
     WHERE IS WATER? 

(Management of Flood and Drought in the Context of Climate Change) 

Introduction 

     During the great economic depression during the decades of nineteen thirties, the then President of  USA 
Mr. Franklin Roosevelt introduced the programe of New Deal in which the construction of infrastructure 
was taken up on a massive scale. Under this scheme, the construction of Hoover Dam, on Colorado River 
was taken up. This dam, which was the highest dam of the world at that time and which still, continues to 
be one of few highest concrete dams of the world, proved a milestone in the field of constructions of dam 
for the development of water resources as well as in the field of concrete technology. At the time of 
inauguration of this dam after its completion during 1935, President Roosevelt exclaimed “I came, I saw 
and I was conquered” Similar feeling was expressed by the famous folksinger Mr. Woody Guthrie, on the 
grand Coulee Dam constructed on Columbia river in USA, who wrote a collection of songs and called it 
“the newest wonder of the world’’. The construction of dams for the development of water resources 
continued in other parts of the world besides USA. The construction of major dams like Bhakhra Nangal, 
Hirakund, dams under Damodar Valley Corporation and several others were completed during various 
Five Year Plans in India. Pundit Jawaharlal Nehru, the first Prime Minister of independent India called 
them” the temples of modern India.” 

The process of construction of dams for development of water was not only confined to developed country 
like USA and developing country like India, rather it extended in other countries like Russia and China in 
full swing. The chairman Mao of China was so much enthused with construction of major irrigation 
projects and dams that he called them “people’s victory irrigation project”. When the Sanmenxia dam, the 
first dam on Yellow river was completed he was so proud of it that he got its image printed on the 
country’s bank notes and he made “the mountains to bend and the rivers to give way” as his slogan in 
campaign during1950. It is very pertinent to note that the mankind is struggling to produce enough to feed 
him since the beginning of the civilization, when the science and technology was not developed, till date, 
when the science and technology are in most developed stage. Several important forecasts were made 
about the future of the mankind depending on the stage of development of science and technology. The 
world was gripped by Malthusian nightmares of mass starvation. In his influential book “The Population 
Bomb” the biologist Paul Ehrlich declared that in 1970 hundreds of millions of people are going to starve 
to death. A crude computer model of ecological Armageddon called “Limit to Growth” became 
worldwide best seller. However, the combined impact of green revolution and expansion of irrigation with 
the implementation of large number of water resources projects, proved the forecast wrong. The 
humankind did not face starvation to death despite about two fold increase in population in the world. 
Henry Kissinger, the then Secretary of State USA, declared at the first World Food Conference in 1974 
that within a decade no child will go to bed hungry. He also declared that “for the first time we may have 
the technical capacity to free mankind from the scourge of hunger”. Since then the humankind is capable of 
producing enough to feed themselves. While this presents a rosy picture, there is a dark side of the situation 
also.A very dangerous situation has developed due to the over withdrawal of surface and ground water for 
rapid expansion of irrigation system to support green revolution for production of adequate food grains. 
The major rivers of the world are getting almost dry and the mining of ground water is taking place, due to 
over exploitation of water. This is resulting into dangerous ecological  deterioration. Besides, due to adverse 
impact of climate change, the rainfall is decreasing, glaciers are melting, and more severe floods and 
droughts are apprehend at less frequent intervals . The major water resources schemes, on one hand, are 



adversely affecting the ecology and environment and,  on the other hand, the performance and the benefits 
expected to accrue from these major water resource projects, are much below the targets for which they 
have been planned and  constructed. This is adversely affecting the overall economy of country and is 
causing discontent and anguish among the mass. In this context the following observation of the then 
Prime Minister of India Mr. Rajiv Gandhi during 1986 is very relevant: “Only a quarter of 246 large 
surface irrigation projects begun in the previous thirty years had been completed. Perhaps we can safely say 
that almost no benefit has come to the people from these projects”. 

Proposed Model: 

