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Abstract: What exactly is the contribution of the South-to-North Water Transfer Project (SNWTP)?
This is a subject of much debate. There are concerns about the possible effects on the macroeconomy.
Most previous studies have tried to answer this question. In order to answer this question quantita-
tively, it is necessary to separate the effect of SNWTP from many influencing factors. A computable
general equilibrium model (SICGE) was built to estimate the economic effect of the South-to-North
Water Transfer Project on Beijing. This CGE model was modified by joining the subdivided water
substitution module, the total water constraints module, and the water-capital substitution module.
Two scenarios were set: one with SNWTP and one without SNWTP. The what-if scenario (without
SNWTP) indicates that the water reduction poses a direct threat to economic growth. Employment,
capital, and GDP are lower, largely due to water shortages suffered by many industries by com-
parative analysis with or without SNWTP. The water utilization for the water-intensive industry
will decrease the most, and its output will also decrease the most. Without SNWTP, groundwater
extraction will increase, which suggests that SNWTP water will tentatively replace groundwater.

Keywords: SNWTP; economic impact; CGE model; water supply; subdivided water; substitution
relationships (S-r)

1. Introduction

The South-to-North Water Transfer Project (SNWTP) is a key national water con-
servancy project in China as well as an important initiative for China to improve the
imbalance in the distribution of regional water resources and to safeguard economic and
social development. The three routes together constitute China’s SNWTP, which plays an
important role in solving China’s water problems in different regions. According to the
State Council’s release, as of 31 March 2023, the cumulative amount of water transferred by
the South-to-North Water Diversion East and Central Route Project exceeded 61.2 billion
cubic meters. Among them, the first phase of the central line project has transferred a
cumulative total water of 55.015 billion m?, the first phase of the eastern line project has
transferred a cumulative total water of 5.778 billion m?, and the northern extension of the
eastern line emergency water supply project has transferred a cumulative total water of
479 million m3. According to the planning objectives of the Western Route Project, the
Western Route Project mainly solves the water shortage problem in Northwest China and
basically meets the water demand of the six provinces (districts) in the upper and middle
reaches of the Yellow River and the neighboring areas until 2050. Meanwhile, it promotes
the governance and development of the Yellow River, promotes river governance in the
upper and middle reaches, and supplies water to the lower reaches of the Yellow River
to alleviate ecological and environmental problems such as the downstream breakage of
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the Yellow River. However, it was once shelved due to its special human geography and
other reasons. General Secretary Xi Jinping mentioned that the Western Route Project is an
important part of the SNWTP Overall Plan approved by the State Council and is a strategic
water conservancy project in the country’s ‘Four Horizontal and Three Vertical” water
resources allocation pattern, as well as an important water conservancy project for building
the national water network. After 50 years, the western route of the South-to-North Water
Diversion Project has been incorporated into the national capital construction program.

The argument about the economic, social, and ecological impacts of the SNWTP on
China is ongoing. Fang et al. [1] found that the SNWTP’s cost effectiveness was at least
partially dependent on within-basin water allocation, and the project has an important
impact on aggregate welfare. Gao et al. [2] used the input-output model to analyze the
macroeconomic impact of the increased water supply on the recipient areas in the industrial
sector. Their empirical results showed that the increased water supply has brought about
direct economic benefits for Beijing. Qin et al. [3] used a static multi-region computable gen-
eral equilibrium model to research the economic effect of SNWTP. Their findings suggested
that the construction of the South-to-North Water Transfer Project will have a positive
impact on economic development, household welfare, and environmental sustainability.
All these studies have a similar finding, as expected, that the SNWTP will have economic
benefits for recipient regions. However, there were some different views about the impact
of SNWTP. For example, Moore [4] pointed out that the project’s economic viability remains
controversial. This was echoed in a more recent analysis by Webber et al. [5], who noted that
whether the project was economically justified needed further discussion. More recently,
Wilson et al. [6] pointed out that whether the SNWD project was economically beneficial
depends largely on model assumptions. This implies that economic gains at the regional
and national level are uncertain. Even though the SNWTP would reduce water scarcity in
the North China Plain and economic and agricultural growth could be maintained with
additional water from the SNWTP, environmental problems could be greatly ameliorated
by this project. At the same time, with the intensification of climate change, water supply
and demand are constantly changing [7,8].

