














largest fresh water basin in the world after the Amazon basin). Water from this basin supports 40% of the
region’s population. It is followed by the Indus basin which, with less than 1,700 m? per capita water availabil-
ity, is classified as a water stressed basin and will likely be reclassified as water scarce (below 1000 m? per
capita) by 2015. The Helmand basin and the much smaller Karnaphuli basin are next.

Table 1
Freshwater resources of South Asia &

River Basins Basin Area Per Capita Country’s goverage Annual
(km”) Water (km’) Available
Availability Water
3
(m*) (billion m?)
Ganges
Brahmaputra® 1,745,000 3,473 Nepal (140,000)
Meghna India (1,105,000) 2,025
Bangladesh (129,000)
Bhutan (45,000)

China (326,000)

Helmand® 306,493 2,589 Afghanistan (262,341)
Iran (33,111) 18
Pakistan (11,041)

Source: Aquastat 20072 and UNEP 2008

Irrigation systems differ across country and region: there are large contiguous centrally controlled irrigation
systems in India and Pakistan, and medium-sized ones in Sri Lanka, Bangladesh & Nepal; there are also
isolated scale farmers’ managed systems in Pakistan, India, Nepal and Bangladesh.

In terms of total renewable water resources®, India comes first with an availability of 1911 Km?3, and Bhutan,
Sri Lanka and Maldives last with 78.0, 52.8 and 0.03 km?3; (FAO 2011). However, renewable water per capita
exhibits quite a different pattern, with Pakistan and the Maldives falling in the water-stressed category and
Bhutan coming out on top with 109244m?3/capita, falling in the water-surplus category. With populations set
to increase, per capita availability of renewable water is expected to further decrease across the region (FAO
2011).

*Renewable water resources represent the long-term average annual flow of rivers (surface water) and recharge of aquifers (groundwater)
generated from precipitation. They are computed on the basis of the water cycle (FAO 2005).
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pre-supposes that agriculture is a commercial sector, which is far from the reality in most of South Asia’s
developing countries.

Another example cited in favor of water markets, and one that is argued to be more relevant to South Asian
countries, is Chile’s experience with transferable water use rights, which it introduced in 1981. A study
conducted on these reforms by Heame and Easter (1995) found that the transfer of water-use rights
produced substantial gains from trade, and that WUAs played an important role in facilitating the market
reallocation of water, especially in the Limari valley. On the other hand, Romano and Leporati (2002) argue
that the reforms led to higher inequality in access to water as farmers with lower social and human capital
and little access to information were in a weak bargaining position. In 2005, the Chilean government passed
areform to the Water Code, amending it to give the government more control over the social & environment
effects of water trade. In the end, although Chilean water trade has been successful in allocating water from
lower to higher-value uses in some instances, water markets by no means function all over the country;
many farmers are not aware of the Water Code (1997), do not have the resources needed to function in a
formal market or have not even registered their water rights (Bauer 1997). It is also important to note that
water rights existed in Chile before the introduction of the Water Code, which makes pre-existing conditions
for functioning water markets much more favorable than in South Asia, where water rights are not as estab-
lished a concept.

For a water market to function certain preconditions have to be in place; well-defined water rights, measure-
ment devices and routines, enforcement and sanctioning mechanisms as well as specifications concerning
return flows. (The World Bank 1999) We will discuss these in detail in a later subsection.

4.2 Markets in Groundwater

Groundwater markets are fundamentally different from their surface water counterparts. In sophisticated
surface water trade, buyer and seller may be very distant from each other and interact only through the
water market, while trade of groundwater is typically localized and personal, and infrastructure require-
ments are correspondingly far smaller. Therefore, although South Asia may still face significant hurdles to
surface water markets, groundwater trade is already commonplace in the region.

Tubewell water sales have, for example, become a profitable enterprise for small farmers in Uttar Pradesh in
India (Shankar, 1992) and even for the landless under programs sponsored by several NGOs in Bangladesh.
In Gujarat, India, water markets are highly advanced and farmers make substantial private investment in
water pumps and underground pipeline networks. This generates a high degree of competition amongst
sellers of water. (Dinar, Rosegrant and Meinzen Dick 1997).