This is a fact that due to combined impact of expansion of irrigation and green revolution, the country has 
succeeded not only in achieving self-sufficiency in food grains, despite rapid growth of population, but has 
also been able to develop export capability. However, a very delicate balance is existing in the country. In 
order to support the ever growing population, which is expected to be stabilized at 1500-1600 million by 
the year 2050, the production of food grains has to be increased from the present level of 250 Million 
tonnes to 450 Million tonnes. This entails the expansion of irrigation on a very large scale along with the 
sufficient improvement in water use efficiency and productivity of irrigated agriculture, which are very 
how at present. However, the shrinking of availability of land due to rapid growth of population and rapidly 
increasing demand for sectors other than irrigation viz ecology and  environment, health and sanitation, 
drinking and industrial water supply, are posing a very challenging task. Moreover the decrease in quantum 
of rainfall, which is the main source of water, and decrease in discharge of rivers, through which the surface 
water becomes available due to adverse impact of climate change make the situation very complex and 
critical. Presently, when impact of climate change – whether it has started taking place or not; if the reply is 
in affirmative; what is the intensity of the impact—all these issues are still a subject of debate; the available 
water is proving quite inadequate and it is becoming very difficult to manage the floods and droughts of 
normal intensity and of normal frequency. In future, when the adverse impact of climate change will 
definitely be there, then there is an apprehension of significant decrease in available quantity of water. At 
the same time more severe and frequent floods and droughts are also apprehended. This will make the 
situation for the management of water resources very difficult and complex. In this context ecological and 
environmental deterioration, failure of major, medium irrigation projects to perform as envisaged in their 
original planning along with their other deficiencies extending from investigation, planning, design, 
implementation to operation suggest the planning of such water resources schemes for irrigation which are 
friendly to natural sources of water like rain, rivers, other surface water bodies like lakes etc,ground water 
bearing aquifers and ecologically and environmentally sustainable and stable not only at present time but 
they also continue to remain sustainable even under the adverse impact of climate change apprehended in 
future.The natural disaster related to water in form of  floods and droughts is bound to occur. Under the 
circumstances it becomes imperative to evolve measures for flood proofing and drought proofing on the 
pattern of earth quake proof structures and at the same time adopt an approach of living with flood and 
drought in view of their inevitability. A broad framework of plan for drought proofing and flood proofing is 
presented below: 

1.0  Drought Proofing: 

The following three pronged measures are proposed for drought proofing: 

 

(i) Configuration of various categories of irrigation projects: 



 According to the present criterion the irrigation schemes are divided into different categories viz major & 
medium irrigation projects and minor irrigation (surface water) projects (which include Ahar &Pynes 
located in Eastern India and tanks located all over the country). The planning, design, implementation and 
operation of these schemes are done by different departments/ agencies of the government. There is no co- 
ordination or any kind of interaction at any level, from field level to the level of government department, 
among the agencies responsible for management and operation of these irrigation schemes. These various 
categories of schemes are considered as an alternative to one another. As a result of this, these schemes fails 
to perform optimally and the farmers are not getting appropriate benefit from these schemes. There is need 
to consider them as supplementary to each other instead of considering them as alternative to one another 
and the planning, design, implementation and operation of all categories of irrigation schemes should be 
taken up on the basis of specific area at the level of river basin/ sub-basin/region. All schemes falling under 
different categories, which are feasible or are existing from before should not only be integrated rather they 
should be dovetailed in such a way that neither any feasible scheme, of any category, should escape 
attention nor any area where irrigation is feasible is left out. 

With this concept in view, the irrigation schemes in an area should be planned, designed, implemented and 
operated in an integrated way. The concept should also be implemented in the command area of already 
existing irrigation schemes. This arrangement will provide facility of transferring water from one category 
of scheme to the other; will help in transferring the surplus water from one to the other suffering from 
shortage. This flexibility will facilitate in improving the availability of water and increase the water use 
efficiency. This will also help in meeting the needs of crop water requirement in a better way, as a result of 
which, the productivity of irrigated agriculture will also improve. This will go a long way in improving the 
quality of irrigation services which is very poor at present times. 

(ii) Measure to augment utilizable available water: 

The above measure of dovetailing various categories of irrigation schemes is not expected to solve the 
problem alone. The major problem is to augment the utilizable available water. The entire rainfall is 
concentrated within 100 hours during 100 days of three months of rainy season during mid- June to mid-
October due to characteristics of monsoon climate prevailing in the country. Mainly due to this and also 
due to several other reasons only 690BCM water has been assessed as utilizable out of total surface water 
of 1869 BCM available in the country. This suggests adopting measures to augment the utilizable water. 
The practice of building big and small dams for storage of rain water which flows through the river is 
generally followed. But it is becoming very difficult to construct dams due to social, economic, ecological 
and environmental problems. Therefore, an alternative remedial measure, as given below is proposed. 

(a) Removable temporary barricades in small streams: 