What exactly is the contribution of the South-to-North Water Transfer Project (SNWTP)?
This is a subject of much debate. There are concerns about the possible effects on the macroe-
conomy. Most previous studies have tried to answer this question. The current research on
the SNWTP lacks consideration of the impact of the increase in water supply on different
industries in the receiving area, the substitution relationship (S-r) between water sources,
the S-r between water and capital, and the total water quantity constraint. In order to
answer this question quantitatively, it is necessary to separate the effect of SNWTP from
many influencing factors. The CGE model was introduced to this researcher; the dynamic
SICGE model is adopted in this paper, and Beijing, one of the main receiving areas of the
National Water Resources Allocation Center (NWRACQ), is selected as the research area. In
order to evaluate the economic impact of the SNWTP on Beijing, this paper extends the
SICGE model and introduces the water resource constraint module and the subdivided
water resource substitution module to reflect the S-r between various water sources. Based
on the SICGE model, an alternative relationship between capital and water is introduced.
The baseline simulation time span of this paper is 2012-2020. Two scenarios were set: one
with SNWTP and one without SNWTP. The one with the SNWTP scenario was called the
baseline scheme, and the one without SNWTP schemes was called the policy scenario.
The effect of SNWTP on many influencing factors will be separated by comparative analy-
sis with or without SNWTP. In the policy scenario, this paper implements water supply
changes from 2012 and models the economic impact of water supply changes.

2. Modeling Framework and Extension

The CGE model uses a set of equations to describe the supply, demand, and market
relations of an economy over a given period of time [9-13]. More importantly, to enrich the
research, we extended a dynamic CGE model, the SICGE (State Information Centre General
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Equilibrium model), which is built to simulate China’s water problems [14,15]. This model
introduces a subdivided water substitution module that reflects the S-r between various
sources [14].

The key problem we faced was how to reflect the operation process of water resources
into CGE'’s operating mechanism. As we treat water resources as commodities that are used
in various household consumption and sectoral production, it is necessary to describe the
different water demand characteristics of various sectors. Accordingly, economic sectors by
water usage intensity should be distinguished as well. According to the sources of water
used in Beijing, we split the water supply sector into four sub-sectors: surface water (SW),
groundwater (GW), recycled water (RW), and south-to-north water (SNW). We then add a
subdivided water substitution module that reflects the S-r between various sources into the
SICGE model. Given the fact that water is a natural resource limited in supply/availability,
we added a total water constraints module. Capital in some sectors is equivalent to water
resources. For example, various types of water-saving facilities could substitute water
resources, so we add a water and capital substitution module that reflects the S-r between
water and capital in some sectors.

2.1. Subdivided Water Substitution Module

This paper sets up a hierarchy (from bottom to top), as shown in Figure 1, to model
how to alternatively compose and enter into the producer’s input decision.

| Sector output |

| Leontief
| Primary factors | | Other intermediate ||Other costsl
CES CES
|Lab0r|| Land ] |C0mpound Capital| Imported | Domestic
CES product | product
| Capital ‘ | Water ]
CES

Compound || South-to-
water North Water

CES

Compound surface | | Recycled

and ground water water
t ces
| Surface water | |Groundwater‘
CES

| Local water‘ I Diverted water‘

Figure 1. The sectoral production structure after extension.

The CES function was applied to reflect the S-r between the various types of water.
SW firstly considered that it is composed of local water and diverted water transferred
from other regions (excluding SNW), and the CES equation is as follows:

Xawgi @) 0

_ surf,s)] . (1 1 o i

= CES W’pswf,]”b(surfﬁ),j (S - 1,2,] = 1,- . ,n) (1)
(surf,s),j
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where X is the CES function composition that industry j uses imported water and

surf,j
self-produced water. ngll)w £.5),j is the amount of the input of product i to industry j from
source s (s = 1 for self-produced products, s = 2 for imported products). AE;)” £.5),j is

Esli ') is the share parameter, and pgi)r £ is the

coefficient of constant substitution elasticity.
Then, the demand for compounds SW and GW in sector j are examined in Equation (2):

the technological progress parameter. b

1
X ‘
(1) _ (surf_grous),j, (1) (1) 195
Xsurf_grou,j - CES{ (1) ’psurf_grou,]" b(surf_gmu,s),j}(s =12j=1-- ,Tl) 2)
(surf_grou,s),j
where XV . is sector j's demand for compound water from sources SW (s = 1) and

(surf_grou,s),j
— 9. 4D (1) M

GW (s = 2); A(surfﬁgrou,s),j’ b(surfgrou,s),j and psurf_grou,j

shares, and the constant elasticity of substitution.

