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Abstract 
Currently, under the background of double circulation, water resources-energy-food 
synergy is the important factors that affect China's economic growth, the three have their 
respective effects on economic growth and the mechanism of articles at home and 
abroad about water resources-energy-food system coordination spillover effect of 
related literature, in the form of a review analysis of the three system synergy of 
promoting effect on economic growth is mainly is the spillover effect of system Cause; In 
addition, the new research methods have been continuously applied to the field of water 
resources, energy and food, which has a significant demonstration and reference 
significance for the follow-up research. 
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1. Introduction 

Lucidity of water and lucidity of mountains are invaluable assets. To promote the synergy of 
water, energy and food systems is in response to the green economy development concept and 
national strategic needs of the CPC Central Committee. From classical economics to neoclassical 
economics, various academic schools have put forward theoretical exploration on economic 
growth. Keynes [1] believed that economic growth came from government expenditure and the 
multiplier effect of spillover, and the construction of large-scale water conservancy projects in 
the United States guided by this theory was an important practice to promote economic growth. 
Schumpeter[2] argued in the theory of creative destruction that enterprises that recombine 
various factors of production promote economic growth. Romer[3] of the Neoclassical 
economic growth school believes that economic growth depends on the input of exogenous 
factors, and internal promotion only has horizontal effect rather than growth effect. Moreover, 
his theory does not take energy, water resources and other factors into account. There are 
certain limitations. By the 1960s, Rachel Carson [4] began to put forward that the traditional 
industrial economy caused damage to the environment, and the production mode and 
industrial structure urgently needed to be changed. David Pearce [5] put forward the concept 
of "green economy" for the first time, emphasizing that there should be different evaluation 
systems for all kinds of resources, and the evaluation system should be coordinated with the 
evaluation of environmental bearing capacity, so as to realize the unification of economic 
development and environmental protection. Ozment et al[6] believed that the link between 
water resources, energy and food and the coordination of its internal attributes was the key to 
achieve sustainable economic development, and positive system coordination had a significant 
positive effect on economic growth. Since then, some scholars have begun to discuss the 
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economic growth effect of water-energy-food system synergy, and use mathematical economics 
and panel data analysis to make up for the shortcomings of theoretical research, that is, 
theoretical analysis to some extent ignores the spatial spillover effect of water-energy-food 
system synergy. Since the 18th National Congress of the Communist Party of China (CPC), some 
domestic scholars have begun to explore the relationship between water-energy-food system 
synergy and economic growth by expanding theoretical boundaries and using spatial economic 
analysis methods, especially the systematic synergy between water-energy-food system as a 
key factor in production flow. 
Current, energy and other resources to economic growth mechanism has been part of the 
research at home and abroad, but in water-energy-food system coordination mechanism of the 
effect on economic growth there still exists certain research of the current difficulty, also is the 
difficult point, at the same time, the spillover effect is the coordination of water resources - 
energy - food affect the critical path of economic growth. Based on this, this article looks at 
water resources -energy-food system synergy mechanism of spillover effects, for nearly 15 
years about water - energy - the food system together with the spillover effect of related 
literature at home and abroad, summarized research ideas and research methods, summarizes 
the research conclusion and the mechanism of evaluation, and finally, the paper points out the 
future research. 

2. Analysis based on the Perspective of Factor Flow 

The influence of water resources, energy and food on economic growth comes from their direct 
influence on economic growth on the one hand, and from the synergistic spillover effect of the 
three factors on the other hand. The spillover effect is analyzed mainly from three aspects: one 
is the coordination of water resources - energy - food system formed ties effectively reduce the 
variable cost of resource flows, including water and energy technology promotion in the use 
efficiency of enterprise cost reduce import to domestic arable land and food security of bearing 
pressure of slowing, further improve the utilization efficiency of elements; Second, the 
interrelation of resource factors in the process of production, consumption and management 
effectively improves the agglomeration effect of resource factors, and drives the spillover effect 
with the agglomeration effect; Third, the systematic coordination of water resources, energy 
and food will drive and realize the treatment of the whole life cycle of water resources, and 
improve the overall efficiency of water resources management through the coordination of 
elements in the flow, thus reducing the cost of management and promoting high-quality 
economic growth. 

