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Abstract

The conflict between the highland and the plains with the sharing of

the highland waters, of late, has assumed an enhanced importance in

the context of ecological disputes. While, policy makers and

academicians have suggested several methods to resolve the conflict,

the entry point in this analysis lies with the “beneficiaries pay”

principle. Keeping with this principle, the paper initiates the idea

that one of the ways for resolving the water-related conflict between

the highlands and the plains is to make the beneficiary plain pay

adequately for the use of the highland water. This is where the most

important question arises: what should be the amount of the

payment? There have been attempts to answer this question in this

analysis.  The paper tries to obtain the optimal amount that the plain

should pay for the attainment of social optimality. In this context, the

concept of the shadow value becomes important. With static and

dynamic analyses, it has been shown that the shadow value, which

reflects the scarcity value of water as well, should be the amount that

the plain should be paying the mountain economy, so that the total

societal benefits are maximised.



Introduction

Over the last two centuries, the use of freshwater in all parts of the world has increased

exponentially. The growth in the utilisation has been the largest in the plains, the location

of both irrigated agriculture and industrial activities. The growth in demand has been both

in terms of quantity as well as in terms of the spatial distribution. Since the precipitation

of water, either as rain or snow, is temporally skewed, availability of water in many areas

becomes low, especially during the lean periods. Much of the water utilised in the plains

is precipitated on the mountains and uplands, and transported through streams and rivers

[Bandyopadhyay et al (1997)]. With increasing demands on the limited water available,

conflicts between the upland and the plains on the sharing of the flows in the rivers are

becoming frequent and more complex. This has been the subject of research for some

time, although, a majority of the research that have been taken up, have mainly

concentrated on the strategic and the political implications. This was so because most of

the research was undertaken on international rivers. 

The increased demand on the limited water resources has also encouraged the growth in

new research on several important aspects of this vital resource that did not, previously,

receive the attention due. In the absence of any specific instrument for joint decision-

making, water related conflicts between the upland and the plain areas have so far been

resolved either by military threats or crude diplomatic tactics. Valuation of the water

resources generated by the mountain and upland is one topic, which has attracted the

attention because of a promise of it being able to produce a more realistic and practical

basis for negotiated settlements of the conflicts. This is helped by the recent worldwide

move towards pricing of this natural resource. In addition to the economic use of water in

the plains, systematic research on the valuation of the immensely important ecosystem

services performed by it in the mountains and the uplands would provide a theoretical

basis for pricing and conflict resolution.

Water performs a number of important ecosystem services in the context of the linkages

of the plains with the uplands and the mountains. Interdisciplinary groups, consisting of



both ecologists and economists, have made some attempts to model the hydrological

relations between the mountains and the uplands on one hand, and the plains on the other;

yet, the subject is still in a very emerging state.

Although, game-theoretic models have been used to explain these types of conflicts, there

have been very few theoretical attempts to use modelling to promote valuation, and thus,

a somewhat objective basis for pricing. It is envisaged that the evolution of hydro-

solidarity among the co-riparian nations can be developed on the basis of some financial

instruments based on the valuation of ecosystem services provided by the water from the

uplands and the economic returns generated by it in the plains.

Though conscious of the ecosystems services provided by water in the mountains and

uplands, this paper addresses the economic uses of water supplied by the uplands and

used in the plains. Such supplies have very often led to conflicts of the water-related

interests between those living in the uplands and those living in the plains. The biggest

challenge lies with finding or developing models to reconcile these interests. In order to

approach the conflicts of economic interests of the uplands and the plains vis-à-vis water

resources, ecological-economic valuation of the water produced by the mountains and

uplands is considered in this paper as important entry point. What is proposed in this

paper, for purposes of exposition, is a hypothetical model with the water generated in the

mountains and the uplands being captured in a reservoir, and its flow being diverted to

the plains below, which are in extreme need of this resource. The valuation of the waters

is of immediate interest in terms of developing a market mechanism for guiding the

transfer of water resources from the uplands to the plains. In this context, it should be

recognised that water value varies over time and space. The benefits from the upland

waters are not only accrued by the uplands, but also by the plains. The valuation of these

waters can be deduced from the benefits that can be accrued at the margin, when one

extra unit gets released from the source. 