The demand for composite water can be represented in Equation (3):

are the technological progress, the

xn
L _ (compys),j. (1) (1) — 10—
Xcomp,j - CES{ (1) 'pcomp,j’b(comp,s),j}(s - 1’2'] =1, ,Tl) (3)
(comp,s),j
where chlgm . is the demand for compound water; AW . is the technological progress
p:s).j (comp,s)j

parameters; bgigmp y pg(l’zn pj s the shares and constant elasticity of substitution, s = 1 is

the SW, and s = 2 is the RW.
The demand SNW can be represented in Equation (4):

RO
xD .~ cpgd “wdersi, W ) (s=12j=1,,n) @)

water,j (1) 7’ Fwater,j’ = (water,s),j
(water,s),j

where X'V . is sector j's aggregate demand; AW p'V W)

(water,s),j (water,s),j 7 = (water,s),j’ pwuter,j
tively, the technological progress, the shares, and the constant elasticity of substitution.

s = 1is the aforementioned three types of water. s = 2 is the SNW.

are, respec-

2.2. Total Water Constraints Module

This CGE model added a total water constraints module. The value of water use is
calculated in Equation (5):
Vw == Xw X P, w (5)

where Vi, Xy, and Py, respectively, are the water value, volume, and price. Taxes levied on
the volume of water need to be converted into an ad valorem tax; see Equations (6) and (7).

M) W _ M pm) (1)
WTAX() x QHY,! = TAWP[)) x (Pyy . x Xppy )

HY s,j (6)
(s=1,234j=1---,n)
WTAXSY x QHYS) = TAWP® x (PI(—I3§)(,5 X XS)Y,S) @)

(s=1,2,3,4)

where WTAX is the tax levied and TAWP is the ad valorem tax. QH YS(}) is the amount

of water from different sources. Pgl)/,s, i Xg%s ]

water used. Superscripts (1) and (3) represent that this relationship applies to producer

represents the amount and price of the
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and household consumption, respectively. The other variables have the same meaning as
before.

In Beijing, RW is not treated as a non-conventional water source. TW (total amount of
water consumed) can be calculated as follows:

QW =Y QW+ QW (=1, ,n) ®)

where QW is the TW, which needs to stay within the “red line” control target. s =1, 2, and
4 represent SW, GW, and SNW, respectively.

2.3. Water and Capital Substitution Module

Capital, such as various types of water-saving equipment, can be substituted for
water resources. We include a water and capital substitution module to accurately reflect
water use problems. CES functions are applied to reflect the S-r between capital and water
(Figure 1).

x .
(1) _ wﬂterc’lﬂ“ﬂl’] . wat@rfﬂpitul (1) .
Xwater_cupital,j = CES (1)7/ (1) ’ watf’capital,j (] =1,.. -,7’1) (9)
watercapital
where X'V is the demand for compound capital and water. A (1)
water_capital,j p p .

watercapital,J’  WALEr capital
watercapital . . .
and ) are, respectively, technological progress, the shares, and the constant elastic-

ity of substitution.

3. Baseline Scenario (B-s)

In order to analyze the impact of different water policy changes on water resource
indicators, this paper sets up different policy scenarios based on the B-s (no policy impact).
The paper constructs a CGE model for Beijing. The database of the CGE model is based on
Beijing’s 2012 input-output table.

3.1. Case Study Area

Beijing is China’s capital city and has a dense population and a developed economy.
Beijing’s per-capita GDP ranked second in China in 2015, which is behind that of Tian-
jin. However, Beijing is one of the world’s most water-stressed cities. Rapid economic
development and increased pollution have exacerbated Beijing’s water scarcity, resulting in
the overexploitation of GW and environmental issues. In Beijing, three-fifths of the water
supply comes from GW, one-fifth from SW (including SNW), and one-fifth from RW in 2012.
As one of the two arteries of the Beijing water supply system, the first phase of the SNWTP
will send 1 billion m® of water from the Yangtze to Beijing annually. This amount accounts
for 66% of the total water consumption of the city’s central urban area (approximately
1.5 billion m3). The Beijing municipal government hopes that the SNWTP will mitigate the
water resources crisis, increase sectoral water supply, and replace GW.

