


The noncooperative solution may take any of 3 forms: The interior
solution or either of the two corner solutions. Figure 1 illustrates the nonco-
operative equilibrium at the interior solution. The width of the diagram is
determined by the total water inflow over the two periods, Q. First-period
water release, q1, is measured from left to right and second-period water
release, q2, in the opposite direction. Panel (a) depicts the upstream hy-
dropower producer. Each period is represented by a convex marginal social
welfare (MSW ) curve. At an interior solution, the noncooperative input
vector (q∗1, q

∗
2) is determined at the intersection of the two MSW -curves lo-

cated between the two vertical lines representing, respectively, the storage
constraint (Q1 − s) and the supply constraint (Q1). Panel (b) illustrates
the downstream riparian. First-period crop production is represented by a
convex marginal profit curve. DOWN receives q∗1 water units from UP and
by using all the water from its reservoir r it operates at B. First-period
profit is maximised at D where marginal profit equals zero. In the second
period UP releases q∗2 of which r units are used to replenish DOWN’s reser-
voir. The excess water causes flooding in the territory of the downstream
riparian, represented by point C on its concave marginal profit curve. In
comparison, downstream profit for both periods is maximised at E where
the marginal profit curves intersect. If the threshold value eq is sufficiently
large and marginal profit curves do not intersect then DOWN’s optimum
would be at D. Figures 2 and 3 illustrate the two corner solutions. When
the storage constraint binds (figure 2) UP must produce more first-period
electricity (and release more water) than it would wish if the storage con-
straint was not binding and the equilibrium is determined by the location of
the (Q1 − s)-curve. On the other hand, if the supply constraint binds the
equilibria are determined by the location of the Q1-curve (figure 3).

3. Basinwide social efficiency
The presence of a production externality implies that the noncooperative

equilibrium is typically not socially efficient. In this paper, the socially
efficient allocation is defined as the feasible water allocation (qo1, q

o
2) which

maximises basinwide social welfare, denoted SW = SW u
1 + δSW u

2 + SW
d
1 +

δSW d
2 . Note that SW d

1 + δSW d
2 = πd1 + δπd2, i.e. there is no consumer

surplus from agricultural production because DOWN’s crop is exported to
markets outside the basin. The socially efficient allocation is the solution to
the problem:

max
q1
{SW u

1 (q1) + δSW u
2 (q1) + SW

d
1 (q1) + δSW d

2 (q1) | Q1 − s ≤ q1 ≤ Q1}
(17)

The first-order conditions yield:
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Table 2. Ranking of policy interventions
Policy ∂SW u ∂SW d Externality Welfare
1. UP HP efficiency (IN and (21)) > 0 > 0 Reduced Higher
2. DOWN reservoir (IN/ST/SU) = 0 > 0 Reduced Higher
3. UP HP efficiency (ST/SU) > 0 = 0 Same Higher
4. UP reservoir (IN/SU) = 0 = 0 Same Same
5. UP reservoir (ST ) > 0 < 0 Increased Uncertain
6. UP HP efficiency (IN not (21)) > 0 < 0 Increased Uncertain
Note: IN = interior solution, ST = storage constraint binds, SU=supply

constraint binds. Policies 1 and 6 includes the possibilities of moving from a
corner solution to an interior solution, cf. table 1.

An expansion in upstream hydropower efficiency is the qualitatively most
attractive policy, but only at the interior solution and provided that the hy-
dropower production function is ‘sufficiently steep’, i.e. condition (21) is sat-
isfied. If this is not the case, then the second-best policy is to expand down-
stream reservoir capacity. Expansion of upstream storage capacity is at best
ineffective, at worst, exacerbates the externality problem. An intervention
in an upstream state by a multinational development bank would therefore
wisely include a policy conditionality that prevents a unilateral expansion of
upstream reservoir capacity without consultation with co-riparians. We also
note that if (21) is not satisfied and the hydropower plant is operating at an
interior solution then expanded hydropower efficiency emerges as the least
attractive policy option. Thus, while this intervention guarantees a positive
upstream impact, its downstream implications are uncertain unless accurate
and reliable data can be obtained about the hydropower production function
and the electricity demand function. If this is not possible, a risk-averse pol-
icy maker would prefer the ‘safer option’ of expanded downstream capacity.
Policy conditionality, if effective, may help reduce risk if the multinational
development bank can credibly persuade the upstream hydropower plant to
increase first-period water release, possibly in exchange for part-financing the
intervention.

