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Abstract A novel dynamic computable general equilibrium model based on Na-
tional Water Resource Input Holding Output Table is proposed to calculate the
Shadow Price of water resource in China. Unlike previous approaches, the dynamic
Shadow Price of water resource is largely based on the scarcity extent and can reflect
the marginal long-term value in the balanced growth path of China. Firstly, the basic
concepts of dynamic Input Output analysis and Turnpike Theory are reviewed. Then,
Dynamic Computable General Equilibrium (DCGE) is elaborated to calculate the
Shadow Price, including the definition and computer-based algorithm. Furthermore,
Shadow Price of water resource in China from 1949 to 2050 is calculated based on
the DCGE. Also the sensitivity analysis of the DCGE for Shadow Price of water
resource in China is presented. Dynamic Shadow Price of water resource has two
meanings for China government: (1) Project evaluation. Every large-scale project
in China must have national economic evaluation and the dynamic Shadow Price is
prerequisite for national economic evaluation. (2) Market price of water resource.
A lesson from this paper is that Shadow Price of water resource in domestic market
of China should be rewritten according to the dynamic Shadow Price. In addition,
the parallel computations approach could also be used to solve these problems in
different countries or for different natural resources.
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1 Introduction

Due to water resource shortage and economic development within last two decades,
China faces serious problems of water supply shortage and water pollution. Per
capita annual water resource of China in 1999 was 2,230 m3, which is less than one-
third of the global average of 7,800 m3. Regional distribution of water resource in
China is unbalanced (Chen et al., 2003). Water scarcity is the foremost problem
for which solutions are urgently needed. Water prices can be considered as an
instrument for satisfactory water allocation and must be justified in a satisfactory
way. Dynamic Shadow Price of water resource has two meanings for China govern-
ment: (1) Project Evaluation. Every large-scale project in China must have national
economic evaluation and the dynamic Shadow Price is prerequisite for national
economic evaluation. (2) Market price of water resource. How to access public
projects and policy reforms when market price misleads us? Revenues and payouts
at market price give distorted measures of social gains and losses. Social opportunity
cost or ‘Shadow Price’ may be elegant coefficients to evaluate them. Assigning
dynamic shadow price of water resource in China remains a challenging task. Public
agencies and researchers in China routinely apply several techniques when assigning
economic values to activities is not handled through normal market processes.

There are four main approaches to calculate Shadow Price of water resource in
China: (1) Static computable general equilibrium (CGE) model. The Shadow Price
of water resource is regarded as both the output price of the water resource sector
and the input price of the non-water resource sector because these prices between
the supply and the demand are equal (Shen et al., 1999). (2) Equilibrium price in
Input Output Table (Zhong, 1984). The supplying sector of water resource is put
into Input Output Table as a sector or a commodity, then theoretical price of the
sector is regarded as the Shadow Price. The difficulty of this approach is how to
construct the Input Output Table of water resource, because Input Output Table is
the basic work in economics of water resource in China. (3) Marginal price (Chen
et al., 2003). This approach is the most popular one in which the Shadow Price is
equal to the derivative price of the production function. (4) Linear programming
(LP) model (Liu and Chen, 2003). Optimal solution of the resource allocation can be
used to get Shadow Price of the resource from the optimal solution of dual problem
according to the water resource constraint line in the linear programming based
on input output analysis. In the non-linear programming, Shadow Price is equal to
the Lagrange Multipliers. In the dynamic programming, Shadow Price is equal to
the vector in the Hamilton Matrices (Zhao, 1995). The above four models show the
different processes of resource allocation based on the different economics theories.
Each approach has its limitations. It is essential that the choice of method be guided
by the nature of the good or service being valued and perhaps more crucially, by the
type of information available to the researcher. This study develops and implements
a dynamic method for assigning shadow prices to dual solution when data on the
inputs and outputs of these activities are available.

Shadow Price of water resource is very important for the economic evaluation of
the large-scale project. The model put forward by Shah et al. (1995) was developed
to handle these problems of water allocation under these investments of conveyance
and these investments in firm-specific conservation technology. The model provides
Shadow Price for water authorities to evaluate the total effectiveness of the project.
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Shadow Price contributes a self-consistent system of price based on the efficiency of
the total project. Also the evaluation approaches by using the Shadow Price are more
open and fair than its counterparts. This could help to solve an important problem of
persuading users to accept the market water price even when the social psychology
is suggested to be taken into account (Syme and Nancarrow, 1997).

