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INTRODUCTION 

In India, while property rights to land are generally clearly defined, rights to groundwater are not. 

Hence water is an open access resource, a kind of free good that is not treated as an economic input. It 

is usually assumed that owners of the land become owners of the water below or in the vicinity of the 

land. It is perhaps for this reason and because of the ill-defined property rights to ground water, 

treating it as a free good, that the role of water has been relatively ignored while providing for 

explanations of the agricultural growth in India.   

However, irrigation has always been central to life and society in the plains of South Asia—India, 

Pakistan, Nepal, Bangladesh, Sri Lanka as well as China. Irrigation has always played a central role in 

the agrarian economy of Asia, from supporting famed hydraulic civilizations in the ancient past to 

spearheading Green Revolution in the 1960s and 1970s. Asia accounts for 70% of the world‘s 

irrigated area and is home to some of the oldest and largest irrigation schemes (Molden, 2007). While 

these irrigation schemes played an important role in ensuring food security for billions of people in 

the past, their current state of affairs leaves much to be desired. Continued over-exploitation of 

groundwater has severely curtailed the resilience of aquifers and their ability to stabilize farming 

livelihoods in the face of heightened hydro-climatic variability. Groundwater here is pumped from 

great and increasing depths mostly using coal-based electricity; hence, these are also the regions 

which account for an overwhelmingly large proportion of Green House Gases (GHG) emissions from 

groundwater pumping. Groundwater pumping with electricity and diesel also accounts for an 

estimated 16 to 25 million metric tonnes of carbon emissions which is between 4 to 6% of India‘s 

total emissions (Shah, 2007).  

 

Fig. 1. Groundwater-irrigated area in countries with intensive groundwater use in agriculture 

(FAO, 2003) 
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Over the last fifty years, groundwater development has played a fundamental role in agricultural 

production in many parts of the developing world. For example, groundwater now accounts for nearly 

50 % of all irrigation supply in South Asia and two thirds of supply in China (Fig. 1).  

 

The rapid growth in use in these and other regions has played a vital role in maintaining the rise in 

grain output associated with the Green Revolution, transforming production and livelihood strategies 

for millions of small farmers. However, groundwater use has not come without problems both in 

terms of sustainability and quality. In India, plummeting water tables has brought into question the 

future use of the resource. From economic logic, it is generating a negative externality that must be 

internalized either using a tax (commonly known as Pigovian tax) or through some legal restriction. 

This is discussed in more detail later. 

A major debate arising from the potential scarcity of groundwater resources in South Asia as 

mentioned above is the question of distribution of available groundwater among the farmers, given 

that a large number of poor farmers depend on it for irrigation (almost 65 to 75% according to Shah 

(2007)) as also the property rights.  

In addition to use within the agricultural sector, many cities in developing countries use groundwater 

for urban water supply. However, shallow groundwater beneath these cities is frequently 

contaminated, largely as a result of the disposal of urban wastes that are rich in organic carbon and 

nitrogen. As a consequence, shallow aquifers are often abandoned in favour of deeper ones. Yet, 

pumping from these same deeper aquifers can impose steep vertical hydraulic gradients and induce 

significant leakage from shallow units. Incipient contamination of deeper aquifers caused by induced 

downward leakage of shallow groundwater has been observed in competition for groundwater from 

cities that makes it harder for farmers farming nearby cities to maintain supplies for agriculture. Such 

phenomenon has been observed in Thailand (Lawrence et al., 1994) and Mexico (Chilton et al., 1998).  

Climate change is expected to significantly alter India‘s hydroclimatic regime over the 21st century 

(IPCC, 2001). According to IPCC (2001), most Indian landmass below the Ganges plain is likely to 

experience a 0.5–1 ◦C rise in average temperatures during 2020–2029 and 3.5–4.5 ◦C rise in 2090–

2099. For Indian agriculture, hydro-climatic change will mean that Rabi and especially summer crops 

will experience enhanced evapotranspiration (ET) due to rising temperatures, needing larger, more 

frequent groundwater irrigation. However, with rising temperatures, surface water will be shrinking 

(due to evaporation) leading to a severe dependence on groundwater (Shah, 2009). With falling 

groundwater table in many parts of India‘s agricultural regions (Annual Report of Central 

groundwater Board, 2011) managing 

Ground water storage will acquire greater significance for India than ever before. This is also true for 

the rest of South Asia and China (Shah, 2009 and De Fraiture, 2009).   

From the above discussion, it seems likely that climate change will have a negative impact on 

groundwater resources in India. As per the Report of the International Panel on Climate Change in 

2007 (IPCC, 2007), there is cause for concern as to the sustainability of agriculture in the region, 

since it is heavily groundwater dependent (Fig. 2, Fig3 and especially Table 2 which shows that 

almost 60% of the population in South Asia depend on groundwater for agriculture). 

With growth and development in the region and rise in population, food demand will increase and 

habits will also change (Table 5). Since agricultural production is heavily dependent on groundwater 

as discussed above, the question of food security is also a big issue for the huge population in the 

region in this scenario.  