3.2. Data Sources and Processing

The B-s consists of a period from 2012 to 2020. We provide real values for key economic
variables, e.g., real GDP growth, real consumption growth, real investment growth, and
employment, as exogenous shocks to the model. The economic growth is displayed in
Table 1. Data from field investigations and surveys are also used. Among these shocks,
we also provide the water usage figures for the various water users and sources. In order
to analyze the impact of the SNWTP on industries, this paper classifies 44 sectors into
6 sectors according to water intensity [16].
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Table 1. Beijing economic growth in the B-s (2012).

Categories 2012 2013 2014 2015 2016~2020
GDP 7.7% 7.7% 7.3% 6.9% 6.1-6.9%
Employment 3.5% 3.1 3.0% 3.1% 2.2-30%
Household consumption 11.6% 8.7% 8.6% 8.7% 6.2-8.7%
Government consumption 13.6% 13.2% 8.1% 27.1% 6-8%
Investment 9.3% 8.8% 7.5% 5.7% 4-6%

3.3. Parameters

3.3.1. Water Supply and Use

The water supply in Beijing exhibits an increasing trend. In 2012, it was approximately
3.59 billion m3, of which SNW accounted for 0.28 billion m3 (7.8%). In 2013, it was
approximately 3.64 billion m3, of which SNW accounted for 0.35 billion m? (9.6%). In 2014,
it was approximately 3.75 billion m3, of which SNW accounted for 0.8 billion m? (2.1%).
The water supply in 2015 was approximately 3.82 billion m?, including 2.87 billion m3 SW,
1.83 billion m® GW, 0.95 billion m® RW, and 0.76 billion m® SNW (19.8%) (Table 2).

Table 2. Water usage in the B-s from 2012 to 2020 (unit: million m?).

User Resources 2012 2013 2014 2015 2020
SW 21 12 10 7 81
A GW 731 719 683 638 0
RW 178 177 124 0 239
SNW 0 0 0 0 0
SW 17 24 44 28 22
i GW 134 133 130 123 19
& RW 68 81 77 38 66
SNW 7 9 3 10 65
SW 19 26 44 26 18
Weil GW 157 142 130 115 2
ki RW 80 87 77 36 54
SNW 8 10 3 10 22
SW 9 9 16 5 4
c GW 24 24 23 22 20
RW 1 1 1 1 1
SNW 6 7 2 17 7
SW 220 191 341 113 70
G GW 444 450 451 424 262
s RW 384 404 532 817 506
SNW 120 157 36 330 204
SW 13 1 19 6 4
W GW 26 26 25 22 14
s RW 23 23 29 43 27
SNW 7 9 2 17 17
SW 208 192 364 103 64
- GW 533 525 520 486 180
RW 20 29 23 13 8
SNW 131 159 38 371 345
SW 508 465 839 287 262
Total GW 2050 2018 1962 1830 497
ota RW 753 803 864 948 900
SNW 278 351 84 755 660
Total 3588 3638 3749 3820 2320

Note: Agriculture (A); general industry (G-i); water-intensive industry (W-i-I); construction (C); general services
(G-s); water-intensive services (W-i-s); households (H).



Water 2023, 15, 4179

7 of 15

Total water usage in 2015 was approximately 3.82 billion m3, including 0.97 billion m?

for households (25.5% of total usage), 0.65 billion m? for agriculture (16.9% of total usage),
0.39 billion m? for industry (10.1% of total usage), and 1.77 billion m> for service (46.4%
of total usage) (Table 3). The service sector represents the primary water user. Based on
the forecast, water use will decrease by 3.1 billion m?3 in 2020, of which SNW will account
for 1.0 billion m® (32.3%), RW 1.2 billion m?> (38.7%), SW 0.3 billion m? (9.7%), and GW
0.6 billion m> (19.4%).

Table 3. Water balance of demand and supply in 2015 in Beijing (unit: million m3).

