were buried under thick alluvium, deposited by 
floods.  
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Sahni was the first scholar who postulated that the instability of the Indus river system, which 
led to the submergence of the Harappan sites on the Indus plains, may have been a consequence 
of wider earth movements (today we all know them as plate tectonics). Sahni being a 
palaeontologist did not delve into it and this was left to a hydrologist R. L. Raikes to pick up this 
line and extend investigation in this regard.1166,,  1177,,  1188    The importance of plate tectonics in shaping 
the physical geography and cultural history of north-west India is today well recognised. Though 
there have been criticism of this geological angle,1199 till date it provides the most satisfactory 
explanation on the demise of Harappan civilisation. Raikes further reiterated his conclusion on 
the basis of latter excavations by the Archaeological Survey of India at Kalibangan, a Harappan 
site at the bank of river Ghaggar.  

 

However, the debate on environmental variations and its impact upon the end of the Indus 
civilisation has involved much more than the floodwaters of capricious rivers. The urban 
collapse may have been the consequence not of excessive but insufficient river water in areas 
east of Sind.2200 The drying up of the ‘lost’ river Sarasvati was employed as an evidence of it. The 
exact demarcation of channels of Sarasvati has been done by remote sensing techniques.2211   

 
According to these scientists, palaeo-environmental changes in the north-western subcontinent 
have been caused by climatic, tectonic and anthropogenic factors. Tectonic factors assumed such 
overwhelming importance because the major channels like those of the Sarasvati were 
structurally controlled by en-echelon faults. It was due to this reason that even relatively minor 
tectonic movements caused considerable changes in the configuration of palaeo channels. The 
distribution of the ancient sites was also determined by the vagrancy of these rivers. During the 
4-5 million BL northwestern Rajasthan was a much greener place with the Sarasvati flowing 
through it. Some of the present rivers joined to make Sarasvati a mighty river discharging into 
the sea at Rann of Kutch, without joining the Indus.  
 
Today, we all know that the Himalayas are the only living mountains in the world owing to plate 
tectonic processes. In the last three centuries this has induced changes in the course of many 
rivers originating from Himalayas. For instance, in the last 300 years, river Kosi (Bihar) has 
changed its course at least seven times. As a matter of fact, there is hardly any area in north 
Bihar through which Kosi has not traversed, at one point of time or the other. Another climatic 
theme is that alternating moist and dry climatic phases synchronise with various stages of proto-
historic urbanisation, including its demise.  
 
Yet another clinching evidence of environmentally linked demise of Harappan civilisation 
comes from Lothal, a Harappan port town, situated between Bhogva and Sabarmati rivers. 
Lothal was excavated during 1955-1962.2222 At Lothal, a complete sequence of five phases of 
civilisation have been resurrected and each phase was washed out and submerged by the 
subsequent floods. When phase IV was reconstructed by the then city dwellers, it had already 
lost its urban prosperity. In phase V ‘the town was reduced to the position of an ill-planned 
village lacking essential civic amenities’. 
 
The factor of environmental destruction has also been looked from another angle. Local changes 
in flora and fauna of particular areas can also be brought about by overgrazing and steady 
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consumption of large amounts of charcoal as fuel for brick firing or metallurgy. Walter A. 
Fairservice has systematically argued a hypothesis about environmental changes leading to 
extinction of Indus Valley Civilisation.2233 This hypothesis takes into account the natural 
resources around Mohanjodaro (soil, forests, and pasture) and population, and calculates the 
food-requirements of the estimated population of the city.  
 
Walter Fairservice worked out in detail the population of the various settlements of 
Mohanjodaro, as well as the total workforce engaged in different tasks like cultivators, herders, 
fishermen, non-agricultural workers. He estimated the possible individual daily diet during that 
time and then worked out the yearly food requirement as well as the number of cattle to meet it. 
These figures were then compared with the present day requirements of the same locality.2244 For 
example, following figures were worked out for Mohanjodaro (all estimates are conservative).  

Total area  - 5,500,000 square feet 
Population     - 41,250  
Number of cattle     - 8,755 
Fodder requirement - 41,535 tonnes 

 
He found that the cattle could not have been stalk-fed (there is no evidence that fodder was 
grown in that period), so free grazing would have been necessary. He concluded that the scale of 
free grazing by the cattle entailed a 'formidable assault' on the natural vegetation of the locality, 
leading to the extinction of the civilisation in the Indus Valley. Coupled with it, there was 
another important reason for the massive destruction of environment – brick making kilns. There 
are estimates of as many as 5,000,000 fired bricks at Mohanjodaro. In Sind, a mature tree 
provides enough fuel to fire about 1,000 bricks in modern kilns. This rough ratio suggests a 
drain on available forest resources, even if the estimated total of bricks at Mohanjodaro were 
lowered by two thirds.  
 
So this twin toll on environment, the free grazing by cattle and fuel for kilns, must have been 
ecologically and economically difficult to sustain. The uniform level of plains of northern Sind, 
with denuded native vegetation and land surface eroded by man, cattle and wind, increased the 
active flood zone. On the other hand, growth in numbers of human and cattle, solely dependent 
on a rabi crop, put enormous seasonal stress on environment, eventually leading to abandonment 
of the region, at least most of it.  
 

Many disagree with this postulation. Their argument is that 'climatic change', sensu stricto, is a 
global phenomenon and many Bronze Age Civilisations weathered the environmental crisis, 
without collapse in the early second millennium BC. According to Shirin2255, "The Mesopotamian 
civilisation, in spite of westward shifts of the channels of the Euphrates, soil salinity brought 
about by canal irrigation, repeated invasions and immigrations of pastoralists from the desert; 
retained its language, writing methods, literary forms and texts, pantheon and temple 
architecture, well into the late first millenium BC". 

 
Therefore based on the current knowledge base, it can safely be stated that the Indus 
Civilisation, began, flourished and collapsed during a climatic regime, which was marked by an 
arid climate that, actually, had set in circa 800 years before its efflorescence. Evidence from the 
field strongly points out that the Harappan Civilisation was abandoned, much before the 
invasion of Aryans. 
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1144..22  TThhee  GGrreeeekk  CCiivviilliissaattiioonn    
The dominant Greek attitude towards nature is delight. The flashing sea, the rocky islands, the 
waving forests all made patterns which are reflected in Greek art and celebrated in Greek 
literature. Besides this, Greeks also tried to understand nature rationally not mystically. Thales, 
the first philosopher, came to the conclusion that all things are water while others advanced air, 
fire and Earth as the basic elements. Various sorts of motions were postulated as producing the 
changes that we see in nature. Greeks did not made a rigid distinction between living and non-
living things. For example, Aristotle taught that living and non-living merged one into another 
reality. Leucippus and Democritus believed that the world is purely physical composed of 
indivisible particles called atoms. Greeks believed that environment has greater influence over 
mankind. Aristotle’s teachings about animals are the foundation of much of the western thinking 
about the relationship of mankind to the whole natural environment. Aristotle firmly believed 
that all animals and plants exist to serve mankind. Theophrastus outrightly rejects such a notion.  

 

Hippocrates, father of medicine, also authored the book Airs, Waters and Places which points 
out the importance of environment in the cause, diagnosis and treatment of illness. By knowing 
the climate, exposure and quality of the water in a place, Hippocrates said a physician should 
know what disease to expect among the people living there and could suggest changes which 
might help to heal his patients.       

 
Impact of Greek Civilisation on Environment 
One of the most striking effects on nature in Greece was the removal of the forests, and this 
occurred primarily in the Classical and Hellenistic periods between 600 and 200 BC. The 
excessive use of timber in fuel-wood was primarily responsible for it. Wood was essential for all 
kinds of construction. Forest fires were the major source of forest destruction. The wooden 
rafters even supported the marble temples. Shepherds, for the purpose of clearing grazing 
grounds, forest on fires purpose. In dry Mediterranean climate natural regeneration of forest is 
slow and grazing made it almost impossible. Once the land was bare of trees, the torrential rains 
of the Mediterranean fall, winter and spring washed away the loosened topsoil, causing massive 
erosion.  

 

Since the heroes of Homer were meat-eaters, hunting was at its peak in the forest. Lions and 
leopards were exported from Greece and coastal Asia Minor and by the end of Hellenistic age 
their number became almost negligible. Wolves and jackals were rarely seen in the mountains. 
Most of the birds became extinct. So by the time of the Golden Age of Greece, meat was rarely 
eaten except on religious days of sacrifice. So the Greeks became heavily dependent on seafood 
for the protein intake.  

 

The ancient Greeks were industrious miners and in many cases completely worked out ore-
bodies at the level of technology they were capable of, a level which was surprisingly high and 
efficient, considering its date. Mining and quarrying were major activities of Greeks and had a 
widespread and noticeable effect on the Greek landscape. Marble, limestone, conglomerate and 
granite were quarried from the mountains. Herodotus remarked that gold mining on Thasos had 
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thrown a whole mountain upside down and the scars left by those operations are still visible 
today, although many of them are being obliterated rapidly by larger modern projects. The 
mines released toxic elements, hitherto trapped in the subsurface, into rivers and soils and spread 
pollution and finally entering the food chain of the Greeks. Drinking water quality deteriorated 
and miners and poor were the worst affected.  

 
The most consistent and widespread force of environmental degradation in ancient 

Greece was grazing and browsing of domestic animals, mostly sheep and goats, as they supplied 
meat, milk, leather and wool. They were the most destructive from environmental point of view, 
as they eat grass and other smaller plants right down to the roots while their sharp hooves churn 
up the soil. Together these two disparate animals stripped a hillside bare, exposing it to erosion, 
driving away competing wildlife and forcing the whole ecosystem to regress down the scale of 
succession and energy. Four-fifths of the land area, unsuitable for cultivation, was used as 
pastures. Ultimately there was severe overgrazing throughout Greece.  
 

The joint impact of eco-degradation due to mining, quarrying and overgrazing caused adverse 
impacts on the ecosystem and agriculture, a major economic activity, suffered. But Greeks were 
efficient farmers and used the mineral fertilisers and nitrates around 400 BC. They knew crop 
rotation and made best use of it. They used irrigation and preferred wells. They knew how to 
treat the soil and guard its productivity. Population pressure on the available land caused the 
great colonial expansion of the Greeks from the eighth to fifth centuries B. C. In colonies, land 
was apportioned by the city government. Laws governed the sale and transfer of agricultural 
land to discourage alienation.  

 

The existence of air pollution in Greek cities is undeniable. Countless cooking fires, charcoal 
fires to heat rooms, smoke from metal-workings and pottery firing, and above all the ubiquitous 
dust. The Hellenistic Age was a period of rapid urbanisation. Great new capitals like Alexandria, 
Antioch and Pergamum were constructed with larger buildings, temples and public places, 
creating more pressure for raw materials and leading to more environmental destruction. Cities 
were built in a rectilinear pattern.   

 

Finally, military actions affected the natural environment greatly. Wars were common in Greece 
and were waged against the homes, crops and resources of the enemy as well as his armies and 
navies. Homer spoke of warriors polluting the earth and the rivers with dead bodies and blood. 
Wars created demands for raw material, wasted skilled farmers, reduced people to slavery and 
destroyed entire cities. In the end this became the major reason of their extinction, as its effects 
on nature were widespread and devastating.  

 
The cumulative result of massive destruction of environment at all fronts led to a many fold 
socio-economic crisis that eventually became the root-cause in the collapse of Greek civilisation.  
  
1144..33  TThhee  RRoommaann  CCiivviilliissaattiioonn    
The Romans generally believed that the world is here for human use and proceeded to explore 
uses for its various components. Though they called Earth as mater terra (mother of all), it never 
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stopped them exploiting it to the limits. No other ancient people imposed rigrous and artificial 
structures on land, a geometric system of dividing the land into a check-board of equal size as 
the Romans. It is manifested in their agricultural fields as well as in urban centres.  
 
Eco-degradation due to Roman Civilisation 
Massive deforestation was one of the most widespread and noticeable changes made on the 
natural environment by the Romans. The rate of deforestation was higher in eastern 
Mediterranean basin and slower in northern and western parts where rainfall was greater. 
Primarily tonnes of wood was consumed in road-making, which had to be re-laid in a few years 
after the wear and tear. Shipbuilding used large amounts of forest products including wood and 
pitch. More wood was required for military operations on land. Wood was also a primary source 
of fuel and an equally important component in house construction. Herdsmen, farmers and 
soldiers also set fires deliberately for their own purposes. As the lumber trade was very 
important to the military, the Roman government promoted and regulated it. All these activities 
ensured that deforestation in most of Italy and the Roman province was permanent. Many 
perennial springs and smaller perennial streams permanently dried up.  
 
Romans viewed forests as a non-renewable resource, handing them over to publicans of the 
equestrian class for exploitation. Syndicates were formed to strip the forests from the hills and 
sell the timber for profits as fast as possible. Though the first few crops after forest felling were 
bumper crops, due to richness of minerals and humus content, subsequently due to soil erosion 
the land became poor and unproductive in the end.  
 
The porous limestone soils common in the region do not recover well from deforestation. After 
the stripping of the natural vegetal umbrella, rapid erosion followed through the short but 
torrential Mediterranean rainstorms. The most significant result of deforestation was flash 
floods. The low-lying areas of Rome suffered severe floods from time to time. It led to the 
evolution of underground drainage by the Romans. Siltation of the lowlands, lakes and the 
Mediterranean seashores gave birth to new marshes greatly altering the coastlines. In many cases 
coastlines were pushed many miles farther out to the sea. This had severe adverse impact on 
many port cities like Paestum, Ostia and Ravenna. The evolution of marshlands introduced 
Malaria circa second century BC. It soon became a widespread disease probably from Greece.  
 
Another important feature of the Roman Civilisation was hunting. The number of animals killed 
are phenomenal, rising to hundreds in a single day. Augustus had 3,500 animals killed in 26 
venationes. At the dedication of the Colosseum under Titus, 9,000 animals were destroyed in 
100 days. Trojan’s conquest over Dacia was celebrated by the slaughter of 11,000 wild animals. 
Not only were Romans killing their own animals, but were always importing animals from far 
off places like Europe, Africa and Asia, as far off as India and even Thailand.  
 
The result of the Roman onslaught on wild life was so acute that it caused extinction of larger 
mammals, reptiles and birds from the accessible areas. Romans themselves took pride in it by 
stating that they were removing dangers to men and his agriculture. The continued demand of 
wild life in Rome, also caused  the extinction of wild life in far off places – elephants, 
rhinoceros and zebra became extinct in north Africa, hippopotamus in lower Nile, tiger in north 
Iran and lions from Thessaly, Asia Minor and parts of Syria.      
 
Quarrying and mining were the other two activities leading to destruction of natural 
environment.  Quarrying for the cast building projects of the Roman Empire – public and private 
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buildings, forts, temples, walls, roads, military fortifications – were carried out in ways similar 
to mining and had similar effects. 
 
The Romans used placer mining and hydraulic mining whenever possible and preferred open-pit 
mining than underground mining. Tunnels reinforced with timber or stone supports ran for miles 
and reached depths of about 500 feet. Problems of drainage, air supply and cost made greater 
depths inaccessible. Roman mining had many adverse environmental effects. It caused major 
erosions, removing hillsides and clogging streams. Poisonous substances such as lead, mercury 
and arsenic were mined. Streams diverted through mines or polluted by seepage from these 
mines must have carried poisons downstream and often into the fields, where their waters were 
used for irrigation. The Romans produced far more lead than any other ancient people before 
them and through the smelting process, added measurably to the concentrations of lead 
compounds in the Earth’s atmosphere.  
 
Dr. S. Colum Gilfillan pointed out serious and widespread problems of lead poisoning in Rome. 
He laid particular stress on the use of lead kitchen utensils and the insidiously cumulative and 
long-lasting effects of lead poisoning. Some of the Romans recognised the poisonous properties 
of lead. For example, Lucretius and Vitruvius described the ill-effects suffered by lead miners. 
Vitruvius went on to warn against the use of the leaden pipes in aqueducts. Use of lead pipes for 
domestic water supply to areas inhibited by elite was common, as lead adds a sweat tint to the 
water.         
 
Agriculture was the most important and widespread activity. Despite considerable urban 
development of the Roman Empire, Rome always remained a basically agrarian society. 
Majority of the Roman people was employed in agriculture. The Roman agriculture was divided 
into two major activities - stock raising and agriculture per se. Agriculture was affected by a 
number of factors – vitality of soil, availability of water, health of the cattle, deforestation and 
grass cover. Earlier agriculture was simple with small land holdings but with the geographical 
expansion of the Roman Empire, Italy became a major importer of food and related items – 
wheat from Egypt, olive groves from North Africa, wine from Gaul and Germany et cetera. 
Subsequently, farming evolved considerably within the limitations of the Mediterranean 
environment. Specialised plantations of grains, olives, fruits trees, vineyards, vegetables, 
flowers, milk, poultry, et cetera. 
 
Roman farmers knew several methods of retaining and restoring soil fertility like crop rotation- 
growing legumes after a grain crop, letting a field lie fallow in alternate years and repeatedly 
ploughing it, and a three-fold system of grain-legume-fallow was the most practiced one. Roman 
works for irrigation and drainage was deservedly famous. Though Etruscans and Cartheginians 
were first to build dams, canals, tunnels and aqueducts, Roman induced significant 
improvements in these structures. Romans developed water diversion and control to a far greater 
extent. Romans used different aqueducts – one for clear waters (drinking water) and other for 
turbid waters (for irrigation). Romans did not seem to be much aware of problems of alkalinity 
and salinity and its causes. All the water control and distribution systems were constructed by 
the state, which had stringent laws to protect them. Theft of water and pollution of the aqueducts 
were severely punishable. Roman government took measures to control erosion on agricultural 
lands, nevertheless erosion continued, owing to reasons mentioned above.  
 
The cities developed by Romans again bear the same rectangular pattern, like their agricultural 
fields. They have a similar plan everywhere, basically square or almost square in shape. These 



199 
 

were surrounded by fortified walls, which were pierced by four gates, one each on the four sides. 
Two major roads connected the gates on opposite sides and met each the other at right angles in 
the enclosed space. The other roads ran parallel to these main roads and divided the city into 
rectangular blocks. Though population figures are not available but archaeological evidence 
suggests Rome had a population of 1,200,000 in the second century AD. Homer has expressed 
worries about the suburban sprawl of the town in his writings.  
 
Overcrowding in all the major cities resulted in the choking of transportation and pedestrians 
were often the victims. Eventually, Julius Caesar promulgated a municipal law prohibiting all 
wheeled vehicles in Rome between sunrise and two hours before sunset except for essential 
public services. Noise pollution also crossed all the limits. Juvenal and other writers comment 
bitterly on the level of noise pollution in the then Rome generated from various different 
sources. These sources were - traffic, industrial activities, building and wrecking, shouts of 
drivers and salesmen, all kinds of horns on chariots, excessive use of musical instruments during 
functions (public, individual and religious) and even schoolchildren reciting their lessons in 
unison at the top of their voices. 
 
Finally, the mighty Roman military too played a crucial role in the subjugation of the 
environment, alongwith people in the vast provinces added to the Empire. The army was kept 
equally active in times of peace as during the war. Vast stretches of land were allocated to army 
and its sale/purchase was legally prohibited, they remained under state-control. Military 
activities took a heavy toll on environment. The historian Tacitus has a British chieftain say of 
the Romans, “They make a desert and call it peace”. This one sentence tells everything about the 
destructive powers of Roman army vis-à-vis environment. 
 
Ecology and the Fall of Roman Empire 
It is obvious that the Romans placed too great a demand on environment and their attitude 
towards nature – to conquer rather than live harmoniously – was the basic reason for it. The 
Romans were the first people to use nature as ‘slave’ and tried to make this slave work beyond 
its endurance. Ironically the admirable achievements of Romans are those very things which 
accelerated loss of its natural resource base, ensuring the fall of Roman Empire. The raw 
materials required for vast structures created by Romans led to denudation of large tracts of 
forested lands, accelerating rate of erosion many times, killing the springs and smaller perennial 
rivers, altering the hydrography of the area and local climate. Global climatic reasons have also 
been employed to explain the fall of Romans. Like, the sea level at present is much higher than 
it was in classic Greek and Roman times. It should be emphasised here that that these long term 
changes in climate during historical periods in middle latitudes have not been catastrophic or of 
severe magnitude. It is equally important to note that the fall of the Roman Empire too occurred 
during a warm dry phase.  
 