2.1. Reduce the Variable Cost of Factors in Resource Flow and Improve the 
Utilization Efficiency of Factors 

2.1.1. Financial Capital Flow 
Solow[7] proposed in the economic growth model that savings, an economic behavior, drives 
the improvement of the steady-state point of the economy, which is also the theoretical 
precedent that financial capital plays a key role in economic growth. In terms of economic 
growth theory itself, classical growth theory believes that the static accumulation of a certain 
element has a horizontal effect on economic growth. Neoclassical economics began to study the 
impact of dynamic changes of capital and other factors on economic growth. The system 
coordination of water resources, energy and food cannot be separated from the drive of finance. 
Firstly, financial capital promotes the implementation of large-scale energy and water 
conservancy projects; secondly, financial investment is conducive to the improvement of 
resource utilization efficiency and the adjustment and upgrading of technological innovation 
path. Daher and Mohtar[8] believed that the systematic synergy of water resources, energy and 
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food was not the solo of a certain element, but the comprehensive influence of the system 
synergy. Among them, the changes of financial policies and energy policies had unexpected 
influence on the elements, which may be constraints or support. Fu Shi[9] sorted out the 
characteristics of water rights system and water rights finance in the United States, and 
believed that financial capital elements could make the transaction of water resources realize 
the optimal mode, reduce the transaction cost of factors, and contribute to the construction of 
water resource factors flowing market. 
2.1.2. Labor Factor Mobility 
The coordination of water, energy and food system cannot be separated from labor force. The 
traditional economic theory of labor force and capital are simultaneously promoted. The 
traditional economic growth theory holds that labor force, as a key driving factor, is the key to 
economic growth. Zhang Liao[10] analyzed the relationship between labor mobility and 
economic growth, and believed that different levels of regional economic development resulted 
in different efficiency of labor factor mobility. In addition, many economic theories prove that 
infrastructure construction for water conservation and development, efficiency in energy 
extraction and utilization, and adequate internal and external food security can expand labor 
mobility within a regional scope and drive overall economic growth. Chen Junfei and 
YanXiaoYun[11] by the education level of Labour elements and water - energy - food system 
coordination model based on human capital threshold of coupling analysis, think in terms of 
agricultural production areas, and the higher the education level of labor workers, help to 
achieve water resources - energy - food system and the coordinate adaptation of agricultural 
production. In terms of regional studies, Wu Qingbin[12] analyzed xinjiang, a major energy and 
grain producing area in China, and held that the pressure of regional labor population has dual 
constraints on water, soil, resources and economy, and the unbalanced spatial distribution 
causes the overall disharmony of the region and restricts the further development of economy. 
In addition to breaking through the current population bearing pressure, the reasonable flow 
of population, namely labor force, matching the distribution of resources in the regional scope 
is of great significance. He Hang [13] made a similar analysis from the Baiyangdian region, 
believing that the coordinated flow of various elements could ensure green and sustainable 
development and narrow the gap in regional economic development. 
2.1.3. Technology Flow 
New technology comes from innovation, which is the primary productive force. The synergistic 
influence of water resources, energy and food systems on factors is also reflected in 
technological progress and technology transmission and flow. Current theories generally 
believe that building a coordinated water-energy-food system can promote technological 
progress and technology flow among the three, and produce spatial effects. Ju Xianwei[14] 
analyzed the importance of technology in water resources, energy and grain in China with the 
method of system dynamics, and believed that the use of new energy and clean energy with 
technological progress could reduce the pollution discharge of water resources, energy and 
grain, reduce the cost of pollution removal and improve the efficiency of resource utilization. 
From the perspective of safe supply, Hoff[15] believes that to ensure a country's water 
resources, energy and food security, it is necessary to improve technology to cope with external 
shocks and meet its own effective and sustainable supply. Furthermore, Hoff puts forward that 
technology and resources should be coordinated with each other. Lawford.R[16] believes that 
it is urgent for consumers to change the current situation of water resource pollution, energy 
pollution and food and food safety, and it is necessary to rely on technological input to reduce 
pollution, improve the safety and transparency of food processing, so as to meet consumers' 
needs and promote benign economic growth by changing the demand side. 
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2.1.4. Transportation Infrastructure 
The framework of transportation infrastructure can effectively reduce the cost of regional 
resource flow and improve the rate of resource flow. It is obvious that the construction of 
transportation infrastructure provides an important guarantee for the transfer of labor force, 
energy transportation and food transportation within the region. Based on the GIS model, 
Atack[17] believes that the increase of kilometers of transportation facilities reduces the 
transportation cost of resource transfer, promotes the process of urbanization and drives 
economic growth. 