Use Agriculture Industry Construction Services Households Total
SW 7 54 5 119 103 287

GW 638 238 22 446 486 1830
Sources RW 0 73 1 861 13 948
SNW 0 20 17 348 371 755

Total 645 385 44 1773 973 3820

Table 4 shows that in 2015, the added value of agriculture decreased by 9.6% and the
water use in agriculture decreased by 21.1%. The added value of industry increased by
3.3%, and the water use in industry decreased by 24.4%. In 2015, the state council of the
PRC approved a “pilot program for expanding and opening the service sector in Beijing”.
The service sector in Beijing is exhibiting rapid expansion. Its added value increased by
8.1% in 2015, and its water use increased by 23.7%. The expansion of the service sector is
requiring more water; it snatches water used for the agricultural sector, particularly RW (in
Table 2, the amount of RW used by the agricultural sector in 2015 was 0). A certain amount
of SW was replaced by RW. Therefore, the amount of SW for various users decreased
(Table 2).

Table 4. Growth of added value and water use in various sectors in 2015 in Beijing.

Sector Growth of Added Value Growth of Water Use
Agriculture —9.6% —21.1%
Industry 3.3% —24.4%
Service sector 8.1% 23.7%

3.3.2. Other Parameters

The labor demand elasticity and consumer price elasticity for all sectors were 0.243
and 5 [17]. The Frisch parameter is —2 [18]. The CET elasticity, the expenditure elasticity of
household demand, the Armington elasticity, and the other elasticity values are taken [19].

4. Results and What-If Analysis

In this paper, the policy scenario is a what-if scenario. We assume that there is no
SNWTP. To evaluate the effect of the SNWTP on the Beijing economy, it is necessary to
discuss the change in Beijing’s total water supply due to the SNWTP. If there is no SNWTP,
the three other water sources will change. In 2014, the available SW and GW in Beijing were
0.645 billion m® and 1.38 billion m3, respectively. However, in the same year, the usage
amounts of SW and GW were 0.85 billion m® and 1.962 billion m?, respectively, which
indicates that conventional water resources have been severely overexploited. Therefore,
if there is no SNWTP, SW and GW increases will be limited given that they are already
overexploited (Table 5). The RW supply will also increase (Table 5), but only to a limited
degree because of the limitations of production capacity. As a result, without the SNWTP,
the total supply of water in Beijing will decrease dramatically (Table 5).
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Table 5. Changes in various water sources without the SNWTP (unit: million md).
2012 2013 2014 2015 2016 2017 2018 2019 2020
SW 11 13 10 19 38 46 55 63 72
GW 49 77 27 170 298 281 285 250 230
RW 15 18 4 41 64 81 105 117 144
SNW —278 —351 —84 —755 —840 —880 —930 —810 —660

How much will be the economic loss due to the decreased water volume if the current
sectoral structure and water use structure are changed? The following analysis tries to
answer these questions.

4.1. Macroeconomic Impacts
(1) GDP, employment, and capital

In the policy scenario, we assume that there is no SNWTP and no SNW supply.
We exogenously shock the south-to-north water supply by —278 million m?® in 2012,
—351 million m? in 2013, —84 million m® in 2014, —755 million m? in 2015, —840 million
m? in 2016, and —1000 million m® annually for 2017 to 2020. The water supply reduction
poses a direct, unavoidable threat to economic growth. Figure 2 shows the impact on the
economy when water supply is reduced in the policy scenario. GDP continues to decline
because of the accumulated water supply reduction imposed in the policy scenario. When
the water supply is 8% lower than the B-s in 2012, GDP is 0.8% lower than the B-s. When
the water supply is 20% lower than the B-s in 2015, GDP is 2.9% lower. When the water
supply is 33% lower in 2020, GDP is 5.9% lower (Figure 2).

0.0% years
. 0 T T T T T T T T 1
1.0% | 2@ 2013 2014 2015 2016 2017 2018 2019 2020
g 20% t
& -3.0%
S -40% |
3
o -5.0% -4
= —
g -6.0% A
>
g -7.0%
© 0% |
-9.0% -
—A— GDP Employment —e— Capital

Figure 2. Cumulative deviation of GDP, capital, and employment from the B-s.s.

