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Abstract: The South-to-North Water Diversion (SNWD) Project has entered the 

operational stage. The infrastructure decreases water shortages and promotes economic 

growth for North China, whereas the environmental effects have yet to be fully examined. 

In this paper, an analysis of the interaction between water quantity and water quality is 

conducted using the system dynamics method. In a specific province covering areas that 

provide and receive water, simulation results for economic and environmental indicators at 

different levels of transferred water and pollution rates are obtained. Certain conclusions 

can be drawn from the findings. First, the SNWD Project can provide a sufficient quantity 

of water for economic growth in receiving regions. Second, an efficient quantity of 

transferred water exists, which demonstrates the growth limitation for both agriculture and 

the groundwater funnel. Third, upgrades in water quality can mutually reinforce the 

quantity effect and greatly promote economic growth. An environmental limitation exists 

for all economic activities. Therefore, water quantity and water quality are equally crucial 

in the SNWD Project to provide an opportunity for sustainable development.  

Keywords: South-to-North Water Diversion (SNWD) Project; system dynamics modeling; 

water quantity; water quality; growth limitation 
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1. Introduction 

The South-to-North Water Diversion (SNWD) Project (official translation), or the South-to-North 

Water Transfer Project, is an infrastructure project designed to divert water from flood-prone southern 

rivers to China’s water-poor northern region [1]. According to the project plan, the annual volume of 

diverted water is 44.8 billion cubic meters. The size is close to the total water volume of China’s 

Yellow River, which is the third longest river in Asia [2]. Although approximately 253 billion Yuan 

(Chinese currency, 1 Yuan = 0.16 U.S. dollar) has been invested in its construction [3], from a cost-benefit 

point of view, the SNWD Project is a feasible choice for North China and the rest of the country [4,5]. 

A study on water vulnerability and demand-supply balance dynamics indicates that the incremental 

water supply from the project would help the receiving region keep pace with the development of the 

entire country [6]. 

Similarly to other mega-projects in China and worldwide [7,8], however, controversies surrounding 

the SNWD Project have continuously been debated by numerous stakeholders and researchers [9–11]. 

Technological, economic, social, ecological and even political disputes are constant [12]. One-third of 

the provinces in China are included in the project, and over 200 million people would benefit from the 

water diversion, making the endeavor more than a simple infrastructure project. To ensure that the 

project better serves households, firms and farmers, among the disputes, the central concern should 

focus on the basic demands of those affected. Water demands can be interpreted from two perspectives: 

efficiently tackling the increasing water gap for human water users and effectively meeting drinking and 

nondrinking water requirements. Finally, a sustainable water management pattern that not only guarantees 

a sufficient amount of water but also satisfies a certain standard of water quality should be achieved. 

Thus, a water transfer project should attain water quantity and water quality goals simultaneously, 

which is the primary focus of this article. 

With decades of studies on the planning and construction of the SNWD Project, the amounts of 

diverted water and related effects have been well addressed [13,14]. Nonetheless, for a project that 

virtually violates the laws of nature, the indirect effects of the water diversion have yet to be fully 

discussed. At the pre-construction stage, some scholars and experts took interest in the environmental 

uncertainties associated with the project [15,16]. Moreover, cooperation among regions has been 

obstructed by the activities of the primary polluters [17]. Some authors have proposed that the ultimate 

objective of the SNWD Project is to improve the water environment rather than meet the water 

demand gap [12]. The costs of the SNWD Project include furthering environmental deterioration through 

rapid rural transition [18]. Evidence from virtual water calculations shows that North China exports 

over 50 billion m3 of virtual water (amounting to over one-third of the supply) to South China 

annually. A majority of the virtual water flow occurs in the form of agriculture products, and brings stress 

for the water-exporting provinces. [19,20]. Thus, diverted high-quality water is critical for the receiving 

region as well as the supplier, which is the actual receiver of the “water”. In December 2014, President 

Xi Jinping urged stronger management to protect water quality and conserve water [21]. With the 

SNWD Project entering the formal operational phase, controversies should be analyzed from a dynamic 

perspective. In this paper, therefore, we consider the future and investigate the intrinsic link between 

water quantity and water quality during the upcoming operational stage instead of studying water 

quantity during the pre-construction and construction stage, as has been done in the existing literature. 
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Regarding the dilemma of quantity and quality in the SNWD Project, we must provide answers to 

certain unanswered questions. Which is comparatively more essential, water quantity or water quality? 