2.2. Improve the Agglomeration Effect of Factors in Resource Flow, and Then 
Drive the Spillover Effect 

The coordination of water resources, energy and food system can effectively promote the 
regional agglomeration of factors. Some scholars mainly study the coordination of water 
resources, energy and food to promote regional investment and industrial agglomeration. The 
transformation and upgrading of water resources and energy requires financial capital support, 
which has been analyzed above. Energy and food collaboration can promote the upstream and 
downstream coordination of the industrial chain and industrial upgrading, and then radiate and 
drive industrial agglomeration, producing spillover effects. Bazilia.m et al. [18] take regional 
environmental carrying capacity as the measurement standard, and effective agglomeration of 
elements is an important link to promote social system, environmental system and economic 
system. Zahedi.M et al. [19] analyzed from the perspective of industry and human behavior, and 
believed that human behavior drives the use of elements, and the flow and use of elements 
within a certain limit drives the agglomeration, and that the dual elements of behavior and 
agglomeration affect the interaction of water resources, energy and food in the environment. 
Deng Yongbo [20] took The Beijing-Tianjin-Hebei region as an example to analyze the economic 
synergy of energy transformation and upgrading and water resource energy conservation and 
emission reduction in industrial agglomeration, and believed that the transformation from 
"economic belt" to "economic circle" requires the continuous agglomeration of all resource 
elements, so as to promote the new endogenous growth of regional economy by spilt back. Li 
Rongfu et al. [21] found in their study that the fundamental cause of ecological damage in China 
lies in the unscientific energy production and consumption mode. Green development can 
effectively promote factor agglomeration and industrial upgrading, thus driving the production 
of a recyclable and sustainable economic model, and realizing the synchronization of energy 
and other factors utilization and environmental restoration. 

2.3. Factors Cooperate to Improve the Utilization Efficiency of Water Resources 
and Effectively Reduce the Cost of Governance 

For some developed countries, the factor synergy strategy has been implemented for a long 
time, and efficiency improvement is also the normal path. In reality, coal energy mining and 
coal washing, iron ore production and processing, construction sand mining and processing, 
food planting, irrigation and production and processing are all inseparable from the use of 
water resources. Therefore, the utilization efficiency of water resource, a key factor, should be 
improved through the coordination of water resource, energy and food. In addition, water 
resource itself, as a clean energy, requires high efficiency in the use of water resource. 
Therefore, the improvement of the utilization efficiency of water resource cannot be ignored in 
the research. With the application of financial management in the field of project engineering, 
Li Guijun et al. [22] enhanced the synergy of water resources, energy and food in production, 
consumption and management and improved system flexibility to improve resource utilization 
efficiency and spillover effect and reduce the threat of external impact. Muller[23] and Allan[24] 
started from another perspective, namely factor synergy, and believed that the efficiency of 
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water resources, energy and food should be improved in the production, consumption and 
management processes. Therefore, the thinking of factor synergy should be incorporated into 
resource management behaviors to ensure sustainable economic development by means of 
associated paths. Finally, the non-essential cost can be reduced through factor coordination to 
enhance the efficiency of water resources in resource coordination. Dong Ying and Mu Yueying 
analyzed the relationship between energy input and water efficiency of food output in China, 
and proposed the growth mode of water conservation and efficient utilization, with the ultimate 
goal of saving governance costs and improving resource utilization efficiency. 
The synergy among water resources, energy and food not only requires the improvement of 
water resource utilization efficiency, but also provides technical basis and support for the 
development of clean energy and water-saving planting mode. D. Beementhal and Zhang Luping 
[25] earlier analyzed the limiting factors of water resource as a scarce resource in the three-
factor system. Starting from the practice of the United States, they believed that water resource 
would become a limiting factor in the future world due to the massive consumption of water 
resource in agriculture and energy production. How to effectively measure the degree of 
systematic coordination among water resources, energy and food? What is the current situation 
of our country? Chen Junfei and Yan Xiaoyun [26], based on the empirical study of the threshold 
effect of human resources, analyzed the agricultural output from the synergy of the three 
factors with the panel data of 40 irrigated agricultural producing areas in China from 2012 to 
2016, and found that the systematic synergy of water resources, energy and grain in China's 
irrigated agricultural areas is still located in the critical adaptation zone or coupling detuning 
zone. The utilization efficiency of various resource factors mainly water resources is low, and 
there is a threshold of system coordination and resource utilization efficiency improvement. 