While these observations give policy makers an overview of the merits and
demerits of alternative interventions they are not a shortcut to a detailed cost-
benefit assessment. The above ranking necessarily ignores several important
aspects, including economic (e.g. cost of investment), social impact (e.g.
local population displaced by dam construction) and environmental impact
(e.g. soil erosion caused by flow alterations). Such aspects must obviously
be considered before a final policy decision is made.
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5.2 Direct or indirect intervention?
Our research was also motivated by the question of whether the down-

stream riparian is best assisted by an MDB through upstream or downstream
intervention. In our context, this reduces to a question of whether DOWN
should be assisted indirectly by increasing upstream hydropower efficiency, or
directly, through an expansion in downstream reservoir capacity. This com-
parison is relevant only at the interior solution, since upstream intervention
would otherwise be ineffective or counterproductive. Both investments have
the same desirable property of reallocating irrigation water from period two
to period one. Since we do not have any information about the relative cost
of the two investments we have no alternative but to work under the implicit
assumption that they are identical. Consequently, the most attractive in-
tervention is simply the one which is most effective in increasing first-period
irrigation availability downstream. We have the following result:

Proposition 7 Indirect intervention (hydropower investment at the interior
solution) is more effective than direct intervention (downstream reservoir ex-
pansion) in reducing the negative externality if and only if:

b

Ψ

µ
∂f(q∗1)
∂q1

f(q∗1) + δ
∂f(q∗2)
∂q1

f(q∗2)
¶
> 1 (23)

Proof. This result follows directly from the comparative statics:∂(q
∗
1+r)

∂α
=

dq∗1
dα
>

∂(q∗1+r)
∂r

. Where dq∗1
dα
has been derived from total differentiation of (12)

and Ψ < 0 is the variable defined in the proof of proposition 3.

The intuition behind this result is most easily derived by considering the
case of constant returns to scale. Condition (23) becomes δa2 − a1 > 1, i.e.
indirect intervention is likely to be more attractive than indirect intervention
when the difference between first- and second-period electricity demand is
sufficiently large.

6. Case study: Syr Darya12
As highlighted in the introduction, the aim of this paper is to provide

an analytical framework within which various case studies can be examined.
To illustrate the relevance of this framework we consider here the case of
the Syr Darya river in Central Asia. The current conflict centres on the
operation mode of the Toktogul reservoir located in the upstream Kyrgyz
Republic. The reservoir has an active storage capacity of 19 billion cubic

12The background information provided in this section draws upon ICG (2002) and
World Bank (2004a and 2004b).
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meters (BCM) and was designed during the Soviet period to facilitate ir-
rigated agriculture in midstream Uzbekistan and downstream Kazakhstan.
The so-called ‘irrigation mode’ called for 75% of annual releases in a normal
year to take place in summer months and for restricting winter releases to no
more than 25%. Surplus electricity generated in summer was fed into the
Central Asian Power System for use by Uzbekistan and Kazakhstan. Since
the Kyrgyz region lacked any significant resources of fossil fuels, central plan-
ners in Moscow arranged transfers from Uzbek and Kazakh regions to enable
the Kyrgyz region to meet its winter demand for electricity. Once the Soviet
Union was dissolved and the countries became independent, these arrange-
ments came under great strain. The Kyrgyz Republic could no longer afford
to import fossil fuels, which were now demanded in hard currency at world
market prices, and started to operate Toktogul in a ‘power mode’. During
1990-2000, summer releases declined to 45% and winter releases increased to
55%. As a consequence, Uzbekistan and Kazakhstan faced irrigation wa-
ter shortages in summer and flooding in winter. In attempts to solve the
problem of competing (and now international) claims on the water, Uzbek-
istan and Kazakhstan issued side payments to induce the Kyrgyz Republic
to increase summer releases. This was formalised in the 1998 Framework
Agreement, under which the downstream riparians purchase Kyrgyz surplus
summer electricity (at above market prices) and supply fossil fuels needed
for Kyrgyz winter needs. In actual practice the annual barter agreements
concluded under this arrangement have proven unsatisfactory due to bad
timing, lack of trust and lack of control mechanisms.

