
Recent research under the IDRC financed Local Water 
Management Project (a collaborative research program 
implemented by a variety of par tners in India and Nepal) 
suggests key components for an adaptive approach to 
groundwater management.  These include: (1) Far more 
emphasis on indirect points of  leverage in government 
subsidy and economic policies; (2) Focusing conventional 
management on strategic aquifers; (3) Development of  
new strategies that encourage social and economic 
transition in directions that reflect water realities; and (4) 
adaptation of  existing tools (such as insurance and 
economic development policies) to mitigate groundwater 
risks.  Equally importantly, strategies must address basic 
issues of  water governance.  Effective governance requires, at 

minimum, the generation of  basic scientific information, 
freedom of  access to information, the right to organize, 
support for social auditors (organizations providing basic 
critical  and publicly available  insights into water 
management options), and effective forums for negotiation 
and dispute resolution.  While the features we see as essential to 
effective water governance do not r epresent solutions to specific 
groundwater problems they create the conditions from which solutions 
adapted to local conditions can evolve.  Equally importantly, the core 
elements of  governance are essential so for solutions to evolve and 
respond as conditions change.  At a global level, debates must 
move beyond narrowly defined notions of  'best practice' to 
the creation of  capacity and governance systems that 
enable local solutions to emerge and evolve.
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IWMI has been engaged in recent years in a comparative 
study on groundwater management institutions and 
policies in South Asia, North China and Mexico, three 
regions of  the world where agriculture, food and 
livelihoods depend heavily on intensive use of 
groundwater which is becoming increasingly unsustainable. 
Table 3 summarizes our key conclusions from such a 

comparative analysis. Our overriding impression is that 
South Asian countries have not even begun to address the 
problem in any serious manner; China has but will take 
time before its initiatives bear fruit. Mexico has gone by 
far the furthest in creating a legal and property rights 
structure that might be drawing a leaf  from an 
institutional economics text book. Interestingly, we find no 

Table 3: Groundwater Governance: Comparative Analysis of  Institutions and Policies in South Asia, China,
and Mexico 

South Asia China Mexico

1. Government share in GW Miniscule; <0.01% No No
provision  to agriculture

2. State provision of  GW to Significant significant Significant
urban settlements

3. State participation in GW Yes Yes Yes
monitoring

4. Incentives to private investment Significant in India and
in groundwater development Sri Lanka, often None or insignificant None

perverse; discontinued in
Pakistan, Nepal, B-Desh

5. Incentives to operating costs Huge in India; less in Nil or insignificant Yes, energy subsidies
other countries

6. Targeted disincentives in capital None None None
or operating costs

7. Registration of  GW structures No No Yes

8. Permits to abstract groundwater No Yes, but mostly  to Yes, but water quantities
villages, municipalities unenforceable

And industries

9. Promotion of  water saving Ineffective Yes, strong some
technologies

10. Promotion of  small-scale water Strong in western India; South-North water t Yes, in highlands where
harvesting and recharge works but growing elsewhere in ransfers bordo's are the mainstay

hard rock India  of  livestock farmers
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evidence that these have helped Mexico move towards 
sustainability; and that Mexico's efforts need to produce 
better results before they can be held out as a model that 
other groundwater-using countries can follow. However, 
our comparative analysis does suggest the outline of  a 
framework that tells us what might work where.

How countries respond to the challenge of  sustainable 
management of  their groundwater economies depends on 
a constellation of  factors that defines the peculiar context 
of  each country. This constellation of factors differs vastly 
across regions and countries; and these differences have 
decisive impact on whether an approach that has worked in 
one country will work in another with a different context. 
As a simple illustration of  this point, table 6 sets out some 

Country Annual GW Use No of  GW Structures Extraction/ % of  Population 
3 3(km )  (million) Structure (m /year) Dependent on GW

India 150 19 7900 55-60

Pakistan-Punjab 45 0.5 90000 60-65

China 75 3.5 21500 22-25

Iran 29 0.5 58000 12-18

Mexico 29 0.07 414285 5-6

USA 100 0.2 500,000 <1-2

Table 4: Structure of  National Groundwater Economies

key variables that define the organization of  the 
groundwater economy in six different countries which 
make intensive use of groundwater in agriculture. The US 