We propose that in exchange of the benefits gained from the use of water whose source

lies in the upland, the plains make some payment to the uplands. There have been

instances when plains areas have proposed a dam to be built in the upland areas for the

storage of water during high flow periods to be used in the plains during the lean flow

period. This invariably involves big investments and quite a cost to be incurred by the

upland communities, in terms of social and economic impacts of displacement and

rehabilitation. For example, in the case of the Three Gorges Dam on river Yangtse in

China, which involved an extensive degree of human displacement, Heggelund (1994)

gives a detailed description of the complexities and the problems associated with

rehabilitation. Similar problem persists in the case of the Tehri Dam in the Indian

Himalaya, which faces the additional problem of being in a seismically active region.

However, a long period of global campaign by the upland communities has, finally,

yielded some results. It was emphasised in the third session of the UN Commission for

Sustainable Development that “there is a need to take a new look at the overall flow and

full-cost pricing of resources and services to and from mountain areas, including water"

(UNCSD, 1995).  

Bandyopadhyay (1995) has argued that the spirit of this stand taken on a global platform

will “have to be internalised and operationalised in decision making". Referring to the

water generated by the Himalaya and extensively used in the plains, he stressed, "if the

Himalayan waters are economically essential for the plains, they should be adequately

paid for by the consumers". In the case of the series of dams on the Himalayan rivers, he

cautioned that "any effort at making the mountains and upland people sacrifice their

economic interests will only enhance the delay in sorting out the displacement question

and lead to far more economic losses”. This is, precisely, the motivation behind this

paper.  The question eventually is, what should be the basis for the fixing of the level of

payment to be made by the plains to the uplands. The paper deduces the same under

competitive conditions, and demonstrates the rule of payment with which the social

optimum will be reached. Here, we have defined social optimum as that position where

the sum of the benefits of the upland and the plain from water use gets maximised. 



The conventional concepts of valuation

The static approaches to valuation can be put under following heads:

a> Conventional Approach to Ex Ante Valuation

b> Marginal Product Approach

While both these approaches can be termed as residual approaches to valuation, the first

approach is a more direct and a simpler one [Southgate (2000)]. The second one,

however, is based on the neoclassical principles of the production function, with the

application of the product-exhaustion theorem. 

The conventional approach to ex ante valuation assumes a competitive market, with the

value of water being computed as the difference between the total value of the final

product (where water is an input), and the total value of the inputs including the

economic profits (if any). However, in order to arrive at the same, it has been assumed

that only a single commodity is produced in the economy, and that water is one of the

inputs in the production process.

Residual water value = Total value of product  – total value of the inputs – profits…. (1)

While, all other inputs, including labour, are marketed and are priced at the market rates,

water is the only input for which no market rates are available, due to its non-

marketability. Eventually, what we set aside for water is the value that is the remaining in

the total product value, after summing up all the other input values and the profits. 

However, this approach seems to be one of the most myopic views that one can have on

the valuation of the water resources.  The biggest problem with this approach is that the

production function does not satisfy the neoclassical property of being "well-behaved".

This is because, (1) shows an additive model, where even if the residual water value is

zero, there would be a positive total value of product. This clearly violates the condition,

which seems quite practical, that nothing can be produced if water is not used at all. The



implication is that had water been not used in the production process, the total value of

the product would simply be the sum of the values of the inputs and the profits. It totally

fails to realise the fact that there would be no production without water, or, the value of

the output would have been zero, when water is not used in the production process. 