The multinational development banks (theWorld Bank in particular, and,
to a lesser extent, the Asian Development Bank) have been actively involved
in attempts to resolve the conflict in recent years, as have bilateral donors,
notably the US Agency for International Development, USAID. Thus far,
interventions have tended to focus on facilitating political and technical di-
alogue between riparians with the ultimate purpose of brokering a regional
agreement which maximises Syr Darya net benefits. The prospects of reach-
ing a regional agreement have diminished considerably in recent years, how-
ever, as illustrated by the fact that the co-riparians failed to conclude barter
agreements in 2003 and 2004. Increasingly disillusioned by these devel-
opments, the World Bank (2004b) recently revised its approach away from
‘encouraging multi-country consensus and contractual agreements’ towards
‘national interventions’ with the objective of ‘promoting intra-state cooper-
ation’. This change of strategy clearly increases the relevance of the type
of interventions analysed in this paper. Below we discuss a range of infras-
tructure projects currently under preparation (or construction) in the region
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and comment on their potential impact on the river conflict using insights
from the analytical framework developed in the previous sections.

The Kyrgyz government, in an attempt to ensure energy self-sufficiency, is
actively pursing the construction of two new hydropower plants (Kambarata
I and II) with a combined capacity of 2,260 MW on the Naryn cascade above
the Toktogul reservoir. The qualitative implications of this project, which
could be completed by 2020, are broadly similar to those of increasing α in
the model although it also offers the potential of electricity exports beyond
the Central Asian region. The estimated cost of construction of USD 2.3
billion, or approximately one and a half times the Kyrgyz GDP, implies
that a co-financing scheme is essential. The World Bank would be an ideal
facilitator and contributor to such a scheme, but it argues that the economic
cost of 0.0717 USD/kwh is too high. Interestingly, downstream Kazakhstan,
which is considerably richer than its co-riparians, has offered to invest in the
Kambarata projects. Given the high cost of investment, this offer is likely to
have been driven primarily by the potential political benefits of the project,
such as improved inter-state relations. In return for this investment, the
Kyrgyz authorities would have to allow Kazakh representatives to sit on the
board of the Toktogul hydroelectric plant controlling downstream releases
(EIU, 2004).13 Kyrgyz officials have so far rejected the proposal, possibly
because they do not wish to surrender their sovereign right to control the
water. On the basis of the results developed in this paper, however, it could
be argued that it makes good sense for Kazakhstan to demand ‘political
influence’ in exchange for co-financing. While the Kyrgyz Republic stands
to benefit from this investment, Kazakhstan (and Uzbekistan) would benefit
only if the Kyrgyz Republic releases more water during summer and less
during winter. As the theoretical analysis has demonstrated, an upstream
riparian may only under certain conditions voluntarily choose to alter the
release pattern in this manner. Additional conditionality must therefore be
imposed by the co-financier to make this outcome more likely.

An alternative project which aims to increase winter power generation in
the Kyrgyz Republic involves the completion of a 400 MW thermal power
plant, Bishkek II, by 2007. At a cost of USD 200 mio. or 0.0255 USD/kwh,
this project has better prospects of attracting external financial support, no-
tably from the World Bank. A major drawback, however, is the increased
Kyrgyz dependency on Uzbek natural gas. The Kyrgyz government is there-
fore hesitating to pursue this investment essentially because the international

13Such an arrangement is not uncommon. To illustrate, Egyptian officials are also
represented at the Owen Falls Dam in Uganda (Waterbury, 2002).
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relations between the two countries are strained, as a result of disputes over
water and international borders. An increase in second-period electricity
supply cannot be analysed explicitly in the model without further modifi-
cations. However, its implications for the negative externality would are
similar to that of a reduction in second-period hydropower demand, repre-
sented by the variable a2.14 Graphically speaking, an decrease in a2 im-
plies a downward shift in the SW2 − curve. At the interior solution we get
−dq∗1
da2

= b
Ψ
δ
∂f(q∗2)
∂q1

> 0, i.e. the negative externality would be reduced. If
the hydropower plant is operating at a corner solution then a decrease in a2
has no impact on q∗1, unless if the supply constraint becomes non-binding in
which case q∗1 increases. Since the Toktogul reservoir generally operates
at an interior solution, although the storage constraint is occasionally bind-
ing, the construction of Bishkek II has good prospects of promoting regional
stability.