       Rain is the main source of water flowing in the river or ground water available in water bearing 
aquifer. Even during severe drought, there is some rainfall, may be smaller compared of normal 
years. It is very essential that in drought prone area crops requiring less water should be adopted and 
it should be planned and grown in such a way that the crop is able to make maximum utilization of 
rain water. Along with this, efforts should be made and measures should be adopted to harvest 
rainwater to the maximum possible extent. Harvesting of rain water is advocated very much and is 
practiced also, but there is need to adopt measures for rain water harvesting in a big way. Starting 
with the farmers mending the ridges in their fields for harvesting rain water immediately after rains, 
there is need to erect series of removable temporary barricades in small streams/drainage channels 
for harvesting rain water. This will help in storing water in the bed of the channel and will raise 
water level and create pounding of water and thereby increasing the availability of water in quantity 
and duration. The water which is usually available for two to three days under normal condition will 



now be available for more time may be seven to ten days. Water will be available in the bed of the 
river in form of pond even if there is no flow or very little flow in the river. It is pertinent to note that 
the proposed temporary removable barricades will be fixed in position only during period of low 
flow; and they will be removed during high flood so that there is no obstruction in passing of flood 
discharge. This will help in obviating the deposition of silt behind the barricade. However, during 
the end of rainy season the barricades will be fixed again so that water of last rain flowing in the 
river during the last period of rainy season may be retained in form of pond. Adopting these 
measures in the command areas of major, medium and minor irrigation schemes will definitely 
help in augmenting the existing available water supply; more over such measures will help in 
providing irrigation facilities in areas where any irrigation facility does not exist at present. This may 
be achieved very conveniently at a very low cost and without any lag of time. The scale of accrual 
of benefits or scale of area benefitted will depend on the scale and extent of adaptation of the 
measures. Besides augmenting the available surface water, the proposed measures will also help in 
augmenting ground water, which may be put to different uses viz irrigation, drinking water supply 
etc. The increased recharge of ground water will ultimately lead to increase the lean flow discharge 
in major rivers, which is decreasing during recent times. At the same time the proposed measure 
will prove very effective in reducing the peak flood flows of major rivers by delaying the 
concentration of rain causing flood. 

In case of scarcity of water in tail end of the canal system under major/medium     
 irrigation projects, the water available in the local small rivers may be used by putting the river 
water in to the canal system by pumping. 

(c) Artificial Recharge of Ground Water: 

It is considered essential to adopt measures for artificial recharge of ground water   along with the measures 
for augmentation of surface water. It has become imperative to adopt the measures for artificial recharge on 
very large scale besides the natural recharge of the ground water along with the measures for augmentation 
of surface water The two measures – augmentation of surface water and augmentation of ground water by 
artificial recharge – are expected to go a long way in compensating the lack of suitable site for construction 
of dams and creation of reservoirs for storage of water. 

     (d) Storage within the channels of the rivers: 

              In view of acute shortage of water in the area located on right bank of river Ganga in South eastern 
Uttar Pradesh and South Bihar the Irrigation Commission (Govt. of India, 1972) has recommended that the 
bed and channel of rivers like Falgu which flows close to holy city Gaya and other such rivers which 
become almost dry or have very negligible discharge during lean period and which have wide bed and firm 
and high banks, may be utilized for storing water by pumping the same from the River Ganga or Sone. It is 
pertinent to note that instead of pumping water from Ganga or Sone, which will involve acquisition of land 
and construction of canal and pumping system, all requiring huge capital and running expenses, it will be 
convenient and very cheap to store the water of the same river flowing during the fag end of rainy season 
by construction of series of barrages on the river. This will increase the quantum of available surface water, 
which may be used for various purposes viz. irrigation, water supply, health and sanitation and at the same 
time this will provide  significant improvement in ecology of the river and environment of the surrounding 
area. This should be taken up on experimental basis on river Falgu in the first stage and after getting 
satisfactory and encouraging results, this may be adopted on other small and medium size rivers/ drainage 
channels. This is expected to play significant role in storage of surface water. 



    (e) Storage of water in saucer shaped topography 

           The area located on the northern bank of the river Ganga in Eastern India, is generally water logged 
due to prevailing saucer shaped topography. Efforts should be made to provide drainage to the maximum 
possible area, which is technically feasible and economically viable. It will not be possible to provide            
drainage in the entire area. Therefore, the area at lower level which cannot be drained should be utilized for 
storing rain water by providing ring bund and gate. This water so stored may be utilized for irrigation 
during Rabbi season. 

(iii) Conjunctive use of surface and Ground Water 

          The conjunctive use of surface and ground water is expected to play a very significant role in 
improving water use efficiency along with improving the overall quality of irrigation service in light of 
overall scarcity of water. In view of its utility and importance, its adoption is very highly advocated and is 
recommended by several agencies. However, it is not being practiced extensively on large scale. The major 
reason for this is lack of planning for such schemes on large scale by government agencies. However, there 
have been significant developments in local pockets, the credit for which goes to farmers. The availability 
of large number of tube wells or dug wells for extraction of ground water is considered a pre-requisite for 
adopting this measure. A large number of tube wells have been installed in the private fields by farmers in 
the different regions of the country under several schemes of ground water development, the process of 
installing more tube wells is still continuing. This will facilitate adopting this measure very conveniently in 
the command of major and medium irrigation schemes. This measure may be adopted along with the 
scheme of putting temporary barriers in small streams as discussed above besides the commands of major 
and medium irrigation schemes. This measure of conjunctive use in the command areas of major & 
medium irrigation schemes will be useful during the period of shortage of water during rainy season, and 
also during post rainy season, when there will be shortage of surface water. The use of ground water during 
rainy season will provide opportunity of recharge for the quantity thus extracted, which will be available for 
use after rainy season. Thus the frequent use of ground water during rainy season will assist in increasing 
the available water. The use of ground water in the command area of major and medium irrigation projects 
will also help in arresting the rise of groundwater table and lower the same, where it has already increased. 