3. Analysis based on Research Methods 

At present, scientific research methods and mathematical innovative analysis are particularly 
important in the study of the influence of water resources, energy resources and food on 
economic growth. In neoclassical economics, Romer[27] analyzed the production function as 
the basic function and studied the relationship between savings and other behaviors in capital 
and labor factors and economic growth. Since then, model innovations based on the two-sector 
production function are still in common use. Since the 1960s, mathematical economic analysis 
and econometric analysis represented by Chicago School have been widely used in the field of 
economic theory. With the deepening of the research on the collaboration of water resources, 
energy and food, some scholars have applied new research paradigms and models, such as 
coupling analysis, comprehensive evaluation model, threshold model analysis, PSR-CGPM 
analysis and spatial econometric analysis, to the collaborative research of water resources, 
energy and food system. Based on this, this paper summarizes the research methods of existing 
scholars, which is helpful to further understand the research methods of the three systems' 
collaboration on economic growth and provide empirical reference for later research. 

3.1. Coupling Analysis Method 
At the research level, coupling analysis is usually used to analyze the correlation between 
systems, especially in analyzing the closeness of two or even three systems. Deng Peng [28] 
earlier will coupling analysis into jiangsu province water resources - energy - food system 
coordination spillover effect analysis, and then from the Angle of the coordinated evolution 
characteristics of evaluation index system, build coupling analysis shows that jiangsu province 
water resources system in the 2000-2015-energy-food comprehensive evaluation index in time 
sequence presents the overall rise, And promote the healthy development of regional economy 
with the high coupling coordination degree of the whole inverted U. After that, Bibo et al. [29] 
took Liaoning province as the research object, and the study showed that the coupling degree 
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of Liaoning province fluctuated compared with That of Jiangsu Province, and it has not entered 
the stage of high collaborative development, indicating that the systematic collaboration of 
water resources, energy and food has a positive impact on economic growth. In addition, Feng 
Yazhong[30] also studied the four provinces of the Huaihe River Basin, but mainly focused on 
the theoretical level. Comparatively speaking, the analysis of jiangsu, Liaoning and Huaihe River 
basin is one-sided to a certain extent. Subsequently, Sun Caizhi and Yan Xiaodong[31] used 
Logistic curve and coupling synergy model to analyze the systematic coupling of water 
resources, energy and food and the degree of economic agglomeration in China based on 
provincial panel data from 2001 to 2015. Their study showed that the overall coupling 
fluctuations in China were quite different. The economic agglomeration presents a high degree 
of synergistic coupling of factors in the economically developed areas in eastern China, while 
the less developed areas in central and western China show a low degree of synergistic coupling, 
which is the first coupling analysis on the spillover effects of water resources, energy and food 
system in China. Later, Yu Hongyuan and Li Kunhai[32] also analyzed the system security of 
water-energy-food in the international regional scope. 