The marginal product approach is also a residual technique, but works under some strict

assumptions regarding the type of the production function. This approach looks at the

incremental net benefits that can be accrued when one extra unit of water is released from

the source. At the same time, it is also assumed that in order to maintain the input

proportion, there should be an increase in the input quantity as well. Eventually, the price

per unit of water turns out to be the difference between the value of the marginal product

and the incremental cost to be incurred for the increased use of the other inputs, with the

unit rise in water use. The problem with this analysis is that this pricing principle can be

followed only if the production function is of the constant-returns-to-scale type, i.e., a

proportional increase in the inputs brings about a rise in the output by the identical

amount. Hence, in no way, it can be considered as a generally applicable principle.

However, the purpose of this analysis is to develop a general model of pricing that has

bearing with the maximisation of the total social benefits. The above stated conventional

concepts of valuation are not based on any type of optimality principle, and while the

former is based on a simple additive model of revenue, the latter is more based on the

principles of the individual-firm-theory, where the product exhaustion theorem (which

states that the sum of the products of the inputs and their respective marginal products

results in the total production) has been applied. Hence, the subsequent sections have

explained two models with a static analysis and a dynamic analysis, respectively, to

address the problem that we have posed before us.

A “Mountain-Plain” Static model for valuation

For arriving at the value that the plain should pay the mountains for using the water, a

static model has been discussed in this section.  Three types of uses are assumed to exist



in the plain below. These mainly include – agricultural, urban and industrial. What has

been discussed in this section is the water-pricing model for an economy consisting of

two sub-economies namely, the mountain sub-economy, and the plain sub-economy, with

the water being channelled or exported to the plains for the various purposes. We have

conceived of a hypothetical situation where the mountain sub-economy extracts utility in

the form of the in situ benefits from storage in a reservoir that exists in the mountains.

The water supply in the mountains can be assumed to be a function of the runoff and the

infrastructure investment of the mountain economy. We assume that while the only

source of water for the plain is the mountain, the total consumption in the plain is

constrained by the total supply, i.e., the exports of water from the uplands. 

The subscript ‘M’ attached to a variable denotes any variable associated with mountain,

while the subscript ‘P’ denotes any variable associated with plain. Again, we have

assumed that there are 3 sectors in the plains that have been using the water. These

sectors are, namely, agriculture, industry, and urban, which are denoted by A, N, and U

respectively. 

The problem can be posed as:

Max )(),()()( PTMMOiP
i

iPMM wCISCQBSB −−+∑   , [i = A,N,U]

                                          
……………………..(2)

S.T.   

a> ∑
i

iPQ  = QP  ≤ wP [i = A, N, U]

b> SM  ≤ TM (RM, IM) – wP

c> IM, SM, QP, wP ≥ 0

Here, Bj (.) [j = P,M] denotes the benefit function of the jth economy, with ΣBiP=BP [i =

A, N, U], where i denotes the sector where the water is being used. For the time being,

we are putting ∑BiP (QiP) as BP (QP) in (2), for convenience of analysis. Now, wP is the



total water supply to the plain, and the total water consumption in the plain sub-economy

is, thus, constrained by it. On the other hand, the usable stored water in the mountains,

SM, is also constrained by the water supply from natural sources, TM (which is further a

function of runoff RM and infrastructure IM) minus the water exports to the plains, wP. At

the same time, we have assumed two types of costs: O&M costs denoted by CO (SM, IM),

with δCo/δSM> 0 and δCo/δIM ≤ 0, and the transfer cost of the water, CT (wP) with

δCT/δwP≥ 0. 

What need to be determined from (2) are Qi [i =A, N, U], S, I, and w.  The Lagrangian

expression has been formed with the objective function and the constraints, with two

multipliers, λj, [j = P, M] associated with each of the two constraints, having the

economic meaning of the shadow price of water in the jth economy has been formed as

shown in (3). 

L = BM(SM) + Σi Bi (QiP) – CO (SM, IM) – CT (wP) + λP[wP – Σi QiP] 

+ λM[TM (RM, IM) – wP – SM]       …. (3)

The lagrangian has been differentiated with respect to SM, QP, wP, and IM respectively and

has been set equal to zero, to deduce the first order conditions. 

