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ABSTRACT 
 
This paper intends to: (i) find out the existing status of water availability and use; (ii) 
identify gaps in demand and supply of water at farm level and (iii) suggest policy 
implications for making water available and its use on sustainable basis. Data 
analyses have revealed that the Per capita water availability in India has reduced 
progressively at (-) 19.20 % annually during the last six and a half decades (1951-
2016), forcing her to become a water-stressed country. Declining Per capita land 
holding due to population growth, accompanied by water stress has lowered crop 
productivity in India, including her hill states. The on-going irrigation development 
programs in the state have enabled irrigation for about 20 per cent of total cropped 
area and at field level total irrigation development weighted index has been worked 
out to be 0.44 considering different multi-disciplinary variables pertaining to 
psychological, educational, social, economic, institutional, technical and 
environmental issues. Water demand and supply gaps at farm level have been found 
to be 76 per cent. A critical review of different water related projects from economic 
considerations has revealed unanswered questions, which need to be addressed 
scientifically. Socio- economic issues show deviations of the policy contents at 
implementation level. The important details of important multi-disciplinary steps 
involved in micro and macro level planning of water resource/irrigation in the country 
as well as state to fulfil the basic objectives of water conservation and its’ efficient use 
on sustainable basis have been interpreted in line with national water policy.  
 
Keywords: Water stressed, demand, supply, weighted index, multi-disciplinary, water 
policy. 
 

1. INTRODUCTION 
 

The skewed availability of water creates social unrest. World water issues have 
commonality with respect to socio economic parameters due to usage of available 
water mainly in agriculture. The contribution of agriculture sector to India’s GDP has 
been declining over a period of time viz from 18.6 per cent in 2005 to 13.7 per cent in 
2013 due to lower crop productivities. As the agriculture sector employs around 60 
per cent of the total work force in the country, so water use in agriculture needs to be 
planned scientifically for its optimal utilisation. This paper has been prepared to 
analyse specific factors responsible for slowdown in agriculture and other water 
related activities with specific objectives (i) to find out the existing status of water 
availability and use (ii) to identify gaps in demand for and supply of water at farm level 
(iii) to suggest policy implications for making water availability and use on sustainable 
basis. 
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2. METHODOLOGY 
 
This paper analyses secondary and primary data from Shimla district of Himachal 
Pradesh-India in various field level studies on water usage at farm level. Statistically 
significant sample size of 130 respondents has been the base of making 
generalizations. Time series data (2002-2016) have been collected on the existing 
land, water related parameters and major crops’ productivities. Data have been 
analyzed by adopting economic and statistical tools along with environmental 
techniques. The growth trends have been found using equation Y = a.Xb , where y= 
per capita water availability, x= number of years, b= coefficient, a= intercept; growth 
rate = (b-1) X 100. Irrigation development index has been obtained by dividing total 
output index by total input index. Irrigational development index indicates cumulative 
impact of efforts rendered by the concerned agencies to develop irrigation potential 
on the total output of irrigation projects/programs. Flow diagram has also been used 
for conservation and utilization of water through balancing of demand for and supply 
of water. 

 

   ∑ Demand
n
i=1 = ∑ Supply

𝑛
𝑖=1   (Eqn. 1)  

 
The cost effectiveness of water resource projects has been validated by working out 
parameters by using law of equi-marginal utility: 
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  (Eqn. 2) 

 
Inputs implication to the policy issues has been based on multiple responses, 
scientific recommendations and development oriented existing water resource 
projects/programs. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Existing Status of Water Availability and Use 
 
Water availability and its’ use have inherent relationship with socio-economic 
parameters, hence to have a compact ‘tree approach’ to multi-disciplinary issues 
of water resource, it has been considered better to have a schematic view of the 
central parameters/issues related to majority of agrarian economies for water 
resource development including irrigation as given here under. 
 
3.2 Land Issue: Rising number of marginal and small farmers 
 
The average size of farms has become smaller with the passage of time due to 
division of land allowed in India as per share of each child (1.23 Ha in India against 
1.00 Ha in study area – Himachal Pradesh). The average farm size has reduced from 
1.20 Ha in 2004 to 1.00 Ha in 2016 (Anon.2016). Consequently, the number of 
marginal and small farmers has increased. The fragmented land holdings have 
resulted into lower crop productivity and lower net incomes to the farmers.  
 