The lower GDP in the policy scenario is the result of slower growth of capital and
employment. Figure 2 shows that capital is 2.3% lower than in the B-s in 2015 and 4.3%
lower in 2020. The water supply reduction as a result of no SNWTP also affects employment,
which is 3.8% lower than in the B-s in 2015 and 8.3% lower in 2020. Employment suffers
a larger negative impact than capital stock for two reasons. First, labor-intensive sectors,
such as general industry and services, suffer output loss (for a detailed discussion, see
the next section), which reduces their employment. Secondly, more than 37% of Beijing’s
2015 population consisted of immigrants from other regions. Once output and real wages
decrease substantially in numerous sectors in Beijing, labor will migrate to other regions.
GDP (Y =1/A F(K, L)) is a function of technology A, capital K, and labor L. If A is fixed,
L and K decide Y. The GDP in 2020 is 5.9% lower than B-s, which reflects the combined
effects of Kand L (L is 8.3% lower and K is 4.3% lower than in B-s).
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(2) CPIand per-capita real household consumption

In our model, supply and demand determine prices. A supply decrease causes an
increase in water prices and then causes an increase in other industries” output prices. The
consumer price index (CPI) will be 14.7% higher in 2020 (Figure 3). By 2020, real house-
hold consumption will be 4.6% lower than in the B-s, and investment will be 3.4% lower.
However, the per-capita decrease in consumption is only 1.6% because the population will
be approximately 3% lower than in the B-s in 2020 (once real wages and output decrease
in Beijing according to the policy scenario, migrants will migrate to other regions). Thus,
per-capita consumption in Beijing decreases by 1.6% (i.e., 4.6-3%).

16.00%
14.00%
12.00%
10.00%
8.00% -
6.00% -
4.00%
2.00% -
0.00% {—p——m——=————— : :
-2.00% -
-4.00%

Cumulative deviation (%)

2012 2013 2014 2015 2016 2017 2018 2019 2020
years

—A— CPI »— per capita consumption

Figure 3. Cumulative deviation of CPI and per-capita real household consumption from the base-line
scenario.

4.2. Sectoral Impacts

The decrease in the water supply without the SNWTP forces Beijing’s economy to
continuously adapt to water scarcity conditions and reduces water demand in water-
intensive industries, where output decreases. It is more likely that the water-intensive users
of water will reduce output or import water-intensive inputs as water scarcity worsens.
The output of W-i-I suffers the largest reductions (—14.8% in 2020), followed by W-i-s
(—13.1% in 2020), then G-i, G-s, C, and A (Figure 4). A only accounts for a small proportion
of the overall Beijing economy (9.0% of GDP in 2015), and the primary water sources for
agriculture are GW and RW. The decrease in the SNWTP water supply does not exert a
direct, significant impact on agriculture but will be influenced by an extrusion effect (i.e.,
industry, services, and households will use some agricultural water).

2012 2013 2014 2015 2016 2017 2018 2019 2020

/\; 040% 1 1 1 1 1 1 1 1 J
N year
= —h——
S 50% | [
k=
ps
5-10.0% |
2z
=
2-15.0% |
=
Q
20.0% L

——A ——GHi

WHi-T C
—&—G-s ——W-i-s

Figure 4. Cumulative deviation of sectoral output from the B-s.
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4.3. Water Utilization

The decrease in water supply will reduce water waste and increase water-use efficiency.
Policy scenarios produce tangible water reduction results. The aggregated water reduction
rate will be 18.4%. We simulate an uneven allocation of water transfers among different
sectors. The water utilization for water-intensive industries will decrease the most and
be approximately 28.3% lower relative to the B-s by the end of 2020 (Figure 5). The water
utilization in general industry will decrease by 26.1%. Water use by water-intensive services
and general services will be 24.3% and 22.0% (Figure 5) lower, respectively. The water
utilization for households also shows a continued decreasing trend, falling 8.9% (Figure 5).
The decrease in household water usage is smaller than that of the other sectors. The reason
is that the water supply protectionist policy prioritizes the water used by households,
subsequently establishing overall arrangements for industrial and other sectors.

2012 2013 2014 2015 2016 2017 2018 2019 2020
- 0.0% 1 1 1 1 1 1 1 1
& years
> ——
2 -10.0% 2
o
%
=]
)
2 200% |
=]
=
E - -
© 30.0% L ]

—o0—A —#—G-1

W-i-1 C
—4—G-s —— W-i-s
——h

Figure 5. Cumulative deviation of water utilization from the B-s.