2.0 Flood Proofing 

A major area of the country is flood prone, most of which is situated in middle and lower portion of Ganga 
basin and is located mostly in the States of Eastern Uttar Pradesh, Bihar, West Bengal and Orissa. It is 
pertinent to note that the region is continuing to remain economically backward despite the fact that the 
region is bestowed with two most vital natural resources – plenty of plain and fertile land and adequate 
water resources; though significant flood moderation measures have been implemented . Embankments 
have been constructed extensively as structural measures for flood moderation besides other measures. 
Dams / reservoirs have also been constructed at some places as measures for flood moderation. The system 
of flood forecasting is also operating as one of non- structural measures. Generally the performance of 
these measures can be said to be satisfactory. However, they have their own limitations. Generally a major 
flood comes at the interval of three to five years, when the embankments breach and all the measures 
implemented for flood moderation seem quite inadequate; great devastation takes place in the region, death 
of large number of people along with livestock and huge damage of private and public property take place, 
and people have to take shelter by side of state / national highways and embankments. Besides, the 
infrastructures constructed for the development of the region are damaged severally. It takes two to three 
years in repairing the damages and overcoming the devastation caused by the severe flood. Again just after 
one to two years of overcoming the devastation and repairing the damages caused by severe flood, another 



severe flood comes and the story of devastation is repeated, thus the game of Snake and Ladder continues 
and the region continues to remain economically backward. In order to overcome the situation, it is 
considered essential to adopt the concept of living with floods and construct flood proof structures / 
infrastructures on the pattern of earthquake proof structures for protection against earthquake. For 
constructing flood proof structures in flood prone area, it will be essential that the plinth level of buildings 
/infrastructure should be kept well above the highest flood level. In order to achieve this  objective it will be 
essential to construct the buildings on concrete pillars just like the pattern of multi storey buildings being 
constructed in the cities where the ground floor is kept free for parking of vehicles, so that the water does 
not enter the floor of the building even during the highest flood; there is no loss of life and damage of 
property; and people may not have to leave their houses and take shelter by the sides of state / national 
highways and embankments.As regards the buildings belonging to government and / or institutions like 
schools, hospitals, police station, post office, banks etc. they may be constructed very conveniently at the 
cost of government. In private sector also, those who are financially well off and have resources, they can 
construct such houses at their own cost. But those who do not have adequate resources, they may be 
provided aid in form of loan and / or grant. Those who are economically poor and live in hutments, they 
may also construct hutments on raised platform on pillars (on the pattern of hutment being constructed in 
hilly forest region of Nepal and other areas). Those who live in cluster of two – three hutments, they may 
construct at least one hut on raised pillars, if they are not able to afford to construct all their huts on raised 
pillars, so that during high flood they may not have to leave their huts and take shelter by the sides of 
national / state highways and embankments. The formation level of roads, bridges and other structures may 
not be taken above the highest flood level, as it may not be practical and financial affordable; they can be 
kept at normal level; may remain submerged during high floods; and may not be able to provide service 
during high floods; but they should be planned, designed and constructed in such a way that they are not 
damaged during flood and they become serviceable as soon as the flood water recedes. During 
submergence due to flood boats may be used for transportation. Other facilities / services like maintenance 
of law and order, medical facilities, post office, banking etc. may be managed through boats. Community 
facilities on concrete platforms erected on concrete pillars with facilities of electricity, water supply and 
sanitation, stock for food grains may be created for these who are not able to arrange for houses / huts on 
pillars with plinth raised above flood level. Similar arrangements may be made for livestock with necessary 
stock for fodder and other facilities like water supply, electricity etc. It is evident that sufficient funds will be 
required to implement the measures as discussed above. The programme may be implemented in a 
planned way within five to ten years depending on the available fund. The fund required to accomplish 
these measures may very well be compensated by the huge loss/damage from the flood as well as the 
amount spent on rehabilitation and disaster management every year. Once the proposed measures are 
implemented in the entire flood prone area, the annual loss due to flood, inconvenience due to flood, 
amount spent on the rehabilitation and disaster management will be reduced to the minimum. This will put 
an end to the game of Snake and Ladder between flood and development and will lay the foundation for 
sustainable development in flood prone area. 
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