The first-order conditions are as follows:

δL / δSM = δBM / δSM – δ Co / δSM – λM ≤ 0, and, δL / δSM * SM
*

= 0  …(4)

δL / δQP = δBP / δQP – λP ≤ 0,and, δL / δQP *QP
* = 0..…(5) 

δL / δwP = – δCT / δwD + λP – λM ≤ 0, and, δL / δwP * wP
*

 = 0…. (6)

δL / δIM = – δ Co / δIM + λM. δTM / δIM = 0 … (7)

The exercise has yielded some interesting results. Firstly, results obtained from (6) states

that if the scarcity value or the shadow value of water in the plain, λP, is less than the



marginal transfer cost plus the scarcity value of water in the mountains, λM, it is never

remunerative to export water from the social point of view. The condition turns out to be

of following form: 

λP ≤ δCT / δwP + λM … (8)

Water export to the plain becomes remunerative only if the equality holds in (8). The

implication is that the mountains will export water to the plains if the shadow value of

water in the latter is equal to the sum of the transfer cost of water in the margin and the

marginal scarcity value of water in the mountains.

Secondly, the optimal level of water infrastructure development in the mountain can also

be derived from (7).

λM = (δ Co / δIM) /(δTM / δIM)  … (9)

According to (9), mountains should carry out investment up to that level where the

marginal cost of additional supply development equals the marginal scarcity value of

water. At the same time, we are considering a situation of positive water exports to the

plains, and hence, the equality in (3), with the incorporation of (4), leads to the most

important result of this analysis:

λP = δCT / δwP + (δ Co / δIM) /(δTM / δIM)  … (10)

This scarcity value of the water in the plains, λP, should be equal to the benefits at the

margin for the plains, and according to the principles of demand, the consumers in the

plains should be willing to pay the amount that is equal to the benefits at the margin.

Hence, in one sense, the price of water, in this situation, has been derived from the

market principles, rather than being derived through the creation of a hypothetical

market, which would not have led to the social optimum. The mountains should, thus,

charge the plains the sum of the marginal transfer cost of the export and the marginal

cost of water infrastructure development, i.e., δCT / δwP + (δ Co / δIM) /(δTM / δIM),

which, eventually, evolves as the value of water.



Now comes the question of sectoral payments as far as the plains are concerned. Another

optimisation exercise in the following form would yield the results. 

Max  [BAD (QAD) + BRD (QRD) + BND (QND)     … (11)

Subject to 

1. wAD ≥  QAD

2. wRD ≥  QRD

3. wND ≥  QND

We have used the same lagrangian method, with the lagrangian multiplier, µi, [i = A, R,

N], associated with each constraint, being interpreted as the scarcity value of water in

each of the sectors. 

The exercise yields the equilibrium as the marginal benefit from water being equal to the

scarcity value of water in a sector. Eventually, the price that each sector has to pay turns

out to be scarcity value of each sector, which, in the long run, becomes equal to the

scarcity value of water in the entire plain. This is because, there are no restrictions on the

movements of water as a resource. Hence, water should move to that sector, which

reveals a higher shadow value of water, thereby increasing the scarcity value of water in

the other sectors. The adjustment process can come to rest, only if the prices become

equal in the 3 sectors. This sectoral payment, in the process, maximises the societal

benefit. 

However, apart from sectoral allocation of water, the exercises undertaken in this section

have wider connotations than the ones that are apparent. The most important result is

(10). As has been discussed above, this equation states that the plains should pay the sum

of the marginal transfer costs of water and the marginal cost of water infrastructure

development to the uplands. This is precisely because in this framework, the marginal

cost of water infrastructure development has actually evolved as the scarcity value of

water in the upland. This leads us to another area of research that precisely involves the

valuation of the upland ecosystem services of water resources. With mountain water

being exported to the plains for the various uses, there is a loss in the ecosystem services



of water in the mountains. This amount is also connoted by the scarcity value of water in

the mountain, and the plains should adequately pay for this loss. 