This paper, keeping the above issues in mind, tries to address the groundwater problem and the impact 

of climate change on groundwater resources by looking into different alternative institutions from 

which countries like India can develop a judicious and sustainable use of ground water.  
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The paper is designed in the following way. Section 2 discusses the serious problem of irrigation and 

in general ground water resource scarcity across South Asia including India. Section 3 looks into the 

impact of climate change on ground water irrigation in India. Section 4 describes the various  paths to 

sustainable ground water management in the long run as also ensure food security in the region 

through physical preparation and infrastructure building. Section 5 is the concluding section. 

 

THE CRISIS OF GROUNDWATER RESOURCES AND IRRIGATION IN INDIA AND 

SOUTH ASIA 

The booming industry of ground water irrigation has become the mainstay of farming in South Asia 

(Table 1 and Table 2) (Shah, 2006). The livelihoods of a vast majority of the people in this region 

depend critically on the use of groundwater irrigation. No country is more dependent on groundwater 

than India (Fig. 1 - 4) and Table 2. In fact, India is the largest user of groundwater in the world. 

Groundwater is a critical resource in India, accounting for over 65% of irrigation water and 85% of 

drinking water supplies (World Bank, 2010). However, on current trends it is estimated that 60% of 

groundwater sources will be in a critical state of degradation within the next twenty years (World 

Bank, 2010). In the most seriously affected north-western states, recent satellite measurements 

indicate an average decline of 33 cm per year from 2002 to 2008 ( Rodell,  et al., 2009). Local 

observations of annual water table decline exceeding 4 metres are common throughout India 

(Groundwater Scenario of India 2009–10, Central Ground Water Board). 

 The factors underlying growth in groundwater irrigation in South Asia differ across countries of the 

region. For example, in India the perverse incentive resulting from energy subsidies is primarily 

responsible for this growth (Shah, 2006).Thus, the cost of groundwater irrigation does not reflect the 

true scarcity of water.  

 

In assessing developments in South Asian agriculture, it is useful to consider the background 

information, presented in Table 1above. Several important points emerge from the information 

contained in Table 1. In 2002, arable land per person in Bangladesh, India, Nepal, Pakistan and Sri 

Lanka was estimated to be 0.06, 0.16, 0.13, 0.13 and 0.05 ha respectively (FAOSTAT, 2004). The 

corresponding figures in 1961 were 0.16, 0.35, 0.18, 0.35 and 0.06 ha. 

The proportion of total land area in agricultural use is highest in Bangladesh (around 70%) and India 

(around 60%). Bangladesh and India also have the highest ratios of arable land to agricultural land 

(around 90%). After increasing until 1990, the ratio of agricultural land to total land area declined for 

Bangladesh, suggesting that the extensive margin of cultivation may have been exhausted. By 

contrast, Nepal, Pakistan and Sri Lanka have only about 30% of their total land area classified as 

agricultural land, and this proportion has increased over time. 

 

Incidence of irrigation (irrigated area as a percentage of arable land) has increased in all countries. 

Pakistan has the highest intensity of irrigation (83%), but Bangladesh has shown the most rapid 

growth, from a very low base in the early 1960s to more than 50% in 2002. In India, the growth in 

irrigated area over the same period has been relatively slow, from one-sixth of the arable area to just 

over one-third. This outcome may reflect the diversity of agro-climatic and ecological conditions and 

diversity in cropping patterns in India, where many areas are not suitable for irrigation. 
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Table 1. Land endowment, arable land, intensity of irrigation, and intensities of rice and wheat 

cropping in South Asia, 1961–2002 

 

 
 

Another indicator of agricultural intensification is given by the intensity of irrigation (measured by the 

gross area irrigated expressed as a percentage of net area irrigated). In South Asia, Bangladesh is the 

most irrigation intensive country (165%) followed by Sri Lanka (150%), India (133%) and Pakistan 

(110%) (Weligamage et al., 2002). However, the average irrigation intensity masks differences in 

topography, soils, climatic conditions and cropping patterns among regions of these countries. This is 

particularly true for India. For example, the northern states of Punjab, Haryana, Himachal Pradesh, 

Jammu and Kashmir, and Uttar Pradesh have irrigation intensities far higher than the national average 

while other states are below it (Weligamage et al., 2002). 

Bangladesh is the most rice-intensive country in South Asia followed by Nepal, Sri Lanka and India. 

Pakistan is the most wheat-intensive and least rice-intensive country while Bangladesh is the least 

wheat-intensive country in South Asia except for Sri Lanka, which produces negligible quantities of 

wheat. 

Bangladesh has experienced the highest degree of intensification of agriculture because of multiple 

cropping, which requires a substantial increase in the relative intensity of all non-land inputs. The 

incidence of multiple cropping grew as a result of the adoption of dry season irrigation as part of the 

Green Revolution. In general, the eastern part of Bangladesh has more groundwater available than the 

western part because higher precipitation and lower evapotranspiration lead to greater recharging of 

aquifers. In some parts of Bangladesh, particularly in the northern districts, problems with ‗mining‘ 

groundwater are already evident. The energy costs of irrigation in Bangladesh are increasing. 
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Furthermore, the uncertainty of energy supply resulting from frequent power failures is a serious 

cause for concern. 