For suppliers, the major benefit cited of groundwater trade is that by selling water to other farmers, tubewell
owners can use a higher proportion of their well capacity than they would on their holdings alone and realize
a higher return on their initial investment. On the demand side, groundwater markets increase access to
irrigation water, especially among farmers with small or fragmented holdings and those without their own
wells, thus increasing equitable access to water as an input. Shah (1991) argues that the resultant expansion
of irrigation has led to increased cropping intensity and agricultural labor demand, ultimately benefitting
the landless and those who rely on wage labor for household income, and lowered water tables in water-
logged areas.
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As effective as their positive effects may be, unregulated markets in groundwater are subject to a fundamen-
tal flaw: trade of surface water is typically separated from production decisions and the decision is essentially
of how to allocate a fixed amount of water to rival uses. On the other hand, in groundwater markets the seller
is typically the owner of a pump who can sell water that he would otherwise not have pumped'. This adds a
significant possibility of overexploitation absent in surface water markets.

The ability to trade groundwater exacerbates the Commons problem (studied in detail in Appendix B) that
the non-excludable nature of groundwater exposes it to, especially with the prevalent ownership rule of First
Possession. This has, predictably, already led to overexploitation of groundwater resources in some areas
where groundwater markets exist, beyond the possibility of recharge. In short, groundwater markets, by
increasing access to water pumping, magnify both the beneficial and harmful dynamics that pre-exist in
groundwater pumping.

4.3 Preconditions and limitations of markets

As discussed earlier, for all but the most rudimentary and inefficient trade, transactions must be under-
pinned by clearly defined water rights, verifiable measurement and credible enforcement. This presents
many difficulties.

First, since any formal market in either surface or groundwater requires clarifying initial rights?, this entails
apportioning rights according to a principle or rule. Since rights are rival, this implies that there will be
winners and losers. In groundwater, for example (and as discussed in the appendix), a rule of tied ownership
(rights to water linked to property rights over land) favors those who have not yet developed their water
pumping capacity over those who have, when compared to a rule of first possession (whoever pumps owns
the water). In surface water, allocating rights according to current or historical usage, linking rights to
amount of land, or assigning flat rights to each person all impose different costs and benefits on different
people. Support for a particular rights apportionment principle will depend on these expected costs and
benefits that people face.

Moreover, the existing valuations of land already incorporate formal or informal expectations of water
apportionment (or prevailing sense of entitlement to water rights). New laws will correctly be perceived by
some existing land owners as expropriating value. An added complication arises when flows are variable: if
rights must be conceptualized not as claims to an absolute amount of water, but a share of whatever water
exists, this clouds expectations. Finally, the new rules and institutions may clash with preexisting informal
rules of resource allocation that grew out of local traditions and culture (Griffin, 2005). Resistance is almost
certain because such an allocation of rules is disruptive both economically and culturally.

By reducing wastage, incentivizing water saving, discouraging overexploitation and encouraging realloca-
tion from low-value to high-value users through trade, water markets that meet the necessary preconditions
improve economic efficiency. However, many of the benefits*' are dispersed across a large group, and accrue
to individuals with little say in the political process ex ante. These people may also be rationally ignorant of
these benefits . It is therefore conceivable that those enjoying cheap access to water, effectively riding
roughshod over rival (likely lower riparian) claims, will lobby to preserve the status quo.

% Informal groundwater markets do not represent the sale or trade of water rights, rather, groundwater markets might be considered "spot
markets", examples of spontaneous water market development. (Mienzen-Dick 2002)

20 We also discuss this problem in the context of groundwater in Appendix B.

2 Rational ignorance is discussed in Appendix B.
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The precondition that initial assignment of property rights is completed is therefore one of the biggest
hurdles to the functioning of water markets. As noted previously, Chile had existing water rights at the time
water trade was introduced.

Similarly, Australia not only had water rights, but the idea of trading water like other inputs was well-
established because agriculture was already viewed culturally as a commercial, not a social activity. South
Asian countries would do well to set their sights on the lower but more difficult goal of establishing unam-
biguous property rights before water trade is promoted.

Since apportioning water rights places burdens on some users, it should be done as part of a broader pack-
age of reforms that carries other benefits that may be compensatory for those whose water rights may have
been affected. The western experience with water markets was successful because it was coupled with
agricultural policies that promoted less water consuming crops, and carried out subsidization of irrigation
equipment to reduce the burden on farmers. (Berbel, Calatrava and Garrido, 2005) Employing such policies
in developing countries of South Asia in conjunction with the market may be ambitious.