Outbreak of communicable disease like ‘plague’ too took its toll. During the reign of Marcus 
Aurelius, a plague exploded in Rome wiping one third of its population in some areas. In Rome 
there was no respite in generations after AD 180. With the advancements made by Romans in 
‘water sciences’, malaria also made its presence felt in the Roman Empire. Though usually 
malaria was not fatal, it did help to weaken the Empire by sapping the energy of its citizens.    
Massive deforestation had widespread effects since it adversely affected wind, temperature, 
humidity, rainfall in the deforested areas. Wind and water erosion accelerated over millions of 
acres. Exhaustion of metal sources due to closure of mines (at the then level of technology) 
became a major problem, especially gold and silver, which were mainstays of Roman coinage. 
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In lieu of imports of silk, ivory, spices and other luxuries from China, India, Southeast Asia, 
Arabia and East Africa, the Roman had only gold and silver to offer. So the balance of trade was 
certainly not in their favour. Search for newer sources of metals further accelerated the rate of 
environmental deterioration.  
 
Lead poisoning was one of the major environmental causes in the fall of Romans. The upper 
class and the intelligentsia of Rome was particularly exposed to lead poisoning in the forms of 
utensils, dishes, cooking pots and jams and sweatness containing high concentrations of lead 
compounds. The effects of lead poisoning including interference with reproduction, physical 
weakness and dulling of the intellectual faculties were cumulative and long lasting. Though this 
could not be the singular factor in the fall of Romans. If Roman technology provided the 
population in general with debilitating industrial poisons through the aqueducts, in their diets, in 
the atmosphere and in the commonly handled objects of daily life, this in itself could be shown 
to be a cause contributing to the fall of Roman Empire.  
 
Overgrazing was another widespread force of environmental destruction. Large areas from 
forests and croplands were converted for this. Overgrazing hastened deforestation and made it 
permanent through clearing, the use of fire and destruction of tree seedlings by grazing animals. 
And with overgrazing followed serious erosion. The severity of the impact can be understood 
from the fact that the some of the areas cleared by ancient Romans are lying barren in Italy even 
today. Soil exhaustion of arable lands led to the failure of Roman agriculture and eventually its 
fall. A chronic food shortage seems to have resulted in a declining population for the Roman 
Empire during most periods after second century AD.  
 
The failure of the Romans in relationship to nature was also a failure in understanding. One 
merely needs to turn to the Natural History of Pliny the Elder to see the misconceptions and 
myths about the Earth, animals and plants that misled the Romans. And Pliny belonged to the 
most enlightened people of the then society. Obviously, the fall of Roman civilisation was a 
complex phenomenon that cannot be attributed to a single cause. Ecological failures interacted 
with the then prevailing social, political and economic forces to ensure the disappearance of vast 
Roman Empire or its change beyond recognition. The Roman’s failure to adapt their society and 
economy to the natural environment synchronous with nature is one of the vital causes in decline 
and fall of Roman civilisation. Deforestation, soil erosion, epidemic, pollution, salinity, 
agricultural failure, trade imbalance, military anarchy in third century and dynastic wars of the 
fourth century and many more factors played a crucial role in the fall of Romans.  
(Sections on Greek and Roman Civilisations are excerpted from Ecology in Ancient 
Civilisation)2277  
  
  
1144..44  AAnncciieenntt  RRoooottss  ooff  CCoonntteemmppoorraarryy  EEccoollooggiiccaall  CCrriissiiss  
Our present civilisation could come into existence as the nature, extent and magnitude of the 
damages done by the earlier civilisations was on a limited scale. But the advancements made in 
science and technology today have provided us with tools which enable us to induce changes at 
a global level and thus severely damage the whole Earth in every possible respect - 
biotechnology, pollution, nuclear arsenal et cetera. We are not only changing the chemistry of 
water, but also altering the composition of the atmosphere, playing with the life at its basic 
genetic level thus modifying the plant life, and have even begun human cloning, without 
bothering about the long-term consequences of these actions. Resultantly, toxic chemicals have 
entered the food chain, air is thickly polluted, urbanisation and population is at its peak, glaciers 
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are melting, global temperature is increasing, monsoon patterns are slowly changing, sea level is 
expected to rise, and many other things are happening. 
 
Lynn White traced modern western attitudes towards nature back to the middle ages, which in 
its own turn had ancient roots.2288 Greece and Rome as well as Judaism and Christianity helped to 
form our habitual ways of thinking about nature. It is crystal clear that our modern ecological 
crisis is the result of our attitudes towards nature that has to be conquered, used and dominated, 
without evaluating the resultant consequences to mankind and Earth. In the earlier history of 
humanity, nature was considered as sacred, something mythical, something to be feared.   
 
The marked departure in the approach of humanity towards nature began with Greek civilisation, 
which insisted on the ability of the human mind to discover to discover the truth about nature by 
applying reason. So environment became an object of thought and rational analysis. From there 
it did not take too long for Romans to adopt an approach towards nature to ‘dominate, use and 
conquer.’ This shift in the humankind’s approach towards nature is at the crux of our global 
environmental crisis. Today the process of dominating the Earth is seen as a profitable venture 
seeking economic benefits.  
 
Despite the fact that more human beings were killed in 20th century, we call ourselves a civilised 
society – the global village. So we have various international platforms for chalking out 
strategies to deal with global environmental problems. There, each nation has its own well-
defined position to protect its own interests at the cost of global environmental deterioration. 
Obviously we have not learnt any lessons from the mistakes of earlier civilisations. If we cannot 
conceive, formulate and implement the policies in congruence with nature then we should 
prepare to go to our doom collectively, as the writing on the wall is staring at us.   
 
 

**    **    **    **    **  
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1155..  WWhhaatt  NNeeeeddss  ttoo  bbee  DDoonnee  

 
Water is an inseparable and integral component of environment and the development in the field 
of water can not be isolated from the overall environmental framework. Hence it is essential that 
the major trends in the field of environment be reviewed briefly in order to get a holistic picture.  
 
In the last four decades, there has been an increased awareness among the general masses 
regarding deteriorating environment at a global level. This understanding is a direct result of 
adverse impact of depleting environment on the human population. The explosive revolution in 
the field of communication has been an important factor in generating and spreading mass 
awareness about environmental issues. It would be relevant here to look back at some important 
developments in this regard over the last four decades.  
  
1155..11  GGrroowwiinngg  CCoonncceerrnnss  OOvveerr  DDeetteerriioorraattiinngg  GGlloobbaall  EEnnvviirroonnmmeenntt  ––  AA  SSuummmmaarryy  
In the year 1962, publication of Silent Spring11 was instrumental in raising the level of 
environmental awareness among the masses. Yet the first comprehensive attempt to analyse the 
inter-linkages between economy, society and environment was made by Club of Rome 
culminating in the publication Limits to Growth22 which now constitutes the foundation of our 
environmental thoughts. It concluded that: 
1. If the present growth trends in world population, industrialisation, food production and 

resource depletion continue unchanged, the limits to growth on this planet will be reached 
sometime within the next 100 years. The most probable result will be a rather sudden and 
uncontrollable decline in both population and industrial capacity.  

2. It is possible to alter these growth trends and to establish a condition of ecological and 
economic stability that is sustainable far into the future. The state of global equilibrium 
could be designed so that the basic needs of each person on Earth are satisfied and each 
person has an equal opportunity to realise his equal potential. 

3. If the world's people decide to strive for the second outcome rather than the first, the sooner 
they begin working to attain it, the greater will be their chances of success.  

 
Though there has been severe criticism of the inferences based on simplistic modeling, dubbing 
it outrightly pessimistic, as late as in 199533 but it has served its purpose, that is, to generate a 
global debate centered on these issues. Subsequently, during the 1970s and 1980s, the decades 
of Cold War, the focus shifted to international security. It was in the dying stages of the Cold 
War that the World Commission on Environment and Development (WCED) presented its 
highly influential report, Our Common Future,44 to the UN General Assembly in 1987, popularly 
known as Brundtland Report. Its significance for the West is that it introduced the concept of 
sustainable development. It defined sustainable development as "development that meets the 
needs of present without compromising the ability of future generations to meet their own 
needs". Brundtland's interpretation of sustainable development emphasises the links between 
environmental degradation and patterns of economic development and argues that environmental 
and development policies must be integrated in all nations.  
 
Subsequently, UN Conference on Environment & Development (UNCED), held in Rio in June 
1992, was unprecedented for an international event - 176 national delegations attended and the 
levels of media and public attention were quite staggering. A parallel event, the Global Forum, 
attracted some 30,000 NGO representatives from all over the world. Five agreements were 
signed: Rio Declaration, Agenda 21, Declaration on Forest Principles, Convention on Climate 
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Change and Convention on Biological Diversity. The Agenda 21, is considered most positive 
outcome and it contains four sections:  
1. Social and economic dimensions highlights the interconnectedness of environmental 

problems with poverty, health, trade, debt, consumption and population. 
2. Conservation and management of resources for development emphasises the need to manage 

physical resources such as land, seas, energy and wastes to further sustainable development.  
3. Strengthening the role of major social group stresses the need for partnership with women, 

indigenous populations, local authorities, NGOs, workers, trade unions, business and 
industry, scientists and farmers.  

4. Means of implementation discusses the role of governments and non-governmental agencies 
in funding and technological transfer.      

 
However, all this remained lip service and finally the emergence of WTO in 1995, washed away 
all the inroads made on the front of environment during the last three decades. Over the last five 
years, rulings invariably in all the dispute cases delivered by Appellate Body of WTO, trade has 
just thrown away all environmental concerns.  
 
The text in earlier chapters has amply demonstrated that we have completely mis-managed our 
water resources and are not prepared to learn any lessons from history as powers managing the 
global affairs are not prepared to create a just and equitable world. As a result, we are witnessing 
the greatest robbery in the history of humanity, where the natural resources like forest and water 
are in the process of being metamorphosed crudely into a 'tradable commodity.' The natural 
corollary of this process, in future, will be claims on 'air'. The recent overwhelming thrust on 
trade has relegated all the issues of social and environmental concerns to the periphery, erosion 
of national sovereignty and emergence of most powerful quadrate WTO-WB-IMF-TNCs.     
 
Thus, there is an urgent need to not only arrest these trends but revert them back. There are 
several steps which need to be taken, systematically and systemically, in this direction, at 
international, national and local levels, suggested and expressed worldwide, a synthesis of which 
is being presented here.  
 
1155..22  IInntteerrnnaattiioonnaall  DDiimmeennssiioonnss  --  GGrreeeenniinngg  ooff  WWTTOO--WWBB--IIMMFF  &&  CCoorrppoorraattee  LLiiaabbiilliittyy  
The existing global economic order founded on neo-liberal free-market system only underlines 
that there cannot be any equality in an unequal world. The dominant economic paradigm holds 
that the well-being of states is increased as the sphere of free trade is increased and as such is 
sceptical of any environmental regulation, which might inhibit free movement of goods and 
services. The present structure is supported by the economically powerful nations as their 
political power stems largely from their economic dominance.   
 
The current global economic system has its roots in the Bretton Woods Conference held in USA 
in 1944. As the end of Second World War approached, the USA and UK and other nations 
advocated a new world economic order based on free market principles. The Bretton Woods 
system was to be regulated by World Bank, International Monetary Fund and World Trade 
Organisation. From the very beginning, in these bodies, unlike the UN General Assembly, it is 
not 'one member, one vote' policy; rather the representatives of member-nations are appointed 
on the governing board as per the relative economic strength of states.  
 
This spontaneously raises questions as to their neutrality in regulation and their democratic 
legitimacy and accountability. A bigger question mark hangs over the Bretton Woods 
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Institutions' ability to respond to the growing recognition of links between trade, development 
and environmental degradation. The logic of free-market economy permeates the trade rules and 
lending policies of these institutions. This system has given enormous growth only in the 
northern nations and the supposedly trickle down of wealth to the South has not taken place.  
 
The net result of the policies implemented by the Bretton Woods Institutes is reflected in the 
increasing gap between the rich and poor nations which has overgrown dramatically.55  The gap 
between the richest 20 and poorest 20 per cent of world's population has more than doubled in 
the last 30 years. Consequently, there has been strong opposition from the nations of South for 
locating Global Environmental Facility (GEF) in the World Bank, as a fund to assist the 
environmentally sensitive practices should be located in an institution whose practices are seen 
as biased and against their interests.66  
 
But there are major areas of conflict among the North and South over the environmental issues. 
The Northern nations accuse Southern nations of their ever-increasing population, which puts 
additional burden on their inherent limited resources. Whereas the Southern nations accuse 
North of their consumption level and see the accusation over their population as an attempt to 
deflect attention from their consumption levels which are destroying environment and its 
carrying capacity and sustainability. For example, there are great disparities in the carbon per 
capita emission. The USA emits approximately 5.7 tonnes of carbon per person per year, while 
India emits approximately 0.4 tonnes.77  In a similar manner, the fact is highlighted that 85 per 
cent of the world's income is enjoyed by only 23 per cent of the world's population living in the 
north, whereas the other 77 per cent of the population in the South is left with only 23 per cent 
of the wealth.88  
 
Applying pressure over South, on incorporating environmental concerns into their development 
activities is seen as 'eco-colonialism' and this concern is seen as a further attempt created to halt 
development in the South. There is a fundamental disagreement as to the status of tropical 
forests. North's perception to view forests as global commons or 'common heritage of mankind' 
are seen by South as legitimising the North's right to interfere with their management of their 
own resources. The case is similar with biodiversity.  
 
But eventually the weak economic standing, debt crisis and unwritten lending conditions 
overrule the Southern views. This was unabashedly exhibited in the negotiations, which gave 
birth to WTO.99 In such a scenario, there have been proposals that UN must take charge of 
existing unfair trade regime and appoint a committee to monitor the policies and activities of 
WTO. The UN has adequate infrastructure to incorporate environmental concerns in the trade 
regime through UNEP to evolve a working equilibrium between trade and environment, within 
the policy framework. Moreover, there is increasing demand from Southern nations that before 
initiating any new round of negotiations on trade, the impact of the existing regime in the past 
five years be discussed, as it is the Southern nations which have paid a heavy price for 
globalisation.  
 
The role of TNCs has also become very significant. The relative wealth of TNCs brings into 
question the ability of the states to control world capital flows. Their influence is clear when we 
consider that the largest 500 TNCs (which incidentally generate more than half of the 
greenhouse gas produced annually) control about 70 per cent of the world's trade, 80 per cent of 
foreign investment, and 30 per cent of the world's GDP (about US $ 300 billion per anum).1100  

The growing influence of TNCs is evident from the UNCTAD's  World Investment Report 1995, 
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stating that over two-thirds of global transaction in goods and services is taking place either 
within or between TNCs. This means, only one-third of world trade in goods and services 
operates according to free-market-free-trade theories of arms-length transactions.1111  
 
There is an acute need to put some kind of check/restriction on the volatile cross-border capital 
flow, wrecking havoc with a country's economy. The demand has gained currency in the wake 
of Southeast Asian crisis. It was due to this increasing awareness among the concerned citizens 
both from North and South that the nefarious Multilateral Agreement on Investment (MAI) 
failed to come into existence. A number of ways have been suggested but due to the reluctance 
of the North on this issue has not yielded any result yet.  
  
1155..33  NNaattiioonnaall  DDiimmeennssiioonnss  --  MMeeaassuurreess  ttoo  bbee  TTaakkeenn  UUpp 
Since the socio-economic and cultural backgrounds as well the nature, extent and magnitude of 
problems in nations are largely different, there can be no uniformity in the steps to be taken up 
by different nations. For example, the UK has evolved its own Local Agenda 21, through which 
it is practicing environmental democracy and provides for new participatory ideas about 
environmental decision-making.1122  
 
There are various aspects like, high-level corporate commitment to environmental sustainability, 
participation of city councillors, citizens, civil society groups, women and officials in the 
participatory decision-making, resulting in a 'community led regeneration planning'.  Though 
there have been problems but throughout UK many such Local Agenda 21 are functioning and 
have done fairly well (for details kindly see the above reference).  
 
At the national level, In India, there is an urgent need of purifying our rivers, all of which are 
heavily polluted. The tendency to use rivers for flushing industrial, municipal and domestic 
waste must be stopped immediately. Formulation and implementation of strict punitive measures 
for polluting industries should be made norms. The recovery of secondary and tertiary waters 
from the water-based waste must be made compulsory by law. There should be strict distinction 
of water to be used for potable and other purposes and water supply in towns must be based on 
this categorisation, as in the towns of developed nations. Overall, a culture of respecting water 
as a precious resource has to be inculcated among the masses. 
 
From time to time, numerous administrators, planners, specialists, academicians, scientists and 
concerned citizens working in the field have suggested a whole range of corrective steps to be 
taken for rectifying the situation in this regard. Throughout the country, various activists 
engaged in the field, have shown the efficacy of watershed management, which has not only 
withheld the arrival of droughts, but also reclaimed the lost rivers in some cases and resulted in 
all round prosperity of the people. However there is a total lack of political will to overcome the 
western mindset to overcome the problems of drought and floods and to induce required 
administrative reforms with the participation of the concerned people. There is a powerful nexus 
of politicians-engineers-contractors which has vested interests in maintaining status quo in this 
field, as the big projects provide bigger opportunity of corruption. It will be relevant here to list 
some of the important steps to be taken urgently, as suggested by many eminent persons:   
• To arrest the 180 million-hectare metre of rain-water, where it falls.  
• To make irrigation schemes cost-effective, time-effective, socially responsible and 

participatory. 
• To promote alternative and traditional irrigation practices.   
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• To ensure people’s participation in the protection of watershed, catchment, forest et cetera, 
which is the basic ingredient for a healthy replenishment of water. 

• To grant community ownership over the natural resources. For example, the District Level 
Panchayat Committee can be handed over the control of waterbodies and forests at the 
district level.  

• To heavily penalise those responsible for pollution and degradation of the resource base.  
• To strengthen town and municipal laws towards conservation of rivers and water sources.  
• To clean up the rivers and their tributaries on a top priority basis. 
• To frame immediately a people-oriented groundwater legislation in the country 
• To promote artificial recharge of groundwater and its conservation. 
• To make people more sensitive towards the crisis of water, and make them practice what 

they can do at individual and domestic levels. 
• To encourage Panchayats to construct traditional devises of water harvesting.  
  
1155..44  LLooccaall  LLeevveell  --  CCoommmmuunniittyy  EEmmppoowweerrmmeenntt  tthhrroouugghh  TThheeiirr  RRiigghhttss  oovveerr  NNaattuurraall  
RReessoouurrcceess  
In India the problems are different. Environment is not only an academic issue but is intricately 
linked with the survival of rural and forest dweller population as its resource base is their 
lifeline. There are adequate mechanism for grassroot democracy, through Panchayats, but they 
need to be strengthened and the rights over the natural resources must be transferred to 
Panchayats, if they need to be conserved and utilised in a sustainable manner. Similarly, there 
are special constitutional provisions for tribal areas and the similar rights be handed over to 
them. Mobilising masses for such act is a mammoth task as the state will not like to lose such a 
milking cow for its empty coffers.  
 
However, the issues related with water are highly complex and can not be seen in total 
exclusion. It is related with industrial policy, agricultural policy, urban water supply, power 
generation policy, conservation practices, just and equal distribution of water, specially among 
the downtrodden sections and Dalits and so on and so forth. For example, take the case of 
Udaipur, where marble industry is the main commercial activity. One unit of marble industry 
requires 80 times more water compared to any other industry. So in 1990, a dam was proposed 
on a nearby river, in the name of supplying drinking water to Udaipur town. But the dam also 
involved the submergence of 22 tribal villages and some of the best forests of Rajasthan, leading 
to a direct confrontation among the affected people with the government. Since last one decade, 
owing to a strong peoples' resistance not a single brick has been laid at the site, despite all the 
coercive measures adopted by the government.  
 