In Pakistan, high energy costs, falling water tables, and soil salinization have reduced the 

attractiveness of groundwater. In the Pakistani part of the fertile Punjab plain, the drop in water tables 

appears to be similar to that in India. Observation wells near the twin cities of Islamabad and 

Rawalpindi show a fall in the water table between 1982 and 2000 that ranges from 1 to nearly 2 

meters a year. In the province of Baluchistan, water tables around the capital, Quetta, are falling by 

3.5 meters per year. Richard Garstang, a water expert with the World Wildlife Fund and a participant 

in a study of Pakistan‘s water situation, said in 2001 that ―within 15 years Quetta will run out of water 

if the current consumption rate continues.‖ 21. (―Pakistan: Focus on Water Crisis,‖ op. cit. note 20; 

Garstang quoted in ―Water Crisis Threatens Pakistan: Experts,‖ Agence France-Presse, 26 January 

2001). Nevertheless, more than 90% of agriculture is directly or indirectly dependent on groundwater 

(Qureshi and Akhtar, 2003). 

During the 1960s and the 1970s, the World Bank supported huge investments in rural electrification 

infrastructure to stimulate groundwater irrigation and agricultural growth. Not only that, there has 

been a huge subsidy on diesel in most South Asian countries, including India, making availability of 

cheap diesel a boost to groundwater pumping. Thus low energy price is an important reason behind 

the expansion of groundwater irrigation in some parts of South Asia. There could be other factors at 

work as well too for this large scale use of groundwater for irrigation. Ceteris paribus farmers have 

greater control and flexibility over groundwater due a lower degree of uncertainty. This reduces the 

risk associated with the investment in both labor and non-labor inputs such as high-yield-variety 

(HYV) seed, fertilizers, pesticides and other inputs required for augmenting agricultural productivity. 

 Almost 90% of the farmers in South Asia are marginal farmers, in the sense that they own less than 

one hectare of land. This makes them vulnerable as any change in output or productivity can take 

them below their sustainable level (there have been quite a number of studies on the farmers in South 

Asia such as include Rao (1995), Bardhan et al.  (2014), etc) and land them below poverty line. This 

makes them risk averse like those elsewhere in the developing world. Given limited access to surface 

water in the water deficit basins and uncertainty about rainfall, risk-averse farmers exploit 

groundwater despite its high extraction cost and scarcity value. It may also be that many farmers are 

not optimizers (that is, expected utility maximisers) but satisfiers (along the dimensions of both 

security and profit). (Roumasset, 1976). 

The wasteful use of groundwater is important since, in many parts of South Asia, increased use of 

groundwater has caused serious environmental problems (Jahan et al., 1999; Alauddin and Hossain, 

2001). The divergence between precipitation and potential evapotranspiration makes groundwater 

only a partially renewable resource in many cases. 

One disturbing result of growth in the use of groundwater is the high incidence of arsenic in drinking 

water in Bangladesh and the adjoining areas of the Indian State of West Bengal. While the causes of 

the high incidence of arsenic are complex, overdraft of groundwater is an important factor. 

Thus while groundwater irrigation has been central to the agricultural economies of South Asia (Table 

1 and 2), the sector is under serious threat due to a number of reasons as discussed above that include 

heavy dependence of agriculture, overdraft and impact of climate change.  

This scarcity of groundwater can be viewed from two perspectives. One that is called the physical 

perspective which analyses the old infrastructure of canal irrigation and its inefficiency followed by 

rampant use of ground water injudiciously. The other takes into consideration that accepting 

groundwater to be the main source of irrigation, how best we can use economic tools so that 

sustainability can be achieved in the long run. 

To discuss the physical problem first, surface irrigation infrastructure has deteriorated due to lack of 

maintenance which often is a reflection of changing requirements of farmers that gravity flow 
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irrigation can no longer provide. Crop diversification away from rice and wheat means that gravity 

irrigation structures constructed keeping in mind cereal crops do not readily adapt themselves to a 

more diversified cropping pattern that farmers in Asia are now moving towards. Massive efforts 

towards rehabilitation and more recently towards modernization of gravity flow systems have yielded 

less than satisfactory results. Irrigation reforms in the form of irrigation management transfer (IMT) 

or participatory irrigation management (PIM) have failed to deliver the promise of better and efficient 

delivery of irrigation services in South Asia. The reason is the following: - During the latter half of the 

20th century, the canal-irrigated areas of South Asia led the charge in creating South Asia‘s 

groundwater boom, resulting in a widely held belief that large-scale tube well irrigation development 

occurs only in canal irrigated areas. There was a time perhaps when this was largely true; however, 

the groundwater reality of South Asia has transcended this stage. In fact, as the density of tube wells – 

and groundwater irrigation in India and Pakistan Punjab – seems to have less to do with availability of 

surface water for recharge than with population pressure on agriculture. The tube well density is high 

throughout the Gangetic basin in India, which does have high groundwater availability but also very 

high population density. It is also high in many other parts of India such as Tamil Nadu, Andhra 

Pradesh and Karnataka where water resources are limited but population density is high. On the other 

hand, in many parts of central India, little of the available resource is developed; yet tube well density 

is low because these regions are sparsely populated (DebRoy and Shah, 2003). China too has a similar 

pattern: groundwater development is low in South China, which has abundant surface water and low 

population density (except in the eastern coastal region); but tube well densities are high in the North 

China Plain, which has low surface water resource and high population density. Compared to large 

public irrigation projects that are driven by hydrologic opportunity, groundwater development is 

democratic, providing irrigation wherever people are. Under the circumstances, increasingly, farmers 

in South Asia are turning to groundwater irrigation (Fig. 2) which gives them a greater control over 

use of water. 