Would an emphasis on water pollution treatment introduce extra costs and offset growth in certain 

regions? To gain better knowledge on potential outcomes, the research community has sought to apply 

mathematical models in the analysis. Typical quantitative decision-making tools and the computable 

general equilibrium model have been employed [6,22,23]. Using established simulation methods, data 

output under various conditions have been obtained to provide information for comparison and further 

policy design. In most previous studies, the two variables, water quantity and water quality, have been 

treated separately, which is partly a result of the complexity of the economic-social-ecological 

analytical framework and is also related to the difficulty of the model description. With the goal of 

systematically characterizing the inherent relationship between water quantity and water quality, this 

paper utilizes a methodology of system dynamics analysis to investigate the effects and the trends of 

the SNWD Project and discusses the implications for sustainable development based on the results of 

the quantity-quality interaction. Furthermore, these findings may contribute to research and policy 

applications in other similarly marginal environments around the world. The remainder of this paper is 

structured as follows. We first describe the study area, the modeling method and data sources used. Then, 

through a well-designed system dynamics model, we analyze the effects of water quantity and quality in 

various scenarios. The results of the simulation and prediction are then reviewed and further discussed. 

Finally, we summarize the study and present policy suggestions for sustainable water management. 

2. Methods and Data 

2.1. Study Area 

The SNWD Project consists of three canal systems, the eastern route, central (or middle) route and 

western route. As a result of varying biophysical conditions and social-economic characteristics [24], a 

single study could not cover them all. Among the three routes, the western route, drilling through the 

Tibetan Plateau to divert water to the Yellow River, is the most ambitious and is still in the planning 

phase [25,26]. Thus, Figure 1 does not accurately depict this route. The central route is a closed system 

in which the water is pumped through canals, pipes or tunnels (e.g., under the Yellow River), thus offering 

relatively good water quality able to meet Class II standards. However, the construction of this canal 

requires the large-scale relocation of 330,000 people in Henan and Hubei Provinces [27], and the potential 

disruptions are primarily social rather than economic or environmental [28]. Unlike the central route, the 

eastern route mostly uses an existing channel. The open system passes through the Beijing-Hangzhou 

Grand Canal, the world’s longest man-made river, developed in the 13th century. Thus, the investment in 

and displacement of the eastern route are far less than those associated with the central route [29]. 

However, the eastern route endangers the quality of diverted water because it collects a large amount of 

pollutants and sediment through the industry-heavy areas, including Jiangsu and Shandong Provinces [30].  

The comparison suggests that the eastern route is the most appropriate to research. Although water 

quality is a general issue for all routes, the eastern route faces the most serious emerging risks, particularly 

because it covers 71 counties (or cities, districts), directly benefiting a population of 100 million 

people. Furthermore, the eastern coastal region is more advanced in economic growth than the central 
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provinces, such as Henan and Hebei. In 2013, Jiangsu and Shandong ranked among the top three 

nationwide in terms of GDP (gross domestic product), and the per capita GDP of Tianjin has remained 

the highest in the nation over the last two years [31]. These features make research on water quantity and 

quality, as well as the economic and environmental consequences of constructing the eastern route, well 

worth examining. The first stage of the eastern route was completed in December 2013. The route starts in 

southern Jiangsu Province, the downstream of Yangtze River, then transfers water to northern Jiangsu, 

Shandong and Tianjin. In other words, Jiangsu Province not only provides water, but receives water as 

well. Furthermore, Jiangsu is a critical source of polluted water. Its total, wastewater discharge was the 

nation’s second highest in 2013, accounting for approximately 9% of that of the entire country [31]. Such 

conditions would naturally spur fear among people in water-receiving cities. Therefore, along the eastern 

route, Jiangsu is an ideal study area that sufficiently encapsulates the research concerns and content of 

this paper. 

 

Figure 1. Map of the study area. 

2.2. System Dynamics Modeling 

We implemented a system dynamics methodology by building an analytical framework for 

modeling complex systems, such as the SNWD Project [32]. This method has been applied to a wide 

range of water resource management and ecological studies [33–35]. With visualized simulation 

techniques, a system dynamics platform, Vensim PLE Version 6.3 in this study, can allow for a better 

understanding of the interrelationships among the variables in a large system. 

With respect to conflicts between water supply and demand along the southern and northern cities, 

the water diversion project creates direct or indirect impacts on urban or regional economic and ecological 

systems. The interaction mechanism is rather complex, but with a detailed model based on the 

principles of system dynamics, the architecture becomes apparent. As shown in Figure 2, the entire 

system is described from the perspective of water demand and water supply (the two circles). To capture 

the dynamic relationships within the system, the model includes over 50 variables, 14 specified constants, 
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and 13 lookup functions. Five subsystems have been framed, i.e., water, agriculture, industry, 

population and the environment. Each subsystem is mutually interrelated to any of the other subsystems. 

