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Abstract: Land resources and water resources are the important material basis of economic and social
development, and their pattern determines the pattern of development. Based on the panel data of the
Chengdu—-Chonggqing Economic Circle from 2011 to 2018, this paper evaluates the matching degree
of water and land resources, and their respective matching degrees with the economic development
in the Chengdu—Chonggqing Economic Circle with the Gini coefficient method. Based on the two-way
fixed effect model, an extended Cobb-Douglas production function model is established to analyze
the sensitivity of economic growth to land and water factors. In addition, the restriction degree
of water and land resources to the economic development of the Chengdu—-Chongging Economic
Circle is measured quantitatively by using the growth damping coefficient. The results show that
the water and land resources and economic development of the Chengdu—Chongqing Economic
Circle have a high matching degree, but the inner cities have a great difference. The contribution of
water resources to economic growth is greater than that of land resources. Both of them have a little
growth drag, which shows that industrial development has disposed of the dependence of water
and land resources. The development of the Chengdu—Chongging Economic Circle needs to play
the role of technological progress in promoting economic growth, and at the same time optimize
the use of water and land resources to reduce its constraints on the economic growth. Finally, the
policy suggestions of matching water and land resources and economic growth in different regions
are put forward.

Keywords: water and land resources management; sustainable development; economic impacts;
land use transitions; Chengdu—-Chongqing economic circle

1. Introduction

Natural resources are a key factor in the economic development of all countries, of
which water and land resources are the most basic natural resources. Daly points out that
land is a key factor in all aspects of production [1]. The area, quality and development
degree of land resources determine the production efficiency, which is the basis of human
survival and economic activities. The endowment of water resources and the rationality
of their development and utilization influence the utilization of other resources to a great
extent [2,3]. Therefore, the abundance of water and land resources not only determines
the regional ecological environment quality and population carrying capacity, but also
affects the speed of the regional economic growth. The Heckscher-Ohlin theory and
the bulk product theory also believe that the use of resource advantages can effectively
promote regional economic development. However, with the continuous growth of the
population, the shortage of water resources has become an important factor restricting
the sustainable development of the environment and society [4]. The conflict between

Land 2021, 10, 812. https:/ /doi.org/10.3390/1and 10080812

https://www.mdpi.com/journal/land


https://www.mdpi.com/journal/land
https://www.mdpi.com
https://doi.org/10.3390/land10080812
https://doi.org/10.3390/land10080812
https://doi.org/10.3390/land10080812
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/land10080812
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land10080812?type=check_update&version=1

Land 2021, 10, 812

20f21

limited water resources and the rising water demand highlights the need for a rational and
effective water allocation [5]. Large amounts of water and land have long been exploited
for fuel, rapid economic growth and an increasing demand has intensified water and soil
loss, posing huge risks to the economy [6-8].

China’s land resources are seriously wasted. According to the Ministry of Land and
Resources of the People’s Republic of China, about 32 million acres of arable land are
used for new construction each year, but much of that is wasted due to a lack of proper
planning and use [9]. At the same time, China also faces the contradiction between the
serious shortage of water resources and the rapid economic development. China is short
of 50 billion cubic meters of water each year, ranking as one of the 13 countries with the
worst water shortage by the United Nations [10]. On the other hand, the exploitation
of water resources also poses a severe challenge to the sustainable development of the
economy and society [11]. If the necessary industrial structure adjustment and effective
engineering and non-engineering measures are not taken, the potential of water resources
development and utilization will become smaller and smaller, and may even result in
negative growth [12]. To make matters worse, the spatial and temporal distribution of
water resources in China is highly uneven [4]. For example, the Yangtze River basin and
its southern region hold only 37% of the land but 81% of China’s water resources [13].
Urbanization and industrialization have led to a reduction in arable land and an increase in
the imbalance between water supply and demand, with an even greater reduction in arable
land and labor [14]. The contradiction between water and land resources and economic
development intensifies, which restricts economic development. It is urgent to evaluate
and grasp the matching condition of water and land resources and optimize the allocation
and utilization of limited water and land resources. However, how can this constraint be
measured quantitatively? How can the matching degree between water and land resources
and economy be revealed, and how can the interactive mechanism between water and
land resources and economic development be explored? Therefore, it is of great strategic
significance to formulate macro-level optimal control policies and measures of water and
land resources for ensuring a sustainable utilization of resources and promoting regional
coordinated development.