The Dynamic Optimisation exercise for obtaining the value of the mountain water

The dynamic case assumes 3 alternative uses of water in the plain, namely, agricultural

(A), industrial (I), and urban (U). While agricultural uses are seasonal (only during the

irrigation seasons), the other 2 uses are perennial. Irrigation decisions are sequential, and

their timing is as important as the quantities applied.

Let t = 1…52 be the weeks of reference for the dynamic water allocation problem, where

t = 0 is the starting point, and t = 52 is the terminal week. We assume that wit [I = A, I, U]

is the water use in week t. At the same time, it has been assumed that irrigation takes

place between the 7th and the 19th weeks, and also between 25th and the 37th weeks. The

following notations have been used:

Y () ≡ agricultural net benefit function,

 I () ≡ industrial net benefit function,

U () ≡ urban net benefit function,

F () ≡ benefits accrued by the mountains through storage in the reservoir,

St ≡ storage at time t,

ht ≡ inflow to the reservoir from the natural source,

wit ≡ water used in the ith sector in period t [i = A, U, I]

wt ≡ total water exported to the plains in period t.

S* ≡ storage capacity of the reservoir in the mountains

The problem can, thus, be posed as:

Max )()()()()(
52

1

52

1

52

1

37

25

19

7
∑∑∑∑∑
=====

++++
t

t
t

Ut
t

ItAt
tt

At SFwUwIwYwY

… (12)

s.t.  



a> St = St-1 + ht – wt

b> S0 = a

c> St ≤ S*

d> wAt + wIt + wUt = wt 

 

The lagrangian expression has been formed with the 52 constraints, and hence, they have

been included within the summation operation. The constraints in the lagrangian have

been associated with the lagrangian multipliers, i.e., λt (associated with (a)), µt

(associated with (c), which is the capacity constraint of the reservoir). While, w is the

decision variable, S evolves as the state variable. 

If it is assumed that the plain sub-economy is a water-scarce region, then there is no such

theoretical impediment in assuming that the entire water exported to the plain is being

used up. This makes the constraint (d) binding. In other words, the existence of the excess

water in the plains is being assumed away. Hence, with the binding constraint (d), the

constraint (a) can be re-written as 

e> St = St-1 + ht – (wAt + wIt + wUt)

Thus, the Lagrangian expression can be written as:

       19                       37                        52                   52                    52

Z = Σ Y (wAt) + Σ Y (wAt)  + Σ I (wIt) + ΣU (wUt) + Σλt [St-1 + ht
                         

t=7                      t=25                     t=1                  t=1                   t=1        

               

                                                                           52
                      – (wAt + wIt + wUt) – St] + ∑ µt(S* - St)
                                                                           t=1

where λ and µ are the Lagrangian multipliers, and are interpreted as the shadow prices of

water. As evident from the formulation of the problem, irrigation decisions in the plains



are sequential, and irrigation happens between the 7th and the 19th weeks and between the

25th and the 37th weeks. 

The first order conditions are:

δZ/δ wAt = 0 ⇒ δY (.)/δwAt– λt = 0 … (13)

δZ/δ wIt =0 ⇒ δI (.)/δwIt – λt = 0 … (14)

δZ/δ wUt = 0 ⇒ δU (.)/δwUt – λt = 0 … (15)

δZ/δ St = 0 ⇒   λt+1–λt – µt + F ′(.) = 0 … (16)

δZ/δ λt = 0 ⇒  S t — St-1 + ht – wt  = 0 … (17)                      

δZ/δ µt = 0 ⇒  St – S* = 0  … (18)              

Rewriting the first order conditions will facilitate their interpretation and put them in a

form more useful when making comparisons to their continuous time counterparts. They

are rewritten as:

Y ′(wAt) = I ′(wIt) = u ′(wUt)   = λt. ……………(19) ∀ 7≤ t ≤19 and 25≤ t ≤ 37

λt+1 – λt = µt - F ′(St) …………………..(20); t =1,…, 52

St – St-1  = ht – wt      . …………………(21); t =1,…, 52

wt = wAt  - wIt - wut    ………………….(22) ; t = 1,…52

St = S*                               ………(23); t = 1,…52

S0 = a……………..(24)

Two important results have emerged from this analysis. First, the benefits at the margin

for each of the 3 sectors have been found to be equal to λt. λt, in this context, reflects the

intertemporal cost, often referred to as the “user cost”. Apparently, it reflects the



influence on the state variable St, due to a change in wt. However, less apparent, but even

more important, is that in the optimal solution of the problem, λt
* can be shown to reflect

the effect that an increment in the storage in the reservoir in t, i.e., an increment in St,

would have over the remaining periods of the planning horizon (t+1 ….52). The cost

component in undertaking an incremental action today in terms of water release is the

marginal loss that might have to be incurred in the remaining seasons. λt, eventually,

evolves as the shadow price of the critical storage of water, assuming no discontinuity in

the benefit function. Hence, the equilibrium can be interpreted as the optimal condition

of the society, when the marginal benefits in each of the sectors in the plain are equal to

the scarcity value of water in the mountain (intertemporal cost of storage in the

mountains). The plain should pay the mountains the sum of these two scarcity values for

social optimality to be attained. 

The second important result that evolves in this context is the result showing the

movement in the scarcity value of storage, λt, over time. This has been adequately

captured in the following equation:

λt+1 – λt =  µt – F′ (St) … (25)

One interesting aspect is that µt can be interpreted as the change in the welfare function, if

the capacity of the reservoir is increased by a unit. In other words, this involves the

relaxation of the capacity constraint by a unit in the Lagrangian. Hence, as this scarcity

value reflected by an increase in storage capacity increases in period t, there will be an

increase in the “user cost” in the subsequent periods. If µt exceeds F′, there happens to be

an increase in the intertemporal value of storage in the subsequent period, which,

eventually, changes the time-path of movement of the “user cost”. 

The important thing to be noted is the equality of the scarcity prices in the different

sectors.  This will happen in each of periods, as the resource will have the tendency to

move to that sector, where the returns are higher. The system in each period will



equilibrate only if the returns in each sector become equal. This leads to a common

scarcity value from the plains below. 

Scarcity Value of Water: Alignment with MEIAH model 

Bouhia (2001) developed two comprehensive decision support systems, which are known

as MEIAH-I and MEIAH-II, where MEIAH means Macro-Economic Integrated Analysis

of Hydrology. The MEIAH-I water allocation model has been developed using an

advanced optimisation technique, and is of our immediate interest. The MEIAH-II

presents a Social Accounting Matrix with water as an intermediate commodity. The first

model is the one to serve the purpose of our analysis, as it involves the objective function

as the sum of net agricultural benefit function, net urban benefit function, net hydropower

benefit function, and dam and related infrastructure investment. The exercise is a

constrained optimisation one with several constraints. The decision variables in the model

are: water flows in the river, groundwater utilisation, reservoir releases, sectoral

allocation, urban demands, irrigated lands for each crop, reservoir storage, and

hydropower generation. 

However, the more interesting aspect in this exercise is the generation of the shadow

prices. Our static and dynamic analyses have shown that the generation of the “shadow

prices” accompanying the optimal solution of a constrained optimisation exercise is one

of the fundamental results of advanced optimisation theory. Our models share one

characteristic with the MEIAH model: all of them operate by allocating water among

sectors and regions in order to maximise the overall net benefits received from water. The

shadow prices evaluate by how much the maximised benefits would increase if the

constraint on water supply were relaxed by one unit. At the same time, our models have a

philosophy of research that is different from that of Bouhia’s MEIAH. This can be seen

in the differences in the objective functions. While our analyses look at the long-run

equilibrium, and is based on a hypothetical case, Bouhia’s analysis, however, is a short-

term one, but, at the same time, provides the framework to provide some real-life solution

in terms of providing a numerical figure for the scarcity value. Bouhia, however, never



puts her analysis in the mountain-plain configuration, but with little changes in the

variables and the specifications of the functional forms, the same can always be

accommodated. 