Different economic explanation of the Shadow Price has led to different formal
Shadow Price calculation. Kantorovich (1939) introduced the concept of Shadow
Price and demonstrated it is optimal solution of the dual linear programming. The
definition of Shadow Price can be applied to many different resources. The Shadow
Price suffers from the fact that the gradient of the marginal function may not always
exist. Gauvin (1980) introduced a definition of Shadow Price, which had practical
implications from the marginal point of view. Horsley and Wrobel (2006) applied
duality methods of linear programming to the problems of operation and rental
valuation of a hydro plant and its river. Both of the two problems are approached
by using time-dependent shadow pricing of water, and if the given market price for
electricity (p) is a continuous function of time, then the shadow price function for
water (ψ) is shown to be unique.

While the real-time data are applied in the above models, collecting the required
interdependent data to calculate Shadow Price is also another hard work. So this
problem can be solved by constructing National Input Output Table of water
resource for China.

So far it is elegant to use the Input Output analysis to solve the question on the
water resource, such as the research on Colorado River developed by California
and Arizona State in U.S.A (Carter and Ireri, 1970). Another paper listed out the
water resource sector alone in Input Output Table (Bouhia, 1998). There are some
applications of Input Output Table for water resource in China, such as Water
Resource Input Output Table in Beijing of China (Xie et al., 1991), Water Resource
Input Output Table of Shanxi Province of China (Chen et al., 2003), Water Resource
Input Output Table in Huabei and Xinjiang region of China (Chen et al., 2003). All
the above water resource Input Output Tables are Regional Water Resource Input
Output Table. There are no national Input Output Table in China before. In our
model we will construct and apply National Water Resource Input Holding Output
Table for China.

In 2001, Liu and Chen (2003) developed a model to calculate Shadow Price of
water. In this paper, an more direct and more practical improvement of that model is
presented. Water scarcity is the foremost problem in some countries including China.
Market price of water can be considered as an instrument to satisfy water allocation
and must be justified in a reasonable way. Although Shadow Price has been widely
appreciated, discussions of Shadow Price have been confined to static settings. For
improving this point dynamic Input Output model and Turnpike model are improved
and applied. The important properties of the water Shadow Price from 1949 to 2050
in China are obtained and analyzed. This paper develops a dynamic Shadow Price
approach based on multi-periods Input Output optimizing model. Unlike previous
approaches, it is based on the dynamic computable general equilibrium (DCGE)
model to solve the problem on marginal long-term price of water resource.

In this paper, Section 2 will review the basic concepts of dynamic Input Output
analysis and Turnpike Theory. Section 3 will elaborate the definitions and algorithms
of the proposed dynamic calculation model for Shadow Price calculation in China.
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Both the empirical specification and the data used to implement the model are
described in Section 3. Section 3 will bring forward the result of Shadow Price from
1949 to 2050 in China as well as the sensitivity analysis by using National Water
Resource Input Holding Output Table of China for 1999 in 51 sectors. Section 4
discusses policy implications and provides a summary.

2 Materials and Methods

2.1 Extended Dynamic Input Output Model and Turnpike Theory

The extended dynamic Input Output model and Turnpike model are introduced in
this section. These two models provide the basis of the dynamic computable general
equilibrium model. And they are also developed based on the separation of amount
and structure for the calculation.

2.1.1 Dynamic Input Output Model

The linear static and dynamic Input Output models are well known in economic
theory and economic practice (Leontief, 1951). The dynamic extended Input Holding
Output model (Liu, 1995) is shown as follows :

n∑

j=1

Xij(t) +
n∑

j=1

Zij(t) + Yci(t) = Xi(t),

Kij(t + 1) = Kij(t) + Zij(t) − Dij(t + 1),

i, j = 1, 2, ..., n (1)

where Xij(t) is output in sector ith from sector jth in tth year, Yci(t) is final demand
vector in tth year in sector ith, Kij(t) is the available capital goods in sector ith from
sector jth in tth year, Zij(t) is capital investment in sector ith from sector jth in tth
year, Dij(t) is depreciation in sector ith from sector jth, Kij(t) is the available capital
goods in sector ith from sector jth in tth year.

Direct input coefficient in tth year is defined as follows:

aij(t) = Xij(t)
Xj(t)

(2)

where aij(t) is direct input coefficient in sector ith from sector jth in tth year, Xj(t) is
the output vector in sector jth in tth year.