Another separate problem that needs addressing before water markets can be established in South Asia is
the improvement of the infrastructure and administration of water measurement. Currently, water measure-
ments are mostly done at the canal or distributary, not the farm level, and this complicates efforts to trade
because claims of withdrawal levels are not verifiable, and the enforcement of withdrawal rules thus under-
mined. Improving measurement is not merely a technical problem, but is also made difficult by resistance
from powerful local elements, corruption and formal political resistance, since overdrawing is prevalent.

Moreover, even if these requisite preconditions are met, while there are clear benefits from using market
mechanisms, there are also important limitations that need to be addressed in practice. First, bilateral volun-
tary trade is efficiency-enhancing if there are no externalities, but not otherwise. If a farmer’s decision to buy
water implies congestion of water channels, environmental degradation or unsustainable abstraction from a
common aquifer, the rules of trade must regulate and account for these effects. Unregulated, a system of
tradable property rights impedes the development of effective river basin planning and environmental and
ecological protection. (Dellapena 2008)

Second, while voluntary trade is considered welfare-enhancing in most environments, inequalities of social
or human capital, and little access to information can weaken an agent’s bargaining position. Ostensibly
voluntary trade can be exploitative or even fraudulent if the market participant cannot read or interpret regu-
lations properly. A complementary condition for market development therefore is the development of com-
munity organizations to advise, educate, and manage water allocations. (Rosegrant, 1994)

To sum, while market allocation can be clearly efficiency enhancing in some cases, the development of
markets cannot proceed in an isolated fashion from the real-world institutional and technological con-
text of developing country irrigation. We discuss this issue more broadly in the next section.
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5 PRESCRIPTIONS & PROBLEMS IN SOUTH ASIAN
WATER POLICIES

Over the course of this document, we have described South Asia’s experience with past and current water
policies. This section summarizes the preceding discussion and documents problems. As a water-stressed
region, South Asia clearly needs to harvest more water, and use existing water resources more efficiently.

5.1 Problems of water use

Surface water is, for reasons discussed in Appendix B, primarily managed by the state and involves large invest-
ments because governments need to construct dams of both micro and large scale. However, both foreign and
domestic investments in irrigation have declined. As already documented, donor support for irrigation
projects has greatly reduced over time. Furthermore, governments are faced with ever increasing demands on
their budgets, further squeezing money allocated to agriculture and specifically irrigation. For a sector as
important as irrigation, South Asian countries need to look inwards for investments, and not be dependent on
aid.

If the irrigation investments are truly beneficial, i.e. social returns net of costs are positive, it is not action but
inaction that states can ill afford. Developing countries in general, and South Asia in particular suffers from the
problem of not ranking potential investments across different sectors by favorability in a cost-benefit analysis.
In making investment decisions, governments can seldom refer to evidence that money spent on the
proposed project is likely to provide greater socio-economic returns in this use than in any other. As a theoreti-
cal example, it may be beneficial to reduce de-silting of canals in order to invest resources in providing protec-
tive irrigation in remote drylands, but the decision-making process for such investments will often be inde-
pendent.

Another problem is the lack of farmers’ involvement, both during initial planning and implementation of
projects and in operation and maintenance. Irrigation projects that have some farmer contribution tend to
perform better than solely government managed systems, yet most water development for irrigation in South
Asia has been implemented using a top-down approach with little involvement of farmers. As a result, farmers
often do not feel like they have a responsibility in maintaining the projects.

While it is recognized that farmers must more actively contribute to the operation and maintenance of irriga-
tion infrastructure to increase its longevity and efficiency, further work is needed to understand how the state
can incentive such contribution: the evidence on water user association (WUA) management varies case-to-
case, and more investigation is needed to understand what does and doesn’t work. While South Asian govern-
ments have begun encouraging WUA, progress is slow and effectiveness far from guaranteed. (Inocencio and
McCornick, 2008).