Connectors establish relationships between the elements in the water diversion system, and information 

transferred among the connected elements is indicated by the direction of the arrows. All flows will 

contribute to the stocks of the five main outcome variables (the five rectangles). We select five specific 

subsystems based on three considerations. First, the agricultural, industrial and residential sectors 

occupy the vast majority of the overall water demand/supply. Second, the effects of water quantity are 

actually economic effects, which are reflected by the growth in agriculture and industry. Third, the 

environmental effects of water quality can be further divided into two parts: the usage of surface 

resources and the usage of groundwater resources. The former produces wastewater pollution associated 

with rapid agricultural and industrial development, whereas the latter leads to overexploitation as 

urbanization accelerates. Both results have severely impacted the environment [36].  

 

Figure 2. Causal pathways in the system dynamics model. 
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This model also includes the effects of accumulations and time delays, as well as impacts from 

resource constraints and behavioral feedback. The model helps analyze the dynamics caused by the 

causal relationships between elements in the system and provides insight about reinforcing and 

balancing feedback loops. Consider the groundwater funnel as an example. The funnel is a certain area 

where the ground is subsiding due to the excessive pumping of groundwater. North China is the largest 

subsidence area with the most funnels on the planet, and some regions have even fallen below the sea 

level. The urban water supply shortage would aggravate the funnel area with an increasing depletion of 

underground water. If the system receives transferred water, which alleviates the shortage, the 

groundwater funnel area decreases. From a macro-level perspective, the urban water supply is 

determined by factors associated with other subsystems, e.g., agricultural demand or the pollution rate 

of transferred water. The next step of the system dynamics analysis is assigning variables and 

obtaining the results related to the economic and environmental effects of the SNWD Project.  

2.3. Data 

Data form the major cities located along the diversion route were collected from various official 

databases and key references, e.g., the Jiangsu Statistical Yearbook and the Jiangsu Water Resources 

Bulletin. The cities include Yangzhou, Taizhou, Huaian, Yancheng, Suqian, Xuzhou and Lianyungang. 

Although the formal operation of the eastern route began in late 2013, data between 2002 and 2012 

were gathered and calculated. One reason is that the construction of the eastern route began in 2002, 

and it utilized the existing Grand Canal as the main waterway for water transport. Thus, the impacts 

from the construction stage are as significant as those from the operational stage, a situation unlike that 

of the central route. The other reason is the consideration of the accuracy of the data. Model validation 

can be achieved by comparing the performance of the model to a real system [37]. Before the 

simulation over the operational period, the system dynamics model was calibrated with the data in the 

construction period. We obtained desirable results from the comparison between the simulation and 

historical data, with a bias that was approximately within 4% for the economic (GDP) data, 0.7% for 

the population data and 6% for the environmental (wastewater, groundwater funnel) data. The 

validation ensured the data quality indicated in Table 1. It needs to be clarified that the sum of 

proportions does not equal 1 because only sectors directly connected with the subsystems in the system 

dynamics model are counted. Water consumptions from some sectors such as transportation, public 

facilities and social services (e.g., urban afforestation, firefighting) are far fewer and could be omitted. 

The proportions listed here have covered nearly 90 percent of the overall water demand or supply.  

Some other variables not listed above were also calculated with the latest data available. The two 

central variables in this research, water quantity and quality, are indicated by the amount of transferred 

water (TW) and the pollution rate (PR), respectively. The baseline is determined from the integration 

of official publications. In the feasibility study of the SNWD Project, the annual amount of diverted 

water before construction was completed was 4.97 billion m3 [38], whereas after the formal operation 

began, an additional 3.60 billion m3 was diverted, which amounts to an aggregate of 8.57 billion m3 [39]. 

According to China’s National Development and Reform Commission, the actual amount of diverted 

water in the eastern route is fixed at 14.80 billion m3 [40]. Therefore, we analyzed three water levels: 

5, 10 and 15 billion m3. Furthermore, we also considered two levels, 30 and 50 billion m3, for the 
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scenarios in which the water demand significantly increases with expanding urbanization and 

economic activities in the near future. With respect to the pollution rate, there is only one reliable 

source. The People’s Daily officially reported that the overall water quality compliance rate was 89% 

before the project began its formal operation in 2012 [41]. The data indicate that the pollution rate is 

approximately 10%.  