Similarly, the sugarcane crops demand intense irrigation and planners aim towards its export for 
foreign exchange earnings, at the cost of the price of people, which are deprived of water. In a 
country, where 70 per cent of total population is victim of malnutrition, it is recently reported 
that 400 tonnes of grains are rotting in government godowns.1133  The national water policy and 
policy for hydel-power generation, more often than not, are in direct conflict with the people. 
The issue of social justice, 'who pays and who gets the benefited' becomes prominent. In a multi-
cultured, multi-lingual society, these add to the pre-existing tensions, for example, the Kaveri 
river dispute between Karnataka and Tamilnadu. Only the greater degree of awareness of rights 
and concerted mass-based action by people can bring a qualitative change in this setup.    
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1155..55  DDeevveellooppiinngg  WWaatteerr  EEtthhiiccss  
It is high time that concerted efforts be made at the global level to immediately stop the 
commodification of water. Access to clean water for basic needs must be incorporated as a 
fundamental human right. Each generation must ensure that the abundance and the quality of 
water are not diminished as a result of its activities. Greater efforts should be made to restore the 
health of the aquatic ecosystems that have already been degraded as well as protect others from 
harm. It has been suggested that the following 10 principles will help in initiating a debate on 
protecting water, from the clutches of MNCs/TNCs.  1144  
• Water belongs to Earth and to all species. 
• Water should be left where it is wherever possible. 
• Water must be conserved for all time. 
• Polluted water must be reclaimed. 
• Water is best-protected in normal watersheds. 
• Water is a public trust to be guarded at and by all levels of government.  
• An adequate supply of clean water is a basic human right.  
• The best advocates for water - local communities and citizens.  
• The public must participate as an equal partner with government to protect water.  
• Economic globalisation policies are not water sustainable. 
  
1155..66  NNeeeedd  ffoorr  aa  GGlloobbaall  SSttrruuggggllee  ffoorr  FFrreesshh  WWaatteerr 
The government of Bolivia was forced to take the loan of World Bank, as stated earlier. Only 
one bid was considered and the utility was turned over to a subsidiary led by Bechtel. In January 
1999, before the company had even hung up its shingle, it announced the doubling of water 
prices. For most Bolivians this meant that water would now cost more than food; for those on 
minimum wages or unemployed, water bills suddenly accounted for close to half their monthly 
budgets. To add insult to injury, the World Bank granted absolute monopolies to private water 
concessionaires, announced its support for full-cost water pricing, pegged the cost of water to 
the American dollar and declared that none of its loan could be used to subsidise the poor for 
water services. All waters, even from community wells, required permits to access, and peasants 
and small farmers even had to buy permits to gather rainwater on their property.1155     
 
The selling of public enterprises such as transportation, electrical utilities and education to 
foreign corporations had caused a heated economic debate in Bolivia. But suddenly, debate 
turned to protest and thousands took to the streets. A general strike and transportation stoppage 
brought the city to a standstill. Polls showed that 90 per cent of the public wanted Bechtel turned 
out.  
 
In early April, President Hugo Banzar, a Pinochet-type dictator during much of the 1970s, 
declared marshal law. Activists were arrested, radio and television programmes were shut down 
in mid-program. A 17-year old boy was killed by police with a gunshot to the face during a 
demonstration. In a showdown with the government, hundreds of thousands of Bolivians 
marched to the street. On April 10, 2000, they won. The Bolivian government kicked Bechtel 
out of the country and revoked its water privatisation legislation.1166     
 
Though the Bolivian story has a happy ending, (at least for now), the struggle continues. Only 
the concerted efforts of peoples' strong action can force their respective governments to halt the 
commodification of water. Otherwise, no piecemeal solution will prevent the collapse of entire 
societies and the ecosystems. 
  

**      **      **      **      **  
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Table 1.1 
State‐wise Distribution of Large Dams 

ABSTRACT 

Source: Dam Safety Directorate, Central Water Commission 

S.
No
. 

State/U.T. Number of Dams Completed During the Period 
Upto 
1900 

1901 to 
1950 

1951 to 
1960 

1961 to 
1970 

1971 to 
1980 

1981 to 
1989 

1990 & 
above 

Year of 
Constructi

on not 
Available 

Under 
Constructi

on 

Total 

1 2 3 4 5 6 7 8 9 10 11 12 

1. Andhra Pradesh 3 24 16 20 18 18 2 57 26 184 

2. Arunachal Pradesh 0 0 0 0 0 0 0 0 1 1 

3. Assam 0 0 0 0 0 2 0 0 1 3 

4. Bihar 1 0 12 6 14 23 0 5 33 94 

5. Goa 5 47 60 76 133 131 8 6 71 537 

6. Gujarat 0 0 0 0 1 4 0 0 2 7 

7. Haryana 0 0 0 0 0 0 0 0 0 0 

8. Himachal Pradesh 0 0 0 1 2 1 0 0 1 5 

9. Jammu & Kashmir 0 0 0 0 2 2 0 3 2 9 

10. Karnataka 6 16 11 35 45 40 0 35 28 216 

11. Kerala 0 1 4 16 7 5 0 5 16 54 

12. Madhya Pradesh 1 86 39 81 256 397 77 9 147 1093 

13. Maharashtra 16 35 25 146 589 324 10 84 300 1529 

14. Manipur 0 0 0 0 1 0 0 1 3 5 

15. Meghalaya 0 0 1 3 2 0 0 0 1 7 

16. Mizoram 0 0 0 0 0 0 0 0 0 0 

17. Nagaland 0 0 0 0 0 0 0 0 0 0 

18. Orissa 0 2 3 5 48 72 0 1 18 149 

19. Punjab 0 0 1 0 0 0 0 0 1 2 

20. Rajasthan 5 5 30 19 20 16 0 27 4 126 

21. Sikkim 0 0 0 0 0 0 0 0 0 0 

22. Tamil Nadu 1 10 10 24 27 9 0 3 13 97 

23. Tripura 0 0 0 0 1 0 0 0 0 1 

24. Uttar Pradesh 4 25 21 28 19 12 14 0 22 145 

25. West Bengal 0 0 1 1 5 10 5 0 5 27 

 Total 42 251 234 461 1190 1066 116 236 695 4291 
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Table 1.2 
 

Dams being built with Foreign Assistance 
 

S.N.               Project State           Amount               Type of Utilisation upto 
                          Assistance 31.01.2000 

 
    

   
A. World Bank Supported Projects (in US $ million) 
 
1.   Haryana Water Resources  Haryana  258.00  Credit         133.106 
  Consolidation Project     
 
2.  Tamilnadu Water Resource  Tamilnadu  282.00  Credit          78.586 
  Consolidation Project 
 
3.  Orissa Water Resource  Orissa  290.00  Credit       127.631 
  Consolidation Project   
 
4.  Hydrology Project  Multi State  142.00  Credit           35.930 
 
5.  AP III Irrigation Project   Andhra   325.00  Credit/Loan            75.346 
 
6.  AP Economic  Andhra  142.00  Credit/Loan              30.00 
  Restructuring (Irrig.)  Pradesh 
 
Assistance from European Economic Community (in ECU million) 
 
7.  Tank Irrigation System  Tamilnadu  24.50  Grant                21.955 
 
8.  Minor Irrigation Project  Kerala  11.80  Grant                 2.770 
 
9.  Sidhmukh & Nahar Project  Rajasthan  45.00  Grant                 32.740 
 
10.  Minor Irrigation Project  Orissa  10.70  Grant                  0.465 
 
11.  Tank Rehabilitation Project  Pondicherry  6.65  Grant                  0.000 
 
12.  Saline Reclamation Project  Maharashtra 15.50  Gra                                  0.000 
 
Assistance from Japan (in Yen million) 
 
13.  Modernisation of  Andhra  16049  Loan                           
855.222 
  Kurnool‐Cuddapah Canal 
 
14.  Rajghat Canal Major  Madhya  13222  Loan                         
1189.400 
  Irrigation Project  Pradesh 
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15.  Rengali Irrigation Project  Orissa  7760  Loan                        1703.133 
 
Assistance from Netherlands (in Dfl million) 
 
16.  Community Irrigation Project  Kerala  11.02  Grant                            2.80 
 
17.  AP Groundwater Project  Andhra  37.00  Grant                             2.69 
 
18.  Bundelkhand Integrated  Uttar   3.09  Grant                             1.352 
  Water Resource Project  Pradesh 
 
Assistance from France (in FF million) 
 
19.  Hydroplus Fusegates System  Gujarat  34.74  Loan/Credit   
  on 8 Ungrated Schemes   
 
20.  Groundwater Exploration   Manipur  4.53  Loan/Credit 
  Project in NW Imphal 
 
Assistance from Canada (in C $ million) 
 
21.  Rajasthan Agriculture &  Rajasthan  60.75  Grant                    48.96 
  Drainage Project 
 
Assistance from Germany (in DM million) 
 
22.  Maharashtra Minor Irrigation Maharashtra 45.00  Loan   
  Project 
 
23.  Lift Irrigation Project  Orissa  55.00  Loan                     37.865 
 
Project Completed During the Year 
 
1.  Dam Safety Assurance &   Multi State  92.00                       82.218   
  Rehabilitation Project  
  (World Bank, US $ million) 
 
2.  Water Control System for   Maharashtra 15.50                       11.70 
  Diversification of Crops 
  (EEC in ECU million) 
 
3.  Upper Indravati Irrigation  Orissa  3744                    3599.83 
  Project (OECF, Japan, in Yen million) 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Source: Ministry of Water Resources, Annual Report. 1999‐2000 
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Table 1.3 
Water Resources Potential in River Basins of India  

(Cubic Km.) 

S. 
No
. 

Name of the River Basin  Average 
Annual 
Potential in 
the River 

Estimated 
Utilisable 
Flow 
Excluding 
Ground 
Water 

Present use 
of Surface 
Water (1989) 

Present Stage 
of Utilisation 
in Percentage 

1  2  3 4 5 6 

1.  Indus (upto Border)  73.31 46.00 40.00  87

2.  a) Ganga  525.02 250.00  

b) Brahmaputra, Barak & Others  585.60 24.00  

3.  Godavari  110.54 76.30 38.00  50

4.  Krishna  78.12 58.00 47.00  81

5.  Cauvery  21.36 19.00 18.00  95

6.  Pennar  6.32 6.86 5.00  73

7.  East Flowing Rivers 
between Mahanadi & 
Pennar 

22.52 13.11  

8.  East flowing Rivers 
between Pennar and 
Kanyakumari 

16.46 16.73  

9.  Mahanadi  66.88 49.99 17.00  34

10.  Brahamani & Baitarni  28.48 18.30  

11.  Subernarekha  12.37 6.81  

12.  Sabarmati  3.81 1.93 1.80  93

13.  Mahi  11.02 3.10 2.50  81

14.  West Flowing Rivers of Kutch, 
Saurashtra including Luni 

15.10 14.98  

15.  Narmada  45.64 34.50 8.00  23

16.  Tapi  14.88 14.50  

17.  West Flowing Rivers from 
Tapi to Tadri 

87.41 11.94  

18.  West Flowing Rivers from 
Tadri to Kanya‐Kumari 

113.53 24.27  

19.  Area of Inland drainage in 
Rajasthan desert 

NEG.  

20.  Minor River Basins 
Draining into Bangladesh 
& Burma 

31.00  

  Total  1869.35 690.31  

Source:  1.  Central Water Commission (WM Directorate) 
  2.   Major River Basins of India – An overview, 1989 – Basin Planning & Management Organisation, 

Central Water Commission. 
  3.   Total may not tally due to rounding off. 
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Table 1.4 

Planwise Financial Expenditure on Irrigation 
(Rs. Crores) 

S. 
No. 

Period  Major & 
Medium 

Minor  Comma
nd 
Area 
Develo
pment 

Major & Medium, Minor and 
CAD 

Total Plan 
Expenditu
re in All 
Sectors 

Percent
age of 
Expend 
on 
Irrigati
on to 
Total 

State  Institut
ional 

Total  Total  Comm
ulative 

Average 
per year 

1  2  3  4  5  6  7  8  9  10  11  12 
1.  First Plan 

(1951‐56) 
376.2  65.6  NEG  65.6  ‐  441.8  441.8  88.4  1960  23 

2.  Second Plan 
(1956‐61) 

380.0  142.2  19.4  161.6  ‐  541.6  983.4  108.3  4672  12 

3.  Third Plan 
(1961‐66) 

576.0  326.1  115.4  441.5  ‐  1017.5  2000.9  203.5  8577  12 

4.  Annual Plans 
(1966‐69) 

429.8  321.3  234.7  556.0  ‐  985.8  2986.7  328.6  6625  15 

5.  Fourth Plan 
(1969‐74) 

1242.3  506.2  661.1  1167.3  ‐  2409.6  5396.3  481.9  15779  15 

6.  Fifth Plan 
(1974‐78) 

2516.2  627.5  798.8  1426.3  147.6  4090.1  9486.4  1022.5  28653  14 

7.  Annual Plans 
(1978‐80) 

2078.6  496.2  480.4  976.6  215.3  3270.5 
12756.

9 
1635.3  22950  14 

8.  Sixth Plan 
(1980‐85) 

7368.8  1979.3  1437.6  3416.9  743.1  11528.8 
24285.

7 
2305.8  109292  11 

9.  Seventh Plan 
(1985‐90) 

11107.3  3131.9  3061.0  6192.9  1447.5  18747.7 
43033.

4 
3749.5  218730  9 

10.  Annual Plan 
(1990‐91) 

2634.8  812.2  675.6  1487.8  285.6  4408.2 
47441.

6 
4408.2  58369  8 

11.  Annual Plan 
(1991‐92) 

2824.0  844.1  674.0  1518.1  333.8  4675.9 
52117.

5 
4675.9  64751  7 

12.  Eighth 
Plan 
(1992‐
97) 
(Outlay) 

22414.5  5977.3  5119.0  11096.3  2510.1  36020.9 
88138.

4 
7204.2  434100  8 

13.  Annual Plan 
(1992‐93) 

3047.1  994.6  811.5  1806.1  322.8  5176.0 
57293.

5 
5176.0  72852  7 

14.  Annual Plan 
1993‐94 

3571.4  1048.3  875.6  1923.9  374.9  5870.2 
63163.

7 
5870.2  88081  7 

15.  Annual Plan 
1994‐95 

4159.1  1185.2  1003.5  2188.7  422.1  6769.9 
69933.

6 
6769.9  106204  6 

16.  Annual Plan 
1995‐96 
(Anticipated) 

4499.6  1216.8  883.9  2100.7  437.3  7037.6 
76971.

2 
7037.6  119898  6 

17.  Annual Plan 
1996‐97 
(Target) 

7081.3  1716.4  1440.0  3156.4  506.1  10743.8 
87715.

0 
10743.8  144798  7 

Source:   Central Water Commission (P&P Directorate) 
‐ Ministry of Water Resources (Minor Irrigation Division) and Planning Commission (I&CAD Division) 
Note:  Totals may not tally due to rounding off. 



215 
 

Table 1.5 
Planwise Irrigation Potential Created and Utilised in India (Cumulative) 

(Thousand Hectares) 
S. No. Period Major & 

Medium 
Irrigation 

Minor Irrigation Irrigation 
(Major, 

Medium & 
Minor) 

Percentag
e 
Utilisation 

Gross Area 
Irrigated as 
per Land 

Use 
Statistics 

Surface Water Surface Water Ground Water Total 

P U P U P U P U P U   
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1. Pre-plan (upto 1951) 9705 9705 6401 6401 6500 6500 12901 12901 22606 22606 100.00 22563 
2. First Plan (1951-56) 12191 10985           
3. Second Plan (1956-61) 14334 13052 6454 6454 8277 8277 14731 14731 29065 27783 95.59 27980 
4. Third Plan (1961-66) 16565 15175           
5. Annual Plans (1966-69) 18095 16751 6512 6512 12508 12508 19020 19020 37115 35771 96.38 35483 
6. Fourth Plans (1969-74) 20703 18688 6962 6962 16438 16438 23400 23400 44103 42088 95.43 40283 
7. Fifth Plan (1974-78) 24717 21163 7500 7500 19800 19800 27300 27300 52017 48463 93017 46080 
8. Annual Plans (1978-80) 26612 22645 8000 8000 22000 22000 30000 30000 56612 52645 92.99 49214 
9a. Sixth Plan (1980-85) – Original 30013 25330 9667 9010 27823 26238 37520 35248 67533 60578 89.70 54529 
9b. Sixth Plan (1980-85) –Reappraised 27695 23574 9697 9010 27823 26238 37520 35248 65215 58822 87.10 54529 
10. Seventh Plan (1985-90) 29920 25467 10986 9968 35619 33152 46605 43120 76525 68587 89.63 61850 
11. Annual Plans (1990-92) 30741 26314 11456 10289 38892 36249 50348 46538 81089 72852 89.84 65097 
12. Eighth Plan (1992-97) (Target) 35829 30567 12984 11391 48076 44506 61060 55897 96889 86464 89.24 N.A. 
13. Annual Plan (1992-93) 31063 26598 11619 10404 40262 37494 51881 47898 82944 74496 89.81 66761 
14. Annual Plan (1993-94) 31493 27021 11778 10513 41506 38579 53283 49093 84776 76114 89.78 67999 
15. Annual Plan (1994-95) 31819 27448 11918 10617 42935 39631 54853 50248 86672 76696 89.64 N.A. 
16. Annual Plan (1995-96) (Anticipated) 32202 27742 12091 10724 44420 40830 56511 51554 88713 79296 89.38 N.A. 
17. Annual Plan (1996-97) (Anticipated) 32696 28201 12248 10823 45885 42052 58133 52876 90829 81077 89.26 N.A. 