 

        Fig. 2. Growth in groundwater use in select countries (FAO 2003) 
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Table 2. South Asia’s groundwater economy in a comparative perspective  

 

 
   Source: Shah, 2006 

 

Thus groundwater boom, while bestowing a large number of benefits, have created its own set of 

intractable problems in terms of over-exploitation and depletion of groundwater resources thereby 

putting in jeopardy the livelihoods of millions of farmers who depend on it.  Globalization, 

urbanization, climate change, competing demands for water, changing aspirations, renewed emphasis 

on environmental water needs and the need to keep feeding millions of people in South Asia continue 

to offer great challenges to the irrigation and drainage sector. 

There are major reasons for this groundwater dependency by farmers in India. These are as follows: 

 

          UNDERPERFORMANCE AND SHRINKAGE OF LARGE SCALE SURFACE IRRIGATION     

          SYSTEMS 

 

Of all the regions in Asia, it is India, where the problem of underperformance of irrigation systems 

has taken an epic proportion. Between 1994 and 2003, India lost more than 5.5 million hectares (ha) 

of canal irrigated area, despite, very large investment in rehabilitation of existing canals and 

construction of new ones. Even otherwise, productivity (both land and water) in far too many of these 

large scale surface irrigation scheme all across India is abysmally low (Molden, 1998). 

 

MOVING FROM CENTRALIZED GRAVITY FLOW SYSTEMS TO INDIVIDUAL LIFT 

BASED IRRIGATION 

 

While India‘s large scale surface irrigation schemes continues to under-perform, total area under 

irrigation is on the rise everywhere in India. This is due to the rise of individualistic groundwater 

based irrigation fueled by cheap pumps and often supported by government subsidies in the form of 

cheap electricity. This ‗water scavenging‘ irrigation, as it is often called (Shah 2008) is most visible in 

India and is on rise even in wetter parts of South Asia (Mukherji et al., 2009). For instance in India 

there has been a transition from surface irrigation to groundwater based irrigation over the last few 

decades (Table 3) (Fig. 3 - 4) mainly due to the high population density of farmers leading to a 

distribution crisis of surface (mainly canal water) as explained earlier as also due to ill maintenance of 

the canal systems (Shah, 2008).  
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         Table 3. Sources of Irrigation in India: 1950-51 to 2001-02 (‘000 Hectares) 

 

 
          Source: Central Ground Water Board, India (2003) 

 

 
Fig. 3. Sources of Irrigation in India 1986 to 2001-02 

 

 
Fig. 4. Growth of groundwater use in India (1950 – 2006-07) 
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What pump irrigation is able to do, but large scale public systems are unable to match, is to provide 

farmers with water in timely and reliable manner to enable them to grow a wide variety of crops that 

caters to new market demands that farmers face (Shah, 2006 and 2008). But this onslaught of 

groundwater irrigation has brought home its own set of intractable problems such as groundwater 

over-exploitation (Table 4 shows the aquifer depletion of blocks of different states in India) and rapid 

quality deterioration – thereby calling into question the long term sustainability of such an informal 

irrigation economy.  

 

The extraction of groundwater requires greater energy than water from surface or canal irrigation 

(Molden, 1998). The high energy consumption of lift based irrigation systems as compared to gravity 

flow systems also makes long term sustainability an issue. Such a deep structural change in irrigation 

sectors composition, also calls for a paradigm shift in our thinking on irrigation.  

  

Table 4. Critically exploited groundwater resources of different blocks of states in India  
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 FAILED ATTEMPTS AT IRRIGATION SECTOR REFORMS 

Concerned with the poor performance of irrigation systems, donors and governments in India had 

embarked upon a path of institutional reforms way back in the 1980s. Poor operation and deferred 

maintenance was diagnosed as a problem resulting from lack of involvement of farmers in 

management decisions. This resulted in policies aimed at increasing farmers‘ stake in day to day 

management of irrigation systems through Participatory Irrigation Management (PIM). However PIM 

had failed for various reasons: 

The first conceptual weakness stems from the assumption that community managed irrigation systems 

are analogous with public irrigation systems and therefore farmers would be able to manage these 

systems just as well as they have managed community irrigation systems for centuries. Hunt (1989) 

carefully analyzed the spuriousness of such an argument. Stemming from the first is the second 

conceptual weakness, namely that irrigators within a command area are a homogenous group of 

people with similar interests and stake in the system. This is not true given the very different stakes 

the head reach and the tail end farmers have and hence the difficulty in engineering successful farmer 

management in public irrigation systems. The third conceptual weakness is the most glaring of them 

all. The most important problem facing the public irrigation system has been diagnosed to be the lack 

of incentive of the irrigation bureaucracy and their lack of accountability to the user. However, quite 

paradoxically, in most PIM models, these very same officials are entrusted with the task of turning 

over their responsibilities and power to the users without any reforms to better align the incentives of 

the irrigation managers with those of the users (Suhardiman, 2008).  