3.3   Water Issue: Water potential, availability and use 
 

Water resource potential has been viewed in the state with respect to the 
developments of river basins, irrigation and ground water. The Himachal Pradesh is 
formed by the Indus and the Ganga river basins (Fig. 1). In relation to the total 
population, the state has huge water potential. Percentage of utilizable surface water 
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to average resource potential in these two river basins is about 63% (Indus) and 48% 
(Ganga). Thus, on a global scale, there is no water scarcity in the state. In Himachal 
Pradesh, the irrigation potential created through major/medium and minor irrigation 
schemes has shown a positive trend with an increase of about 31.34% in irrigation 
potential created during the last decade- Table 1 (Anon.2015). Ground water 
development has been lower (30%) in the state than the national level (58%- 
Anon.2007). The existing irrigated area is 19.5% of the net cropped area, as 
compared to 40% in India. 
 

Table 1. Existing irrigation potential available created in the state of HP – India 
 

 
The water available on account of development efforts may meet the requirement of 
1/5th of the net cropped area. Such low level of irrigation even when supplemented by 
rains gives rise to low productivity. Water use efficiency in agriculture is 38%, as 
against 45 % in Malaysia and Morocco and 50 to 60% in Israel, Japan, China and 
Taiwan. Hence, this paper highlights the lacunae in planning water resource as well 
as irrigation in the state. 
 
3.4 Productivity issue 
 
India stands amongst top ranked countries in the world in producing fruits and 
vegetables; yet scientific judging from productivity angle has shown productivities of 
major crops in India are lower by factors varying from 3 to 6 than the world’s most 
productive farms (Table 2). 

 

 
 

Figure 1. Major River Basins Indus and Ganges 
 

Sr. No. Items 2003-04 2015-16 % age 
change 

1. 
1.1 
1.2 
1.3 

 

Irrigation Potential available 
Major/Medium Irrigation schemes 
Minor irrigation schemes 
Irrigation potential created 

3.35 
0.50 
2.85 
2.01 

3.35 
0.50 
2.85 
2.64 

 
 
 

+31.34 
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Table 2.  Productivity of important agricultural crops in India, HP vs World’s most 
productive farms (2010) 

 

Sr.No. Crop/s/commodities Productivity in 
India/H.P. (t/ha) 

World’s most 
productive farms 

1. Rice 3.3 / 1.74 10.8 (Australia) 

2. Wheat 2.8 / 1.45 8.9 (Netherlands) 

3. Mangoes 6.3 40.6 (Cape Verde) 

4. Sugar Cane 66 125 (Peru) 

5. Banana 37.8 59.3 (Indonesia) 

6. Cotton 1.6 4.6 (Isreal) 

7. Potatoes 19.9 / 12.35 44.3 (USA) 

8. Fresh Vegetables 13.4 / 21.33 76.8 (USA) 

9. Tomatoes 19.3 524.9 (Belgium) 

10. Okra 7.6 23.9 (Isreal) 

11. Beans 1.1 5.5 (Nicargua) 

 
Though, in Himachal Pradesh, productivity of fruits and vegetables has increased 
considerably, but still huge gaps reveal scope of increasing it. In hilly areas if 
adequate and timely irrigations is provided, the crop production can be doubled even 
at the existing level of technologies (Randev, 2005). 
 
3.5 Other socio-economic issues 
 
The lower endowment to farmer of these three issues accompanied by other socio 
economic parameters like public expenditure in the light of public policies and 
performance of other private organizations have kept all other input use efficiencies in 
agriculture at lower levels. Thus, the pivotal element of all the inputs i.e. water has 
been considered of utmost importance in agriculture which needs a thorough 
scanning of each part of a ‘water tree’ to find lacunae in performance of water 
projects in general and irrigation in particular (Figure 2). 
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3.6 Storage issue 
 
The per capita water storage capacity in India is very low (209 m3), as compared to 
5686 m3 in Russia, 3223 m3 in Australia, 416 m3 in China and 2192 m3 in USA. The 
annual extraction of groundwater is also too high at some places in the country 
though in Himachal Pradesh it is lower than the national average. Ground water 
potential in the state has been explored up to 30 per cent only hence a gap of about 
70 per cent ground water potential also exists in the state (Hegde 2016). 
 
3.7 Other environmental issues  
 
Contamination of surface and ground water has direct relationship with health. Non 
channelization of water has lead to many negative impacts of water like land 
degradation, floods and huge losses to property which account for huge monetary 
losses to the central and state governments. 
 