Added investment coefficient in tth year is defined as follows:

bij(t) = Kij(t) − Kij(t − 1)

Xj(t) − Xj(t − 1)
(3)

where bij(t) is depreciation coefficient in sector ith from sector jth in tth year, Kij

(t − 1) is available capital goods in sector ith from sector jth in t − 1th year, Xj(t − 1)

is output vector in sector jth in t − 1th year.
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Depreciation coefficient in tth year is defined as follows:

βij(t) = Dij(t)
Xj(t)

(4)

where βij(t) is depreciation coefficient in sector ith from sector jth in tth year. Thus,

n∑

j=1

aij(t)Xj(t) +
n∑

j=1

[bij(t + 1)(X j(t + 1) − X j(t))

+ βij(t + 1)Xj(t + 1)] + Yci(t) = Xi(t),

i, j = 1, 2, ..., n (5)

where Yci(t) is the final demand vector in tth year in sector ith.
Equation (5) can be rewritten in matrix form:

[I − A(t) + B(t + 1)]X(t) − [B(t + 1) + β(t)]
X(t + 1) = Yc(t) (6)

where I is unity matrix, A(t) is direct input coefficient matrix in tth year, B(t + 1) is
added investment coefficient matrix in t + 1th year, X(t + 1) is output matrix in tth
year, β(t) is depreciation coefficient matrix in tth year, Yc(t) is final demand matrix
in tth year, X(t + 1) is output matrix in t + 1th year.

2.1.2 Turnpike Model

Turnpike model (Dorfman et al., 1958) is based on the linear programming in which
the objective function is the maximum of the capital accumulation at the end of the
objective term. When we calculate the balanced growth solution of Turnpike model,
the dynamic Input Output model is used to extend the original structure of Turnpike
model in order to avoid the constraint of Occluding Hypothesis in the Neumann
model of Turnpike model (Neumann, 1945). The modified model without occluding
constraints is in accord with the real status in China. Recall the dynamic Input Output
model in Equation (6) as follows:

[I − A(t) + B(t + 1)]X(t) − [B(t + 1) + β(t)]X(t + 1) = Yc(t)

Final demand coefficient in tth year is defined as follows:

C(t) = Yc(t)
X(t)

(7)

where C(t) is final demand coefficient matrix.
Then, Equation (6) can be rewritten as follows:

X(t) = A(t)X(t) + B(t + 1)(X(t + 1) − X(t))

+β(t)X(t) + C(t)X(t) (8)

where C(t) is final demand coefficient matrix. Suppose the equilibrium growth rate is
the same in different sectors:

X(t + 1) = (1 + α)X(t) (9)
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where α is the balanced growth development rate. Then,

1

α
X(t) = [

I − A(t)β(t) − C(t)
]−1 [

B(t + 1) + β(t)
]

X(t). (10)

Thus,

1

α
X(t) = [

I − A − β − C
]−1 [

B(t + 1) + β
]

X. (11)

The existence of balanced growth solutions is discussed by using the extended model
in Equation (11). We need to recall some basic issues related to non-negative sys-
tems. If a square matrix is non-negative (all of whose elements are non-negative),
its Spectral Radius is an eigenvalue. And in correspondence of this eigenvalue there
exists a non-negative eigenvector (Dorfman et al., 1958). Moreover, an irreducible
matrix is characterized by one exact non-negative eigenvector (up to scalar multi-
plication) and this eigenvector is positive. Based on the hypothesis in Input Out-
put model such as Hawkins Simon condition and Solow condition in Input Output
analysis (Leontief, 1951), we can safely draw that the modulus of eigenvalue of the
matrix [I − A − β − C] is below 1 and [I − A − β − C]−1 is non-negative matrix,
then [I − A − β − C]−1[B(t + 1) + β] = H is non-negative matrix according to the
Perron-Frobenius Theorem (Vanlint and Wilson, 1975). So, the balanced growth rate
is equal to the reciprocal of the Perron-Frobenius solution. And the eigenvector is
equal to the output structure on the balanced growth path (Leontief, 1951). This is
an application of Perron-Frobenius Theorem to economic model.

2.1.3 Separating Amount and Structure of Output

The basic style of Input Output analysis is as follows:

X = AX + Y (12)

where X and Y are output matrix and final demand matrix, respectively.
In order to impress the structure of the economic system, Equation (12) is changed

as follows:

Ẋ X̃ = (I − A)−1ẎỸ (13)

where Ẋ, Ẏ are output amount matrix and final demand amount matrix, respectively.
X̃, Ỹ are output structure matrix and final demand structure matrix, respectively.
The element in X̃ are output final ratios of every sector in the total gross output. The
element in Ỹ are final demand ratios of every sector in the total final demands.

2.2 Dynamic Computable General Equilibrium Model for Calculation
of Shadow Price

The calculation of dynamic change in Shadow Price of water resource in China is con-
sequently a project with a long time span, distinctive characters and complex struc-
tures. The conception of Dynamic Computable General Equilibrium model (DCGE)
assumes that the level of production and resource control the structure of economic
system on the balanced growth path. The balanced growth path is instrumental to the
maintenance and improvement of Shadow Price. The balanced growth path condi-
tions also give opportunity to calculate Shadow Price according to the effectiveness of
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the water resource used in the whole country. It also assumes that the increased input
coefficient and the decreased gross amount of the water resource are synonymous
with the increased Shadow Price.