3.2. System Comprehensive Evaluation Model 
System comprehensive evaluation model is a method to establish a set of effective evaluation 
indexes based on the research object, structure and system attributes, and finally analyze the 
system objectives. Scholars Mi Hong and Zhou Wei[33] applied this research method to the 
system analysis of water resources, energy and food earlier, and constructed a simulation 
model based on system dynamics to scientifically predict the population and economic growth 
level of China in the next 30 years. It is considered that the healthy and sustainable development 
pattern of population, economy, food, fresh water resources and energy resources is highly 
spillover effect and correlation, the level of economic growth provides the material basis for 
other factors, and fresh water resources and energy provide security guarantee. Zhang 
Hongfen[34] constructed the overall evaluation index model and subsystem evaluation model 
on the basis of the system coordination of the three, and concluded that the comprehensive 
evaluation index of most provinces in China increased year by year, but the comprehensive 
evaluation index of the eastern region, which is closely related to economic growth, was 
successively higher than that of the central and western regions. It shows that the systematic 
coordination of water resource, energy resource and food has a correlation with regional 
economic growth. Leave [35] based on coupling model and coupling coordination degree model 
evaluation system to build the system, from the regional comprehensive economic 
development index, the coupling and coordination degree of the three indexes, the analysis of 
regional water resources - energy - from 1998 to 2016, grain composite synergies with 
externality, think three system coordination and regional water abundance degree and the area 
of cultivated land area, At the same time, the synergy degree and spillover effect of high 
industrial degree and high economic agglomeration region are obviously higher than other 
regions. Zhi Yanling and Chen Junfei et al. [36] constructed and evaluated an evaluation 
indicator system based on the adaptation of water-energy-food system from the perspective of 
symbiosis, believing that guiding the adaptation of natural resources and socio-economic 
resources is the key to the future regional system coordination of water-energy-food. The flow 
of high-end industries, the interaction of advanced technologies and the transfer of economic 
and financial investment between regions can effectively alleviate the contradiction between 
regional supply and demand. 

3.3. Econometric Model Analysis 
With the extensive application of econometric theory and empirical analysis methods in the 
analysis of economic problems, it has become the focus of research to explore the relationship 
between water-energy-food system synergy and economic growth. Some scholars began to 
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intuitively analyze the relationship between factor synergy and economic growth through the 
framework of econometric model based on panel data. Due to the lack of literature on threshold 
based model and PSR model, this paper will comprehensively present the panel data based 
measurement model. Wang Huimin and Hong Jun et al.[37] creatively constructed PSR and SD 
models of "water-energy-food-economy-society", analyzed the transmission effect of 
information, material and policy elements among systems, and believed that improving 
regional water environment and enhancing energy self-sufficiency rate were key factors to 
promote green development of regional economy and society. Chen Junfei and Chen Lin et al.[38] 
constructed PSR model and CGPM model to analyze the system security of water resources, 
energy and food in Inner Mongolia from 2007 to 2016, and believed that the system security 
coordination showed an interval fluctuation, and the level of system security coordination 
continued to improve after 2017. Then Chen Junfei and YanXiaoYun [39] take into 
consideration of the differences of human capital to construct threshold model, the system is 
analyzed from 2012 to 2016 panel data of China's 40 agricultural production areas, think water 
- energy - food system synergy spillover effects and the double threshold effect exists between 
agricultural output, need to constantly enhance the level of agricultural producers of education, 
Especially in the use of innovative agricultural technologies. Sun Caizhi and Hao Shuai et al.[40] 
constructed sBA-DEA and bivariate spatial autocorrelation models based on collaborative 
panel data of China's WEF system from 1997 to 2017, and believed that the collaborative 
efficiency and spillover degree of China's three subsystems of water resources, energy and 
water resources increased year by year, and the regional growth rate was related to economic 
growth rate. The synergy of developed regions such as eastern China is significantly higher than 
that of central and western China, which provides a reference for the study of the relationship 
between water-energy-food system synergy and economic growth. 

3.4. Other Methods of Analysis 
In the process of analyzing the spillover effect of water-energy-food system synergy on 
economic growth, research ideas based on system dynamics also emerged, and k-median 
algorithm and manual intervention were also used to explore the relationship between the 
spillover effect of system synergy and economic growth. Such research methods are worthy of 
reference, but few researchers will not be repeated. 