Source: Central Water Commission (P & P Directorate), Ministry of Water Resources (Minor Irrigation Division), Planning Commission and Ministry of Agriculture  
 (Directorate of Economics & Statistics) 
 P – Potential Created U– Potential Utilised N.A.: Not Availabe  
Note: 1. Cumulative achievement for VII Plan and onward are based on reappraised figures at the end of VI Plan. 
 2. The figures on gross irrigated area by the Agriculture Departments differ from the figures on irrigation potential utilised given by the Irrigation Department for the     
                                   corresponding years. 
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Table 1.6 
Lag Between NSA (Net Sown Area) and NIA (Net Irrigated Area) 

(Area in Million Hectares) 

S. No  Year 

AREA SOWN Irrigated Area 
Net  Gross Area Sown 

More than 
Once 

Net 
For All 
Crops 

Area Irrigated 
More than 

Once 
Food 
Grains 

All Crops 

1  2  3  4  5 6 7 8  9
1  1950‐51  118.8  97.3 131.9 13.1 20.9 22.6  1.7
2  1951‐52  119.4  97.0 133.2 13.8 21.0 23.2  2.2
3  1952‐53  123.4  102.1 137.7 14.3 21.1 23.3  2.2
4  1953‐54  126.8  109.1 142.5 15.7 21.9 24.4  2.5
5  1954‐55  127.8  107.9 144.1 16.3 22.1 24.9  2.8
6  1955‐56  129.2  110.6 147.3 18.1 22.8 25.6  2.8
7  1956‐57  130.8  111.1 149.5 18.7 22.5 25.7  3.2
8  1957‐58  129.1  109.5 145.8 16.7 23.2 26.6  3.4
9  1958‐59  131.8  114.8 151.6 19.8 23.4 26.9  3.5
10  1959‐60  132.9  115.8 152.8 19.9 24.0 27.4  3.4
11  1960‐61  133.2  115.6 152.8 19.6 24.7 28.0  3.3
12  1961‐62  135.4  117.2 156.2 20.8 24.9 28.5  3.6
13  1962‐63  136.3  117.8 156.8 20.5 25.7 29.4  3.7
14  1963‐64  136.5  117.4 157.0 20.5 25.9 29.7  3.8
15  1964‐65  138.1  118.1 159.2 21.1 26.6 30.7  4.1
16  1965‐66  136.2  115.1 155.3 19.1 26.3 30.9  4.6
17  1966‐67  137.2  115.3 157.3 20.1 26.9 32.7  5.8
18  1967‐68  139.9  121.4 163.7 23.8 27.2 33.2  6.0
19  1968‐69  137.3  120.4 159.5 22.2 29.0 35.5  6.5
20  1969‐70  138.8  123.6 162.3 23.5 30.2 37.0  6.8
21  1970‐71  140.3  124.3 165.8 25.5 31.1 38.2  7.1
22  1971‐72  139.7  122.6 165.2 25.5 31.5 38.4  6.9
23  1972‐73  137.1  119.3 162.1 25.0 31.8 39.0  7.2
24  1973‐74  142.4  126.5 169.9 27.5 32.6 40.3  7.7
25  1974‐75  137.8  121.1 164.2 26.4 33.7 41.7  8.0
26  1975‐76  141.6  128.2 171.3 29.7 34.6 43.4  8.8
27  1976‐77  139.5  124.4 167.3 27.8 35.1 43.5  8.4
28  1977‐78  141.9  127.5 172.2 30.3 36.6 46.1  9.5
29  1978‐79  143.0  129.0 174.8 31.8 38.1 48.3  10.2
30  1979‐80  138.9  125.2 169.6 30.7 38.5 49.2  10.7
31  1980‐81  140.0  126.7 172.6 32.6 38.7 49.8  11.1
32  1981‐82  141.9  129.1 176.8 34.9 40.5 51.4  10.9
33  1982‐83  140.2  125.1 172.8 32.6 40.7 51.8  11.1
34  1983‐84  142.8  131.2 179.6 36.8 42.0 53.8  11.8
35  1984‐85  140.9  126.7 176.3 35.4 42.2 54.5  12.4
36  1985‐86  140.9  128.0 178.5 37.6 41.9 54.3  12.4
37  1986‐87  139.6  127.2 176.4 36.8 42.6 55.8  13.2
38  1987‐88  134.0  119.7 170.1 36.1 42.9 56.1  13.2
39  1988‐89  141.7  127.7 181.1 39.4 45.8 60.5  14.7
40  1989‐90  141.5  126.8 182.2 40.7 46.2 60.5  14.3
41  1990‐91  142.2  128.2 185.9 43.7 47.8 62.5  14.7
42  1991‐92  141.5  122.5 182.2 40.7 49.9 65.1  15.2
43  1992‐93  142.6  125.2 185.6 43.0 50.3 66.8  16.5
44  1993‐94  142.1  124.7 186.4 44.3 51.5 68.4  16.9
Source: Ministry of Agriculture, Directorate of Economics & Statistics 
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Table 2.1 
Groundwater Potential in India – River Basinwise 

(PRO RATA BASIS) 
 

 
Cubic Km./Year 
Source: Central Ground Water Board 
Note: Totals may not tally due to rounding off. 

S. 
No
. 

Name of Basin  Total 
Replenishab
le Ground 
Water 

Resources 

Provision 
for 

Domestic 
Industrial 

and 
other 
uses 

Available 
Ground 
water 

Resource
s for 

Irrigation 

Net 
Draft 

Balance 
Ground Water 

Potential 
available for 
Exploitation 

Level of 
Ground 
Water 

Development
% 

1  2  3  4  5  6  7  8 
1.  Brahmani with Baitarni  4.05 0.61 3.45 0.29 3.15 8.45
2.  Brahmaputra  26.55 3.98 22.56 0.76 21.80 3.37
3.  Cambai Composite  7.19 1.08 6.11 2.45 3.66 40.09
4.  Cauvery  12.30 1.84 10.45 5.78 4.67 55.33
5.  Ganga  170.99 26.03 144.96 48.59 96.37 33.52
6.  Godavari  40.65 9.56 30.99 6.05 24.94 19.53
7.  Indus  26.49 3.05 23.43 18.21 5.22 77.71
8.  Krishna  26.41 5.58 20.83 6.33 14.50 30.39

9. 
Kutch & Saurashtra 
Composite 

11.23 1.74 9.49 4.85 4.79 51.14

10. 
Madras and South 
Tamilnadu 

18.22 2.73 15.49 8.93 6.55 57.68

11.  Mahanadi  16.46 2.47 13.99 0.97 13.02 6.95
12.  Meghna  8.52 1.28 7.24 0.29 6.95 3.94
13.  Narmada  10.83 1.65 9.17 1.99 7.18 21.74
14.  Northeast Composite  18.84 2.83 16.02 2.75 13.26 17.20
15.  Pennar  4.93 0.74 4.19 1.53 2.66 36.60
16.  Subarnrekha  1.82 0.27 1.55 0.15 1.40 9.57
17.  Tapi  8.27 2.34 5.93 1.96 3.97 33.05
18.  Western Ghat  17.69 3.19 14.50 3.22 11.18 22.88
 

Total  431.42 71.08 360.35
115.2

2
245.28 31.97
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Table 2.2 
Groundwater Potential in India – Statewise 

 
Cubic Km./Year 

Sources: Central Ground Water Board 
Note: Totals may not tally due to rounding off 

S. 
No. 

Name of the States/UTs. Total 
Replenishabl
e Ground 
Water 

Resources 

Provision 
for 

Domestic 
Industrial 
and other 

uses 

Available 
Ground 
water 

Resources 
for 

Irrigation 

Net 
Draft 

Balance Ground 
Water Potential 
Available for 
Exploitation 

Level of 
Ground Water 
Development

% 

1  2  3  4 5 6 7  8 
1.  Andhra Pradesh  35.29 5.29 30.00 7.09 22.91 23.64 
2.  Arunachal Pradesh  1.44 0.22 1.22 0.00 1.22 - 
3.  Assam  24.72 3.71 21.01 0.94 20.07 4.48 
4.  Bihar  33.52 5.03 28.49 5.47 23.03 19.19 
5.  Goa  0.22 0.03 0.19 0.02 0.17 8.30 
6.  Gujarat  20.38 3.06 17.32 7.17 10.15 41.45 
7.  Haryana  8.53 1.28 7.25 6.08 1.17 83.88 
8.  Himachal Pradesh  0.37 0.07 0.29 0.05 0.24 18.10 
9.  Jammu & Kshmir  4.43 0.66 3.76 0.05 3.71 1.33 
10.  Karnataka  16.19 2.43 13.76 4.30 9.46 31.26 
11.  Kerala  7.90 1.31 6.59 1.01 5.58 15.28 
12.  Madhya Pradesh  50.89 7.63 43.26 7.13 36.12 16.49 
13.  Maharashtra  37.87 12.40 25.47 7.74 17.73 30.39 
14.  Manipur  3.15 0.47 2.68 Negl. 2.68 Negl. 
15.  Meghalya  0.54 0.08 0.46 0.02 0.44 Negl. 
16.  Mizoram  Not Assessed 
17.  Nagaland  0.72 0.11 0.62 Negl. 0.62 Negl. 
18.  Orissa  20.00 3.00 17.00 1.43 15.57 8.42 
19.  Punjab  18.66 1.87 16.79 15.76 1.03 93.85 
20.  Rajasthan  12.71 1.99 10.71 5.42 5.29 50.63 
21.  Sikkim  Not Assessed 
22.  Tamil Nadu  26.39 3.96 22.43 13.56 8.87 60.44 
23.  Tripura  0.66 0.10 0.56 0.19 0.38 33.43 
24.  Uttar Pradesh  83.82 12.57 71.25 26.84 44.41 37.67 
25.  West Bengal  23.09 3.46 19.63 4.75 14.88 24.18 

  ALL STATES  431.48 70.74 360.74 115.01 245.73 31.88 
      UNION TERRITORIES 
1.  Andaman & Nicobar  Not Assessed 
2.  Chandigarh  0.03 0.03 0.02 0.01 - 
3.  Dadar & Nagar Heve  0.04 0.01 0.03 0.00 0.03 12.81 
4.  Daman & Diu  0.01 Negl. 0.01 0.01 Negl. - 
5.  NCT Delhi  0.29 0.18 0.11 0.12 ‐ - 
6.  Lakshadweep  0.00 ‐ ‐ 0.00 0.00 63.79 
7.  Pondicherry  0.03 0.00 0.02 0.01 0.02 24.34 
     
  ALL UTs.  0.41 0.19 0.21 0.17 0.06 76.19 
  ALL INDIA  431.89 70.93 360.96 115.17 245.79 31.92 
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Table 2.3 

Groundwater Balance in Punjab (1988) 
 

Districts Total 
Annual 

Recharge 

Total 
Annual 

Withdrawal

Groundwat
er Balance 

Groundwat
er Table 

Category 

(All figures are in thousand Hectare Metres) 
Amritsar 148 173 (-) 25 116.89 Danger 
Bhatinda 118 64 54 54.24 Normal 
Sangroor 121 236 (-) 115 195.04 Danger 
Faridkot 199 123 76 61.81 Normal  
Ferozpur 291 162 129 55.67 Normal 
Gurdaspur 131 97 34 74.05 Grey 
Hoshiarpur 76 49 27 64.47 Grey 
Jalandhar 74 156 (-82) 210.81 Danger 
Kapurthala 26 70 (-) 44 269.23 Danger 
Ludhiana 135 205 (-) 77 151.85 Danger 
Patiala 113 249 (-) 136 220.35 Danger 
Ropad 45 25 20 55.56 Normal 
Total 1477 1609 (-) 132 108.94 Danger 
Source: Dr. Surendra Singh, SROTE Features, March 1992 

 
 

Table 2.4 

Groundwater Balance in Punjab (1989) 
 

Districts Total 
Annual 

Recharge 

Total 
Annual 

Withdrawal

Groundwat
er Balance 

Groundwat
er Table 

Category 

(All figures are in thousand Hectare Metres) 
Amritsar 148 168 (-) 20 113.51 Danger 
Bhatinda 160 71 89 44.38 Normal 
Sangroor 138 198 (-) 60 143.48 Danger 
Faridkot 230 144 86 62.61 Normal  
Ferozpur 276 164 112 59.42 Normal 
Gurdaspur 140 74 66 52.86 Normal 
Hoshiarpur 83 45 38 54.22 Normal 
Jalandhar 88 151 (-) 63 171.59 Danger 
Kapurthala 26 76 (-) 50 293.31 Danger 
Ludhiana 142 203 (-) 61 142.96 Danger 
Patiala 132 176 (-) 44 133.33 Normal 
Ropad 48 26 22 54.17 Danger 
Total 1611 1496 115 92.86  
Source: Dr. Surendra Singh, SROTE Features, March 1992   
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Table 2.5 
Districtwise groundwater balance (hectare metres) in Punjab 

District  Recharge 
due to 
rainfall 

Recharge 
due to 
canal 

irrigation 
and 

sewage 
from canal 
system 

Recha
rge 
due 
to 

tubew
ell 

irrigat
ion 

Recharg
e due 
to drain 
river 

sub‐soil 
flow 
from 
high 
water 
table 
areas 

Draft 
due to 
Tube 
wells 

Dug 
wells 

Water 
balance 

Amritsar  107541  74947  22105 473 88102 850  116614
Gurdaspu
r 

126485  50182  14849 14550 59006 391  146668

Hoshiarp
ur 

41380  15861  12634 7661 48232 1809  27495

Kalpurth
ala 

28597  1817  12964 11208 51703 154  2729

Jullundur  48543  19067  26452 18869 10113
7 

4679  702

Ludhiana  24999  45825  22151 5847 85445 1263  12112
Sangrur  39085  56039  22697 ‐ 88870 1921  27030
Ropar  20657  11365  5321 3041 19088 1952  19345
Patiala  76313  48144  30786 5796 12192

0 
1691  37429

Faridkot  43449  97173  13349 ‐ 53306 92  100573
Bhatinda  26731  63688  8567 ‐ 34243 44  64699
Ferozepu
r 

53860  92747  20318 17567 30905 981  102606

Punjab  367640  576855 21219
3 

85120 83195
7 

15828  658002

 
Source: Vandana Shiva, The Violence of Green Revolution, 1991  
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Table 2.6 
 

Overexploitation of Groundwater in Punjab - Block-wise 
 
District   Exploitation of GW      Names of Blocks     

 
1. Amritsar  ‐ Over‐exploited Blocks (> 100%).      1. Patri   2. Gandiwind 3. Raya   4. 
Ajnala 5. Verka 
            6. Tran Taran 7. Khadoor Saheb 8. Valtoha 
            9. Tarsikka 10. Jandisla 11. Bhikhiwind 
‐ Dark Blocks (100 to 85%)                   1. Naushera Panu 
 

2. Jalundhar  ‐ Over‐exploited Blocks (> 100%).               1. Nurmahal 2. Julundhar East 3. Julundhar west 
                                                               4. Banga 5. Shahkot 6. Bhogpur 7. Adampur 8. Nakodar 
                                                                9. Nawan Shehar 10. Phillaur 11. Goraya   12. Aur                                      
3. Kapurthala‐ Over‐exploited Blocks (> 100%).  1. Phagwara 2. Kapurthala 3. Nadala 4. Sudhar 
    5. Samrala 6. Doraha 7. Ludhiana 
  ‐ Dark Blocks (100 to 85%)  1. Sidhwan Bet 2. Machhwara 
 
4. Ludhiana  ‐ Over‐exploited Blocks (> 100%).  1. Pakhowal 2. Jagraon 3. Mangat 4. Sudhar  
    5. Samrala 6. Doraha 7. Ludhiana 
 
5. Rupnagar  ‐ Over‐exploited Blocks (> 100%).  1. Chamkaur Saheb  
 
6. Patiala  ‐ Over‐exploited Blocks (> 100%).  1. Patiala 2. Bhunerheri 3. Nabha 4. Samana 
                                                                           5. Ghanaur 6. Bassi Pathana 7. Rajpura 8. Sirhind 
       
7. Hoshiarpur‐ Over‐exploited Blocks (> 100%).  1. Tanda 
 
8. Bhatinda  ‐ Over‐exploited Blocks (> 100%).  1. Phul (East) 
 
9. Ferozpur   ‐ Dark Blocks (100 to 85%).  1.Ghalkhurd 2. Zira 3. Ferozpur  
 
10. Faridkot ‐ Over‐exploited Blocks (> 100%).  1. Nihal Singh Wala 2. Moga‐I 3. Bagh Purana 
    4. Moga‐II 
 
11. Sangrur  ‐ Over‐exploited Blocks (> 100%).  1. Sangrur 2. Mahalkalan 3. Suran 4. Lehardaga 
      5. Dhuri 6. Barnala 7. Ahmedgarh 8. Malerkotla 
      9. Bhawanigarh 
  ‐ Dark Blocks (100 to 85%).  1. Sehna 
 
12. Guru  ‐ Over‐exploited Blocks (> 100%).  1. Dara Baba Nanak 2. Kalanpur 3. Batala   
            daspur  4. Hargobindpur 
  ‐ Dark Blocks (100 to 85%).  1. Dhariwal 
 
Summary: 12 Districts, 118 Blocks, Over‐exploited Blocks 62, Dark Blocks 8 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Source: Ministry of Water Resources. Annual Report 1999‐2000.  
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Table 2.7 

Distribution of waterlogged areas in different districts of Punjab 
(Water table less than 1.5m June, 1983) 

  District  Waterlogged area lac hectares Percentage in each 

1.   Faridkot  1.12  39.16

2.   Ferozepur 1.02  35.66

3.   Bhatinda  0.32  11.19

4.   Sangrur  0.09  3.15

5.   Amritsar  0.08  2.80

6.   Hoshiarpur  0.07  2.45

7.   Gurdaspur  0.06  2.10

8.   Jalandhar  0.05  1.75

9.   Ludhiana  0.04  1.40

10.   Ropar  0.005  0.17

11.   Patiala  0.005  0.17

12.   Total  2.86 

  Source: Vandana 
Shiva, The Violence 
of Green Revolution, 

1991  
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Table 2.8 
Various Perennial Canal Systems in the Punjab together with Area under Canal and 

Irrigation 
 

  Canal  Date of 
Opening 

Capacity 
as First 
Designed 

(cs.) 

Sec. Maximum 
Capacity 
1921‐22 
(old 

canals) 

Command 
Area 
C.C.A. 

Area 
irrigated 
during 
the year 
1921‐22 
(old 

canals) 
(ha) 

1  Bikaner Canal  1927 2720 77 20 2,83,200  225855
2  Eastern Canal  1938 3200 91 ‐ 1,46,650  165032
3  Western 

Yamuna Canal 
1939‐40 6500 184 256/313  

4  Ferozepur 
Feeder 

1952 11100 315 315  22,865

5  Sirhid Feeder  1952 4760 135 315  3,48,982
6  Makhu Canal  1952 3,24,396  9904
7  Uppwe Bari 

Doab Canal 
(Remodelled) 

1954 6700 190 595 384856 

8  Sirhind Canal 
(Remodelled) 

1954 354  

9  Bist Doab Canal  1954 1601 45 45 2,02,201  91441
10  Nangal Hydel 

Channel 
1954 12500 354 354 ‐  30373

11  Bhakra Canals  1954 18000 510 Including 
Bist 

4 Million 
Doab 

Sirhind 

2.6 
Million 

12  Rajasthan Canal  1954 18500 524 524 27,11,400  590400
13  Western 

Jamuna Canal 
1973 2800 79 184 9,40,674  346163

14  Upper Bari 
Doab 

1859 & 
1873 

5000 142 190 6,08,684  543695

15  Sirhind Canal  1882‐84 6000 170 242 1,84,104  499240
16  Sidhnai Canal  1886‐87 1820 52 52 11,21,540  84747
17  Lower Chenab  1887 & 

1893 
8313 236 308 10,46,320  1036395

18  Lower Jhelum 
Canal 

1901‐02 3800 108 119 5,06,637  359280

19  Upper Chenab 
Canal 

1912 11742 333 138
338 

6,22,360  265245

20  Lower Bari 
Doab Canal 

1915 6750 191 200 5,77,600  402055

21  Upper Jhelum 
Canal 

1915 8380 237 57 2,32,023  145110

22  Lower 
Swa/Canal 

1917‐18 237  
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Table 2.9 
 
State-wise Development of Gross Areas Irrigated from Groundwater 
Schemes  

 
(in thousand hectare) 

State Gross Irrigated 
Area 

Development of gross irrigated area

  1968‐69 1973‐74 1978‐79 1983‐84  1988‐89
   
Andhra Pradesh  622.02 890.34 1214.10 1618.80  2225.85
Assam (including Naga‐
land, Mizoram and 
Arunachal Pradesh) 

– 20.23 80.94 223.05  485.64

Bihar  569.00 809.40 1133.16 1618.80  2225.85
Gujarat  910.98 1173.63 1416.45 1578.33  1618.80
Haryana  547.15 728.46 890.34 971.28  1011.75
Himachal Pradesh  2.02 4.05 10.11 20.23  40.47
Jammu & Kashmir  2.02 16.19 40.47 80.94  141.64
Kerala  8.09 20.23 50.58 101.I7  202.35
Madhya Pradesh  467.83 728.46 1133.16 1618.30  2225.85
Maharashtra  902.07 1214.10 1456.92 I578.33  1618.80
Mysore  352.89 566.58 849.87 1173.3  1618.80
Orissa  40.06 80.94 202.35 404.70  607.05
Punjab  1949.03 2428.20 2671.02 271.96  2832.90
Rajasthan  1426.97 1618.80 1821.15 1942.56  2023.50
Tamilnadu  951.85 1335.51 1659.27 1780.68  1821.15
Uttar Pradesh  4171.24 5807.40 7446.48 9085.51  10319.85
West Bengal  16.18 283.30 485.64 809.40  1214.10
Union Territories + 
Remaining States 

141.64 55.04 80.94 101.17  I21.40

All India (Thousand 
hectares) 

12994.44 17806.75 22663.1
8 

27519.57  32375.99

Volume of Water (MHM)  8.15 11.25 14.35 17.37  20.45
Source : Ecology of Drought and Water Scarcity. Dr. Jayant Bandopadhyay (1987)  
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Table 2.10 
Groundwater Structures (Cumulative Upto March 1994)  

 
S. 