2.2.1 Basic Structure of DCGE

Two advantages of our model are given as follows: (1) Shadow Price is accord with
the dynamic global optimal solution reflecting the dynamic order of the resources
optimal allocation, and (2) DCGE model can be modified to calculate the Shadow
Price of the certain year easily. Those solution sets of Shadow Price are useful to
balance the development of an economic system. The shadow price in Tth year is
calculated and the parameters and constraints in DCGE are shown as follows:

MaxZ = (I − A(T))X(T)

s.t.

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

A(t)X(t) + B(t + 1)(X(t + 1) − X(t))+
β(t)X(t) + C(t)X(t) ≤ X(t)
t = 1, 2, ..., T − 1
A(T)X(T) + B(T + 1)(X̃(T + 1)Ẋ(T + 1)−
X(T)) + β(T)X(T) + C(T)X(T) ≤ X(T)

Aw(T)X(T) ≤ W(T)

H(t) ≤ X(t) ≤ h(t)
L(t) ≤ X(t) ≤ l(t)
X(t) ≥ 0, Ẋ(T + 1) ≥ 0
t = 1, 2, ..., T

(14)

where X(t) is output matrix in tth year, A(t) is direct input coefficients matrix in tth
year, Ẋ(t) is output amount matrix in tth year, X̃(t) is output structure matrix in tth
year, C(t) is final demand coefficient vector in tth year, Aw(t) is direct water input
coefficient matrix in tth year, W(t) is total water input in tth year, B(t) is investment
coefficient matrix in tth year, β(t) is depreciation coefficient matrix in tth year. H(t),
h(t), L(t), l(t) are other constraints and parameters. A(T) is direct input coefficients
matrix in the specific Tth year, Ẋ(T + 1) is output amount matrix in the specific
T + 1th year, X̃(T + 1) is output structure matrix in the specific T + 1th year, C(T)

is final demand coefficient vector in the specific Tth year, Aw(T) is direct water input
coefficient matrix in the specific Tth year, W(T) is total water input in the specific
Tth year, B(T + 1) is investment coefficient matrix in the specific T + 1th year, β(T)

is depreciation coefficient matrix in the specific Tth year.
Some details of H(t), h(t), L(t), l(t) are given in the following section named

‘Other constraint’.

2.2.2 Notes for DCGE

A. Basic Constraint
DCGE is a new method to overcome the difficulties in calculation of dynamic

Shadow Price in water resource project evaluation. The model proposed in this pa-
per is different from the traditional analysis, because it is based on a large linear
programming in the discrete time. The Shadow Price is calculated as well as a balance
of economic system results.
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During the whole process of calculation period, the time factor has been put into
the equation to reflect relationship between the different time spots. Time Lag is set
as one year. The constraint combines the dynamic Input Output model, Turnpike
Theory, and theory on the separating of the amount and the structure. The objective
function is the maximum of the Gross Demotic Product (GDP) in the objective year
of the plan.

Data of National Input Output Table used in this calculation demonstrates a el-
egant approach to balance the economic developing. Multiplying the gross amount
matrix with the structure matrix is the output matrix. The separation can improve the
practical work. The Shadow Price of the water resource in balanced growth path is
the dual solution according to the water resource constraint line in the objective year
such as Line 7 in Equation (14). The primal and dual optima are characterized by the
Kuhn–Tucker Conditions, which for LPs reduce to feasibility and complementary
slackness.

B. Other Constraint
These above constraints are the basis of DCGE model. Some other constraints

should be added to establish the general equilibrium model for avoiding the limit
of the assumption of the Input Output analysis (Leontief, 1951; Zhong, 1984). The
following are the other equilibrium and resources constraint which are shorten as
H(t) ≤ X(t) ≤ h(t) and L(t) ≤ X(t) ≤ l(t) which are listed as follows:

(1) Constraint of production capacity is shown as follows:

Xi ≤ ϕi (15)

where ϕi is the maximum production capacity vector in sector ith.

(2) Constraint of labor capacity is shown as follows:

n∑
i=1

Xi

Ti
≤ L (16)

where Ti is the labor-working rate vector in sector ith, and L is the available labor
amount.

(3) Other constraint of resources is shown as follows:

n∑

i=1

gki Xi ≤ hk (17)

where gki is the input coefficient vector of the kth resource in sector ith, and hk is the
available resource amount vector of the kth resource in sector ith.

(4) Constraint of the equilibrium between the import and export is shown as
follows:

n∑

i=1

ei Xi =
n∑

i=1

Fi (18)
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where ei is input coefficient of the import commodity vector in sector ith, and Fi is
export of the in sector ith.