Table 1. Initial values and sources of some key variables. 

Variables 
Initial Values 
(Year = 2012) 

Units and Data Sources 

proportion of irrigation water supply 66.45 %, Jiangsu Water Resources Bulletin 

irrigation norm 649.50 
million m3 per thousand hectare, Jiangsu Water 

Resources Bulletin 
proportion of irrigation water demand 88.64 %, Jiangsu Water Resources Bulletin 
proportion of industrial water supply 14.00 %, Jiangsu Water Resources Bulletin 
proportion of residential water supply 7.00 %, Jiangsu Water Resources Bulletin 

agricultural GDP 154.58 billion Yuan, Jiangsu Statistical Yearbook 
industrial GDP 483.52 billion Yuan, Jiangsu Statistical Yearbook  
population size 3400.82 ten thousand, Jiangsu Statistical Yearbook 

accumulated wastewater 0 billion m3, authors’ assumption 

groundwater funnel area 150 
thousand hectare, Jiangsu Water  

Resources Bulletin 

To assess the effects of changes in water quantity and quality, we run simulations through the year 

2020. The results offer stakeholders and policy-makers new perspectives for understanding the interaction 

of water quantity and quality, as well as the trajectory of sustainable water management. 

3. Results 

This section reports on four outcome variables: agricultural and industrial GDP as two economic 

indicators, and accumulated wastewater and the groundwater funnel area as two environmental 

indicators. The results concerning population are omitted, because the annual changes are minor (within 

approximately 0.2%). Although the model provides results through 2020, its purpose is not to predict 

exact forecasts, but to offer insight into how the economic and environmental systems tend to respond 

to water quantity and quality. 

3.1. Different Transferred Water Levels 

As explained in the previous section, we chose five different levels of transferred water amounts to 

simulate the effects of quantity on economics and the environment. The results obtained for the four 

variables are listed in Figure 3. Five curves of accumulated wastewater can be observed. A higher level 

of water diversion accumulates more pollution, which is clearly attributed to the open water system along 

the eastern route. The effects on the three other variables are inconspicuous, which is partially a result of 

the unit setting. If the billions unit is replaced by hundred millions (cubic meters or Yuan), which is the 

official unit in China, the gap between the fives curves will become more distinct. To better present the 

results, specific simulated values for the three variables from 2015 to 2020 are listed in Table 2. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3. Economic and environmental effects respond to different transferred water (TW) 

levels. (a) Agricultural GDP; (b) Industrial GDP; (c) Accumulated Wastewater;  

(d) Groundwater Funnel Area. 
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Table 2. Outcomes as water quantity changes, 2015–2020. 

Outcome Variables 
Transferred 

Water (TW) 
2015 2016 2017 2018 2019 2020 

Agricultural GDP 

(billion Yuan) 

TW = 5 234.02 269.18 309.68 356.34 410.10 472.10 

TW = 10 235.64 271.65 313.20 361.14 416.47 480.36 

TW = 15 237.84 275.03 318.06 367.87 425.53 492.30 

TW = 30 242.62 282.38 328.66 382.53 445.23 518.20 

TW = 50 242.62 282.38 328.66 382.53 445.23 518.20 

Industrial GDP  

(billion Yuan) 

TW = 5 3253.95 4309.78 5451.21 6692.87 7940.09 9192.91 

TW = 10 3288.38 4357.32 5512.86 6769.82 8032.35 9300.49 

TW = 15 3321.49 4403.01 5572.11 6843.77 8121.01 9403.85 

TW = 30 3412.82 4529.04 5735.50 7047.63 8365.33 9688.63 

TW = 50 3532.34 4693.98 5949.36 7314.47 8685.17 10061.50 

Groundwater funnel 

area (thousand 

hectare) 

TW = 5 861.45 1027.99 1236.27 1496.83 1830.78 2271.35 

TW = 10 843.18 994.75 1183.14 1417.19 1715.61 2097.92 

TW = 15 836.75 975.81 1147.70 1359.88 1629.20 1972.49 

TW = 30 836.75 970.63 1125.93 1306.08 1515.55 1779.62 

TW = 50 836.75 970.63 1125.93 1306.08 1515.05 1757.46 

The vertical comparison reveals a similar pattern for the agricultural GDP as well as the 

groundwater funnel area. As indicated by the grey shading areas in Table 2, the agricultural GDP is 

constant after the amount of transferred water reaches 30 billion m3, implying that a growth limitation 

may have been reached. The decreasing trend of the groundwater funnel area would end at the same 

amount of transferred water. The termination begins even earlier in 2015, at a level of 15 billion m3, and 

exhibits a slower pace in 2019 and 2020. The similarity is primarily caused by the natural characteristics 

of these two variables. Given the current technology used for agricultural cultivation and groundwater 

exploitation, there is limited potential for improvements despite the massive water diversion [42,43]. 