4. GAPS IN SUPPLY OF WATER AND DEMAND FOR WATER 
 
4.1 Macro level 
 
The per capita availability of water in the country has decreased at a compound 
growth rate of (-) 19.20 per cent during 1951 to 2016 (Figure 3). This declining rate, if 
not checked, will reduce the per capita availability to 1000 m3 by 2051. Presently 
India has been facing water stress (1475 m3 in 2016) for as per international criterion 
less than 1700 m3 per year is considered as water stressed. 
 

 
 

Figure 3. Trend of per capita availability of water in India (1951-2016) 
 
4.2 Micro level 
 
Analysis of rainfall data in the state has shown the annual rains lying between the 
required range of 100-125 cm for 11 years out of 24 (46% of time), yet the apple 
productivity has shown huge differential due to uneven distribution of rains for more 
than half (54%) of the total period under study. The same study has revealed supply 
of water per household on per hectare basis deficit by 76 per cent for meeting out 
domestic demand for consumption and irrigational requirements of an individual 
orchardist in Himachal Pradesh (Randev, 2007). 
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4.3 Gaps in water availability in India and State of Himachal Pradesh 
 
Nearly 70 to 80% of the annual rainfall takes place in only 3 to 4 months. Water is a 
multi-disciplinary entity, with every sector having its own interpretation of scientific 
water use. Also, the actual water experts have not been found to provide practical 
solutions to the relative scarcity of water at least at the implementation stage. In the 
light of these three peculiarities, a research study, considering multi-disciplinary 
issues of water has shown irrigation development weighted index (IDIw) equivalent to 
0.44 (Randev 2014).  
 

5. INTERACTION BETWEEN NATIONAL WATER POLICY AND SOCIO 
ECONOMIC PARAMETERS: 
 

5.1 National Water Policy 
 
In order to have a balance between water availability and its utilisation and enhance 
IDIw, a review of major features of the national water policy of GOI has revealed (i) 
Water to be treated as an economic good (ii) Water allocation priorities include 
drinking water, irrigation, hydropower, navigation, industrial and other uses (iii) to give 
importance to impact of projects on human settlements and environment (iv) 
Resource planning and (v) Rationalization of the water rates for surface water and 
ground water. This has been affirmed on the basis of facts that after completion of the 
projects generally the query pertains to economic questions like demand and supply 
of water in command area along with other economic worth indicators e.g. net present 
worth, internal rate of return and annuity etc. These remain unanswered due to non-
involvement of social scientists especially, applied economists during the full period of 
the project.  
  
Taking these into consideration, the following set of models comprising macro and 
micro level planning in case of water resource projects are considered opined to 
achieve ultimate goals of water resource development projects and overcome 
hazards due to droughts and floods in different seasons. At planning level, irrigation 
has been considered as a part of total water use amongst multiple uses of water as 
per priorities set according to national water policy. 
 
5.2 Macro Level Planning  
 
“Macro” here denotes national and state level planning water resource for multiple 
uses to ensure highest total utility. This has been achieved by applying demand and 
supply model of water resource use at first at the respective macro level. 
 
(a) Perennial sources – Following schematic points for perennial sources of water 

have been evolved in the light of above mentioned water related issues: 
 
Supply side  
 

 Identification of watersheds or water sources at macro level (Isma)  

 Jurisdiction of watersheds at macro level (Jsma)  

 Total supply of water at macro level (Tsma)  
 
Demand side  
 

 Identification of demand for water at macro level (Idma)  

 Jurisdiction of demand central areas at macro level (Jdma)  

 Total demand for water at macro level (Tdma)  
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Thus, supply demand based macro model of water resource/irrigation 
development has been presented by the flow chart 1 as follows: 
 

Isma---->Jsma---->Ts = Idma---->Jdma---->Tdma 
SUPPLY  =  DEMAND 

 
 

Flow chart 1: Macro Level Planning 
 

Depending upon Tsma and Tdma, the primary, secondary and tertiary distribution 
channels maybe developed in the command areas, specifying central points as per 
requirements of water in the jurisdiction of each central point. However, engineering 
designs of water channels depend upon how many water related activities can be 
taken in the command area like transportation, eco-tourism etc. 
 
In case Ts< Td, need of exploration of ground water if not over-exploited in that 
area, otherwise alternative means can be explored. 
 