As an important growth pole of the western development, the Chengdu-Chongqing
region has an important strategic position in the national and regional development.
The natural resources in this area are well endowed, but the level of urban economic
development is not balanced, and many cities are relatively backward. Owing to the
characteristics of the Chengdu-Chongqing area, it is typical and representative to explore
the matching degree between water and land resources and economic development. Based
on the above understanding, the objectives of this paper are to:

(1) Reveal the matching degree of water and land resources and economic develop-
ment in the Chengdu—Chongqing Economic Circle.

(2) Probe into the reason of regional difference of different economic growth in the
Chengdu—-Chonggqing Economic Circle.

(3) Put forward a policy suggestion of optimizing the allocation of water and land
resources and promoting the development of the regional economy:.

The study not only enriches the theoretical research on the relationship between
water and land resources and economic development, but also provides scientific decision
support for the coordinated development of the regional economy and the utilization of
water and land resources.

2. Literature Review

Throughout the relevant research, we can see that the role of water and land resources
in economic development has long attracted scholars” attention. Current research on
the relationship between water resources and regional economic development mainly
focuses on water resources allocation and economic output [15-18], using water resources
utilization indexes such as degree and efficiency to describe the relationship between



Land 2021, 10, 812

3of21

the level of water resources utilization and the level of economic development. Davies
and Simonovic proposed the integration of global water resources and social-economic-
environmental systems [19]. Qi et al. proposed a comprehensive indicator of the social and
economic consumption level of water resources, and determined the red line of regional
water resources utilization through the description of the pressure of water resources
utilization [12]. Generally speaking, if there is no external influence, the total amount
of water resources in an area is basically stable, and the total water consumption in the
area will increase with economic development [20]. Therefore, it is urgent to promote
water resource utilization by coordinating relevant factors and optimizing the allocation of
limited agricultural water resources [5].

The land is a key factor in production in all aspects, and is the basis of human survival
and economic activities [1]. Among all types of land, arable land plays a vital role. Ji
et al. adopted the Nested IOA method to deal with the allocation of direct and embodied
arable land of an urban economy under the background of economic globalization [21]. In
addition, construction land has also made an important contribution to promoting social
and economic growth [22-24]. Many existing theoretical and practical studies have shown
that there is a significant interaction between the economy and changes in construction
land [25-27]. Some scholars have conducted a detailed analysis of the dynamic relationship
between economy and construction land. For example, a study on the relationship between
urban construction land expansion and economic growth in the Yangtze River Economic
Belt shows that urban construction land expansion in the Yangtze River Economic Belt has
a significant impact on economic growth [28]. However, the inefficient use of construction
land is also common [29].

The matching of water and land resources with socio-economic factors is the goal
of the rational allocation of water and land resources. Many scholars have conducted a
series of studies on the matching degree of water and land resources with socio-economic
factors. Saway et al. used remote sensing and other methods to analyze the potential of
local land and water resources [30]. Based on the coupling degree model and the water and
land resource matching model, some scholars have analyzed the coupling effect between
economic development and water and land resources development and the characteristics
of temporal and spatial differentiation [31-33]. With the development of the economy and
the scarcity of natural resources, scholars have begun to pay attention to the constraints
of natural resources on the economy and the extent to which the development of land
and space is restricted by water and land resources. Nordhaus et al. incorporated natural
resources, including land, into the Solow model, and established two neoclassical economic
growth models with and without resource constraints [34]. Based on the difference in the
growth rate of output per capita between the two under steady-state conditions, Nordhaus
innovatively proposed the concept of “growth drag” and used this model to examine the
impact of resources and land on the US economy. Bruvoll et al. pointed out that the con-
straints of the natural environment will lead to the social cost of environmental governance,
and used the dynamic resource environment application model to calculate and predict
the degree of welfare loss caused by the environmental tail effect in Norway [35]. Romer
defined the difference between the economic growth rate without resource constraints and
the constrained growth rate as “growth drag “, and proposed a specific method to measure
“growth drag” using the Cobb—Douglas production function [36].