With respect to reservoir construction, a number of interesting and im-
portant developments have taken place in recent years. Most importantly,
Uzbekistan has intensified efforts to increase its downstream water-regulating
reservoir capacity which could provide additional storage of about 2.5 billion
BCM of water downstream. As demonstrated in the model, this could absorb
the equivalent additional release from Toktogul in winter and subsequently
release the same quantity of water again in summer for downstream irriga-
tion. Downstream Kazakhstan is expected to benefit primarily from reduced
flooding in winter as Uzbekistan would be expected to abstract most of the
increment in summer irrigation availability. These projects are self-financed,
although the Uzbek government did apply for financial assistance from US-
AID and the US Department of Agriculture (USDA). This application was
later withdrawn, however, because the Uzbek government did not agree to
conduct an environmental impact assessment.15 Finally, the Kazakh govern-
ment is also contemplating to build a reservoir (Koksarai) west of Shymkent.
This reservoir would cost USD 200 mio. and have an active storage capacity
of 3 BCM. The proposed increment to the combined active storage capacity
of Uzbekistan and Kazakhstan may, according to some observers, be suffi-
cient to eliminate the Syr Darya conflict.16 Whether this would indeed be
the case depends partly on the behavioral response of the co-riparians - a
subject of another paper currently in preparation.

14This comparative static, however, does not adequately reflect the impact on upstream,
and hence, basinwide social welfare.
15Personal communication, Ken Mcnamara, USAID, Almaty 14/12-04.
16Personal communication, Mr Leonid Dmitriev, Kazgiprovodhoz, Almaty 15/12-04.
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A complete ranking of the four infrastructure projects discussed above,
akin to that presented in section 5.1, would be beyond the scope of this
paper. Nevertheless, in conclusion, we do make a few partially comparative
remarks. Based on the information available, the construction of the Bishkek
II thermal power plant does emerge as one of the most attractive investments
due its relatively low costs a good prospects for reducing the externality.
Uzbek reservoirs dominate Kazakh reservoirs because they are located further
upstream, although do not know the cost nor the environmental impact of
the former. Given their high relative cost, the Kambarata projects emerge
less attractive than the qualitative analysis would suggest, even if the Kyrgyz
government should agree to surrender political control over Toktogul.

7. Conclusion
In this paper we have analysed the potential conflict of interest embodied

in upstream hydropower use and downstream irrigation use on a transbound-
ary river. More specifically, we addressed the question of whether there is
a role for multinational development banks in reducing regional tension and
improving basinwide social welfare. We identified two policy interventions,
both of which have the beneficial effect of reducing the unidirectional, neg-
ative externality caused by upstream regulation of the natural river flow.
Investments in upstream hydropower efficiency, is one such intervention, but
it requires that the MDB (or any other co-financier) can credibly enforce pol-
icy conditionality. This is necessary, because the upstream riparian may face
incentives which could undermine the positive impact on the downstream ri-
parian. The MDB should reach an agreement with the upstream riparian
about how much first-period releases must increase. In addition, if it is to
receive financial support, the upstream riparian must also agree not to ex-
pand its reservoir capacity as this increases the negative externality. The
second type of intervention, expansion of the downstream reservoir capacity,
involves less risk thus reducing the need for conditionality, but brings benefits
only to the downstream riparian. The paper also argued that the presence of
a unidirectional externality presents policy options which could potentially
be attractive. More specifically, we established the conditions under which
an MDB could more effectively assist a downstream client through upstream
intervention. Similar options are available on other types of transboundary
rivers and should be explored further.
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Figure 1. Noncooperative equilibrium
a) Upstream hydropower production - marginal social welfare

(interior solution)

MSW2
MSW1

b) Downstream agricultural production - marginal profit

q1

*
+r q1

*
-r

r

A

B

C

D

E

q

Q

Q -s1 Q1



q q1 2

* *

Q

Figure 2. Noncooperative equilibrium
a) Upstream hydropower production - marginal social welfare

(storage constraint binding)
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Figure 3. Noncooperative equilibrium
a) Upstream hydropower production - marginal social welfare

(supply constraint binding)
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b) Downstream agricultural production - marginal profit
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Figure 4. Expanded hydropower efficiency (interior solution and CRS)
a) Upstream hydropower production - marginal social welfare
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Figure 5. Expanded hydropower efficiency
a) Upstream hydropower production - marginal social welfare

(supply constraint binding)
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Figure 6. Expanded downstream reservoir capacity
a) Upstream hydropower production - marginal social welfare
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