4. Conclusions and Prospects 

4.1. The Conclusion 
At present, according to the research of relevant scholars at home and abroad, the water-
energy-food system synergy has a positive impact on economic growth. As subsystems, water 
resources, energy and food also have a certain spillover effect on economic growth. Through 
the above analysis, the spillover effect of system synergy on economic growth is mainly 
reflected in the following three aspects: first, it reduces the variable cost of factors in resource 
flow and improves the utilization efficiency of factors; The second is to enhance the 
agglomeration effect of factors in resource flow, thus driving the spillover effect; Third, factors 
cooperate to improve water resources utilization efficiency and effectively reduce governance 
costs. With the deepening of the research field, the innovation of theoretical paradigm and the 
improvement of empirical research model, besides the traditional theoretical model analysis, 
there are also some exploration methods in this field, such as coupling analysis, systematic 
evaluation and econometric analysis. Firstly, it lays a foundation for summarizing research 
ideas and improving research efficiency. In addition, it also provides some methods for 
reference and inspiration for future scholars on the spillover effect of water resources, energy 
resources and food system synergy on economic growth. Admittedly, current research is 
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limited by data samples or the research paradigm is not perfect, and there are still many 
shortcomings, as follows: 
First of all, the mechanism research has not been in-depth, and the influence mechanism 
between water-energy-food system synergy and economic growth has not been fully studied, 
and the reverse promoting effect of economic growth on system synergy has not been fully 
explored. The influence mechanism and mechanism between capital and other factors flow and 
economic growth are well studied, which can be used for reference in the field of water-energy-
food system coordination. 
Secondly, institutional arrangements play a guiding role in the coordination of water resources, 
energy and food systems. Current literature mainly studies the impact of system synergy itself 
on the economy and the interaction within the system, but fails to effectively apply the research 
paradigm of the impact of policies and institutions on various fields of market economy in the 
field of water-energy-food system synergy. 
Thirdly, as a key factor in the current green economic development, water-energy-food is an 
important guarantee to maintain the double cycle of China's economy. At present, there is still 
a lack of research on the impact of integrating financial factors into resource factors synergy on 
economic growth. However, in other related fields, financial investment plays an important role 
in the improvement of water resource utilization technology, the improvement of energy 
exploitation efficiency and the construction of food ecological safety net, and also has a positive 
impact on economic growth. However, the existing literature failed to pay attention to this 
Angle. 
Finally, the research on the spillover effect of water-energy-food synergetic system on 
economic growth is not sufficient. Current research mainly focused on the total water resources 
and efficiency, energy efficiency, and between the grain import quantity and population growth, 
failed to expand to the cost of water pollution prevention, water options trading, new energy 
development and utilization and improve the food production chain and industrial upgrading, 
and other fields, such as these elements in the system synergy effects on economic growth 
needs to be studied. 

4.2. Looking 
Based on the research of many scholars at home and abroad, this paper gives a reasonable 
outlook on the future research direction of the impact of water-energy-food system synergy on 
economic growth. First, strengthen multidisciplinary collaborative research, interdisciplinary 
research of industrial economics, water conservancy and engineering management, sociology 
and finance, and strengthen interdisciplinary collaborative research of water resources, energy 
and food system collaborative neutron system; Secondly, research on the impact of each 
subsystem of water resources, energy and food on economic growth, such as the impact of 
water rights trading and new energy development on economic growth mentioned above, from 
the micro level, each subsystem has a certain impact on economic growth. Taking water rights 
trading as an example, improving the water rights exchange mechanism and expanding the 
water rights trading market will help improve the efficiency of regional water resources 
utilization, enhance the equity of water resources utilization in China, and promote the new 
normal development of the economy driven by the double circulation water resources. Third, 
innovation research paradigm and research methods. On the one hand, innovation of 
theoretical research paradigm, innovation of traditional economic theory in the new era, 
organic combination of factor theory and system coordination theory. On the other hand, 
mathematical analysis is carried out to study this field with innovative econometric model and 
multi-empirical research method to explore possible conclusions from different perspectives. 
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