(5) Constraint of the equilibrium between the reward of the income and the con-
sumable is shown as follows:

n∑

j=1

av jX j + V∗ − U ≤ Yw + W (19)

where
∑n

j=1 av jX j is income of dwellers in the property sector, V∗ is income of non-
property sector, U is non-commercial payout of dwellers, Yw is supply of consumable,
and W is import consumable.

(6) Equilibrium between accumulation and consumption is shown as follows:

n∑

i=1

Y∗
iw + μ ≥ Yw (20)

where Y∗
iw is consumption amount in sector ith in the previous term, Yw is consump-

tion amount in sector ith in the present term, μ is other factors in the previous term.

(7) Equilibrium between forming and occupying is shown as follows:

n∑

i=1

Yk ≥
n∑

i=1

k̃i(L̂i − Li) (21)

where Yk is capital forming amount vector in the previous term, k̃i is average fund
occupying amount per person in sector ith, L̂i is the number of the employee in the
previous term, Li is number of the employee in the present term.

2.2.3 Notes for Long-term Marginal Cost in the DCGE

Most commercial LP solvers return the objective function coefficients for the slack
and surplus variables at the optimum, called the shadow prices or dual prices. This
paper develops and implements a unique formulation of a linear programming model
in that the dynamic shadow price of water resource is characterized as a dual solution.
The approach requires Input Output analysis to bear a shadow price. Kantorovich
(1939) provided an economic interpretation of the dual variables as guides for the
coordination of allocate decision. This provides the first insight into the symmetric
relationships between activity levels of processes and Shadow Price of resource. The
Lagrange Multipliers are given the names ‘Shadow Price’ and ‘dual activity’ in lin-
ear programming where these changes can be analyzed by sensitivity analysis. Why
Shadow Price of the water resource in balanced growth path are the dual solution
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according to constraint line of the water resource? The following prove can explain
this question. Equation (14) can be shortened as:

MaxZ = CX

s.t.

⎧
⎨

⎩

AX ≤ b
Aw X ≤ bw

X ≥ 0
(22)

where Aw X ≤ bw is the water resource constraint in the original linear programming
in Equation (14). The optimal basis B is given, then the optimal solution of the dual
problem is Y∗ = (y∗

1, ..., y∗
m) = CB B−1. The input water resource of bi is equal to

the optimal solution of the dual problem y∗
i , then Z∗ = y∗b, and Z∗ =

m∑
i=1

y∗
i b i. This

comes from the basic dual programming theory in Linear Programming.
Thus,

y∗
i = ∂ Z∗

∂bi
,

i = 1, 2, ..., m, (23)

y∗
m = ∂ Z∗

∂bw

In a word, the Shadow Price of water resource y∗
m are the measure of the objective

function when the resource bw are changed, as well as the marginal long-term value.
If the gross of water resource increase 1 m3, the objective function (the amount of
GDP) will increase one Yuan. So the unit of Shadow Price for water resource is
Yuan/m3. The dual solution in the sixth line constraint in Equation (14) have an
clear economical meaning. The meaning is the Shadow Price of water resource. The
Shadow Price of water resource is equivalent to the reductions in the optimal (or
nearly optimal) value of the objective function in Equation (14) as GDP are reduced
by 1 Yuan. In the following real-time results in Table I if the gross quantities of water
resource in China increase 1 m3 in 1999, GDP of China will increase 3.85 Yuan.

2.2.4 Sensitivity Analysis for the DCGE

The Objective in the sensitivity analysis is changing the left-hand side values of
constraints—water consumption coefficient. That is a study of how the optimal solu-
tion of a linear program would change if some of the numbers used in the formulation
of the problem were to change.

Equation (22):

MaxZ = CX

s.t.

⎧
⎨

⎩

AX ≤ b
Aw X ≤ bw

X ≥ 0
(24)
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Table I Shadow price of water
resource from 1949 to 2050 in
China

Year Shadow prices of water
resources (Yuan/m3)

Shadow prices of water
resources (US$/m3)

1949 0.48 0.06
1959 0.11 0.01
1965 2.01 0.24
1980 2.89 0.35
1993 3.46 0.42
1994 3.57 0.43
1995 3.69 0.45
1996 3.80 0.46
1997 3.92 0.47
1998 3.79 0.46
1999 3.85 0.47
2000 3.86 0.47
2005 3.99 0.48
2008 4.10 0.50
2010 4.29 0.52
2015 4.47 0.54
2020 4.58 0.55
2025 4.77 0.58
2030 4.93 0.60
2040 5.11 0.62
2050 5.39 0.65

can be shorten as follows:

MaxZ = CX

s.t.
{

AX ≤ b
X ≥ 0

(25)

Let A = (B, N), X =
{

XB
XN

}
, C = (CB, CN), B is basic set, N is non-basic set.