On the other hand, there is broad agreement that water charges in a centralized system should be volumetric
if possible, and water fee collection needs improvement. Surface water is currently nearly free, and groundwa-
ter volumes abstracted by farmers virtually uncontrolled. This provides farmers few incentives to switch to
high-efficiency technologies and results in water shortages at the tail end of watercourses. Meanwhile, farmers
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in other areas are paying as much as one-third of their produce for pump irrigation services, suggesting that
the value of on-demand irrigation far exceeds what is currently contributed by canal water beneficiaries (Shah
2007). Itis also known that water rights trade can improve efficiency by placing an opportunity cost on more
items, and incentivizing water savings. Relatively little is known, however, about how the market will function
when exchange is voluntary but when market participants have unequal human capital, or when information
is weak??.

Finally, since surface water and groundwater are both affected by the resistance to technical, institutional and
political reform, we will defer the discussion of this to the end of this section. Having discussed the issues of
irrigation at the system level, we now turn to issues at the level of the farm.

We have already discussed how surface water prices are too low. Meanwhile, groundwater pumping is largely
unmonitored in South Asia, and hence goes untaxed. Energy for pumping is even subsidized in some signifi-
cant cases, the most important of which is India, where groundwater levels are fast shrinking. (Rodell,
Velicogna and Famiglietti, 2009) The biggest hurdle to efficient and careful use of water is therefore that farm-
ers have no direct economic incentive to be efficient or careful in how they use water. Ironically, a water-
stressed region, which as a collective would happily conserve water as a resource, is unable to incentivize the
individual farmer to turn the tap off.

The weak incentives to conserve water that do exist are largely indirect and insufficient — over-application of
water at the farm can create water drainage issues, or reduce the effectiveness of fertilizers and pesticides.
Similarly, frequent power outages can increase water application times and unlined waterchannels absorb too
much water as it lays dormant when a brownout occurs — farmers respond by lining waterchannels to deal with
these issues, and water application efficiency increases as a side-effect.

Instead of bemoaning the tragedy of the commons, however, pragmatic policy-makers would do well to
embrace it and use it to organize their thinking for at least the short to medium terms - the pitch to a farmer
for saving water cannot be a vague appeal to the common good, but a demonstration that doing so is likely to
carry real economic benefits, in the shape of better produce, fewer pests or savings in other inputs. Every new
technology that is a candidate for a widespread adoption drive should be evaluated in terms of whether it
carries these benefits along with the water-saving. No matter how attractive in theory, a technology that saves
a lot of water but carries none of these ancillary benefits is unlikely to be widely adopted.

5.2 Obstacles to private take-up

The question that then follows is: if a technology carries economic benefits for farmers, why don’t they adopt
it without government support? First, it is argued that smaller and medium-scale farmers are often cash-
strapped and unable to make large initial investments into irrigation infrastructure on their own. As the initial
cost of much irrigation infrastructure, from waterchannels to drip irrigation systems, is high, this creates a
financing gap for farmers.

Second, and relatedly, adopting new technologies can be very high risk - farmers are unlikely to invest in new
technologies without having witnessed their productivity and reliability first hand.

22 The theoretical predictions are that trade will not be welfare-diminishing in the former, but may be so in the latter case. However, far less is
known about these problems in this real-world context.
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Third, there is a lack of technical know-how in the private sector — even if a farmer has the money and the
risk-taking appetite to want to adopt new technology, there are often few private firms accessible that have
the ability to install, calibrate and maintain some of the newer technologies.

Finally, since the adoption of many newer technologies also requires a move to different, unfamiliar types of
produce, the farmer needs access to all the associated resources involved, such as different inputs, transport,
and access to markets. Any link missing in this chain can raise the costs of switching to the point of rendering
the move infeasible (Beggs, 1989).

5.3 Policy Options

The government can react to reduce each of these obstacles but must do so carefully. First, it must decide
what not to do. It should not, for example, react to the financing gap of the private sector by providing subsi-
dies for this reason, because it faces a financing gap of its own and needs to apportion its resources to the
provision of public goods. Moreover, subsidies tend to be politically hard to remove once they are in place,
and rent-seeking behavior can render their long-term effectiveness dubious at best*.

Instead, the causes of the credit constraints have to be recognized and efforts made to remove them. A major
reason smaller farmers in particular do not have access to credit is the absence of sufficient collateral because
property rights are either ambiguous or because rival claims to property cannot be properly resolved in
courts. The solutions to this problem lie in long-term improvements in the enforcement of contracts, in reso-
lution of court cases, and their effective enforcement, which are all beyond the scope of any irrigation policy.