These results also validate the rationale for the planned amount of diverted water [38,39]. 

The situation is different for industries. The industrial GDP would increase by 50–100 billion Yuan 

with an extra five billion m3 of water supply and increase by 100–300 billion Yuan with an additional  

15–20 billion m3 of water supply. Because the natural restrictions on industries are not considerable, 

industrial growth always produces a majority of the pollution, which should not continue without  

limit [44]. In determining whether to avoid the negative environmental aftereffects, there exists a 

conflict that is precisely the central issue addressed in this study. What effects would the interaction 

between the changes in water quantity and water quality generate? The next step of the calculation will 

attempt to offer additional solutions. 

3.2. Different Pollution Rate Levels 

The adjustments to transferred water suggest a rational amount not to exceed 30 billion m3 to 

prevent inefficiency. Thus, the following simulation will examine scenarios that change the pollution 

rate for a certain level of transferred water. In each particular case, we test the water quality effects of a 

pollution rate at the current 10% condition, and for two additional scenarios: 5% as an improvement in 

water quality and 15% as deterioration. As shown in Figure 4, with a pollution rate ranging from 5% to 
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10% and 15%, there is an increasing accumulation of wastewater at various amounts of transferred 

water. The detailed simulation results of the three other outcome variables are also reorganized in Table 3 

for reference. 

(a) (b) 

(c) (d) 

Figure 4. Economic and environmental effects response to different pollution rate (PR) 

levels (a) Agricultural GDP; (b) Industrial GDP; (c) Accumulated Wastewater;  

(d) Groundwater Funnel Area. 
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Table 3. Cont. 

Outcome 

Variables 

Transferred Water (TW), 

Pollution Rate (PR) 
2015 2016 2017 2018 2019 2020 

Industrial GDP 

(billion Yuan) 

TW = 10, PR = 15% 3258.98 4316.61 5459.90 6703.49 7952.55 9207.10 

10% +29.40 +40.71 +52.96 +66.33 +79.80 +93.39 

5% +29.52 +40.87 +53.17 +66.60 +80.13 +93.76 

TW = 15, PR = 15% 3276.78 4341.11 5491.58 6742.91 7999.67 9261.87 

10% +44.71 +61.90 +80.53 +100.86 +121.34 +141.98 

5% +44.97 +62.26 +81.00 +101.45 +122.05 +142.82 

TW = 30, PR = 15% 3321.10 4402.08 5570.35 6840.82 8116.55 9397.56 

10% +91.72 +126.96 +165.15 +206.81 +248.78 +291.07 

5% +94.08 +130.24 +169.44 +212.20 +255.29 +298.71 

Groundwater 

funnel area 

(thousand 

hectare) 

TW = 10, PR = 15% 844.02 996.62 1186.28 1421.93 1722.33 2107.11 

10% −0.84 −1.86 −3.14 −4.74 −6.72 −9.19 

5% −0.84 −1.86 −3.12 −4.71 −6.66 −9.11 

TW = 15, PR = 15% 836.75 977.09 1150.53 1364.61 1636.23 1982.33 

10% 0 −1.28 −2.83 −4.73 −7.03 −9.84 

5% 0 −1.27 −2.81 −4.7 −6.96 −9.72 

TW = 30, PR = 15% 836.75 970.63 1125.93 1306.08 1517.77 1784.2 

10% 0 0 0 0 −2.22 −4.58 

5% 0 0 0 0 −0.50 −2.48 

Notes: “+”/“−”denotes the relative increase/decrease of the results above; “0” indicates no change. 

It should be noted that the agricultural GDP and groundwater funnel area would stabilize after reaching 

a certain level of transferred water. This situation is mostly consistent with the results in Section 3.1, 

even though the pollution rate varies. This result further verifies the potential limits on the water 

demand from agriculture. Below a fixed level (TW = 30), these two variables would change at a 

different pollution level. Less-polluted water could promote agricultural growth. The water quality is 

increasingly critical in the long run (2018–2020), when a 5% improvement in the pollution rate could 

produce an additional 1–2 billion Yuan in agricultural GDP and reduce approximately 5–10 thousand 

hectares of the groundwater funnel area. 