Then:
{

B N
CB CN

}{
XB

XN

}
=

{
b
Z

}
(26)

Then, simplex method is as follows:
{

B N b
CB CN Z

}
→

{
I B−1 N B−1b

CB CN Z

}
→

{
I B−1 N B−1b
0 CN − CB B−1 N Z − CB B−1b

}

Then, σN=CN − CB−1 N, Z0= CB B−1b → XB + B−1 N XN = B−1b → σN XN =
Z − Z0 → Z = Z0 + σN XN. If σN ≤ 0, when XN = 0, Z has the maximum value Z0,
then XB = B−1b, then the optimal rule is σ j ≤ 0, j ∈ JN . If coefficient A is changed,
in column Kth of PK in A, P,

k = Pk + �PK. (1) If Pk /∈ B, Xk is the non-basic set,
check digit corresponding to Xk is σ

,

k = Ck − CB B−1(Pk + �Pk). (2) If σk ≤ 0, then
basic set is not changed, optimal solution is not changed. (3) If σ

,

k > 0, then B−1 Pk

is changed to B−1(Pk + �Pk), σk is changed to σ
,

k. The simplex method is used for
iterative process sequentially.



1528 Water Resour Manage (2007) 21:1517–1533

In this paper, we want to get the ‘Lower Limit’ and ‘Upper Limit’ of water con-
sumption coefficient Aw. In the ranging information, the ‘Lower Limit’ and ‘Upper
Limit’ refer to the maximum changes from the ‘current water consumption coeffi-
cient’ which will keep the optimum solution at the same basis. Remember that the
basis is the division of the variable into the basic and non-basic sets.

2.2.5 Notes for Existence and Uniqueness in DCGE

The existence and the uniqueness have not been achieved until nonlinear program-
ming are guaranteed for this Shadow Price from mathematics programming on dual
solution. In the practical estimation of Shadow Price, the assumption that the econ-
omy is on a balanced growth path is invoked.

2.3 Computer-based Algorithm of DCGE

A heuristic DCGE algorithm can be outlined as follows:

Step 1: Use the Turnpike model in Equation (11) to calculate the structure of the
output in T+1th year X̃(T + 1).

Step 2: Solve the LP beginning with X̃(T + 1). During the process of calculation,
perhaps there is no feasible solution in the model in some time. Then the
upper and the lower limit can been adjusted. The constraint and balance
conditions can be also added and reduced to get the right results.

Step 3: Get the Shadow Price along with the balanced growth path for each year.
The process of calculation can be divided into short term. For example if the
result of Shadow Price in 2005 is calculated by using the 1999–2005 model,
then the Shadow Price denotes the equilibrium Shadow Price of 2005 based
on economics equilibrium from 1999 to 2005. Based on National Water
Resource Input Holding Output Table for 1999, 1949–1999 Shadow Price
backwards and the 1999–2050 Shadow Price forward can be calculated as a
whole system. For the long-time span, Time Lag can be prolonged to 2 years
or more to reduce the complexity of the algorithm.

Step 4: Sensitivity analysis for the DCGE.

2.3.1 Notes for Data and the Parameter

A. Input Holding Output Table
Many approaches presented in Section 1 to calculate the Shadow Price are tenta-

tive and have suffered from data inadequacies. To solve this problem, the design
and implementation of a National Water Resource Input Holding Output Table
are described. The research group leaded by Xikang Chen, consisted of about 22
researchers and professors, who spent more than one and half year to construct
National Water Resource Input Holding Output Table of China for 1999 (Chen et al.,
2003). The table shorten to 19 sectors is the main data resource for our calculation.
The style of the table can be shown in Table II.

It is a great system engineering work to construct the table. There are four steps
to construct National Water Resource Input Holding Output Table for China (Chen
et al., 2003).



Water Resour Manage (2007) 21:1517–1533 1529

Table II Water resource input holding output table in China

Intermediate Demands 

Non-water
Conservancy

Sector

Water 
Conservancy

Sector

Input
Output
Holding

1,2 …,s s+1,s+2,…,n

Final
Demands 

Total 
Output

Total 
Water 

Resource

Non-water
Conservancy

Sector

1,
2,

…,
s

Input

Water 
Conservancy

Sectors

s+1,
s+2,
…,
n

Xij Yij Xj

Primary Input Vj

Total Input Xj

Fresh Water 

Recycle Water 

Fij Zij Wj

Water 

Waste Water 
Emission 

Pij Rij WAj

Fixed Assets Dij

Circulating
Capital

CijHolding

Labor Force Lij

Step 1: Constructing 1999 Input Output Table with 40 sectors for 31 provinces,
autonomous regions and municipalities of China.

Step 2: Collect water use data and estimate the amounts of water, used by each
sector. The water amount is in physical units.

Step 3: Constructing holding part of the basic table.
Step 4: Revision work.