No. 
States/U.Ts D.W. S.T.W. P.T.W. 

1 2 3 4 5 
1. Andhra Pradesh 1309860 113160 8109
2. Arunachal Pradesh - - -
3. Assam - 49597 2702
4. Bihar 509770 755142 6625
5. Goa 102 - 105
6. Gujarat 709070 8300 5588
7. Haryana 42420 463037 1799
8. Himachal Pradesh 3570 374 289
9. Jammu & Kashmir 2779 2087 172

10. Karnataka 545156 37837 -
11. Kerala 212814 4103 64
12. Madhya Pradesh 1307070 23886 1940
13. Maharashtra 1350020 254 -
14. Manipur - 10 5
15. Meghalaya - 780 3
16. Mizoram - - -
17. Nagaland 450 - 4
18. Orissa 593413 20205 5768
19. Punjab 39470 622600 2002
20. Rajasthan 853263 21686 75
21. Sikkim - - -
22. Tamil Nadu 1470807 171305 -
23. Tripura - 2432 164
24. Uttar Pradesh 1149930 2420593 28446
25. West Bengal 54330 296539 4766

 Total States 10208294 5013927 68626
 Total UTs 16857 26083 797
 Grand Total 10225151 5040010 69423

Notes:  DW: Dugwells 
 STW: Shallow Tubewells 
 PTW: Public Tubewells 
Sources: Central Ground Water Board 
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Table 2.11 
 

Changes in groundwater availability and land quality at the district level 
 
Districts Change in Water Table between 1973 and 1993  Land Quality Indicators 
  (as a % of geographical area)     Severly Salt‐affected Area  Salt‐affected in 
patches  Salt‐affected & 
    Fall  Rise  1972 1984 as a % '72  '72 '84 as a % '72  Water logged   
 0-3 m  3-5 m  > 5 m  0-3 m  3-5 m > 5 m  (1000 ha)   (1000 ha)   1984 (1000 ha) 
Kapurthala 40.0  49.0 11.0 0.0 0.0 0.0 25.0 64.0 23.0 56.5  --- 
Ludhiana 75.0 17.0 8.0 0.0 0.0 0.0 ** ** ** **  ** 
Sangrur 12.0 54.0 34.0 0.0 0.0 0.0 41.0 29.3 29.0 44.8  12.0 
Jalandher 13.0 47.0 39.0 0.8 0.2 0.0 15.0 66.7 42.0 21.4  --- 
Amritsar 59.0 28.0 13.0 0.0 0.0 0.0 61.0 37.7 209.0 27.8  4.0 
Gurdaspur 79.0 6.0 2.0 12.0 0.0 0.0 23.0 56.5 46.0 30.4  3.0 
Patiala 10.0 81.0 9.0 0.0 0.0 0.0 6.0 66.7 40.0 45.0  4.0 
Hoshiarpur78.0 14.0 1.0 7.0 0.0 0.0 ** ** ** **  ** 
Bhatinda 35.0 9.0 0.0 24.0 7.0 25.0 1.0 300.0 7.0 71.4  6.0 
Ferozepur 64.0 3.0 0.5 8.5 7.0 17.0 39.0 35.9 58.0 93.1  43.0 
Faridkot 37.0 15.0 15.0 7.0 4.0 22.0 1.0 2000.0 18.0 344.4  47.0 
 
Note: Faridkot originated from Bhatinda and Ferozepur, but has not been aggregated in order to show the diversity within the 
district; 
**: data not available 
Source: The Green Revolution and the Productivity Paradox: Evidence from the Indian Punjab 
             Development Research Group, World Bank  
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Table 2.12 

Fertiliser Consumption in India (000 tonnes of Nutrients) 

 

Year  Nitrogen  Phosphorus Potash NPK Total

1980‐81  3678.1 1213.6 623.9  5515.6

1981‐82  4068.7 1322.3 672.2  6067.2

1982‐83  4224.2 1435.9 726.5  6386.6

1983‐84  5204.4 1730.3 775.4  7710.1

1984‐85  5486.1 1886.4 838.5  8211.0

1985‐86  5660.8 2005.2 808.1  8474.1

1986‐87  5716.0 2078.9 850.0  8644.9

1987‐88  5716.8 2187.1 880.5  8784.4

1988‐89  7251.0 2720.7 1068.4  11040.1

1989‐90  7385.9 3014.2 1168.0  11568.1

1990‐91  7997.2 3221.0 1328.0  12546.2

1991‐92  8046.3 3321.2 1360.6  12728.1

1992‐93  8426.8 2843.8 883.9  12154.5

1993‐94  8788.3 2669.3 908.7  12366.3

1994‐95P  9507.1 2931.7 1124.8  13563.6

1995‐96P  9822.8 2897.5 1155.8  13876.1

1996‐97P  10301.8 2976.8 1029.6  14308.2

1997‐98P  10905.0 3917.2 1372.6  16194.8

Note: P =Provisional 
Source: Fertiliser Association of India, (1998). 
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Table 2.13 
Pesticide Consumption in India 

Year  Pesticide Consumption 

(Tech. Grade material in tonnes) 

1980‐81  45000 

1981‐82  47000 

1982‐83  50000 

1983‐84  56000 

1984‐85  56000 

1985‐86  52000 

1986‐87  50000 

1987‐88  49000 

1988‐89  55000 

1989‐90  72000 

1990‐91  82360 

1991‐92  80050 

1992‐93  84500 

1993‐94  84100 

1994‐95P  80700 

1995‐96P  91313 

1996‐97P  92726 

1997‐98P   

Note: P = Provisional 

Sources: 1. Fertiliser Association of India (1998). 

      2. Indian Agriculture in Brief (26th edition and other editions). 
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Table 2.14 
Fertiliser usage and groundwater nitrate levels (1990‐92 data) 

 
State Average nitrogenus    Nitrate concentrations in groundwater  
  fertiliser application  Maximum reported   Average of all  
  kg‐N/ha/year  (%)  observations (mg/l) 
Punjab  162.33  567  55.1 
Haryana  91.06  1800  99.5     
Uttar Pradesh  52.56  634  22.6 
West Bengal  43.00  480  14.2 
Tamilnadu  30.70  1030  26.0 
Bihar  23.60  350  21.0 
Gujarat  22.16  410  49.6 
Karnataka  20.43  200  46.8 
Andhra Pradesh 14.60  208  13.2 
Maharashtra  10.59  (385)  45.7 
Orissa  8.53  (849)  14.8 
Madhya Pradesh  8.40  473  30.2 
Himmachal Pradesh4.20  177  8.6 
Jammu & Kashmir 1.40  275  7.9 
North Eastern States0.92  45  6.6 
 

Source: Prof. S. K. Lunkad (1993) 
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Table 3.1 

The Effect of Size of Catchments on the Quantity of Water Harvested 

In the Negev desert (catchments with a 10 per cent slope and a 105 mm rainfall year) 

S.No. 
Size of catchment 

(hectares) 
Quantity of Water Harvested 

(cubic metres/hectare) 

Percentage of 
annual rainfall 

collected 

1  Microcatchment (a)  160 cubic metres/hectare 15.21%

2  20 hectares  100 cubic metres/hectare 9.52%

3  300 hectares  50 cubic metres/hectare 3.33%

 

Notes: (a) A microcatchment is a very small catchment of size upto 1,000 square metres 
or 0.1 hectare. 

Source: Michael Evenari et al 1971, The Negev: The Challenge of a Desert, Oxford 
University Press, UK. 

 

 
 

Table 3.2 
The Effect of the Size of Catchments on the Quantity of Water Harvested During 

Drought 
In the Negev desert in years with less than 50 millimetres rainfall 

 
The table below clearly shows that in a desert very little water can be collected from 
large catchments in a drought year. 
 
S.No. 

Size of catchment 
(hectares) 

Quantity of Water Harvested 
(cubic metres/hectare) 

Percentage of 
annual rainfall 

collected 
1  Microcatchment (a)  80‐100 cubic metres/hectare  16.20%
2  Small Natural Watersheds  20‐40 cubic metres/hectare  4‐8%
3  Larger than 50 hectares  No appreciable water yield  0%
 
Notes: (a) A microcatchment is a very small catchment of size upto 1000 square metres 
or 0.1 hectare. 
Source: Michael Evenari et al (1971). The Negev: The Challenge of a Desert. Oxford 
University Press, UK. 
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DEPARTMENT OF RURAL DEVELOPMENT 

(N d l A )

State Watershed Programme Implementation And Review Committee (SWPIRC)

At District Level Zila Parishads/Drada/VA For Implementation 

of Guidelines (PI)

Watershed Development Advisory    

Committee (WDAC) Under Chief 

Executive Officer   

At Village Level

Gram Panchayats 
(Watershed Development 

It Watershed Within  village 

Block Level Panchayat Samiti  Watershed Development 
Team (WDT) 

Gram Sabha Watershed

Association (WA) 

Watershed 
Secretary 

Watershed Committee 
(WC) (for day-to-day 

work) 

INSTITUTIONAL STRUCTURE OF WATERSHED DEVELOPMENT
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Table 5.1 
 

List of Drought Districts in India 
 

1. Andhra Pradesh 1. Anantpur   2. Chittoor  3. Cuddapah 4. Hyderabad 5. Kurnool 
 6. Mahbubnagar 7. Nalgonda 
 
2. Bihar 8. Gaya 9. Monghyr 10. Palamau 11. Shahabad 
 
3. Gujarat 12. Ahmadabad 13. Amreli 14. Banaskantha 15. Bhavnagar 16. 

Baroach 17.  Jamnagar 18. Kaira 19. Kutch 20. Mehsana 21. 
Rajkot 22. Panchmahal 23. Surendranagar 

 
4. Haryana 24. Gurgaon 25. Mohindergarh 26. Rohtak 
 
5. Madhya Pradesh 27. Betul 28. Datia 29. Dewas 30. Dhar 31. Jhabua 32. Khandwa 

33. Khargaon 34. Shajapur 35. Sidhi 36. Ujjain 
 
6. Maharashtra 37. Ahmadnagar 38. Aurangabad 39. Bhir 40. Nasik 41. 

Osmanabad 42. Pune 43 Sangli 44. Satara 45. Sholapur 
 
7. Karnataka 46. Banglore 47. Belgaum 48. Bellary 49. Bijapur 50. 

Chitradurga 51. Dharwar 52. Gulbarga 53. Hassan 54. Kolar 55. 
Mandya 56. Mysore 57. Raichur 58. Tumkur 

 
8. Orissa 59. Bhaudh Phulbani 60 Kalahandi 
 
9. Rajasthan 61. Ajmer 62. Banswara 63. Barmer 64. Bikaner 65. Churu 66. 

Dunagarpur 67. Jaisalmer 68. Jalore 69. Jodhpur 70. Nagapur 
71. Pali 72. Udaipur.  

 
10. Tamin Nadu 73. Coimbattore 74. Dharamapuri 75. Madurai 76. Salem 77. 

Ramanathapuram 78. Tiruchirapalli 79. Tirunelveli 
 
11. Uttar Pradesh 80. Allahabad 81. Banda 82. Hamirpur 83. Jalaun 84. Mirjapur 

85. Varanasi 
 
12. West Bengal 86. Bankura 87. Midnapur 88. Purulia 
 
Source: Jointly prepared by Irrigation Commission & Ministry of Agriculture, 1988. 
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Table 5.2 
Groundwater Potential in Drought‐prone Districts in India – State‐wise 

(Provisional & Tentative) 
S.N
. 

State/UTs  No. of 
Districts 

Total 
replenishable 
Ground Water 
Resources  
(MCM/Yr) 

Provision for 
Drinking, 

Industrial & 
Other uses  
(MCM/Yr) 

Utilisable 
Ground Water 
Resources for 
Irrigation  
(MCM/Yr) 

Net G.W. 
Draft  

(MCM/Yr) 

Balance 
Ground Water 

Potential 
Available  
(MCM/Yr) 

Level of G.W. 
Development 

% 

1  2  3  4  5  6  7  8  9 
1  Andhra Pradesh  8  11035.31 1655.30 9380.01  2637.36 6742.65 28.12
2  Bihar  5  4694.24 704.13 3990.11  564.40 3425.71 14.14
3  Gujarat  8  8548.03 1282.20 7265.83  2811.14 4454.69 38.69
4  Haryana  1  164.05 24.61 139.44  233.15 ‐93.71 167.20

5 
Jammu & 
Kashmir 

2  NOT ESTIMATED 

6  Karnataka  11  9621.18 1443.18 8178.00  2725.00 5453.00 33.32
7  Madhya pradesh  6  6426.13 963.92 5462.21  1130.76 4331.45 20.70
8  Maharashtra  12  17787.63 5823.31 11964.32  5116,20 6848.12 42.76
9  Orissa  4  3916.33 587.45 3328.88  207.48 3121.40 6.23
10  Rajasthan  8  4877.88 734.24 4143.64  1370.76 2772.89 33.08
11  Tamil Nadu  7  5588.72 838.31 4750.41  1975.11 2775.30 41.58
12  Uttar Prdesh  16  17226.18 2583.92 14642.26  4432.28 10209.97 30.27
13  West Bengal  3  4610.06 691.51 3918.55  814.58 3103.97 20.79
  Grand Total  91  94495.74 17332.08 77163.66  24018.22 53145.44 31.13

 
Source: Ground Water Statistics, 1996 (Central Ground Water Board). 
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Table 5.3 
 

A History of Droughts in India 
 

Period    Number of famines and drought  Region 
 
5th Century BC      1   Kashmir, Ayodhya (Eastern  

           UP), Rajasthan, Gujarat and Punjab 
 

1st Century BC     1   Kashmir 
 
9th Century AD     1   Kashmir 
 
10th Century AD     2   Kashmir, Punjab, large parts of  
           northern India 

11th Century AD     2   Delhi, Bihar, Bengal, Orissa,  
          Rajasthan and Kashmir 

13th Century AD     4   Orissa, Bihar, Assam, Bengal,  
          Maharashtra, Rajasthan and 
          Gujarat 

 14th Century AD     5   Delhi, Rajasthan, Maharashtra,  
Karnataka, Gujarat, Mysore and several  
other parts of India 

    

 15th Century AD     5   Rajasthan, Orissa, Maharashtra,  
          and most parts of India, especially  
          areas near the rivers Ganga and 
          Yamuna 

 16th Century AD     6   Most of the then Bombay  
Presidency and Punjab, Maharashtra, Delhi, 
Punjab, Kachch (Gujarat) and Central India.  

 
17th Century AD     6   Gujarat, Maharashtra, Bengal and  

Rajasthan 
 
18th Century AD     24   Bombay Presidency, Gujarat,  
         Maharashtra and Madras Province 
 
19th Century AD     38   Rajasthan, Orissa, Gujarat, Andhra Pradesh 
         
         
20th Century AD     60   Rajasthan, Gujarat, Orissa, . Bihar,  

       Himachal Pradesh, Andhra Kashmir,  
                           Mahrashtra & Jammu and Kashmir 

 
(Source: H.V.Balkundi, 1998. Famines and droughts in the Indian Subcontinent During the 5th Century BC to 29 century 
AD, in Asian Agri History, Vol 2, No. 4, P.307-312. Information compiled from reports and data from the Indian 
Meteorological Department). Down to Earth, June 15, 2001).  
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Table 5.4 
 

Funds released by the Union Government under the Drought-prone Areas Programme  
 

State  1995-96 1996-67 1997-98 1998-99 1999-00 2000-01 
 
Andhra  21.07  26.20  22.93  22.91  26.71  47.60 
 
Bihar  7.25  0.30  1.15  2.38  2.30  16.89 
 
Gujarat  10.14  7.31  5.28  7.77  8.79  14.27 
 
Himachal 0.67  1.94  0.70  0.52  0.90  2.47 
 
Jammu & 2.60  1.98  1.13  0.40  2.20  3.69 
Kashmir 
 
Karnataka 11.59  4.94  7.86  9.08  8.02  14.00 
 
Madhya 19.39  21.19  8.93  8.83  14.02  31.77 
    
Maharashtra 17.21  12.61  19.86  5.25  6.45  19.40 

 
Orissa  4.04  2.95  0.64  2.75  0.46  6.27 
 
Rajashan 6.44  1.52  4.19  1.74  3.86  9.71 
 
Tamilnadu 5.32  12.24  7.07  2.73  8.27  9.08 
 
Uttar Pradesh 10.93  16.50  8.42  8.93  10.93  21.62 
 
West Bengal 2.30  0.28  2.60  0.00  2.09  1.35 
 
Total  118.95 109.98 90.75  73.00  94.99  189.78 

 
Source: Department of Land Resources & Ministry of Rural Development, Government of India, mimeo, 2001, 
Rs in Crores. 
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Table 5.5 
Extent of Scarcity in Rajasthan - 1999-2000 

 

Sl.   District  Total  Affected Villages  Population  Sown  Affected  Affected 
No.    Village    Affected  Area  Area  Cattle 
        (Lacs)  Hect.  Hect.   
   50-74 75-100 Total (Lacs) (Lacs) (Lacs) 
      %  %  % 

1  2  3  4  5  6  7  8  9  10 

1.  Ajmer  1053  116  920  1036  11.29  3.07  2.72  7.61 
2.  Alwar  1987  113  31  144  1.33  0.17  0.11  1.81 
3.  Banswara  1472  525  933  1458  11.54  2.27  1.64  11.82 
4.  Barmer  1889  69  1820  1889  13.20  12.48  12.09  42.36 
5.  Bhilwara  1735  288  560  848  7.78  2.08  1.51  11.16 
6.  Bikaner  776  93  521  614  9.65  9.64  7.74  17.17 
7.  Bundi  861  165  12  177  1.61  0.33  0.20  2.71 
8.  Chittore  2415  1019  65  1084  8.24  1.99  1.20  9.85 
9.  Churu  989  167  822  989  14.98  6.74  5.96  21.35 
10.  Dausa  1067  187  252  439  4.22  0.63  0.44  3.68 
11.  Dungarpur  870  37  833  870  8.74  1.16  0.94  10.70 
12.  Ganganagar  3023  ‐  14  14  0.11  0.11  0.11  0.33 
13.  Hanumangarh  1912  70  283  353  ‐  ‐  ‐  ‐ 
14.  Jaipur  2308  67  2175  2242  23.43  4.10  3.66  20.14 
15.  Jaisalmer  620  19  539  558  3.42  3.17  2.79  12.40 
16.  Jalore  708  41  663  704  11.36  4.04  3.77  6.26 
17.  Jhunjhunu  847  203  644  847  16.00  3.92  3.33  11.10 
18.  Jodhpur  1072  93  965  1058  21.51  9.84  9.16  33.22 
19.  Nagaur  1470  604  853  1457  17.73  10.50  8.35  21.03 
20.  Pali  959  83  862  945  14.62  4.22  3.84  27.79   
21.  Rajsamand  1004  119  885  1004  8.03  0.33  0.74  11.93 
22.  S. Madhopur  800  100  64  164  1.84  0.20  0.15  1.93 
23.  Sikar  999  439  560  999  16.83  4.60  3.61  15.82 
24.  Sirohi  474  27  438  465  6.42  1.15  1.04  9.97 
25.  Tonk  1103  84  675  759  7.08  1.47  1.31  7.19 
26.  Udaipur  2290  593  1696  2289  20.81  2.29  1.76  26.28 

  Total  34693  5321  18085  23406  261.79  91.00  78.18  345.60 
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Table 5.6 

Estimated Value of Crop Loss Incurred in Rajasthan: Kharif 1999 
 

The estimated loss in terms of value is shows as below: 

Crop  Target  Estimated  Loss of  Minimum  Value of Loss 

  (000 tonnes/bales)  Production  Production  Support Price  (Rs. in Crore) 

  (000 tonnes/bales)(000 tonnes/bales)  (Rs. per qil. bales) 

Jowar  320  134.30  185.70  415  77.07 

Bajra  2,125  775.00  1350.00  415  560.25 

Maize  1,060  567.70  492.30  415  204.30 

Kh. Pulses  530  137.60  392.40  1,105  433.60 

Arhar  10  9.60  0.40  1,105  0.44 

Sesamum  85  26.50  58.50  1,205  70.49 

Groundnut  250  240.50  9.50  1,155  10.97 

Soyabeen  750  543.80  206.20  800  164.96 

Cotton  1,500  1104.20  395.80  7,980  315.85 

Guar*  500  350.70  149.30  2,125  317.26 

        Total  2155.20 

* In case of Guar, Market Prices have been taken 

Source: Drought in Rajasthan (2001) 
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Table 5.7 

Scarcity Affected Villages in Gujarat 19992000 
 

Districts  Number of Scarcity  Below 4 Annas  Between 4 and 6 Annas  Total 

  affected talukas 

Jamnagar  10  667  8  675 

Panchmahal  9  693  164  857 

Rajkot  14  687  178  865 

Surendernagar  8  317  122  439 

Porbandar  3  154    154 

Banaskatha  14  423  238  661 

Kutch  8  444  83  527 

Patan  10  977  23  1000 

Bhavnagar  11  693  130  823 

Bharuch  1  12  46  68 

Junagadh  12  68  461  529 

Amreli  11  476  151  627 

Sabarkantha  5  55  259  314 

Dahod  9  985    985 

Mehsana  4    111  111 

Kheda  2  2    2 

Ahmedabad  5  22  7  29 

Total 136 6675 1981 8666 
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Table 5.8 

District-wise Exploitation of Underground Water in Gujarat - 1999 

 

Districts  No. of OE*   No. of Dark  No. of Grey 

  Talukas  Talukas  Talukas 

  (>100% GWD)**  (Between 90% to 100% GWD)  (Between 70% to 90% 
GWD) 

Ahmedabad  3  1  0 

Amreli  1  0  0 

Banaskantha  4  3  0 

Baroda  1  0  1 

Bhavnagar  0  0  2 

Bharuch  3  0  2 

Valsad  0  0  1 

Gandhinagar  1  0  0 

Jamnagar  0  0  3 

Janagadh  2  2  8 

Kheda  2  0  4 

Kutch  4  0  3 

Panchmahals  0  0  1 

Rajkot  0  0  7 

Sabarkantha  1  2  6 

Surendranagar  0  0  4 

Mehsana  9  0  0 

Total  31  8  42 

*  OE   Over Exploited  

**GWD   Ground Water Depletion 

Source: Drought in Gujarat (2001) 



240 
 

Table 5.9  
Estimated Loss in Agricultural Production in Gujarat - Rabi 1999-2000  

(Area in 00 hec., Prod. In 00 tonnes) 

 

S. 
N
o. 

Crop  1998‐99  1999‐2000 Expected  Loss

Area  Prod.  Yield Area Prod. Yield Area Prod.  Lakh 
Rs. 