3uses around 100 km  of  groundwater for irrigation; but to 
manage its economy, it has to monitor and regulate only 
around 200,000 pumping plants, each producing around 

3500,000 m  of  groundwater/year. Mexico is in the same 
3league as the USA. India uses 150 km ; but to manage this 

groundwater economy, it has to manage the owners of 
over 20 million small wells, each producing an average of  

38000 m  of  water/year. Clearly, the task of  US 
groundwater managers is enormously simpler compared to 
their Indian counterparts.  With just 95,000 agricultural 
tubewells, the task of governing Mexico's groundwater 
economy is even simpler.

The nature of  the political system also matters. Iran has 
been able to impose a complete ban on sinking of  new 
tubewells throughout its central plains that encompass 

rd
2/3  of  the entire country. But Mexico has been trying to 
ban new tubewells in its bajio for 50 years, and has yet not 
succeeded. China has a large number of  tubewells 
scattered over a huge country-side; yet chances are that 
over the coming decade, it will be able not only bring these 
within the ambit of  its permit system but also succeed in 
influencing their operation. Doing something like this in 

India or Pakistan will remain unrealistic for a long time to 
come because of  their political structures and systems.
Besides what is feasible and practical, there is also the 
question of  social impacts of  approaches adopted. In 
Mexico and the US, where a miniscule proportion of  
people depend on groundwater for livelihoods, 
governments may easily adopt a tough regulatory posture. 
In South Asia, where over half of  the total population 
may directly or indirectly depend on groundwater use for 
their livelihood, it is not surprising that political and 
administrative leadership is reluctant to even talk about 
regulating groundwater use, leave alone acting on it. In 
point of  fact even in China, where political resistance 
from farmers is not an overriding issue, and Mexico where 

irrigator class is small enough to be ignored, governments 
have steered clear of  tough regulatory measures.

Table 5  lists a tentative set of 'contingencies' that seem to 
influence the way different countries respond to 
groundwater over-development. Countries where public 
systems will aggressively manage the groundwater 
economy by proactively intervening in demand and well as 
supply side will have some of  all of  the context factors in 
the middle column aligned in an enabling mode, as 
outlined in the right-hand column. Where some or all of  
the context factors operate in a disabling mode, public 
intervention will tend to be absent, or half-hearted or even 
perverse; here, proactive response to groundwater 
depletion will commonly be in the form of   projects to 
enhance supply rather than containing demand. This is 
perhaps why no amount of   opposition from within or 
outside will deflect China from its mega-project for South-
North water transfer; and no matter how much scholars 
emphasize the upstream-downstream externalities of  
decentralized water harvesting and recharge, governments 
and communities in western and southern India will for 
long pursue these proactively as a strategy of  sustaining 
groundwater irrigation and a more equitable allocation of  
a basin's water between catchment areas and downstream 
irrigation commands. 
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Table 5: Overall Context and National Strategies for Groundwater Management

Under-Managed Resource
with Accent on Supply-Side Measures

 

Low (South Asia)
Capacity, Reach and

Effectiveness of  Water
Bureaucracy

High (China,  Mexico)

Weak and Unwilling to Implement
Hard Measures (India, Sri Lanka,
Pakistan, Nepal) 

Numerous Small Users
( South Asia; North China plains)

Agri. Contribution to
GDP>30-50%; Popu. Dependent
on Farming: >50% (South Asia)

High (South Asia)

Water Rights as an Easement of
Land Ownership (Asia)

Low (South Asia)

India, Iran

Low (South Asia)

Larger Social and Political
Context

Political System: Central and
Local Authority Structures

Organization of  the Groundwater
Economy

Stage of  Economic Development

Relative Significance of
Groundwater Economy to
National and Household

Food and Livelihoods Security

Structure of  Property Rights on
Land and Water

Experience and Effectiveness
with using Law to Regulate

People's Behaviour

Perverse Incentives in GW
Irrigation (energy subsidies;

tubewell subsidies)