B. Other Parameters
Some parameters of DCGE should be estimated and emended for each year, such

as input coefficient, value added coefficient, final demand, water input coefficient,
added capital coefficient and depreciation capital coefficient by using the nonlinear
and the key emendation way in Statistics and Economics. A study in the computa-
tional efficiency and complexity through a series of empirical tests is also important
in DCGE.
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3 Results and Discussion

3.1 Computer-based Result of DCGE Model for Shadow Price

3.1.1 Result and Analysis for Shadow Price of Water Resource from 1949 to 2050
in China

To calculate of DCGE, the basic variables of output are 19 × 19 × 100 = 36,100, not
including the slack variables and others. The scale of calculation is so enormous that
the common software can’t work it out, such as Matlab, Microsoft Excel and so on.
We use the ‘Lingo’ software (see http://www.lindo.com) to simulate and get the fitful
result. The following Shadow Price for China which are based on the unchanged price
index for 1999 in 51 sectors. The Shadow Price in Table I doesn’t reflect the inflation
of average market price, the exchange rate etc. So if the effect of the inflation of
average market price and the exchange rate is included in the Shadow Price, the
Shadow Price will be revised.

Note that the Shadow Price in Table I is at Chinese constant price in 1999. The
exchange rate between RMB and U.S. Dollar is 1 US$=8.2765 Yuan. The unusual
result in the Shadow Price set is discussed as follows:

(1) 1949 is the year when P. R. China was built so the starting time spot is selected
as 1949.

(2) The Shadow Price from 1949 to 1965 is low because the economic system in
China had been adjusted during this time.

(3) The result is based on the Chinese constant price in 1999. The volatility of
exchange rate, inflation rate and so on cannot be reflected.

(4) All the Shadow Price of water resource is positive and the average growth is
48.71% from 1949 to 2050.

(5) The water Shadow Price is the average Shadow Price of water resource in dif-
ferent sectors of China. As we know, the Shadow Price of water resource used
in industry sector is much higher than agriculture sector.

3.1.2 Sensitivity Analysis Result for 1999 Shadow Price of Water Resource in China

A sensitivity analysis of finding upper and lower bounds to keep the Shadow Price
fixed. A rigorous algorithm of obtaining these exact values is presented in this sub-
section. An advantage of using the software named ‘Lingo’ is that it has a special
package to calculate the sensitivity analysis result. ‘Lingo’ also provides the simple
ranging information that can be used for sensitivity analysis. The important lesson
can be got from the sensitivity analysis of overall variable is that the total available
water resource and the direct input water coefficient are the key factors. The above
two factors can effect the Shadow Price greatly. In Table III, the lower limit and
upper limit of water consumption coefficient are given when the Shadow Price for
1999 is equal to 3.85 Yuan/m3.

It is possible that small changes in water consumption coefficients may have a
dramatic impact on optimal solution. In Table III, if specific water consumption co-
efficients in specific sectors change between lower limit and upper limit, the Shadow
Price of China in 1999 will be unchanged.

http://www.lindo.com


Water Resour Manage (2007) 21:1517–1533 1531

T
ab

le
II

I
L

im
it

of
in

pu
tw

at
er

co
ef

fi
ci

en
to

fC
hi

na
fo

r
19

99

Se
ct

or
O

ut
pu

t
C

on
su

m
pt

io
n

of
W

at
er

L
ow

er
lim

it
U

pp
er

lim
it

(1
0,

00
0

Y
ua

n)
w

at
er

re
so

ur
ce

co
ns

um
pt

io
n

(m
3
/1

0,
00

0
Y

ua
n)

(m
3
/1

0,
00

0
Y

ua
n)

(M
il.

m
3
)

co
ef

fi
ci

en
t

(m
3
/1

0,
00

0
Y

ua
n)

A
gr

ic
ul

tu
re

24
5,

67
1,

72
0.

00
0

38
1,

79
5.

98
8

1,
55

4.
09

0
1,

55
2.

95
0

1,
55

7.
93

9
H

ea
vy

in
du

st
ry

76
,1

31
,0

50
.8

84
3,

64
6.

91
7

47
.9

03
47

.9
02

47
.9

07
F

oo
d

&
to

ba
cc

o
14

9,
63

1,
59

0.
70

6
6,

79
5.

83
1

45
.4

17
45

.4
16

45
.4

20
C

lo
th

es
in

du
st

ry
70

,2
75

,8
51

.7
86

3,
59

0.
28

2
51

.0
88

51
.0

87
51

.0
93

L
um

be
r

&
fu

rn
it

ur
e

25
,7

04
,1

01
.6

82
1,

32
3.

06
0

51
.4

73
51

.4
71

51
.4

77
P

et
ro

le
um

in
du

st
ry

35
,1

31
,1

20
.9

72
1,

07
7.