Prod. 
Loss%

1.  Irrl.Wheat 
6105 

1655
7 

2712 4016 9858 2455 ‐2089 6699  ‐60291 40.45

2.  Uni. Wheat  909  469  516 790 462 585 ‐119 ‐7  863 1.49

3.  Jowar  622  515  828 546 498 912 ‐76 ‐17  ‐94 3.30

4.  Gram  1439  1253  871 1075 824 767 ‐284 ‐429  ‐5148 34.24

5.  Rape & 
Mustard 

3373  4589  1390 3422 4414 1290 49 ‐275  ‐3163 5.86

6.  Isabgul  324  236  728 173 153 884 ‐151 ‐83  ‐1328 35.57

  Gujarat 
State 

12772 
2372

8 
1857

1002
2

16209 1617 ‐2750 ‐7510  ‐70086 3.16

 

Source – Drought in Gujarat (2001) 
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Table 5.10 
 

Estimated Loss in Agricultural Production in Gujarat ‐ Kharif 1999‐2000 
(Area in '00 hec., Prod. In '00 tonnes) 

S. 
No. 

Crop 
1998‐99  1999‐2000  Expected Loss  Prod. 

Loss % Area  Prod.  Yield  Area  Prod.  Yield  Area  Prod.  Lakh Rs. 
1.  Paddy  6221  10159 1633 6644 9849 1482 423 ‐310 ‐3410 4
2.  Bajra  8556  8520 996 7451 4773 641 1105 ‐3747 ‐26229 44
3.  Jowar  1768  1605 908 1496 2019 1349 272 +414 +2898 +25
4.  Maize  4083  6960 1705 3910 5040 1289 173 ‐1920 ‐9600 28
5.  Tur  3601  3427 925 3580 2908 812 ‐21m ‐519 ‐10899 15
6.  Moong  1742  691 397 1075 261 243 ‐667 ‐430 ‐8170 62
7.  Other Pulses  1809  955 528 1475 442 300 ‐334 ‐506 ‐7084 54
8.  Groundnut  18131  23681 1306 17587 6173 349 444 ‐17508 262620 74
9.  Sesamum  3007  1369 455 3369 937 278 362 ‐432 ‐11664 32
10.  Castor  3483  6945 1994 3489 5146 1475 6 ‐1799 ‐25186 26
11.  Cotton  16585  20100 1212 15133 11188 736 ‐1452 ‐8961 ‐193136 15

  Gujarat 
State 

68986  84412 1224 65309 48686 756 ‐3677 ‐35718 ‐555070 42

 
N.B.: Production of cotton in seed cotton 
Source: Drought in Gujarat 
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Table 5.11 
 

Land area needed per village in different states of India to capture rainwater to meet its  
domestic water (drinking+cooking) needs (in heactares) 

 

State  Meteorological divisions  Average 
annual 
rainfall 
(millimeter
s) 

Estimated 
no. of 
villagers 
per village, 
2001 

Land area 
needed per 
village t. meet 
drinking and 
cooking water 
needs, 
assuming half 
of normal 
rainfall is 
captured 
(hectares) 

Land area 
needed per 
village to meet 
drinking and 
cooking water 
needs, assuming 
severe drought 
conditions, that 
is, 50 per cent 
decline in normal 
rainfall (hectares) 

INDIA  ‐  1170 1220 1.14  2.28
Andaman and 
Nicobar Islands 

Andaman and Nicobar 
Islands 

2967 408 0.16  0.32

Arunachal 
Pradesh 

Arunachal Pradesh  2782 236 0.10  0.20

Assam  Assam and Meghalaya  2818 807* 0.32  0.64
Meghalaya  Assam and Meghalaya  2818 311 0.12  0.24

Nagaland 
Nagaland, Manipur, 
Mizoram and Tripura 

1881 1153 0.68  1.36

Manipur 
Nagaland, Manipur, 
Mizoram and Tripura  

1881 726 0.42  0.84

Mizoram 
Nagaland, Manipur, 
Mizoram and Tripura 

1881 549 0.32  0.64

Tripura 
Nagaland, Manipur, 
Mizoram and Tripura 

1881 3496 2.04  4.08

West Bengal 
1. Sub‐Himalayan  
     West Bengal and Sikkim 
2. Gangetic West Bengal 

2739
1439

1602 1.10‐1.22*  2.20‐2.44*

Sikkim 
1. Sub‐Himalayan  
     West Bengal and Sikkim 

2739 1132 0.46  0.92

Orissa  Orissa  1489 683 1.10  2.20

Bihar 
1. Bihar Plateau 
2. Bihar Plains 

1326
1186

1367 1.12‐1.26*  2.24‐2.52*

Uttar Pradesh 

1. Uttar Pradesh 
2. Plain of West Uttar 
Pradesh 
3. Hills of West Uttar 
Pradesh 

1025
896

1667
1026 0.68‐1.26*  1.36‐2.52*

Haryana  Haryana, Chandigarh and  617 2258 4.00  8.00
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Delhi 

Delhi 
Haryana, Chandigarh and 
Delhi 

617 4769* 8.46  16.92

Chandigarh 
Haryana, Chandigarh and 
Delhi 

617 2647* 4.70  9.40

Punjab  Punjab  649 1345 2.26  4.52
Himachal 
Pradesh 

Himachal Pradesh  1251 328 0.28  0.56

Jammu & Kashmir  Jammu and Kashmir  1011 1140 1.24  2.48

Rajasthan 
1. West Rajasthan 
2. East Rajasthan 

313
675

1039 1.68‐3.64*  3.36‐7.28*

Madhya 
Pradesh 

1. Madhya Pradesh 
2. East Madhya Pradesh 

1017
1338

867 0.70‐0.94*  1.40‐1.88*

Gujarat 
1. Gujarat region 
2. Saurashtra and Kachchh 

1107
578

1741 1.72‐3.30*  3.44‐6.60*

Goa  Konkan and Goa  3005 1816* 0.66  1.32

Maharashtra 

1. Konkan and Goa 
2. Madhya Maharashtra 
3. Marathwada 
4. Vidarbha 

3005
901
882

1034

1389 0.50‐1.72*  1.00‐3.44*

Andhra 
Pradesh 

1. Coastal Andhra Pradesh 
2. Telengana 
3. Rayalaseema 

1094
961
680

2231 2.34‐3.60*  4.68‐7.20*

Tamil Nadu 
Tamil Nadu and 
Pondicherry 

998 2627 2.88  5.76

Pondicherry 
Tamil Nadu and 
Pondicherry 

998 1106* 1.32  2.64

Karnataka 
1. Coastal Karnataka 
2. North Interior Karnataka 
3. South Interior Karnataka 

3456
731

1126
1343 0.42‐2.02*  0.84‐4.04*

Kerala  Kerala  3055 14083 5.04  10.08
Lakshadweep  Lakshadweep  1515 3228 2.34  4.68
 

Notes:  *Calculation based on the assumption that average village population in different meteorological sub‐divisions is 
the same as that of the state. 

Source: India Meteorological Department for normal rainfall data and projections of average population in 2000 based on Census of 
India data for 1981 and 1991. 
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Table 6.1 
Damages due to Floods in India (1953‐1996) 

(Rs. Crores) 
S. 
N
o 

Year  Area 
Affecte
d 
(M.Ha.
) 

Popula
tion 
Affecte
d 
(Mllion
) 

Damage to Crops  Damage to 
Houses 

Cattle 

Lost 
000 
Nos. 

Human 

Lives 
Lost 
Nos. 

Damage 
to Public 
Utilities 

Total 
Damages 
Crops, 
Houses & 
Pub. 
Utilities 
(Col. 
6+8+11) 

Total 
Damages 
Crops, 
Houses & 
Pub. 
Utilities 
(1981‐82 
Prices) 

Area 
(M.Ha.) 

Value  000 
Nos. 

Value 

1  2  3  4  5  6  7  8  9  10  11  12  13 
1.  1953  2.29  24.28  0.93  42.08 265 7.42 47 37  2.90  52.40 315.66
2.  1954  7.49  12.92  2.61  40.52 200 6.56 23 279  10.15  57.23 366.87
3.  1955  9.44  25.27  5.31  77.80 1667 20.95 72 865  3.98  102.73 713.37
4.  1956  9.24  14.57  1.11  44.44 726 8.05 16 462  1.14  53.63 333.09
5.  1957  4.86  6.76  0.45  14.12 318 4.98 7 352  4.27  23.37 136.66
6.  1958  6.26  10.98  1.40  38.28 382 3.90 18 389  1.79  43.97 252.68
7.  1959  5.77  14.52  1.54  56.76 649 9.42 73 619  20.02  86.20 476.23
8.  1960  7.53  8.35  2.27  42.55 610 14.31 14 510  6.31  63.17 327.30
9.  1961  6.56  9.26  1.97  24.04 533 0.89 16 1374  6.44  31.37 159.23
10
. 

1962  6.12  15.46  3.39  83.18  514  10.66  38  348  1.05  94.89  465.12 

11
. 

1963  3.49  10.93  2.05  30.17  421  3.70  5  432  2.74  36.61  172.69 

12
. 

1964  4.90  13.78  2.49  56.87  256  4.59  5  690  5.15  66.61  284.65 

13
. 

1965  1.46  3.61  0.27  5.87  113  0.20  7  79  1.07  7.14  28.20 

14
. 

1966  4.74  14.40  2.16  80.15  217  2.54  9  180  5.74  88.43  312.47 

15
. 

1967  7.12  20.46  3.27  133.31  568  14.26  6  355  7.86  155.43  476.78 

16
. 

1968  7.15  21.17  2.62  144.61  683  41.11  130  3497  25.37  211.10  649.52 

17
. 

1969  6.20  33.22  2.91  281.90  1269  54.42  270  1408  68.11  404.44  1221.87 

18
. 

1970  8.46  31.83  4.91  162.78  1434  48.61  19  1076  76.44  287.83  817.69 

19
. 

1971  13.25  59.74  6.24  423.13  2428  80.24  13  994  129.11  632.48  1695.67 

20
. 

1972  4.10  26.69  2.45  98.56  897  12.46  58  544  47.17  158.19  393.52 

21
. 

1973  11.79  64.08  3.73  428.03  870  52.48  261  1349  88.49  569.00  1215.81 

22
. 

1974  6.70  29.45  3.33  411.64  747  72.43  17  387  84.94  569.02  946.78 

23
. 

1975  6.17  31.36  3.85  271.49  804  34.10  17  686  166.05  471.64  754.62 

24
. 

1976  11.91  50.46  6.04  595.03  1746  92.16  80  1373  201.50  888.69  1449.73 
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25
. 

1977  11.46  49.43  6.84  720.61  1662  152.29  556 
1131

6 
328.95  1201.85  1823.75 

26
. 

1978  17.50  70.45  9.96  911.09  3508  167.57  239  3396  376.10  1454.76  2210.89 

27
. 

1979  3.99  19.52  2.17  169.97  1329  210.61  618  3637  233.63  614.20  836.79 

28
. 

1980  11.46  54.12  5.55  366.37  2533  170.85  59  1913  303.28  840.50  952.95 

29
. 

1981  6.12  32.49  3.27  524.56  913  159.63  82  1376  512.31  1196.50  1208.59 

30
. 

1982  8.87  56.01  5.00  589.40  2397  383.87  247  1573  671.61  1644.88  1622.17 

31
. 

1983  9.02  61.03  3.29  1285.85  2394  332.33  153  2378  873.43  2491.61  2271.29 

32
. 

1984  10.71  54.55  5.19  906.09  1764  181.31  141  1661  818.16  1905.56  1605.36 

33
. 

1985  8.38  59.59  4.65  1425.37  2450  583.86  43  1804  2050.04  4059.27  3231.90 

34
. 

1986  8.81  55.50  4.58  1231.58  2049  534.41  60  1200  1982.54  3748.53  2833.36 

35
. 

1987  8.89  48.34  4.94  1154.64  2919  464.49  129  1835  950.59  2569.72  1826.38 

36
. 

1988  16.29  59.55  10.15  2510.90  2277  741.60  151  4252  1377.80  4630.30  3038.25 

37
. 

1989  8.06  34.15  3.01  956.74  782  149.82  75  1718  1298.77  2405.33  1480.20 

38
. 

1990  9.30  40.26  3.18  695.61  1020  213.73  134  1855  455.27  1708.92  964.40 

39
. 

1991  6.17  33.84  2.51  573.80  1125  179.39  41  1145  685.62  1438.81  714.40 

40
. 

1992  2.09  19.09  1.43  654.92  561  221.88  77  1367  1170.81  2047.61  911.26 

41
. 

1993  4.63  22.90  3.13  169.30  471  124.57  12  930  48.09  341.96  141.25 

42
. 

1994  2.75  21.02  1.90  888.62  601  165.21  22  1511  739.64  1793.47  670.71 

43
. 

1995  6.11  38.83  0.36  351.55  1195  152.60  70  2209  67.71  571.86  195.57 

44
. 

1996  7.36  39.02  3.35  383.88  360  90.32  60  1271  860.59  2178.06#  704.87 

  Total  330.98  1423.24  151.75  20058.15  50624  5980.75  4192 
6663

2 
16772.72  43999.23 

43210.5
6 

             
Source: Central Water Commission, (FM & DP Directorate). 
  * ‐ Figure are Tentative. 

  # Includes Rs. 843.27 Crores for which breakup is not available 
   



246 
 

 
Table 6.2 

 
State-wise Distribution of Worst Floods in India during 1964-1994 

 
 

State      Total No. of Floods 
 
1.Andhra Pradesh     7 
2. Assam      44 
3. Bihar      55 
4. Gujarat       13 
5. Madhya Pradesh     11 
6. Maharashtra     9 
7. Orissa      18 
8. Uttar Pradesh     54 
9. West Bengal     19 
 
 
(Source: Vishwas S. Kale. Flood Studies in India. Journal Geological Society of India. Vol. 49. 

April  1997. P359-370) 
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Table 6.3  
 

Area Protected by Embankments in Bihar Till 1990 
 
River Valley  Flood Affected Length of   Partially Protected Area 
   Area in 1982  Embankment   From Embankment 
   (in Lakh ha)  (in kms)   (in Lakh ha) 
 
1.   Sone  3.70   51.64     0.21 
 
2.   Punpun  6.13   37.60     0.26 
 
3.   Keoul  3.56   7.00     ----- 
 
4.   Badua  1.05   ------     ----- 
 
5.   Chaandan  1.13   65.00     0.08 
 
6.   Budi Gandak 8.21   597.20     5.41 
 
7.   Gandak  5.00   456.04     5.00 
 
8.   Bagmati  3.22   674.54     2.48 
 
9.   Kosi  10.15   357.20     8.38 
 
10. Mahananda 5.15   247.80     1.21 
 
11. Ganga  11.27   546.18     1.88 
 
12. Ghaghara  2.34   148.80     0.92 
------------------------------------------------------------------------------------------------------------- 
Source: Water Resource Ministry, Bihar.   
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Table 7.1 
 

Water-borne Diseases in Polluted Waters  
 
Bacteria/Virus Disease 
1. Salmonella typhi  Typhoid 

2. Salmonella paratyphi  Paratyphoid 

3. Salmonella Sp.  Food poisoning 

4. Vibrio cholerae  Cholera 

5. Shigella Sp.  Dysentery 

6. Entamoeba histolytica  Dysentery 

7. Schistosoma Sp.  Bilharzia 

8. Taenia Sp.  Tape worm 

9. Laptospira Sp.  Weil's disease 

Enteric Viruses 
i) Polio virus  Poliomyelitis 

ii) Coxsackie virus  Myocarditis Born holm disease 

iii) Echo virus  Diarrhea Restiratory infictions 
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Table 7.2 

Major Mosquito Species at Selected Dam & Irrigation Sites 
 

Mosquito Species    Location   Disease Transmitted 
 
1.   Anopheles albimanus   S. America    A, M 
2.   A. barbirostris    India     M 
3.   A. coustani    Africa     ----  
4.   A. darlingi    S. America    M 
5.   A. freeborni    USA     ----  
6.   A. funestus    Africa     A, M, F 
7.   A. gambiae    Africa     A, M, F 
8.   A. hyrcanus    Trop. Asia    M 
9.   A. maculipennis   Europe     A, M 
10. A. pharoensis    Africa     M 
11. A. pseudopunctipennis   S. America    M 
12. A. quadrimaculatus   USA     A, M 
13. A. vagus    India     ----  
14. Aedes dorsalis    USA     A 
15. Ae. normanensis   Australia    A 
16. Ae. vigilax    Australia    A 
17. Ae. vexans    Europe, USA    A 
17. Culex annulioris   Africa      ---- 
18. C. annulirostris    Australia    A 
19. C. antenatus    Africa     A 
20. C. bitaeniorhynchus   Asia, Australia   A 
21. C. erraticus    USA     ----  
22. C. modestus    Europe     A 
23. C. tarsalis    USA     A 
24. C. territans    USA     ---- 
25. C. triaeniorhynclus   Asia     A 
26. C. univittatus    South Africa    A 
27. Mansonia africana   Africa     A 
28. M. annulata    Trop. Asia    F 
29. M. annulifera    Trop. Asia    F 
30. M. indiana    Trop. Asia    F 
31. M. uniformis    Africa     A 
32. Culiseta inornata   USA     A 
33. C. melanura    USA     A 
34. Psorophora confinnis   USA     A 