With the rapid development of China’s urbanization process and the increasing
scarcity of water and land resources, many Chinese scholars have gradually established
a framework for analyzing China’s problems based on Romer’s model. Some Chinese
scholars have calculated China’s growth drag: the growth drag of land resources from
1978 to 2002 was approximately 1.75% per year [37], while the growth drag of water and
land resources in China was 0.1397% and 1.3201%, respectively, from 1981 to 2001 [38].
The growth drag based on China’s provincial and municipal data proves that China’s
economic development is affected by water and land resources [39,40] and there are large
regional differences. Different regions face different challenges due to different resource
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endowments and geographical characteristics [41]. Some scholars build other models.
Song et al. established an urban spatial econometric model from the perspective of land
resources on economic growth, not only obtaining the contribution of land resources to
economic growth, but also obtaining the impact on economic fluctuations [42]. Wang and
Li explained the relationship between urban industrial water use and economic growth by
constructing a new decoupling model, and found that the effect of economic scale drives
the use of total industrial water use and economic growth to weaken decoupling [43].

The limitations and scarcity of water and land resources have caused resistance
to economic development, which has reached a consensus in the academic community.
Scholars have determined more fruitful research results in the theories, methods, and
countermeasures terms. However, there are still some deficiencies. In previous studies, land
resources, water resources and economic development are often split into two relatively
independent relationships, and the three are not analyzed and integrated into a unified
system. In addition, previous studies have mostly explored from a holistic and macro
perspective, and paid little attention to the local differentiation characteristics of different
types of regions, and lacked representativeness and typicality. Owing to this, this study
uses the Gini coefficient to evaluate the matching degree of water resources-land resources—
GDP in Chengdu-Chongging region, and calculates the growth drag of the development
of the Chengdu—Chonggqing Economic Circle on the basis of Romer’s improved classic
Cobb-Douglas production function; that is, it quantitatively measures the constraint of
water and land resources on economic growth and the level of the regional matching degree
and reveals the restraint mechanism of water and land resources on economic development.
The research results have a strong scientific support for the theory and practice of enriching
the matching degree of water and land resources and economic development.

3. A Theoretical Analysis Framework of Water, Land and Economic Development

New growth theory proposes that in any country and region, the economic develop-
ment process will inevitably consume resources. According to Cobb-Douglas, the factors
of production are labor force and capital, so the influence of labor force and capital on
economic development should be included in the theory when discussing the relationship
between water and land resources and economic development (Figure 1). Romer extended
the Cobb-Douglas production function to land and water resources, forming a neoclassical
growth model in which the factors of production are capital inputs, labor, and water and
land resources, and their elasticity can be derived separately. Some Chinese scholars have
pointed out that because of the limited resources, the consumption of resources in the
previous stage must lead to the investment of economic growth in the next stage. This
phenomenon is known as the “Growth tail effect” [38]. Social and economic development
cannot be separated from water and land resources. If the growth rate of water and land
resources is lower than the growth rate of the labor force, then the per capita ownership of
water and land resources will decrease, thus, reducing the growth rate of per capita output,
that is to say, creating growth drag and restricting economic development [44—46].

The population is one of the key factors that determine economic development. With
the development of society and the increase in population, the demand for resources
increases, and resources become more and more scarce. When some scholars study the
dynamic relationship between economy and construction land, they often consider the
change of population. Population change and economic growth are the main drivers
of construction land expansion [47-49]. The contribution of the population to economic
development is mainly reflected in the labor force. With the acceleration of urbanization,
the opportunity cost of farming for farmers has gradually increased, which has accelerated
the transfer of agricultural labor to non-agricultural industries, and further triggered the
transformation of farmers’ livelihoods and land-use patterns [50-52]. On the one hand,
the transfer of agricultural labor to cities is conducive to promoting the transformation of
land-use patterns, realizing the large-scale and intensive use of land in advantageous areas,
and improving the economic benefits of agricultural production [53,54]. On the other hand,



Land 2021, 10, 812

50f21

because farmers’ production activities are profit-oriented, high-intensity land use may
have a negative impact on the ecological environment, leading to a series of problems such
as a reduction in biodiversity, soil pollution, and the deterioration of water quality [55-57].
Therefore, the impact of demographic changes on the economic development has two sides
and is affected by multiple complex factors.