Second, in the short term, both the fact that a new technology is high-risk for an adopter and that there is a
lack of private-sector providers of support can be tackled by attempting to increase relevant knowledge in
the economy. It is fairly uncontroversial that education has positive externalities, and the first policy that can
be adopted is to set up or expand farmers’ teaching facilities. Besides general agricultural education, farmers
can learn about more efficient irrigation technologies as well as improving farming techniques. A similar
curriculum, but at a more basic level can be used in awareness campaigns and extension services.

Possibly even more important than these, however, is the demonstration of the potential success and
efficacy of new technologies. As noted earlier, farmers tend to be risk-averse when considering the take-up
of innovative tools and processes, since these require a sure cost up front, but have the very real possibility
of failing. The government can build a record of success stories and develop material that explains to farmers
how others with similar backgrounds, education and resources have adopted the technology. Moreover, the
government can take the lead in adapting the technology to the region if necessary. There are multiple ways
to increase water use efficiency, including reliance on irrigation scheduling, various new mechanisms for
irrigation management to increase precision, etc. Some of the challenges for research in extension is to take
advantage of new knowledge in technologies and develop new ways to improve water use efficiency.
Furthermore, changes in prices of energy and commodities should also trigger effort to improve water use
efficiency.

2 This should not be read to imply that subsidies should never be used. Indeed, we do discuss a stronger justification for subsidies later in this
section. The point here is that using subsidies specifically to ‘solve’ financing gaps is an unsustainable and myopic policy.
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Besides developing and transmitting a technical literature, the government can try to seed awareness by
targeting subsidies and supporting technical help for a small number of farmers specifically in areas where
success stories do not exist and lower subsidies as technology takeup increases in the region. As mentioned
in Appendix A Punjab province in Pakistan followed this model very successfully with laser land leveling in
the recent past. The literature suggests that subsidization and adoption of modern irrigation technologies
should be done selectively when they increase water holding capacity or the precision of irrigation signifi-
cantly, which may occur in locations with sandy soil or uneven land. (Schoengold and Zilberman, 2007)
Adoption should also occur with higher value crops so the gain in net value can pay for the investment.

In the medium-term, the government can also help address the problem of high switching costs. The govern-
ment can help develop the value-chain for the innovative product. There may be a need to develop public
goods, such as infrastructure. In some cases simply subsidizing the move would be sufficient. It may even be
that simply signaling the presence of a subsidy serves to reassure dispersed early adopters that their private
adoption of the technology will not be unilateral, but part of a wider adoption that will mitigate the risk of a
failure to build momentum.

In the long-term however, prices must increase to encompass all costs of production. If handled naively, such
a policy will encounter severe political backlash, since it creates losses for some (those enjoying inefficiently
low prices now). Close attention must be paid to the sequencing and implementation of any price increase.
Awareness of the reason for price increases must be created: the public must understand both the extent of
the water scarcity arising in the region, and the fact that the point of the increase is not to extract a region or
subgroup’s surplus, but to engender good decisions on the margin. A credible public commitment should be
made to invest the money collected back into the local area, if political resistance is to be averted or tackled
successfully?*. Before prices are increased, credible alternatives should be provided, in the form of subsidized
access to water saving technologies, and it should be announced that the subsidies are explicitly with the
intent of ensuring that those bearing the costs of higher water prices will not suffer.

For surface water, it is then a simple matter of increasing prices gradually. For groundwater, the complication
is that there is no feasible infrastructure to directly monitor usage and price water extraction. In the short
term, these are largely intractable, and the workaround of possibly taxing the energy source (electricity or
diesel) needs to be studied. Careful study of existing electricity usage, the possibility of arbitrage, and the
calculation of an appropriate price is required, but it is likely that the problem of unintended consequences
will remain, and there is a real danger that in trying to force water use efficiency through such a blunt policy
instrument, energy use efficiency will be harmed. In the longer term, as discussed earlier, any move to
directly regulate extraction requires monitoring, which requires both technological and institutional
advances.

2 Theoretically, it would even be possible that the extra money generated due to unit price increases be paid back to the tax base such that for
each village or town, any extra money generated is credibly routed back. This would change a user’s decisions on the margin, but produce no
wealth transfers across distant regions.
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