The policy simulation also shows that the water supply change will differ across
sources (Figure 6). The supply of SW will increase by 23.9% to a level of 0.07 billion m?
by 2020 in the policy scenario. By 2020, GW and RW supplies will increase by 38.4% and
12.0% to 230 million m® and 140 million m?, respectively, when there is no SNWTP. The
policy simulation suggests that SNWTP water will tentatively replace GW in Beijing. GW
extraction will decrease by 0.19 billion m® annually from 20122020 because of the water
supply from the SNWTP and Beijing GW levels rising in 2015 for the first time in 16 years
(since 1999). In 2016, GW levels rose by 0.52 m. In 2017, GW levels rose by 0.26 m. In March

2018, GW levels rose by 0.41 m, and GW storage volume reserves increased by 210 million
cubic meters.
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Figure 6. Cumulative deviation of water utilization from the B-s. Source: Policy simulation results.
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5. Discussion and Limitations
5.1. Comparison with Other Studies

Our study shows that the SNWTP enhances economic growth. These results are
consistent with the findings of previous studies. For example, Feng et al. [20] found that
the incremental water supply from the SNWTP would cause economic growth in Beijing,
and GDP would be 27% higher than the baseline (without the SNWTP). A ripple effect
would result in production expansion, 12% higher employment, and 20% higher per-capita
household income than the baseline by 2020. Gao et al. [2] estimated that the comprehensive
economic benefit of the water supply from the SNWTP to Beijing would be 207.04 billion
yuan (approximately 7% of GDP). Qin et al. [3] found that total output and GDP would
increase by less than 2% (2007). Our analysis found that GDP would decrease by 5.9% in
2020 without the SNWTP. This value was smaller than that found by Feng et al. [18] and
Gao et al. [2], primarily because we include water and capital substitution modules in our
study. When the water supply decreases, water-saving investment increases, and producers
and families may purchase water-saving equipment. As a result, water can be saved, and
water efficiency increases. In our study, producers and households adjust to the decrease in
water supply if there is no SNWTP. Our value was higher than that found by Qin et al. [3],
primarily because Qin et al. [3] applied a comparative-static CGE model, which has only
the data of a specific year (2007) and reflects the policy impact of the specific year. It does
not allow for the consideration of cumulative effects, which are represented year-by-year
in the same simulation. It is necessary to develop a dynamic CGE model to investigate
long-term effects and capture the accumulated impact.

The sectoral impact results in our study are consistent with Gao et al.’s results [2]. They
estimated that the industrial sectors that will experience major direct economic benefits
from the SNWTP are the chemical industry, the production and supply of electric power
and heat power, petroleum processing, coking, nuclear fuel processing, metal smelting
and rolling, and food and tobacco manufacturing. In our study, these sectors belong to
water-intensive industries.

Two scenarios were set: one with SNWTP and one without SNWTP. This paper
separates the effect of SNWTP from many influencing factors by comparative analysis with
or without SNWTP. The paper provides a quantitative answer to the economic impact of
the SNWTP. This will help the public understand SNWTP correctly. SNWTP contributes to
social-economic development, guarantees social-economic water use, and helps Beijing rid
itself of the bottleneck of water shortages.

5.2. Effect of the Water Price Policy

People are responsive to water price increases [21,22]. The price elasticity of water
demand expresses the percentage change in quantity demanded in response to a one-
percent change in price. The price elasticity of water demand in previous studies is shown
in Table 6. The mean elasticity value ranges from —0.365 to —0.79, which means if the water
price increases by 10%, the water demand decreases by 3.65-77.9%.

Table 6. Price elasticity of water demand in previous studies (for all users).

Value (Mean) Literature Sources Note
—0.79 Schoengold et al. [23] Price elasticity of irrigation water demand
. Meta-regression on 296 estimates taken from
—041 Dalhuisen et al. [24] 51 studies published between 1963 and 2001
. One hundred studies published between
—0.365 Sebri [25] 2002 and 2012
—0.59 Olmstead [26] Residential

Water pricing is effectively used to conserve water and improve water utilization effi-
ciency. In China, water pricing is determined in certain regions by top-down administrative
commands rather than a market [27]. In 2016, Beijing increased the water price (Table 7).
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Non-residential water prices increased to 9 yuan/m>~9.5 yuan/m? from 8.15 yuan/m?
before 2016. For certain industries, such as car-washing, baths, and golf courses, the price
increased to 160 yuan/m?3 from 61.68 yuan/m?3~81.68 yuan/m? before 2016.

Table 7. Recent Beijing water price changes (yuan/m?).