Source: Environmental Health Engineering in the Tropics. John Wiley & Sons. 1983. 
A- Arbivirus 
M- Malaria 
F- Filariasis 
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Table 8.1 

Stream water quality criteria in India (as laid down by the Central Pollution Control Board) 

Designated best use  Class of water  Criteria 

Drinking water source without conventional  A  i)  Total coliform MPN<50/100 ml 

treatment but after disinfection     ii)  pH between 6.5 and 8.5 

    iii)  DO above 6 mg/l 

    iv)  BOD5‐20
0 below 2 mg/l 

 

Outdoor bathing (organised)  B  i)  Total coliforms MPN<500/100 ml 

    ii)  pH between 6.5 and 8.5 

    iii)  DO above 5 mg/l 

    iv)  BOD5‐20
0 below 3 mg/l 

 

Drinking water source after conventional  C  i)  Total coliforms MPN<5000/100 ml 

treatment and disinfection    ii)  pH between 6 and 9 

    iii)  DO above 4 mg/l 

    iv)  BOD5‐20
0 below 3 mg/l 

   

Propagation of wildlife and fisheries  D  i)  pH between 6.5 and 8.5 

    ii)  DO 4 mg/l or more 

    iii)  Free ammonia‐N 1.2 mg/l or less 

 

Irrigation, industrial, cooling, controlled  E  i)  pH between 6.0 and 8.5 

waste discharges    ii)  EC below 2250 micro mhos/cm 

    iii)  Sodium absorption ratio below 26 

    iv)  Boron below 2 mg/l 
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Table 9.1 

Statewise Wastelands of India 
S.No. State  No. of  Total Geog.  Total W.L.  % to total  
    dists.  area of dists.  area in dists.  Geog. area 
 
1.  Andhra Pradesh  23  275068.00  51750.19  18.81 
2.  Arunachal Pradesh  13  83743.00  18326.25  21.88 
3.  Assam  23  78438.00  20019.17  25.52 
4.  Bihar  55  173877.00  20997.55  12.08 
5.  Goa  2  3702.00  613.27  16.57 
6.  Gujarat  25  196024.00  43021.28  21.95 
7.  Haryana  19  44212.00  3733.98  8.45 
8.  Himachal Pradesh  12  55673.00  31659.00  56.87 
9.  Jammu & Kashmir*  14  101387.00  65444.24  64.55 
10.  Karnataka  27  191791.00  20839.28  10.87 
11.  Kerala  14  38863.00  1448.18  3.73 
12.  Madhya Pradesh  62  443446.00  69713.75  15.72 
13.  Maharashtra  32  307690.00  53489.08  17.38 
14.  Manipur  9  22327.00  12948.62  58.00 
15.  Meghalaya  7  22429.00  9904.38  44.16 
16.  Mizoram  3  21081.00  4071.68  19.31 
17.  Nagaland  7  16579.00  8404.10  50.69 
18.  Orissa  30  155707.00  21341.71  13.71 
19.  Punjab  17  50362.00  2228.40  4.42 
20.  Rajasthan  32  342239.00  105639.11  30.87 
21.  Sikkim  4  7096.00  3569.58  50.30 
22.  Tripura  4  10486.00  1276.03  12.17 
23.  Tamil Nadu  29  130058.00  23013.90  17.70 
24.  Uttar Pradesh  83  294411.00  38772.80  13.17 
25.  West Bengal  18  88752.00  5718.48  6.44 
26.  Union Territory  20  10973.00  574.30  5.23 
  Total  584  3166414.00  638518.31  20.17 
Source: Wastelands Atlas of India (2000) 
*Un‐Surveyed Area (J&K)    120849.00 
Total Geographical Area    3287263.00 
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Table 9.2 
 

Wastelands in India – Category‐wise  
 

(Area in sq.kms.) 

S.No.  Category  Total Wastelands % to total 
Geographical Area 

covered 

1.   Gullied and/or Ravinous land 20553.35 0.65

2.   Land with or without scrub 194014.29 6.13

3.   Waterlogged and Marshy land 16568.45 0.52

4.   Land affected by Salinity/alkalinity‐
coastal/inland 

20477.38 0.65

5.   Shifting Cultivation Area 35142.20 1.11

6.   Under utilised/degraded notified 
forest land 

140652.31 4.44

7.   Degraded pastures/grazing land 25978.91 0.82

8.   Degraded land under plantation crop 5828.09 0.18

9.   Sands‐Inland/Coastal  50021.65 1.58

10.   Mining/Industrial wastelands 1252.13 0.04

11.   Barren rocky/stony waste/sheet rock 
area 

64584.77 2.04

12.   Steep sloping area  7656.29 0.24

13.   Snow covered and/or glacial area 55788.49 1.76

  Total Wasteland Area  638518.31 20.17

 
Source: 1:50,000 scale wasteland maps prepared from Landsat Thematic Mapper/IRS  
LISS II/III Data. Wasteland Atlas of India. 
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Table 9.3 
Total Waterlogged Area in India 

 
 

 

Category 
Area

Area Under Paddy Crop  40, 990, 000 hec

Area Suitable for Fish Culture 

a) Area under fresh water 
b) Area Saline water 
 

1,600,000 hec 

2,000,000 hec 

Area Under Active Fishing  2,900,000 hec

Sundarvans  3,560,000 hec

Estuaries  3,900,000 hec

Back‐water  3,540,000 hec

Man‐made reservoirs  3,000,000 hec

Total 

In addition to this, areas under rivers and canals are: 

River & their  main tributaries  28,000 km

Canals and their network  113,000 km

 

Source: SROTE Features, August 1991 
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Table 9.4 

Different Types of Degraded Lands 

 

Category  Area (m. Ha) Distribution

Water  and  wind  erosion 
(of  which  69  m.  Ha  are 
critically affected) 

150 

Water  erosion  in  all  climatic  regions 
especially  in  sub‐humid  and  humid 
regions.  Wind  erosion  mostly  in  arid 
regions of Rajasthan, Gujarat and Haryana 

Riverine  land,  coastal 
sandy  areas  and  high 
altitude  and  steeply 
sloping lands 

11.3 

Coastal  regions,  interior  mountainous 
regions and steep slopes in the Himalayas 

Salt‐affected areas 
7.0 

Semi‐arid  Indo‐Gangetic  plain  and  semi‐
arid  areas  of  peninsular  India,  coastal 
plains. 

Water‐logged areas 
6.0 

Low‐lying  areas  in  high  rainfall  regions  of 
Indo‐Gangetic  plain  under  canal  irrigation 
etc. 

Ravine land 
4.0 

Steeply  sloping  barren  lands  in  Gujarat, 
Rajasthan,  Madhya  Pradesh  and  Uttar 
Pradesh. 

Shifting cultivation areas  3.0  Mostly in northeastern India

Source: Environmental Atlas of India,2002 
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Table 9.5 
Extent of Waterlogged and Salt Affected Areas in Irrigation Command Areas (1991) 

 

(Thousand Ha) 

State 
Waterlogged area Salt Affected area 

Andhra Pradesh  266.40 28 

Assam  NR NR 

Bihar  619.70 224 

Gujarat  172.59 911 

Haryana  249.00 197 

Jammu & Kashmir  1.50 NR 

Himachal Pradesh  0.20 NR 

Karnataka  24.54 51 

Kerala  11.61 NR 

Madhya Pradesh & Chhattisgarh  73.12 36 

Maharashtra  15.35 5 

Orissa  196.26 NR 

Punjab  200.00 490 

Rajasthan  175.50 70 

Tamil Nadu  16.59 140 

Uttar Pradesh  430.00 1150 

West Bengal  NR NR 

Union Territories  NR NR 

Total  2455.96 3302 

NR = Not Reported 

Source:  Ministry  of  Water  Resources,  Government  of  India.  Report  of  the  Working  Group  on 
'Waterlogging, Soil Salinity and Alkalinity' (1991). 
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Table 9.6 
Estimated Total Problem Areas (in m. Ha) 

 
State/UTs  Soil erosion  Other aures Land 

Degradation due to 
Total Problem 

Area 
Andhra Pradesh  115.02 7.29 122.31 
Arunachal Pradesh  24.44 2.10 26.54 
Assam  22.17 7.82 29.99 
Bihar  42.60 22.92 65.52 
Gujarat  99.45 26.40 125.86 
Haryana  15.91 25.71 41.62 
Himachal Pradesh  19.14 ‐‐‐ 19.14 
Jammu & Kashmir  8.83 0.10 8.93 
Karnataka  109.89 4.14 114.03 
Kerala  17.57 1.78 13.95 
Madhya Pradesh & Chhattisgarh  196.10 11.07 207.17 
Maharashtra  191.89 6.65 198.46 
Manipur  3.74 3.60 7.34 
Meghalaya  8.37 2.65 11.02 
Mizoram  4.21 1.89 6.10 
Nagaland  4.05 6.33 10.38 
Orissa  45.78 32.25 78.03 
Punjab  10.07 22.23 32.30 
Rajasthan  167.30 174.92 342.22 
Sikkim  3.03 ‐‐‐ 3.03 
Tamil Nadu  36.40 1.82 38.22 
Tripura  1.67 1.12 2.79 
Uttar Pradsh  71.10 60.05 131.15 
West Bengal  10.33 32.70 43.03 
Goa  2.00 ‐‐‐ 2.00 
Andaman & Nicobar Islands  2.59 ‐‐‐ 2.59 
Chandigarh  0.01 ‐‐‐ 0.01 
Dadra & Nagar Haveli  0.12 ‐‐‐ 0.12 
Delhi  0.74 0.01 0.75 
Daman & Diu  ‐‐‐ ‐‐‐ ‐‐‐ 
Lakshadweep  ‐‐‐ ‐‐‐ ‐‐‐ 
Pondicherry  0.03 ‐‐‐ 0.03 
Total  1,234.48 455.55 +

14.65*
1,690.03 + 

14.65* 
Grand Total  1,234.48 470.20 1,704.68 

Note: *Study areas appear not reported along coastal saline soil 
Source: Environmental Atlas of India, 2002  
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Table 9.7 

Annual Costs (billions of rupees) of Soil Degradation in India 

 

Estimated costs (billions of rupees) 

Type of degradation   Using the Brandon and  Using the Sehgal and 

  Hommann factors  Abrol factors 

Erosion  61  216 
Salinity  19  6 

Water‐logging  8  6 

Nutrient depletion   1  3 
Source: Tata Energy Research Institute, 1998 
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Table 10.1 
 

Reported cases of reservoir-induced changes in seismicity 
 
Name of the 
Dam/Reservoir 

Country  Hight of 
Dam (M) 

Reservoir 
Volume (106 
M3) 

Year of 
Impounding 

Year of 
largest 
Earthquake

Magnitu
de/Inten
sity 

Earthquakes having magnitude >6.0
Hsinfengking  China  105  13,896  1959  1962  6.0 
Kariba  Zimbabwe  128  1,75,000  1958  1963  6.2 
Koyna  India  103  2,780  1962  1967  6.3 
Kremasta  Greece  160  4,750  1965  1966  6.3 
Earthquakes having magnitude between 5.0 and 5.9
Aksambo Main  Ghana  134  1,48,000  1964  1964  V 
Aswan  Egypt  111  1,64,000  1964  1981  5.5 
Benmore  New Zealand  110  2,040  1964  1966  5.0 
Eucumbene  Australia  116  4,761  1957  1959  5.0 
Hoover  USA  221  36,703  1935  1939  5.0 
Marathon  Greece  67  41  1929  1938  5.7 
Oroville  USA  236  4,400  1967  1975  5.7 
Earthquakes having magnitude between 4.0 and 4.9
Bajina Basta  Yugoslavia  90  340  1966  1967  4.5‐5.0 
Camarillas  Spain  49  37  1960  1964  4.1 
Canelles  Spain  150  678  1960  1962  4.7 
Clark Hill  USA  60  3,517  1952  1974  4.3 
Grandvel  France  88  292  1959  1963  V 
Kastraki  Greece  96  1  1969  1969  4.6 
Kerr  USA  60  1,505  1958  1971  4.9 
Kurobe  Japan  186  149  1960  1961  4.9 
Manicouagn 3  Canada  108  10,423  1975  1975  4.1 
Monteyard  France  155  275  1962  1963  4.9 
Nurek  USSR  317  11,000  1972  1972  4.5 
Piastra  Italy  93  13  1965  1966  4.4 
Pieve de Cadore  Italy  116  69  1949  1950  V 
Vouglans  france  130  605  1968  1971  4.4 
Earthquakes having magnitude <4.0
Blowering  Australia  112  1,628  1968  1973  3.5 
Contra  Switzerland  220  86  1963  1965  3.0 
Emmosson  Switzerland  180  225  1973  1973  3.0 
Gandipet  India  36  117  1920  1982  3.5 
Grancarevo  Yugoslavia  123  1,280  1967  1967  3.0 
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Hendrik Verwoerd  South Africa  66  5,000  1970  1971  2.0 
Idukki  India  169  1,996  1975  1977  3.5 
Itezhitezhi  Zambia  65  5,000  1976  1978  4.0 
Jocasse  USA  107  1,431  1971  1975  3.2 
Kamafusa  Japan  47  45  1970  1970  3.0 
Keban  Turkey  212  31,000  1973  1973  3.5 
Monicello  USA  129  500  1997  1979  2.8 
Mula  India  56  1,017  1972  1972  1.0 
Oued Fodda  Algeria  101  225  1932  1933  3.0 
Schlegeis  Australia  117  128  1970  1971  2.0 
Shasta  USA  183  5,615  1944  1944  3.0 
Talbingo  Australia  162  935  1971  1973  3.5 
Toktogul  USSR  215  19,500  1977  ‐‐‐‐‐‐  2.5 
Vajont  Italy  262  150  1960  1960  ‐‐‐‐‐‐ 
Volta Grande  Brazil  33  2,300  1973  1974  4.0 
Other possible cases 
Cabin Creek  USA  49         
Cajuru  Brazil  23         
Clark Canyon  USA  40         
Coyote Valley  USA  50         
El Grado  Spain  130         
Ghirni  India  16         
Kinnersani  India  61         
Palisades  USA  82         
Parambikkulam  India  73         
Porto Colombia  Brazil  53         
Rocky Reach  USA  ‐‐‐‐‐‐         
San Luis  USA  116         
Sefid Rud  Iran  106         
Ukai  India  69         
Warragamba  Australia  137         
   
Source: H. K. Gupta (1989). Artificial Water Reservoirs & Earthquakes. Lecture delivered at Indian 
Association for Radiation Protection, Bhabha Atomic Research Center, Bombay (Reprint).  
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Table 10.2 

Reported Cases of RIS in India 
 

S.No.  Dam  Height (m)  Storage  Year of  Year of  Magnitude 

        Impounding  Largest RIS 

1.  Koyana  103  2780  1962  1967  6.3 

2.  Bhatsa  88  947  1981  1983  4.9 

3.  Gndhipet  123  1280  1967  1967  3.0 

4.  Idukki  169  1996  1975  1977  3.5 

5.  Mula  56  1017  1972  1972  1.0 

6.  Sriram Sagar  43  32000  1983  1984  3.2 

7.  Parambikulam  ‐‐‐  ‐‐‐  ‐‐‐  1968  3.0 

8.  Kinnersani  61  ‐‐‐  1965  1969  5.3 

9.  Ukai  69  ‐‐‐  1971  1972  Reported* 

10.  Ghirni  16  ‐‐‐  ‐‐‐  ‐‐‐  Reported* 

11.  Sukta  ‐‐‐  ‐‐‐  1976  1976  4.00** 

12.  Tawa  ‐‐‐  ‐‐‐  ‐‐‐  1969  4.5 

 

Source: Arun Kumar Singh (1992). A Seismo‐tectonic Framework of Narmada Valley &  its  Implications for Sardar 
Sarovar  Project  (SSS).  Presentation  to  Five Member  Review  Group  (FMG)  on  Sardar  Sarovar  Project, 
Government of India, New Delhi. 

* Data Confidential, not released 

** Based on the description of events narrated by eyewitnesses, villagers. 
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Table 11.1 
 

Melting of Earth's Ice Cover - Worldwide 
 

S.N. Name Location Measured Loss 
 
1. Arctic Arctic Has shrunk by 6% since 1978, with a 14% loss of thicker,  
  Ocean year-round ice.  
 Sea Ice  Has thinned by 40% in less than 30 years. 
 

 2. Greenland Greenland Has thinned by more than a metre a year on its southern and eastern  Ice  
 Sheet    edges since 1993. 

 
 3. Columbia Alaska (USA) Has retreated nearly 13 kms since 1982. In 199, the retreat rate  
  Glacier    increased from 25 metres a day to 35 metres per day.  
 
 4. Portage  Alaska (USA) Retreated more than 3 kms between 1990-1996, compared with only 

 Glacier    half a km during 19th century. Between 1900 and 1996, rate of retreat  
      increased 10-fold. All 15 glaciers in the vicinity are now retreating.  
 
 5.  Wolverine Gl. Alaska  Thinned by an unprecedented 7 metres between 1989 and 1995.  
 
 6. Gulkana Gl. Alaska  Thinned by an unprecedented 7 metres between 1989-1995.  
 
 7. Bering    Alaska  Frontal region has lost 130 km in area since 1900. Has thinned by Glacier

    180 metres in the past 50 years, with thickness losses of 20-25%   
 in some areas 

 
 8. Antarctic Southern Ice to the west of the Antarctic Peninsula decreased by some 20%  
  Sea Ice  Ocean  between 1973 and 1993, and continues to decline. 
 
 9.  Pine Island West  Grounding line (where glacier hits ocean and floats) retreated 1.2 km 

 Glacier  Antarctica a year between 1992-1996. Ice thinned at a rate of 3.5m/yr. 
 
 10. Marr Ice Antarctica Ice cover has retreated some 9 metres annually since the 1960s. 
  Piedmont Peninsula  
 
 11. Antarctic Ice Antarctica Overall have lost about 8,000 km2 to date - an area larger than the  
  Shelves  Peninsula state of Delaware. 
 
 12. Larsen A  Antarctica  Disintegrated completely in 1965.  

 and Prince Peninsula         
 Gustav Ice Sh. 
 
13. Wordie Ice Antarctica Lost 1.3 km2 between 1966 and 1989. Disappeared completely in
 Shelves  Peninsula 1991. 
 

 14. Larsen B Antarctica Calved a 200  km2 iceberg in early 1998. Lost an additional 1,714 km2 Ice 
 Shelf  Peninsula during 1998-99 season, and 300 km2 so far during 1999-2000 season. 
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 15. Wilkins  Antarctic Retreated nearly 1,100 km2 in area in early March 1999. Ice front is Ice  
 Peninsula back 35 km from previous extent.  

 
 16. Heard  Sub-Antarctic Small glaciers decreased by 65% between 1947 and early 1990s. 

 Island      
 

 17. New Zealand New Zealand A 1996 survey of 127 glaciers found that glaciers have retreated by 
 Glaciers   38% and lost 25% in area on average since mid-19th century.  

 
 18. Tasman  New Zealand Terminus has retreated 3 kms since 1971, and main front has  

 Glacier    retreated 1.5 km since 1982. Has thinned by 200 metres on  
 average since 1971-82. Icebergs began to break off in 1991, accelerating the collapse. 
 
19. Meran,   Irian Jaya, Rate of retreat increased to 45 metres a year in 1995, up from only 
 Carstenz & Indonesia 30 m/yr. in 1936. Glacial area shrank by some 84% during 1936-95.  
 Northwall   Meran glacier is now close to disappearing altogether.  
 Firn Glaciers 
 
20. Eastern   Asia  Some one-fifth of the region's 10,000 glaciers have disappeared in the 
 Himalayas   last century. 
  
21. Dokriani Himalayas, Retreated by 20 metres in 1998, compared with an average retreat 
 Bamak  India  of 16.5 metres over the previous 5 years.  
 