Indian agricultural development has become increasingly dependent on irrigation (more specifically, 

groundwater irrigation). The intensive use of groundwater in India implies that Indian agriculture is 

highly environment-intensive, if the environment, including groundwater inputs is treated as a factor 

of production. 

What is important here is that the price of an environmental good, in this case, groundwater, does not 

reflect its social opportunity cost and hence is used more intensively than is socially optimal. 

The emerging factor proportions problem arises from the higher intensity with which environmental 

capital is used in the agricultural production process. While internal land-augmentation measures can 

relax the constraints on land, they may, in the long run, expose the fragility of the physical 

environment. 

Overuse of environmental resources is likely to generate externalities, which result in a divergence 

between social costs and private costs. With a degrading physical environment, both marginal private 

costs and social costs rise steadily. As pressure on the environment increases, so does the risk of a 

breakdown of crucial environmental and ecological systems, leading to an accelerating rate of 

increase in social costs. 

Overall, therefore, the problems with groundwater irrigation in South Asia have resulted from a series 

of policy failures. Policymakers have failed to: (a) put in place an appropriate energy pricing policy 

regime; (b) devise a policy regime that reflects the scarcity of ground and surface water; (c) 

adequately deal with externalities arising from groundwater irrigation; (d) treat groundwater as a 

communal/societal resource; (e) define property rights appropriately.; and (f) take appropriate account 

of attitudes toward risk. Thus, the groundwater industry embodies significant market and policy 

failures. This paper attempts to find a solution to both the problems. 

 

CLIMATE CHANGE IMPACTS ON GROUNDWATER IN INDIA 

Climate change is expected to significantly alter South Asia‘s hydro-climatic regime over the 21st 

century. It is widely agreed that the Indo-Gangetic basin is likely to experience increased water 

availability from snow-melt up to around 2030 but face gradual reductions thereafter. Parts of the 

Indo-Gangetic basin may also receive less rain than in the past; but the rest of India is likely to benefit 
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from greater precipitation. According to IPCC (2001), most Indian landmass below the Ganges plain 

is likely to experience a 0.5–1◦C rise in average temperatures during 2020–2029 and 3.5–4.5◦C rise in 

2090–2099. Many parts of peninsular India, especially the Western Ghats, are likely to experience a 

5–10% increase in total precipitation (IPCC 2001); however, this increase is likely to be accompanied 

by greater temporal variability. Throughout the sub-continent it is expected that ‗very wet days‘ are 

likely to contribute more and more to total precipitation, suggesting that more of India‘s precipitation 

may be received in fewer than 100 ha of thunderstorms—and half in less than 30 ha—as has been the 

case during recent decades. This is likely to mean higher precipitation intensity and larger number of 

dry days in a year. Increased frequency of extremely wet rainy seasons (Gosain and Rao, 2007) is also 

likely to mean increased run-off. According to Milly et al. (2008), compared to the period 1900–1970, 

most of India is likely to experience 5–20% increase in annual run-off during the period 2041–60. All 

in all, India should expect to receive more of its water through rain than through snow; get used to 

snow-melt occurring faster and earlier; and cope with less soil moisture in summer and higher crop 

evapotranspiration (ET) demand as a consequence. 

To the extent that climate change results in spatial and temporal changes in precipitation, it will have 

a strong influence on natural groundwater recharge. Moreover, since a good deal of natural recharge 

occurs in areas with vegetative cover, such as forests, changing evapotranspiration rates resulting 

from rising temperatures may reduce infiltration rates from natural precipitation and thus reduce 

recharge. Recharge responds strongly to temporal pattern of precipitation as well as soil cover and soil 

properties. If climate change results in changes in natural vegetation in forests or savanna, these too 

may influence natural recharge; however, the direction of the net effect will depend upon the pattern 

of changes in the vegetative cover. Simulation models developed by Australian scientists have 

showed that changes in temperatures and rainfall influence growth rates and leaf size of plants that 

affect groundwater recharge (Kundzewicz and Doll, 2007). The direction of change is conditioned by 

the context: in some areas, the vegetation response to climate change would cause the average 

recharge to decrease, but in other areas, recharge to groundwater would more than double. Changing 

river flows in response to changing mean precipitation and its variability, rising sea levels and 

changing temperatures will all influence natural recharge rates (Kundzewicz and Doll, 2007)
1
 

We know little about how exactly rainfall patterns will change, but increased temporal variability 

seems guaranteed. This will mean intense and large rainfall events in short monsoons followed by 

long dry spells. All evidence we have suggests that groundwater recharge through natural infiltration 

occurs only beyond a threshold level of precipitation; however, it also suggests not only that run-off 

increases with precipitation but the run-off coefficient (i.e. run-off/precipitation) itself increases with 

increased rainfall intensity (or precipitation per rainfall event) (Carter, 2007). Higher variability in 

precipitation may thus negatively impact natural recharge in general. What will be the net impact on a 

given location will depend upon the change in both the total precipitation and the variability of that 

precipitation. 

The Indo-Gangetic aquifer system has been getting heavy recharge from the Himalayan snow-melt. 