An exception to the case of TW = 30 is the groundwater funnel area in the long term, i.e., 2019 and 

2020, when a lower pollution rate results in a lower funnel area. This change might be correlated with 

the interactions of population growth, residential water demand and supply shortage. In the long run, 

the residential population will increase to a significantly high level as a result of urbanization. It is 

assumed that the population size will have a positive impact on the residential water demand. Thus, the 

effective water supply will be negatively correlated with the pollution rate, whereas the groundwater 

funnel area, which depends on a water supply shortage, will exhibit a notable decrease.  

The most important results are the impacts due to both water quantity and water quality on the industrial 

GDP. The simulation updates the understanding of the unsolved issue discussed in Section 3.1.  

It demonstrates that more investment in pollution treatment would stimulate industrial growth. The 

industrial GDP would increase by approximately 30–150 billion Yuan with a 5% upgrade in water 

quality between 2015 and 2018 and increase by as much as 300 billion Yuan from 2017 to 2020. 
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Furthermore, the effect from the additional water quantity could reinforce the water quality impacts. 

The simulation has also indirectly demonstrated the growth limitation of industries, although no 

obvious natural restrictions exist, such as those on agriculture or groundwater. If we were to compare 

the gains from better water quality and the costs of pollution treatment, the findings would be more 

meaningful. According to a public data source, 15.4 billion Yuan has been devoted to water pollution 

control [45]. This investment could easily be offset by the economic gains from the extra growth in the 

industrial GDP. 

4. Discussions 

4.1. Trade-Offs in the SNWD Project 

The simulations in the previous section have provided definite answers to the central question raised 

in this paper. There is no contradiction between the quantity and quality of diverted water. It is clear 

that economic and social development in regions with water shortages requires that more water be 

made available and that the SNWD Project could vastly improve the situation. Furthermore, the quality 

of transferred water is equally essential to the sustainable growth of the water-receiving areas. 

Environmental limitations exist in all economic activities, including agriculture and industry, as well as 

the urban expansion that creates more groundwater funnels. Therefore, the water diversion program 

should address the economic dimension and also avoid the imminent conflict with the water environment.  

The preliminary findings have shown that the water quantity-quality trade-off could obtain a point 

of equilibrium, while this trade-off is not the only one in the SNWD Project. In the simulations of 

various subsystems, despite the minor changes in population, another potential trade-off exists between 

agriculture and industry. This trade-off is essentially a comparison between marginal costs and 

marginal benefit. As for the agricultural sector, it is related to the safeguarding of the national food 

security in China [46]. The simple calculation on the water usage and the economic output is not sufficient 

for the social optimization, especially when its production and yields would decrease due to 

urbanization [47]. As for the industrial sector, it has contributed the majority in the GDP accumulation, 

yet with even more pollution and violating social welfare [44]. Therefore, there exists a certain side 

effect in the water diversion, i.e., the results show no limitation for industrial growth in Section 3.1. 

For the purpose of realizing synergy among economic, social and environmental goals, it is necessary 

to build a multi-objective coordination model for the SNWD supply system. The trade-off between 

water resource allocation and quality protection is a fundamental issue. Meanwhile, the full 

consideration of the production decision-making and related by-products in agricultural, industrial and 

other sectors is a prerequisite as well. Without this mechanism, there might be some obstructions to 

achieving the ideal results of water quantity and quality in Section 3.  

The research findings presented above are straightforward, one reason possibly being the study area 

of focus. We focused on a single province, so that certain other factors could be ignored. If we were to 

include other provinces, the analysis and simulation model would be more complicated. Because the 

conflicts and coordination between provincial boundaries are increasingly significant [48], the political 

dimension factors are difficult to describe in the quantitative model. Furthermore, in this case, we 

should also consider that the central government would be involved, making the entire conflict 
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hierarchical [49]. Thus the third trade-off between provincial boundaries, or between central and local 

governments, would make a further renegotiation and possibly change the designed water quantity and 

quality proposals. 

4.2. Further Stages under Planning 

The SNWD Project has yet to be fully accomplished. As described in Section 2.1, the completed 

project in late-2013 was the first stage of the eastern route. Thus, the quantitative analysis in the 

sections above was actually based on the conditions and data in that early stage. Findings from the 

simulation did not take the new project construction into consideration.  