Hence, economic value of water is interpreted as the shadow price of water and MEIAH

has been used by Bouhia to obtain the same for urban and agricultural sectors for Oum Er

Rbia, Bou Regrag, and Sebou River Basins of Morocco. While, Bouhia notes that a major

part of water has been going to the agricultural sector in the 3-basin region of Morocco,

the sector revealed a substantially low value of water scarcity (0.36 DH/m3). On the other

hand, the industrial sector, which is consuming only 16% of the water, shows a scarcity

value as high as 1.78 DH/m3. This, obviously, is consistent with the law of diminishing

returns. If the market imperfections were removed, then as shown by our analysis, in the

long run, the scarcity values of water would have been equal to the scarcity value of

water in the entire plain. 

Conclusion

Under conditions of inadequate water availability, economic sectors compete with each

other for having access to larger portions of the limited water supply. Hence, in a perfect

economic system the different sectors in the plains might have to make higher bids for

getting water from the mountains and uplands, that are the sources of these supplies. The

installation of a proper management regime, which, by assessing the economic values of

water, permits the detailed evaluation of the hydraulic flow in monetary terms, is of

utmost requirement. If we have the so-called central planner, who will be doing the

societal level benefit maximisation exercise, the system would attain the desired Pareto-

optimality. Bargaining models can also be used to interpret and resolve upland-plains

water conflicts. But, the more rational choice for resolving this conflict is to have a

central authority, which can monitor the process and can ask the plains below to pay the

mountains and upland an amount, which is market-driven, and maximises the social

benefits. 



We never claim that the results are the most applied ones. The results that have been

obtained, work under competitive equilibrium, which, by itself, is a hypothetical market

condition. To be precise, these results reflect the ideal conditions of the economy. In that

sense, this analysis is actually an indicative one. Hence, future scholastic research in this

field would involve similar optimisation exercises under various other market conditions.

Incorporation of greater number of variables and consideration of socio-political

attributes of the two economies might give results that are closer to reality. 

The obvious question that arises is: how useful can such modelling exercises be in the

context of the broader goal of resolving the water conflicts between the two sub-

economies? One of the most important points to be noted is that such models cannot be

the perfect replicas of reality. Models of the type that have been developed in the course

of this paper can only help to create a generalised framework to simplify a given problem

to smoothen the analytical process. They can never replace practical experience and plain

common sense. There might be certain assumptions in a model that might not be

acceptable considering the real life situation. Even here, certain such assumptions have

been made. As far as the usefulness of the results are concerned, one very important point

to be taken into account is that conflict resolution mechanism keeping with the

“beneficiary pay” principle cannot be implemented without proper information

dissemination in the system. This can only happen through appropriate communication

taking place between the different stakeholders in the system. Improper communication

leading to information asymmetries can only heighten conflicts between the two parties.

A water management regime that intends to implement the results obtained by the models

in this paper, thus, has an initial job of creating a framework where dialogues can take

place between the stakeholders, thereby enhancing the possibility of information

dissemination between them. 

However, in terms of policy making, this methodology has wider connotations than the

apparent ones. On the one hand, it provides a framework for broad evaluation of dams. It

provides a basis for evaluating the water in the dam that has been providing certain



services in its vicinity. This might also help the process of river basin wide impact

assessment. On the other hand, we have tried to argue that the upland areas should

receive adequate compensation for sustainable management of the upland waters. The

payment should be made by none other than the beneficiaries in the plains in order to

encourage the mountain economies to function in a manner that might lead to sustainable

and equitable management of water resources. Hence, this methodology could be used in

the framing of a Global Convention on Mountains, by putting forward the proposal of

compensating the mountain economies for the economic and the ecological services that

they provide by implementing efficient means of managing the highland watersheds. 
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