Growth drag

Advances in
technology

Optimize configuration
and utilization

The Gini coeffient

Water and land
resources

The capital stock

The economic
development

Quality of workers

Figure 1. Analysis framework of economic development driving factors.

Red lines, such as land and environment, as well as the constraints of water and
land resources on the economic development, have promoted technological innovation.
Technological progress can optimize the use of existing water and land resources, and can
develop more undeveloped water and land resources, such as the rational allocation of
water resources, land development, rehabilitation, and intensive use of land [27,58-60].
Capital, labor force and water and land resources have substitutability in the production
function. Through technological progress, effective labor and capital elements can replace
the role of water and land resources to reduce absolute usage [61,62]. The government
can change the extensive economic growth model, adjust the industrial structure, develop
capital or technology-intensive industries in a targeted manner, and explore the potential
for structural water-saving effects to relatively transfer and reduce the use of land and
water resources [63—-65]. An effective land resource protection policy, combined with the
substitution effect of technological progress and other factors on land resources, is the key
to maintaining a steady economic growth [66,67].

4. Study Site and Methodology
4.1. Study Site and Data Sources

The Chengdu—Chongqing Economic Circle is located in the hinterland of southwest
China, including Chengdu, Zigong, Luzhou, Deyang, Mianyang (except Beichuan County
and Pingwu County), Suining, Neijiang, Leshan, Nanchong, Meishan, Yibin, Guang’an,
and Dazhou (except Wanyuan City), Ya’an (except Tianquan County and Baoxing County),
Ziyang and another 15 cities, as well as Chongqing City (Figure 2). The topography is
relatively complex, with four types of landforms, plateaus, mountains, hills and plains. It
has prominent location advantages and an important strategic position, which is located at
the junction of the “Belt and Road” and the Yangtze River Economic Belt. Aiming at the
Cobb-Douglas production function, this study takes labor, capital, water resources, and
land resources as basic input indicators, and economic output value as output indicators.
Economic growth uses gross domestic product (GDP) to measure; labor (L) uses social
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employment data; capital (K) uses the perpetual inventory method to estimate. In order to
eliminate the impact of inflation and maintain data consistency, the GDP and capital data
are based on the national deflator, and comparable price adjustments were determined.
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Figure 2. The location of study area. (A) depicts the location of Sichuan and Chongqing Provinces, and (B) presents the

elevation information, which indicates that nearly half of the Sichuan Province is occupied by plain areas and the Chongging

is a typical hilly and mountainous region).

Based on the principles of science, reliability, and data availability, this study selects
the sum of industrial water, agricultural water, and domestic water to measure the input
of water resources. Water resources data (2011-2018) were obtained the Chongqing and
Sichuan Water Resources Bulletins. Scholars differ greatly in the choice of land resource
indicators. Some scholars use the sum of the three types of land areas, namely, the area
of arable land, the area of forestry land, and the area of usable grassland as the land
resource input. Considering the contribution of land resources to the output growth of the
industrial sector, this study combined the characteristics of the land use structure in the
Chengdu-Chongging region and expressed the total amount of land sources by the sum of
the construction land and the arable land area. The land data are from the survey data of
land use changes in the relevant cities and prefectures over the years. Economic and other
data (2011-2018) were obtained from China City Statistical Yearbook, Sichuan Provincial
Statistical Yearbook, Chongqging Municipal Statistical Yearbook and other data.