When discussing the upcoming second stage that remains in the planning process, a more 

comprehensive thinking is required. Though some explicit predictions have been achieved, they need to 

be combined with some other real-world policies. The most considerable one is from the State Council 

of China. In January 2013, the No. 2013-2 Document “Assessment Methods for the Most Strict Water 

Resource Management System” was issued. The policy outlines the principles of China’s water 

resource management from a macro perspective. It sets the overall national water consumption on a 

limitation of 700 billion m3 per year, as well as the control targets for every province. Among them, 

Jiangsu Province is given a quota restriction of 50.8 billion m3 in 2015, and 52.4 billion m3  

in 2020 [50]. The limitation for Shandong Province is 25.1 billion m3 (2015) and 27.7 billion m3 

(2020), while for Tianjin, it is 2.8 billion m3 and 3.8 billion m3, respectively. Comparing with the 

results in Section 3.1, the amount of transferred water is equivalent to nearly 60 percent of Jiangsu’s 

total water supply. It would significantly relieve stresses for the water consumption in both Shandong 

and Tianjin. However, the water quantity-controlling regime has brought more significant pressure for 

Jiangsu. Related evidence is the No. 2011-29 Document “The Water Resource Planning in Jiangsu 

Province” from the Water Resources Department of Jiangsu Province. The planning goal of water usage in 

2020 is 59 billion m3 [51]. However, the State Council cut this standard down 6.6 billion m3 two years later 

in the No. 2013-2 Document.  

The solution for this rigorous situation is quite complicated, while the analysis in Section 3.2 might 

put forward a workable suggestion. Since the water quality has a specific connection with the water 

diversion amount, the control of the pollution rate could be the breakthrough point. A reduced 

pollution level leads to a higher efficiency of water consumption. For example, in 2020, the industrial 

GDP for the case of TW = 15 and PR = 10% (9403.85 billion) is greater than the case of TW = 30 and 

PR = 15% (9397.56 billion). If the water quality could be improved in the following years, the targeted 

water supply goal would not be a problem for Jiangsu. Therefore, the outputs of the first stage are the 

inputs for the second stage. With an increasing demand in the second stage, it is necessary for water 

providing regions to establish a clear objective system on water quality upgrading so as to enhance the 

current usage efficiency and to satisfy the further needs from the northern provinces and even the capital. 

4.3. Some Neglected Factors 

The research on the water quantity-quality interaction has covered several factors including 

economic, social and ecological dimensions. Meanwhile, the system dynamics model has its unique 
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advantage in describing the effects of water diversion from various perspectives. However, some key 

influential factors are still missing. 

This study has only predicted the case for the time horizon up to the year 2020, which is based on an 

implicit assumption that no eventful technological or structural change will occur. Thus, all of the results 

pertain to the current technological conditions. While it is increasingly emphasized in China that local 

governments put huge efforts into the research and development of techniques with water efficiency and 

pollution control [52], the results in the next five years would possibly change. In view of this surmise, it 

could be optimistic about the potential difficulties in further project stages under planning.  
The structural characteristics of the various economic sectors have also been considered to remain 

unchanged. This means that the initial proportion settings in Table 1 are relatively stable during the 

eight-year simulation period. Most of the graphs indicate exponential growth curves, corresponding to 

the ongoing and upcoming high-speed growth in China. The growth rate is extraordinarily high for 

Jiangsu Province, especially for its north and central regions (the cities included in this study), which 

have annual GDP growth rates over 12 percent and industrial growth rates of nearly 14 percent [53]. 

However, we could expect that in the long run, more significant technological progresses will occur, 

with a transformed industrial structure, and the flow and stock of the outcome variables would differ. 

Currently, the transforming degrees in the agriculture (first) sector are relatively low, since the changes 

of its share in GDP were less than 0.2 percent in the recent five years. The changes are more clear and 

satisfying in the industrial (second) sector, with the annual declining rates between one and  

1.4 percent [53]. Thus, a transition to an s-shaped curve would occur a few decades later, when the 

parameters given in this study fundamentally change. This trend will bring a remission to the water 

consumption pressure, especially for the providing regions. Meanwhile, the central and local 

governments would definitely push forward the acceleration of economic structural transformation [54]. 

This is a factor of policy and will be discussed in the next paragraphs.  

For a great national infrastructure project, the influence of the policy dimension is crucial, as well. 

Most of this paper presented an engineering perspective by setting different water transfer and 

pollution rate levels, which is independent of policy. All of the initial parameters have been partially 

determined by central or local policies and stabilized after years of evolution. Governments have the 

ability to co-opt environmental policies to pursue other strategic objectives [55]. As the SNWD Project 

has completed its construction stage and begun formal operations, the influence from policy-makers, 

rather than engineers, should be allotted more significance.  