As snow-melt-based run-off increases during the coming decades, their contribution to potential 

recharge may increase; however, a great deal of this may end up as ‗rejected recharge‘ and enhance 

river flows and intensify the flood proneness of eastern India and Bangladesh. As the snow-melt-based 

run-off begins declining, one should expect a decline in run-off as well as groundwater recharge in 

this vast basin
2
. 

                                                           
1
http://www.gwclim.org/presentations/plenary/kundzewicz.pdf. 

 
2
Monitoring data on Himalayan glaciers present a confusing picture. They indicate recession of some glaciers in 

recent years, but the trend is not consistent across the entire mountain chain (Singh and Arora 2007). 

http://www.gwclim.org/presentations/plenary/kundzewicz.pdf
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A major interplay of climate change and groundwater will be witnessed in coastal areas. Using the 

records of coastal tide gauges in the north Indian Ocean for more than 40 years, Unnikrishnan and 

Shankar (2007) have estimated a sea level rise between 1.06 and 1.75 millimetre (mm) per year, 

consistent with the 1 to 2 mm per year global sea level rise estimates of IPCC (2001). Rising sea 

levels will threaten coastal aquifers. Many of India‘s coastal aquifers are already experiencing salinity 

ingress. This problem is particularly acute in Saurashtra coast in Gujarat and Minjur aquifer in Tamil 

Nadu. In coastal West Bengal and Bangladesh, Sundarbans (mangrove forest) are threatened by saline 

intrusion overland, affecting its aquifers. The precarious balance between freshwater aquifers and sea 

water will come under growing stress as sea levels rise. Coastal aquifers are thus likely to face serious 

threats from climate-change-induced sea level rise. 

Thus climate change is expected to significantly alter India‘s hydro climatic regime over the 21st 

century. (IPCC Report, 2001) Added to this is the menace of arsenic and fluoride contamination in 

India and Bangladesh. Hence it is important to develop a policy whereby farmers adopt different 

irrigation technologies in response to climate change mainly on precipitation, temperature and water 

availability like watershed management and rainwater harvesting in order to have a sustainable 

groundwater extraction without depleting the resource. 

PATH TO SUSTAINABLE GROUNDWATER MANAGEMENT  

Asia‘s population will reach 5 billion by 2050. How much more food would we need by then? Table 5 

provides projection on future food demand for South, East and Central Asia.  

Table 5. Food supply projections for Asia (million metric tons)  

 

   Source: De Fraiture (2009) 

Feeding 1.5 billion additional Asian people by 2050 will require water development and management 

decisions that address tradeoffs between food and environmental security as also address the bigger 

question of sustainability of groundwater resources. 

Thus it is clear that there is a need to produce more food with the available water resources and for 

that purpose, South Asia‘s irrigation systems need to be revamped keeping in mind that future 

irrigation systems will need to be efficient and flexible to meet the demands of many sectors, 

including farming, fishing, domestic use and energy supply. These systems would need to generate 

more value per drop of water and enable farmers to respond to challenges posed by volatile market 

conditions and climate change. How is this to be done?  

From the above discussion it is clear that the countries of South Asia have a common problem of 

sustainable groundwater management. The way to solve the problem is to first address the 

institutional issues and look for a sustainable future by designing appropriate policies that will require 
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an eclectic approach that must look into the issues of equity and justice in terms of property rights, 

address the externality problem generated by over extraction of groundwater resources, look at the 

feasible market structure for water transaction and build a roadmap for sustainability.  

 

PROPERTY RIGHTS TO GROUNDWATER AND ADDRESSING THE EXTERNALITY 

PROBLEM 

The central recommendation of the private property rights school was that environmental  problems  

should  be  dealt  with  by  the  creation  of  secure, unambiguous  and  attenuated property  rights  

over  environmental  assets. Transactions  costs  were  to  be  dealt  with  by  allocating  property  

rights  to  the party in the best position to manage a given environmental problem, a task that  Coase  

(1960)  and  Posner  (1972)  felt  was  best  handled  by  courts  interpreting common law. 

However, as Randall (1983) pointed out, these two prescriptions pull in opposite directions. If 

property rights are secure and unambiguous, they cannot be rearranged in the interests of efficiency.  

The tension between security and efficiency  has  emerged  in  many  cases  where  policymakers  

have  adopted  a property rights solution  to problems of unsustainable water use  (Quiggin, 2001; Tan 

and Quiggin, 2004). 

The  limitations  of  the  Coasian  property  rights  analysis  have  led  to  a  resurgence of interest in 

ideas of common property. Ciriacy-Wantrup and Bishop (1975) and Dahlman (1980) refuted Hardin's 

description of the open field system. This was  followed by work, such as  that of Jodha  (1986) and 

Wade  (1987)  that described  the  actual  operations  of  contemporary  common  property  systems  

in less developed countries. The most comprehensive treatment of the issue is that of Ostrom (1990). 

The  concept  of  common  property  has  proved  useful  in  the  analysis  of traditional  irrigation 

systems. In the Sri Lankan system examined  by  Mahendrarajah (1986),  land  is  privately  owned  

and  operated,  but irrigation  works  are  common  property,  and  access  to  water  during  periods  

of drought is collectively managed. Common property ideas have also been applied to more general 

environmental issues such as the management of air sheds and river systems. 

