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Research on mechanism design about tradable
water rights under sustainable constraints in China

Abstract

Along with the growing scarcity of water shortage and in-
creasing of waste water pollution in China, the need for an effi-
cient, equitable and sustainable mechanism design about trad-
able water rights has increased. However, few correlative stud-
ies on combining water flow with pollution rights in domestic and
abroad literatures are found currently. This paper tries to com-
bine tradable water flow rights with pollution rights. The quasi-
market mechanism of tradable two-dimension water rights is set
up, which is not only under sustainable environmental con-
straints but also useful to solve the water shortage and pollution
problems. The chief research results of this dissertation are fol-
lowed:

(1> It constructs the game model of water rights under sus-
tainable environmental constraints both under government regu-
lation and market mechanism in China. It describes and com-
pares the different game characters respectively under traditional
government regulation and pure market mechanism. The results
show that it goes against sustainable development of water re-
sources under current water management pattern since each of
them has its respective advantage and disadvantage. It con-
structs the game model of water rights under sustainable envi-
ronmental constraints which combines the predominance of each
model as well as combines two dimensions, e. g. water quanti-
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ty with water quality from the point of view of static game theory
and dynamic game theory. The result shows needs for water us-
ers of both water quality and water flow are satisfied. The prob-
lems of water flow need for each water user are solved; mean-
while water quality standard is also satisfied.

(2) In the light of the analyses as mentioned above, a frame-
work is put forward, which is about the quasi-market mechanism
of tradable water flow rights as well as pollution rights in China. It
is always constrained by Instream Flow Need (IFN in brief),
which means minimum water flow and water quality standard,
combines the advantages of govérnment regulation with market
mechanism. It establishes analytic framework of optimal allocation
of water rights and market design of tradable water rights by com-
bining the water flow and its rights with water polluti‘on and its
rights. In this framework, it includes government reguiation fac-
tors, e. g. the defining and allocation of primary water rights,
supervision of IFN, water quality need and implementing of trad-
able rules. It also includes market design factors, e. g. stimula-
tion to allocate water rights automatically, improving the efficiency
of water usage. Thus it can mitigate the negative externalities,
aim at sustainability of water flows and water quality and satisfy
both efficiency and equity.

(3) According to this quasi-market mechanism frame, a
model of the optimal allocation of water flows and pollution
rights is made under sustainable environmental constraints. Five
state variables are introduced in the two-dimension such as func-
tions of influence government regulation, actual water consump-
tion, discharged water flows, and water flows and the others.
The calculating results show functions that deciding the external-
ities, imputed price and social costs of water flows and pollution

rights by solving optimal control problems under inequality con-
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straints. It is found that negative externalities of adjacent water
user increase with ¢ from upstream to downstream, which sup-
port the optimal solution will have permit values. It also results
in the relativity of all variables and the negative externalities at
the optimum solution by numerical simulation based on finite ele-
ment methods and kernel functions calculating. Then, this dis—‘
sertation tries to combine the theory study with empirical study.
Questionnaire is designed according to hidden hypotheses ob-
tained from mathematic characteristics through numerical simula-
tion. Hard investigations of some corporations and interviews
with some experts are made. It applies the econometrics soft-
ware to the econometric analysis with these data, These hypoth-
eses are validated and points are supported.

(4) Based on the optimal model, the two-dimension market
design model of tradable water rights is made. There are eight
variables’ functions in all, including the other three important
functions such as influence function of transactions costs, func-
tion of tradable water flows and function of tradable water pollu-
tion damages. For the optimal control problems under inequality
constraints are solved, a Nash equilibrium in a water market for
tradable water rights is reached in conjunction with a market for
pollution damages, which solves the optimal problem. It shows
that upstream users will never purchase permits from non-adja-
cent downstream users at equilibrium. In addition, downstream
users are never willing to pay the opportunity cost for non-adja-
cent upstream permits at the margin. It also shows that the
transactions costs are the most important factofs to determine
“the efficiency of the water market. The results also show that
adjacent trades can reduce the negative externalities since a shift
in water use from upstream to downstream of 7 increases the vol-
ume and improves the quality of flows at site i, and meanwhile,
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it reduces #’s IFN constraints, which is significant to satisfy op-

timal scenario of tradable water rights market.

Key Words: Sustainabl_e development; Water rights; Tradable
water rights; Negative externalities; Mechanism

design
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