Economics of  Groundwater
Irrigation: Benefit-Cost Ratio

Conducive to Demand and
Supply-Side Management

Capable of  Tough Measures
(e.g., Iran; China,  Pakistan under
Early Years of Military Rule)

Few Large Users (as in US,
Mexico, Iran)

Agri. Contri. To GDP<10%;
Popu. Dependent on Farming:
<20% (US; Mexico; Spain)

Low (US; Mexico; Spain)

Water Rights Independent of
Land Rights (Mexico's
Concessions)

High ( Europe; US)

Low (China, Pakistan, Mexico)

High (as in North China; Mexico)

Many of  these contextual factorssuch as political system, 
nature of  local authority structures--seem best taken as 
given; in any case, these are unlikely to change to 
overcome groundwater depletion and degradation. The 
only major contextual variable that may change and 
produce far reaching  impact on groundwater stress in 
many regions of  Asia is overall economic progress. In the 
medium to long run, economic progress may be the 
biggest source of  increased stress on water resources as 
well as the most powerful safety valve.

This is because Asia's  socio-ecologies under severe 
groundwater stress are dominated by agricultural sectors 
that serve as the parking lot for their rural poor. Majority 
of  South Asian and North China farmers are into farming 
because they can not find off-farm livelihoods. With 
growing non-agricultural sectors of  these economies, it is 
very likely that population pressure on agriculture will ease. 
With groundwater use in agriculture becoming less of  a 
livelihoods issue and more of  a food security issue, we can 
expect that demand management will increasingly become 
politically more acceptable. There is increasing indicative 

evidence that overall management of  national water 
sectorsas well as access to water and sanitation-seem to 
depend more on the stage of  economic development of  a 
country than on its endowments of  water resources.

Figure 16, based on ongoing IWMI’s analysis using 
recently released Water Poverty Index, shows that 'Water 
Access Poverty' an indicator of the extent to which 
countries can provide access to water for agricultural, 
domestic, industrial and environmental sectors is 
determined more by the PPP-adjusted per capita income 
of  the 154 countries covered than by their water 
endowments. Similarly, Figure 17 shows that the quality of  
water environment too follows the Environmental 
Kuznet's curve: at early stages of  economic growth, when 
the use of  water as a factor of  wealth creation is low, the 
quality of  water environment is high; it tends to decline as 
economies grow and indulge in intensive use of  water in 
agriculture and industry. However, as incomes improve, 
there is internal demand and support for 'environmental 
amenity', which results in more proactive management of  
water and other natural resources. Until the majority of  a 
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Figure 17: Environmental Kuznets Curve for Water
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Figure 16: Water Access Index and PPP-adjusted GNP/capita (US $)
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nation's people are driven by livelihoods concern, as is the 
case in much of  South Asia and North China plains, 
governments and water sector managers will continue to 
face resistance to demand management and regulation. In 
the long run, then, economic growth may provide the 
biggest safety valve that may release the inexorable 
pressure experienced by natural resources, in particular 
groundwater.

In discovering windows for sustainable management of  
national groundwater economies, then, it seems crucial to 
focus on the broader micro, meso and macro-level 
adjustment processes that will shape the interaction 
between resource use and broader socio-economic change. 
In understanding these adjustment processes, IWMI's 
ongoing work suggests strong need to distinguish between 
regions with hard rock formations with 'bounded aquifers' 

from regions with alluvial aquifers. In the hard rock areas, 
after a threshold of  groundwater development is reached, 
farming communities seek out approaches to managing 
their groundwater resources from monsoon-to-monsoon 
basis. In India, adoption of rain water harvesting, 
decentralized groundwater recharge, micro-irrigation 
technologies and water saving crops is maximum in hard 
rock areas where farming communities are forced to view 
their aquifers as water bank accounts.  In the alluvial areas 
of  South Asia as well as North China plains, where 
tubewell owners can continue their extraction apace by 
regularly deepening their wells, farming communities' seem 
supremely unresponsive to demand management 
interventions or to water saving farming technologies. In 
these latter regions, proactive demand management is of  
paramount significance.
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