There are three priority factors related to policies. The first is the water price mechanism. Although 

the Jiangsu Water Source Company Ltd., on behalf of the provincial government, is charged with the 

water market businesses, including water price setting, water is a special product that is a necessity for 

the basic needs of residents and farmers. Water consumption could not be handled totally under 

commercial principles. Water-providing areas have complained about the costs they bear as part of the 

SNWD water treatment and other issues. The central government is requested to impose an “SNWD 

tax” on beneficiaries of the project [56]. If similar tax or subsidy policies are introduced into the water 

price mechanism, an ideal condition that makes the marginal costs approximate the marginal revenue 

could be formed. In an economic view, the efficiency of water usage would increase significantly 

under a better price mechanism. As a consequence, the results of the water transfer amounts in  

Section 3.1 could reduce accordingly. The second is the water pollution control mechanism. Prior to 
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the operation of the SNWD Project, over 400 pollution prevention projects, with a total investment 

over 15 billion Yuan, have been implemented in the water quality programs of the eastern route [57]. 

However, the decentralized regime in China and in this project has weakened local environment 

agencies, and the pollution fees from firms are often too low [58]. As a national infrastructure project, 

local officials should receive powerful support from the central governments. With the incentives of 

the pilot program on Water Ecological Civilization Cities [59], greater efforts in monitoring and 

detecting water pollution, advocating for responsive policies in local levels will lead to an 

improvement in water quality. Last, but not least, social participation is substantial. It is critical for 

both water quantity and water quality. As for the water consumption, policies focusing on social 

concerns with education programs implemented for water conservation could reduce individual daily 

water usages. Meanwhile, calling for stronger institutionalized public engagements would create a 

culture of conservation and provide a strong impetus for addressing water pollution [60]. 

Furthermore, we only treat the water quantity and quality as exogenous variables. Some endogenous 

factors, such as biological and chemical ones, are highly relevant to water quality, as well. Future 

climate conditions that might affect economic (especially agriculture) and environmental indicators are 

also unknown. Further research on those factors might be helpful to better understanding the findings 

in this study.  

5. Conclusions and Policy Implications 

This study uses the system dynamics method to analyze the interaction between water quantity and 
water quality in China’s SNWD Project. The economic and environmental effects for various scenarios 
of transferred water and pollution rates are calculated. This research differs from other work in that we 
choose a specific province, covering both the water-providing and water-receiving areas. Although the 
system dynamics model and other mathematical tools have been used in other studies in the past, most 
of those studies have treated the factors of quantity and quality separately. In our model, five 
subsystems of water, agriculture, industry, population and the environment are included 
simultaneously, and data from 2002 to 2012 are collected. We develop simulations through the year 
2020 to assess water quantity and quality effects and to obtain insight into sustainable water 
management in the related areas. 

Based on the simulation results obtained for the economic and environmental indicators at the 
different levels of water quantity and water quality, certain conclusions can be drawn. First, the SNWD 
Project could provide a sufficient quantity of water for economic growth in the receiving regions. 
Second, an efficient quantity of transferred water exists, which demonstrates the growth limitation for 
both agriculture and the groundwater funnel. Third, upgrades in water quality could mutually reinforce 
the quantity effect and greatly promote economic growth, as well. Environmental limitation exists in 
all economic activities. Therefore, from a general perspective, both water quantity and water quality 
are equally crucial in the SNWD Project. The water diversion project is not only intended to reduce 
water constraints; it is also an opportunity to promote sustainable development and the establishment 
of an ecologically conscious civilization [61]. These findings also provide certain policy implications 
for the government and the public.  

The source of the SNWD eastern route is the Yangtze River, the longest in Asia and the third 
longest in the world, and its downstream could provide almost a limitless water supply. This study 
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shows that although the water source has no natural limitation, the use of it has environmental 
limitations for all economic activities. Therefore, an essential policy recommendation is that the 
operational stage of the SNWD Project requires a transition from efficient water diversion to effective 
water diversion. This means greater priority should be given to providing a sufficient amount of 
drinking and nondrinking water of high quality, rather than simply satisfying the water shortage with a 
specific amount of water. In practice, local governments also face the dilemma of low water prices and 
high water use efficiency, with the aim of satisfying economic needs, as well as environmental 
objectives [62]. Thus, certain regulations should be employed. Typical policy choices for some local 
governments include economic incentives, such as water quality permit trading or the use of environmental 
taxes (e.g., the “SNWD tax”). The central government needs to launch a water-quality-based control 
program with higher water quality criteria and stringent environmental legislation. Additionally, in 
terms of residential water usage, non-governmental participation and the promotion of water 
conservation awareness might also be necessary. 
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