Depending upon mapping of primary, secondary and tertiary water channels already 
constructed roads/bridges can be renovated and new can be constructed in the light 
of natural flow of water. The capital formation has been considered dependent on 
water channelization. 
 
(b) Seasonal sources 

 
Seasonal sources can be channelized by adopting vegetative and engineering 
measures through other locally available schemes supplementing the main channels. 
The economic planning through demand supply modelling as given above must be 
followed. 
 
5.3. Micro Level Planning 
  
It should be considered along secondary and tertiary channels for both perennial and 
seasonal sources, by adopting same procedure of macro planning model i.e. working 
out total supply and demand too at micro levels (Tsmiand Tdmi). This can be 
achieved through micro level water development programs of respective departments 
under watershed approach by exploring traditional means of water conservation and 
distribution like ponds, bowaries (natural springs), etc, constructing small water 
supplying channels (kuhls in hills), ground water exploration by adopting suitable 
technologies, water harvesting structures and water lifting programs etc. 
 
  

Isma

Jsma

Tsma

Idma

Jdma

Tdma
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Thus, supply-demand based micro model of water resource/irrigation development 
has been presented by the flow chart 2 as follows: 

 
Ismi---->Jsmi---->Tsmi = Idmi---->Jdmi---->Tdmi 

SUPPLY   =   DEMAND 

      
 

Flow chart 2: Micro Level Planning 
 
3.4. Sustainable Model for Water Resource Development/Irrigation 
 
Balancing of Ts and Td for water at macro or micro levels supported by Psycho-
Socio-Techno-Economic parameters (Randev 2005) has been considered a 
sustainable model for water resource projects in general and irrigation in specific 
shown by flow chart 3. 
 

 
 
Flow chart 3: Sustainable Model for Water Resource Projects/Irrigation Projects 
 
As, majority of population in agrarian economies depends upon agriculture; they can 
be benefited on sustainable basis if supply-demand models are used in macro and 
micro level planning of water resources/irrigation by multi-disciplinary experts. The 
role of Applied Economist specifically has been found missing throughout the 

Ismi

Jsmi

Tsmi

Idmi

Jdmi

Tdmi

Water Resource Potential

Demand for various economic activities 
for total number of inhabitants

Psycho-Socio-Techno-Economic 
Issues/Parameters

Distribution of water on sustainable 
basis
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gestation period of the projects which need to be considered on priority basis at every 
stage of the project. 
 
3.5. Advantages of Sustainable Model 
 
As per main features of national water policy of GOI, major advantages in the light of 
economic planning lead to timely water availability to the farmers. Positive impacts 
are increase in yields leading to increase in income and other positive uses of water 
like eco-tourism. Overall impact of economic planning in water resource development 
projects has been explained through trade off among economic efficiency, social 
welfare and environmental degradation – GHI portion of Fig.3, that has been 
indicating – ‘Total investment on water resource projects has been found to bring 
incremental benefits with respect to increase in economic efficiency (from D to G) of 
all the techno-economic parameters along with an increase in social welfare (from E 
to H) simultaneously lowering down environmental degradation (F to I) to the 
maximum level, if and only if, economic planning has been adopted at every stage of 
the project.’ 
 
     
 
 

 
 
 

 

       
 
 

 
 
 

 
 
 

 
 

 
Figure 3. Trade off showing impact of economic planning 

 

CONCLUSION 
 
This paper addresses the (i) marginal farmers (holding size 1 Ha or less) having 
meagre water for irrigation (19.5%), (ii) Identifies socio economic parameters having 
strong inter linkages with water resource like drinking and irrigation etc. as per 
national water policy. (iii) Breaking the vicious cycle of lower incomes by adopting 
economic planning through supply demand modelling at macro and micro levels in 
water resource projects/irrigation. (iv) Reinforce the concept of economic planning at 
every stage of the project. (v) Defining consistent role of applied economists during 
the gestation and after gestation period of the project. Physical benefits in the form of 
lowering down environmental degradation simultaneously increasing social welfare 
have been achieved. Third party economic analyses and evaluations have not been 
found in line with requirements of the projects. Without applied economic principles at 
every stage of the project, sustainable use of water can only be a ‘hoax’ without 
yielding any positive results towards social welfare. 
 
  

I 
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ABC = Natural resource base 

DEF =Existing status of 
resources with development 
programmes 

GHI = Status of resources after 
economic planning   
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