22. Gangotri Himalayas, Average rate of retreat is now 30 m/yr., compared with only 18  

Glacier  India  m/yr. between 1935 and 1990, and only 7 m/yr. during 1842-1935. 
 

23. Pindari  Himalayas, Retreating at an average rate of 135 m/yr. 
 Glacier  India           
 

 24. Himalayan Nepal  Some glaciers have retreated by as much as 100 metres over last 15 
 Glaciers   years. 

 
 25. Duosuogang Ulan Ula Mt. Glaciers have shrunk by some 60% since early 1970s. 
  Peak                  
 
 26. Central Asian Central Asia From 1950s to 1980s, some 73% of region's 224 glaciers were Glaciers 

 retreating, 15% were advancing and 12% were stable. 
 
 27. Tien Shan Mt. Central Asia 22% of glacial ice volume has disappeared in past 40 years.  
  
 28. Caucasus Mt. Russia  Glacial volume has declined by 50% in past century. 
 
 29.  Alps  West Europe Glacial area has shrunk by 35-40% and volume has declined by more    

 than 50% since 1850. Glaciers could be reduced only to a small  
fraction of their present mass within decades.  

 
30. Alps  Austria  A 1997 survey of 100 glaciers found that 74 had receded, losing more 

than 5 metres on average, 17 had remained stable and only 12 had 
advanced. One glacier, Hochjochferner, had receded by 32 metres. 

31. Alps  Switzerland Over a 150-year period, eastern Switzerland's mostly small glaciers 
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lost 40% of their area and half of their volume. 
 
32. Gruben  Alps  Has been retreating since mid-1800s, and trend has accelerated since 
 Glacier  Switzerland 1980.  
 
33. Fee Gl.  Switzerland Retreated 51 metres in one year. 
 
34. Rhone Gl. Switzerland Decreased to half of its original size during the past 100 years. 
 
35. Spanish Gl. Spain  14 of country's 27 glaciers have disappeared since 1980. 
 
36. Mt. Kenya Kenya  Largest glacier has lost some 92% of its mass since late 1880s.  
 
37. Mt.   Tanzania Glaciers have shrunk by an estimated 73% since the late  

Kilimanjaro   1880s.  
 

38. Speka Gl. Uganda  Retreated by more than 150 metres during 1977-90, compared with 
only 35-45 metres during 1958-1977. 
 

39. Upsala Gl. Argentina Has retreated 60 m/yr. on average over last 60 years.  
 
40. South  Argentina Has lost more than 500 km2 of its total 13,500 km2 area in less than 50 

Patagonian Chile  years.  
 
41. Quelccaya Gl. Andes, Peru Rate of retreat increased to 30 m/yr. in the 1990s, from only 3 

m/yr. between 1970s and 1990. 
 
42. Qori Kallis, Andes, Peru Rate of retreat increased to 30 m/yr. by 1995, up from only a 4 m/yr 

Glacier    between 1963 and 1978.  
 

43. Collier Gl.  Cascade Mt. Has retreated at least 1.6 km up the valley since 1912.   
   USA           
   
44. Rocky Mt. USA  The number of glaciers has dropped from 150 to fewer than 50 since 

1850. The remaining glaciers could disappear completely in 30 years. 
------------------------------------------------------------------------------------------------------------------------------------- 
Source: Worldwatch Institute, USA. March 6, 2000. 
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Table 11.2 A 
 

Glacial Melting in Himalayas 
 
Glacier    Period   Retreat in meters 
 
Pindari (Uttaranchal)   1845-1966   2840 
 
Milan (Uttaranchal)   1849-1957   1350 
 
Gangotri (Uttaranchal)  1935-1976   600 
 
Zemu (Sikkim)   1909-1965   44 
 
Bara Shingri (HP)   1892-1945   1100 
 
Shaunkulpta (J & K)   1881-1965   518 
-------------------------------------------------------------------------------------------------------------------------Source: 
Upadhyay, 1995. 
 
  

Table 11.2 B 
 

Glacial Melting in Himalayas 
 
Glacier   Period   Retreat of snout Av. retreat (m/y) 
 
Pindari (Uttaranchal)  1845-1966   2840   135.2 
 
Milan (Uttaranchal)  1909-1984   990   13.2 
 
Gangotri (Uttaranchal) 1977-1990   364   28.0 
 
Zemu (Sikkim)  1977-1984   194   27.7 
 
Bara Shingri (H.P.)  1977-1995   650   36.1 
 
Chota Shingri (H. P.)  1986-1995   60   6.7 
 
Triloknath (H. P.)  1969-1995   400   15.4 
 
Ponting (Uttaranchal)  1906-1957   262   5.1 
 
Zemu (J & K)   1977-1984   194   27.7 
-------------------------------------------------------------------------------------------------------------------------- 
Source: A. K. Nathani, Department of Geology, Garhwal University, Uttaranchal. 
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Table 11.3 

 

Global  Average Temperature at Earth's Surface, 1950-99 and Atmospheric Concentrations 

of Carbon Dioxide, 1950-1998 
 

 
Year Temperature Carbon Dioxide 
 (in Celsius) (ppm) 
 
 276.72 (at the start of  
 industrial revolution) 
 
1950 13.84 311.26 
1951 13.97 311.74 
1952 14.03 312.22 
1953 14.11 312.70 
1954 13.91 313.22 
1955 13.91 313.73 
1956 13.87 314.25 
1957 14.07 314.77 
1958 14.07 315.28 
1959 14.03 315.83 
1960 13.96 316.75 
1961 14.10 317.49 
1962 14.11 318.30 
1963 14.10 318.83 
1964 13.78 318.50 
1965 13.89 319.87 
1966 13.96 321.21 
1967 14.00 322.02 
1968 13.95 322.89 
1969 14.03 324.46 
1970 14.02 325.52 
1971 13.93 326.16 
1972 14.01 327.29 
1973 14.11 329.51 
1974 13.92 330.08 
1975 13.94 330.99 
1976 13.81 331.98 
1977 14.11 333.73 
1978 14.04 335.34 
1979 14.08 336.68 
1980 14.18 338.52 
1981 14.30 339.76 
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1982 14.09 340.96 
1983 14.28 342.61 
1984 14.13 344.25 
1985 14.10 345.73 
1986 14.16 346.97 
1987 14.29 348.75 
1988 14.32 351.31 
1989 14.24 352.75 
1990 14.41 354.04 
1991 14.37 355.48 
1992 14.12 356.29 
1993 14.12 356.99 
1994 14.22 358.88 
1995 14.38 360.91 
1996 14.30 362.69 
1997 14.41 363.82 
1998 14.58 366.70 
 
 
(Source: Surface Air Temperature Analyses, Goddard Institute, USA, 2000 and Scripps Institute of 
Oceaonography, USA) 
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Table 11.4 
 
 

Forest Area and Deforestation Rates in South Asia 
 
 

Country   Forest    Percentage of Avg. annual  
    Area (mn ha)  Land Area  deforestation 

 
Bangladesh  2.5    17   1.5 
Bhutan   2.6    64   0.1 
India   72    23   0.3 
Nepal   5.5    37   4.0 
Pakistan  4.6    5   0.4 
Sri Lanka  2.5    39   3.5 
Maldives  --    --   -- 
------------------------------------------------------------------------------------------------------------------ 
(Source: SAARC Secretariat, Regional Study on Greenhouse Effect and its Impact on the Region, Kathmandu, 
1992) 
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Table 11.5 

Major Land Degradation Problems in South Asia 

 
 
Country    Problems 
 

Bangladesh Soil erosion, salinity, acidity of soil, river bank erosion, water logging, 
decreasing soil fertility. 

Bhutan Soil erosion, river bank erosion 
India Soil erosion, particularly gully and sheet erosion, water logging, soil 

salinity, alkalinity, decreasing soil fertility, spread of weeds, chemical 
degradation due to pesticides and fertilisers (not assessed), land subsidence, 
mine spoils, debris dump, heavy pollution and loss of land due to mining.  

Nepal Soil erosion, deterioration in soil quality, water logging along canal 
systems, quarrying leading to denudation of hill slopes, excessive erosion 
and debris accumulation in rivers.  

Pakistan Soil salinity, water logging, soil erosion.  
Sri Lanka Soil erosion, water logging, pesticide accumulation in the soil, ground water 

and surface water bodies, land degradation due to extraction of raw 
materials for the ceramic and cement industry, industrial pollutants 
discharged onto agricultural land, gemming, sand mining, brick and tile clay 
extraction.  
-------------------------------------------------------------------------------------------
-------------------------------- 

 
(Source: SAARC Secretariat, Regional Study on the Causes and Consequences of Natural Disaster  
and the Protection and Preservation of the Environment, Kathmandu, 1992) 
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Table 11.6 
 

Timber Logging Multinationals engaged in Myanmar 
 
 

S.N.   Multinational/Transnational Company 
 
1.   Thai Teakwood 
2.   B & F Enterprise 
3.    Thad Sawad 
4.   Pathum Thani Sawmills 
5.   Sirin Technology 
6.   Santi Forestry 
7.   Mae Sod Forestry 
8.   Mae Maei Forestry 
9.   Silar International 
10.   Muang Pana 
11.    Thai Pong  
12.    Union Par Company 
13.    Pathumthani Tangkakarn  
14.   Choon Sin International 
15.   Suwannee Industrial Company 
16.   Sridenchi - Suphanburi Company 
17.    F. M. T.  
18    N & N Company Limited  
19.   Sri-Thanasarn 
20.   Knon Thong Company 
21.    Thip-Thara 
22.   Tanakit Timber 
23.   Ma Sod Forestry 
24.   Philboon Wattana Limited 
25.   Ranong Victoria Point Company 
26.   Chokepanya Company Limited 
27.    Chaopraya & Irrawaddy 
28.   Sirin Technology 
29.    Sirin Technology 
30.   Sirin Technology 

------------------------------------------------------------------------------------------------------------------- 
(Source: Martin Smith. Burma: Insurgency & Politics of Ethnicity. Zed Books, 1991) 
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Table 11.7 
Present Status of Dams in Northeast States in India 

 
State     Name of the Project 
I. Arunachal Pradesh   1.   Debang Multipurpose Project 
     2.   Deopani Multipurpose Project 
     3.   Dihang (Siang) Multipurpose Project 
     4.   Kamlang Multipurpose Project 
     5.   Kemang Dam Project 
     6.   Lohi Multipurpose Project 
     7.   Noa-Dihing Multipurpose Project 
     8.   Ranganadi Hydro-electric Project (construction stage) 
     9.   Sissiri Multipurpose Project 
     10. Subansiri Hydro-electric Project 
II. Assam    11. Harang Sub-basin Drainage Scheme (construction stage) 
     12. Pagladia Irrigation Project (construction stage) 
III. Manipur    13. Dolaitthabi Barrage (construction stage) 
     14. Jirir Irrigation Project (construction stage) 
     15. Khuga Multipurpose Project (construction stage) 
     16. Thoubal Multipurpose Project (construction stage) 
     17. Tipaimukh Multipurpose Project (construction stage) 
IV. Meghalaya   18. Greater Shillong Water Supply Scheme (construction stage) 
     19. Jadukata Hydro-electric Project 
     20. Kulsi Hydro-electric Project 
     21. Rongai Irrigation Scheme (construction stage) 
     22. Um-N-Got Project 
V. Mizoram    23. Bhairabi Dam Project 
     24. Kolodyne Hydro-electric Project 
VI. Nagaland    25. Doyang Hydro-electric Project 
     26. Dikku Hydro-electric Project 
-------------------------------------------------------------------------------------------------------------------------------
- 
Source: Ministry of Water Resources, Govt. of India. Annual Report, 1999-2000  
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Table 11.8 
 
 

Land-use and Vegetation Types in Bhutan 
 
Land‐use and Vegetation Types  Area 
Non‐Forested  Km2  Percentage 
Perpetual snow/glaciers  4006.30  10.0 
Barren exposed and rocky areas (above 
3500 m) 

3455.64  8.0 

Barren land, grassland and scrubs (below 
3500 m) 

307.00  0.7 

Water spreads  522.92  1.3 
Agri. land including settlement and 
orchard 
‐ Valley cultivation (slope<30%) 
‐ Terraced cultivation (slope<30%) 
‐ Old shifting cultivation (Tsheri) 

 
649.20 
1759.11 
1150.43 

 
1.6 
4.4 
2.8 

Total  11850.60  29.4 
Forested 
‐ Alpine pasture/meadows 
‐ Alpine Scrub (Rhododendron, Juniper 
scrubs) 

 
747.70 
1918.05 

 
1.9 
4.7 

Total  2665.75  6.6 
With Tree Coverage 
‐ Fir 
‐ Mixed conifer 
‐ Blue pine 
‐ Chir pine 
‐ Hardwood mixed with conifers 
‐ Upland hardwood (temperate) 
‐ Lowland hardwood (tropical and sub‐
tropical) 
‐ Degraded forest 
‐ Plantations  
 

 
2956.17 
4854.34 
755.28 
1291.62 
2193.06 
8726.27 
3513.63 
1415.90 
27.38 

 
7.3 
12.1 
1.9 
3.2 
5.5 
21.7 
8.7 
3.5 
0.1 

Total  25733.65  64.0 
Total forested  28399.40  70.6 
Grand Total  40250.00  100.0 
Source: Bhutan and Its Natural Resources. Vikas Publishing House. 1994 
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Table 11.9 
 

Extent of Land and Water Resources in Sri Lanka 
 

 
Province  Total Area  Land Area  Inland Waters  % of total 
 
Western  3,684   3,593    91  5.6 
 
Central   5,674   5,575    99  9.1 
 
Southern  5,544   5,383    161  8.4 
 
Northern  8,884   8,290    594  13.5 
 
Eastern  9,996   8,290    635  15.2 
 
North Western  7,888   7,506    382  12.0 
 
North Central  10,472   9,741    731  16.0 
 
Uva   8,500   8,333    165  13.5 
 
Sabaragamuwa 4,968   4,921    47  7.6 
 
Total   65,610   62,705    2,905  100.00 
 
 
(Source: Statistical Compendium on Environmental Statistics Sri Lanka 1998, Ministry of  
Census & Statistics) 
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Table 13.1 
Major International Water Corporations (Big 10) 

 (Comparative Financial Statistics) 
 
 

Name    Water   Total   Total  Total 
    Revenues  Revenues  Profits  Liabilities 
 
1. Vivendi   5.88   29.74   1.03  45.90 
 
2. Suez Lyonnaise  4.80   29.39   0.937  67.94 
 
3. Bouygues (SAUR)  2.28   2.92   0.21  2.06 
 
4. Enron (Azurix)  ----   29.35   0.79  29.35 
 
5. RWE   0.135   40.40   555.5  7.46 
 
6. Thames Water (99)  2.13   Same   0.227  0.96 
 
7. United Utilities  1.37   Same   0.29  1.43 
 
8. Severn Trent (99)  0.57   0.82   0.18  0.89 
 
9. Anglian (99)  0.45   0.50   0.23  0.03 
 
10. Kelda Group (99)  ----   0.40   0.13  0.53  
 
 
1. All figures represent billions of US $ unless otherwise indicated.  
 
2. All figures are converted to US $ using conversion rates as of October 25, 1999 and based on figures 
from company's Annual Reports.  
 
3. RWE Group distributes its water revenues across a number of different sectors. The value shown 
reflects only those revenues reported as water revenues by the corporation, and therefore may be a 
conservative estimate of actual total water-related revenues. 
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Table 13. 2 A 
 

World Bank’s Water Supply Schemes in Nepal 
 

Description of the first three projects launched by the World Bank 
 

Projects  Date of Start  Time of Completion  Cost (Rs. In Lakh) 
    Estimate

d 
Actual  HMG  WB 

First Project  June 1974  42 
months 

109 
months 

588  1317 

Second Project  March 1978  48 
months 

76 
months 

301  1040 

Third Project  June 1981  60 
months 

70 plus  974  3342 

        1864  5699 
Source: Pokhrel Commission Report (1987) 
 
 
 
 

Table 13.2 B 
 

External Assistance for Water Supply & Sanitation in Nepal 
 
External Assistance on National Scale for Water Supply and Sanitation Sector  
Bilateral Assistance  Multilateral Assistance  Total Assistance 
Grant  Loan  Total  Grant  Loan  Total  Grant   Loan  Total 
2734  761  3495  36  2135  2171  2770  2896  5666 
1337  1603  2940  293  2757  3050  1630  4360  5990 
7643  ‐  7643  418  13023  13441  8061  13023  21084 
1207  2390  3597  324  3879  4203  1531  6269  7800 
12386  264  12650  3612  4265  7877  15998  4529  20527 
2331  1308  3639  943  4654  5597  3274  5962  9236 
7267  135  7402  159  5611  5770  7426  5746  13172 
2044  583  2627  349  8581  8930  2393  9164  11557 
6780  75  6855  41  646  687  6821  721  7542 
‐  ‐  ‐  ‐  ‐  ‐  ‐  ‐  ‐ 
Source: Data Compiled from Economic Survey 1994‐95. MoF, Nepal 
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Table 14.1 
Population Estimates for Selected Sites in the Indo-Iranian Borderlands, Based on Statistics of 

modern Settlements in West Pakistan 
 

Site  Period Approxima
te Size in 
Feet 

Square 
Feet 

Total 
Numbe
r of 

Houses 

Estimated 
Population

Kechi‐Beg (Q14) 
Damb Sadaat (Q8) 

Mohenjodarob 
Ghazi‐shah 
Amri 
Kot Diji 
Lohumjo‐daro 
Pir Lal Chatto 
Pandi Wahi 
Chauro 
Chanhu‐daro (Majumdar 1934) 
Judeir‐jo‐daro 
Harappa, Mound E 
Harappa, granary 
mound 
Harappa (Total, exclusive of 
'citadel') 

Harappa, 'citadel' 
Malir 2 
Nal Bazar 
Amilano 

H‐2, DS‐I 
DS‐I‐III 
Harappan 
Amri‐Harappan 
Amri‐Harappan 
Amri (Kot  
Diji)Harappan 
Harappan‐Jhukar 
Trihni 
Amri 
Amri 
Harappan 
Harappan 
Harappan 
Harappan 
Harappan 
Harappan 
Harappan 
Harappan  
Harappan 

210×120
400×400

3000×2750
525×450
1800×450
600×400
900×600
475×420
450×350
500×300
1000×700

1800×1500
1200×1800
1020×960

1800×840
540×420
375×405
330×345

 

25,200
160,000
5,500,00

0
236,250
810,000
240,000
540,000
199,500
147,500
150,000
700,000
2,700,00

0
2,160,00

0
979,200
3,139,20

0
1,512,00

0
226,800
151,875
113,850

35a 
181 

10,428 
295 

1,012.
5 

300 
675 
249 
184 

187.5 
875 

3,375 
2,700 
1,224 
3,924 

 
283.5 
190 
142 

 

210
1,086

41,250
1,770
6,075
1,800
4,050
1,494
1,104
1,125
4,950

20,240
16,200
7,344

23,544

1,701
1,140
852

Source:  
a. The unit estimates are 800 square feet per person, or six people per house, in rural areas. In Q14 , 180 square 
feet equals ¼ house and 720 square feet equals one house; in Q8, 882 square feet equals one house. The figure of 
800 square feet is the 'average'  (See Government of Pakistan 1962.) 
b. Exclusive of the 'citadel' and the area between it and VS, DK and HR. As only approximately one‐third of the 
total site has been excavated, two‐thirds have been added to include the whole site as it is known from surface 
remains.   
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Fig. 1 
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Fig. 2.1 
 

m of Undergground Reservoir 
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Fig. 6.1 
 

'Floor Prone Areas' & 'Rainstorm Zones' in India 
 



279 
 

   



280 
 

Fig. 10.3 
 

Location of Water Reservoirs (Dams) in the Peninsular India 
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Fig. 10.4 
 

Major Transverse Faults in the Peninsular India 
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Fig. 10.5 
 

Relationship Between Reservoir Levels and Earthquake Frequency at Koyna 
 
 

 