User 1 May 2016 1 January 2015 1 May 2014
<180 5 <180 5 <180 5
Resident 180-260 7 180-260 7 180-260 7
>260 9 >260 9 >260 9
Non-resident 9-9.15 8.15 6.15
Special industry 160 160 61.68~81.68

“Non-resident” includes industrial and commercial clients, the hotel and catering
industry, and administrative management. “Special industry” includes car washes, baths,
the bottled water industry, golf courses, and ski resorts.

However, pricing is not being used to create economic incentives to save water under
certain conditions. Water pricing is complicated, involving trade-offs between cost recov-
ery, equity, and environmental efficiency [28,29]. An increase in the price of water may
negatively impact the level of economic activity [30]. Raising water prices cannot solve
Beijing’s water shortage problem. The SNWTP has solved the water shortage problem in
Beijing to some extent and promoted social-economic development.

5.3. Limitations

This study has several limitations. For example, the construction costs, ecological
environmental impact, and immigration-related effects of the SNWTP are not considered.

(1) SNWTP construction costs

The SNWTP is highly expensive. This article does not address the project’s construc-
tion costs. In other studies, costs are discussed. For example, a study by the World Bank [31]
suggests that the project is economically attractive, whereas a study by the WWEF [32] shows
the opposite.

(2) Ecological and environmental impact

The SNWTP has generated a large controversy regarding its environmental impli-
cations. For example, Yangtze Estuary salinization will worsen, particularly during dry
months and years [33,34]. Coastal erosion along the delta is unavoidable [35]. Wang and
Ma [36] note that the Middle Route will be affected by the altered slope stability of swelling
clay and rock as well as soil salinization. Yang and Zehnder [37] suggested that SNWTP
is responsible for the resulting environmental benefits. Zhang [38] suggested that the
MR-SNWTP could increase the risk of secondary salinization (i.e., soil salinization caused
by over-irrigation). Through the synergistic use of water transferred from SNW and locally
reclaimed water, Beijing has reduced the amount of GW extraction by 0.16 billion m3
annually, and the GW level has rebounded for the first time in 16 years (since 1999), so that
the ecological environment has significantly improved.

(3) Resettlement of displaced residents

A total of 300,000 inhabitants were displaced during the construction phase of the
project, both around Danjiangkou Reservoir and elsewhere [39], and relocated due to
project construction. Webber et al. [5] observed that resettlements, restricted development,
and reduced use of pesticides were altered in many communities. We do not consider
immigration and its secondary influence, such as resettlements, health effects (including
higher labor force productivity), and sanitation and life-satisfaction assessments.

In the future, the CGE model will be extended to the ecological field to quantitatively
analyze the ecological environment impact of SNWTP.



Water 2023, 15, 4179

13 of 15

References

6. Conclusions

This article distinguishes economic sectors based on water use intensity. The Beijing
water sector is divided into four subsectors: SW, GW, RW, and SNW. This article adopts the
CGE model and adds three modules based on the original CGE model: a subdivided water
substitution module, a total water constraints module, and a water and capital substitution
module. These improvements provide additional insights into the impacts of different
water policies, including their economic impacts.

The results of this study contribute to filling a knowledge gap in our understanding of
the economic impacts of the world’s largest water transfer project and could be of critical
importance in clarifying the ambiguous economic impacts of the SNWTP. The key findings
of this study are summarized as follows: (1) Water reduction without the SNWTP poses
a direct, unavoidable threat to economic growth in Beijing, largely due to the region’s
water shortages. Employment, capital, and GDP will continue to decrease, respectively
8.3%, 4.3%, and 5.9% lower than in the B-s in 2020. Per-capita household consumption also
exhibits a downward trend (1.6%). The consumer price index (CPI) will be 14.7% higher
than the B-s. (2) The water demand will decrease in water-intensive sectors without the
SNWTP, whereby output obviously decreases. The output of water-intensive industry will
suffer the largest decrease (—14.8% in 2020), followed by water-intensive services (—13.1%
in 2020), then general industry, general services, construction, and agriculture. (3) The
policy scenario produced a significant water-saving effect, with a water reduction rate
of 18.4%. Water-intensive industries saw the largest reduction in water use, about 28.3%.
General industrial water use will be reduced by 26.1%. Water utilization by households
will exhibit the smallest decrease due to the water supply protectionist policy.

South-to-north water will tentatively replace GW in Beijing, decreasing GW extraction
to 0.19 billion m3 per year for the period 2012-2020. This was verified by Beijing GW levels
rising in 2015 for the first time in 16 years (since 1999).
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