A Pigovian tax is a tax applied to a market activity that is generating negative externalities. The tax is 

intended to correct an inefficient market outcome, and does so by being set equal to the negative 

externalities. The  Pigovian  externality  framework  provides  a  useful  set  of  tools  for analyzing  

the  causes  of  unsustainable  patterns  of  resource  use  and  for formulating appropriate policy 

responses. Quiggin (2001) refers to the distinction between  unilateral  externalities,  in  which  the  

actions  of  one  party  affect  the welfare  of  another,  and  congestion  externalities  in  which  many  

users  of  a resource  create  mutual  externalities.  Quiggin argues that the analysis of congestion 

externalities raises theoretical difficulties that are not easily resolved within the externality 

framework, and that analysis using the externality approach is best confined to the case of unilateral 

externalities. The  classic  remedy  for  externality  is  the  imposition  of  a  Pigovian  tax, designed to 

equate marginal private costs and marginal social costs. In practice, however,  regulatory  restrictions  

combined  with  a  legal  right  to  damages  or  injunctive reliefs commonly provide a more workable 

approach. 

 

MARKET AND COMMUNITY BASED OPTIONS 

Both externality and private property rights frameworks imply the need to ‗set prices right‘. Setting 

prices ‗right‘ entails setting resource prices so that they approximately reflect their shadow prices.  
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Prices of material inputs such as fertilizers, pesticides and irrigation equipment and other machinery 

have been brought closer to their true social costs through the removal of subsidies over the past two 

decades. The most pressing problems relate to valuing environmental resources such as groundwater. 

The market price of groundwater under conditions of open access is zero. Under these conditions, 

groundwater use exceeds the socially optimal level. To avoid  overuse  and  wastage  it  is  necessary  

to  increase  effective  prices  for groundwater. The  effect would  be  to  promote  substitution  of  

surface water  for groundwater  and  to  encourage  the  use  of more  water-efficient  technology.  An 

increase in the effective price of environmentally-generated inputs such as water would offset the 

prevailing bias towards environment-intensive technology. 

Conserving  groundwater  requires,  amongst  other  things,  that  it  be regarded  as  a  communal  

resource.  This entails the existence of adequately defined property rights.  This may involve 

assigning greater control over groundwater resources to local communities.  Effective conservation 

policy will also  require  the  provision  of  targeted  financial  rewards  and  incentives  to 

conservation values. 

Historically, environmental conservation or protection of environmental resources  in  South  Asia , 

China and Africa has  been the  domain  of  the  state,  and  a  regulatory approach  based  on  

bureaucratic  rationality  has  been  the  dominant  discourse. However, this approach is under 

considerable strain (Singh, 1995).  Critics  argue  that  state-based  conservation  commonly  requires 

elimination  of  subsistence  agriculture  undertaken  by  members  of  local communities 

The preservation of environmental resources can, however, impose high costs  on  local  communities  

in  low-income  countries,  even  though  in  some circumstances  they  benefit  economically  from  

the  conservation  of  natural environments.  Each case must be assessed individually.  Where  

engaging  in conserving  environmental  resources  would  disadvantage  a  local  community, social  

gains  would  exceed  the  loss  of  the  local;  all  could  gain  if  there  were adequate compensation 

for loss from engaging in conservation. 

IMPROVING THE REGULATORY FRAMEWORK AS WELL AS PHYSICAL 

INFRASTRUCTURE 

Sustainability theory provides a useful starting point for the analysis of resource  management  issues,  

since  it  yields  a  set  of  binding  constraints  on permissible  resource  use  paths. Under plausible 

assumptions about the social welfare  function,  sustainability  criteria  can  be  used  to  rule  out  

resource  use paths  that  imply  degradation  of  natural  resources,  at  least  if  the  services supplied 

by those resources cannot be replaced at a lower cost. The  rate  of  degradation  of  land  and  water  

resources  in  South Asia and China  discussed  above,  appears,  at  least  on  a  preliminary  analysis,  

to  be  associated with  an  unsustainable  resource  use  path. More  detailed  analysis  of  particular 

problems, such as declining water tables,  is required to confirm this conclusion, and  to develop  

specific options  for  remediating degraded  resources or  replacing the flow  of  services generated by  

those  resources. Nevertheless, it seems likely that, once sustainable paths of resource use are 

identified, changes in policy will be required to meet the constraints implied by those paths. These 

include the following:- 

 

RESEARCH AND DEVELOPMENT, EDUCATION AND EXTENSION 

The central focus of the sustainability framework is on the identification of sustainable patterns of 

production and, conversely, of unsustainable patterns of resource use. A natural policy implication is 
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the need for additional effort in research and development, education and extension.  Better 

information is necessary to identify the set of sustainable options.  Both research and development 

and extension activities can expand the frontier of the sustainable production  sets,  either  by  

increasing  the  yield  of  agricultural  production  or  by finding ways to reduce or mitigate the 

associated resource depletion. 

South Asia has one of the lowest agricultural research intensities in the world. Ahmed in a paper 

(Ahmed, 2000) estimated that public investment in agricultural research in Bangladesh constituted 

only 0.25 per cent of its agricultural value-added. This is  far  less  than  in  other  countries  of  South  

and  Southeast  Asia.  India and Pakistan invested 0.50 per cent and 0.58 per cent of their respective 

agricultural value-added. 