52
8

30
.6

72
30

.6
71

30
.6

73
N

on
-f

er
ro

us
m

et
al

s
in

du
st

ry
10

4,
46

8,
13

1.
40

9
3,

67
5.

27
3

35
.1

81
35

.1
80

35
.1

83
F

er
ro

us
m

et
al

s
in

du
st

ry
57

,9
59

,3
01

.8
29

2,
46

2.
91

0
42

.4
94

42
.4

93
42

.4
97

M
ac

hi
ne

ry
in

du
st

ry
10

3,
49

4,
52

1.
04

4
6,

52
7.

70
8

63
.0

73
63

.0
71

63
.0

79
T

ra
ns

po
rt

at
io

n
in

du
st

ry
64

,9
95

,8
80

.2
46

2,
07

5.
31

6
31

.9
30

31
.9

29
31

.9
32

E
le

ct
ri

ci
ty

in
du

st
ry

72
,5

89
,7

54
.0

50
3,

16
5.

29
7

43
.6

05
43

.6
04

43
.6

08
C

om
m

un
ic

at
io

n
in

du
st

ry
67

,0
51

,2
15

.0
51

1,
71

5.
17

2
25

.5
80

25
.5

80
25

.5
81

In
st

ru
m

en
t&

eq
ui

pm
en

t
11

,0
34

,0
49

.0
64

68
0.

53
3

61
.6

76
61

.6
74

61
.6

82
R

ep
ai

ri
ng

in
du

st
ry

7,
39

0,
58

8.
03

0
17

7.
06

9
23

.9
59

23
.9

58
23

.9
60

O
th

er
in

du
st

ry
32

,9
32

,6
04

.4
78

1,
99

2.
70

7
60

.5
09

60
.5

07
60

.5
14

M
an

uf
ac

tu
ri

ng
in

du
st

ry
54

,1
23

,9
29

.5
78

15
,3

75
.1

41
28

4.
07

3
28

4.
03

5
28

4.
20

2
T

ex
ti

le
,c

he
m

is
tr

y,
pa

pe
r,

in
du

st
ry

44
6,

17
8,

78
3.

76
8

43
,1

18
.7

71
96

.6
40

96
.6

36
96

.6
55

E
le

ct
ri

c
po

w
er

in
du

st
ry

42
,0

49
,7

66
.7

07
34

,0
66

.9
65

81
0.

15
8

80
9.

84
8

81
1.

20
4

O
th

er
se

ct
or

74
2,

53
6,

76
8.

18
3

21
,2

34
.0

78
28

.5
97

28
.5

96
28

.5
98



1532 Water Resour Manage (2007) 21:1517–1533

Table IV Comparison between shadow price and average market price

Year Average market
price (Yuan/m3)

Shadow price
(Yuan/m3)

Average market
price (US$/m3)

Shadow price
(US$/m3)

1997 0.735 3.92 0.089 0.474
1998 0.750 3.79 0.090 0.458
1999 0.970 3.85 0.117 0.465

3.1.3 Comparison between Shadow Price and Average Market Price

The comparison between Shadow Price and average market price of water resource
can be shown in Table IV.

The directed market price by China government are far lower than the SP which
has been assumed in this paper. This average market price of water resource in China
come from National Bureau of Statistics of China (www.stats.gov.cn). In Nov. 6th,
2000, the water price for Beijing residential use is 1.3 Yuan/m3 (0.16 US$/m3). The
water average price includes the water price of industry, agriculture, services and
so on. The water price for the residential use is higher than that for the most other
sectors. So the government should increase the water market price according to the
water shadow price.

4 Conclusions and Recommendation

The directed price by China government are far lower than the SP assumed in this
paper, and that in several cases should not have been made if decisions on water
resource project evaluation are to be based on directed price by China government
criteria alone. Based on these empirical findings, there is an alternative perspective
approach, which supports the hypothesis that the present economic efficiency alone
to estimate the value of the water resource is incomplete. The main objective of
this paper is to propose a new method as a sustainability indicator to evaluate the
price. The important properties of the shadow prices were obtained and analyzed.
The parallel computations approach could be used to solve the problems in these
different courtiers or for different natural resources in China numerically.

China government still controls the price of water resource so the result of SP can
give the useful decision support. In recent years, the price of water resource have
been elevated many times by China government. In the author’s point of view the
reason why the marketing price of water resource is below the real price is due to
the Marxism price theory which is applied by China government. The price theory
of the Marxism can reflect the society need labor time and the input and output
during the process of the production but it ignores the real society benefit of the
labor and the material.

Generally speaking, it seems to be widely accepted by now that the SP should
be viewed as reflecting at least three dimensions: national economy, social cultural
system and ecological system. China government should improve the Market Price
of water resource.

www. stats.gov.cn
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