A natural policy implication is the need for additional effort in research and development, education 

and extension.  Better information is necessary to identify the set of sustainable options.  Both 

research and development and extension activities can expand the frontier of the sustainable 

production  sets,  either  by  increasing  the  yield  of  agricultural  production  or  by finding ways to 

reduce or mitigate the associated resource depletion. 

If new approaches are to be successful, investors will need to direct funds towards training existing 

staff, attracting new talent through forward-thinking curricula and realistic remuneration packages and 

building the capacity of all stakeholders (including the irrigation bureaucracy). Initiatives might 

include updating engineering courses in universities, conducting in-depth training workshops for 

farmers and irrigation officials, and revamping irrigation departments to empower their workforces.   

The results of research and development can only be implemented on the basis of a higher investment 

in education, extension and training with a view to: (a)  building  community  awareness  and  

sustaining  interests  in  protection  of environmental  resources;  (b)  achieving  better  environmental 

management  and outcomes;  (c)  building  human  capital  embodying  scientific  knowledge  and 

vocational skills; (d) valuing and enhancing complementarity between livelihood and conservation; 

and (e) empowerment of women. 

MODERNIZING THE SURFACE BASED SYSTEMS AND CHANGING THE 

ADMINISTRATIVE STRUCTURE 

In Asia, most irrigation schemes were built before the 1970s, and have operated for 40 years and more 

and now needs to be modernized – both technically and institutionally, for example by being 

redesigned, operated and managed for a range of uses. Smart irrigation technologies, both old and 

new, will be essential to meet changing demands. For example, surface irrigation schemes could be 

used to recharge aquifers or fill intermediate storage structures, such as farm ponds, providing farmers 

with greater reliability and control.  

 Re-engineering or modernizing canal systems to mimic flexibility inherent in groundwater irrigated 

systems is the top investment priority in the region. This would involve a number of interventions; 

both hardware (physical) and software (capacity building).One of the main objectives in this context 

would be storage of rainwater through rainwater harvesting and aquifer recharge through watershed 

management.  Some of the suggested option would be unbundling of irrigation services much on the 

lines of unbundling of electricity utilities in the region, use of piped delivery from tertiary and below 

tertiary level, better measurement at all levels, construction of farm level storage ponds to increase 

flexibility and  re-orientation of  canal bureaucracy towards better service delivery. In areas of 

physical water scarcity, there is huge potential for using precision irrigation and micro irrigation 
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technologies and the time to promote them is now. Investing in managed aquifer recharge will help in 

controlling groundwater over-exploitation in the region. Farmers across South Asia are investing in 

supply augmentation through unplanned and ad hoc recharge. This needs to be done in a planful and 

sustainable manner. 

The irrigation sector is embedded within Asia‘s wider political economy and therefore affected by 

external forces. Policies and programmes that influence agriculture, both directly and indirectly, come 

to drive developments in irrigation and it will become even more pronounced in the future. Framing 

policies to ensure external influences on water sector are properly understood and planned is one way 

to indirectly influence irrigation performance.   

 In sum, the strategy is to look for institutional solutions that work in practice and these need not 

necessarily be the ‗text book‘ first best solutions. In much of the developing world, indeed, the 

‗second best‘ solutions often hold the key to successful policy changes (Molden, 2010).   

Efforts to reform large-scale irrigation schemes by transferring management to farmers have had less-

than-expected success throughout Asia. Many believe that the private sector could help irrigation 

entities improve water delivery, but it needs to be tested. For example, irrigation departments could 

outsource irrigation services, create public-private partnerships or provide incentives for irrigation 

officials to act as entrepreneurs in publicly managed operations. The roles government and the private 

sector would play in maintaining and operating irrigation systems should be clearly defined. There is 

a need for increasing accountability of the irrigation staff towards their clients (farmers) and for this 

purpose; there is a need for formulating better irrigation performance benchmarks.   

 

SUPPORT TO FARMERS’ INITIATIVES   

While the area of surface irrigation has remained stagnant or been shrinking, farmers in South, East 

and Southeast Asia have raised yields using locally adapted irrigation technologies to scavenge water 

from surface sources, waste-water and groundwater using cheap motorized pumps. There are 

opportunities for investors to identify successful initiatives and direct funds towards schemes that 

emulate farmers‘ methods. New models are needed for managing groundwater in areas where 

‗individualistic‘ pump based irrigation has largely replaced centralized surface irrigation.   

 

CONCLUSION 

Over  a  period  of  the  last  four  decades,  South  Asian agriculture  has experienced significant 

intensification. The process of agricultural intensification due to a range of factors is both a cause and 

an effect of the extraordinary growth in groundwater irrigation. The livelihoods of a vast majority of 

the people in the region are critically dependent on the booming groundwater industry. However, as 

documented in this paper, the continued increase in groundwater-intensity of agriculture has caused 

significant damage to the physical environment and threatened the sustainability of agricultural 

production. 

 The central idea canvassed in this paper is that no single policy option or analytical framework can 

provide an adequate solution for the policy problems associated with irrigated agriculture and shared 

water resources. Rather it is necessary to adopt an eclectic analytical approach involving theoretical 

underpinnings of externalities, property rights, environmental and ecological economics and to 

employ both market and non-market instruments.  
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