4.2. Methods
4.2.1. Estimation of Capital Stock

This study used the perpetual inventory method to estimate the fixed capital stock
K [68]. The basic formula is:

Ki=K;_1(1=6)+ 1 @

Among them, K; is the stock of fixed capital in period ¢; K;.1 is the stock of fixed capital
in period t — 1; 4 is the discount rate; I; is the new fixed asset investment in period ¢.

Since no data on newly added fixed assets have been published in each city, Wang and
Fan multiply the fixed asset investment in the whole society by the fixed asset investment
delivery rate to calculate the newly added fixed assets before 1980 [69]. However, the length
of the construction period of fixed asset investment projects is different, which makes the
delivery and utilization rate of fixed asset investment vary. Therefore, when estimating new
fixed assets, it was necessary to determine the period of urban investment and construction
in China. Based on the actual situation in China, Ke and Xiang calculated that the weighted
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average construction period of fixed asset investment in the whole society is 3 years [70].
Additionally, then obtained:

I+ 11+ 1
K= Kig(1-6) + === @)

I;_1 is the newly added fixed capital investment during t — 1; I;_5 is the newly added
fixed capital investment during ¢t — 2. Assuming the fixed capital depreciation rate is 0.05,
the initial capital stock is estimated [71]:

1+g
Ko = Ih(—= 3
o= Io( o 5) ®)
Among them, Ij is the initial annual fixed capital investment; g is the average growth
rate of constant-price investment Ij.

4.2.2. Calculation of Matching Coefficient of Water and Land Resources

The water-land matching coefficient refers to the average amount of water resources
per hectare of arable land in the region, which reflects the combination of water resources
and arable land resources and the degree of water satisfaction to arable land. The greater
the water—land matching coefficient, the richer the agricultural water resources that can be
used in the region, the higher the satisfaction degree of the arable land in the region, and
the more favorable the grain production of the arable land; on the contrary, the smaller the
coefficient, the less water is available for agriculture. As the basic supporting condition
of agricultural production, water resources are less matched in the region, which often
becomes a restrictive condition for the healthy development of agriculture.

The calculation formula of water-land matching coefficient is:

Ri=—(=1,2--n) 4)

In the formula: R; is the water-land matching coefficient of the i-th prefecture and
city; W; is the agricultural water use of the i-th prefecture and city, L; is the arable land area
of the i-th prefecture and city; n is the number of prefectures and cities.

The calculation formula of the regional scale water-land matching coefficient is:

=
I
oo
=

©)

=

I 1=
—_

p

In the formula: R is the water-land matching coefficient of the Chengdu-Chongqing
Economic Circle.

4.2.3. Calculation of Gini Coefficient of Water and Land Resources

In economics, the Gini coefficient can reflect the overall unfairness, and can decompose
the total difference into the difference of different factors, so as to analyze the influence
of different factors on the total difference. To this end, this study attempted to introduce
the Gini coefficient as an indicator to assess the matching status between water and land
resources and economic development, and to characterize the degree of inequality between
the economy and water and land resources. Through the Gini coefficient, it was possible to
explore whether the distribution of water and land resources in the region was compatible
with the local economic growth, and whether the distribution was uneven in time and space.

The water-land Gini coefficient takes land resources as the basic matching object and
water resources as the matching grading object. By calculating the water-land matching
coefficient, the regions are sorted from low to high. In addition, the cumulative percent-
age of water and land resources in each region is calculated. The horizontal axis is the
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cumulative proportion of water resources, the vertical axis is the cumulative proportion of
land resources, and the Lorentz curve is fitted. Water and land resources-economic Gini
coefficient selects the total amount of water and land resources as the basic matching object,
and uses GDP as the matching grading object to draw the Lorentz curve. Then, use definite
integral to obtain the area A of the Figure sandwiched by the 0-1 Gini curve and the 45°
line, and the area B of the Figure sandwiched by the 0-1 x-axis and the 45° line, the Gini

coefficient can be obtained: A
“=a+s ©
In the formula: G is the Gini coefficient, A is the area of the graph between the 0-1 Gini
curve and the 45° line, and B is the area of the graph between the x-axis and the 45° line.
Concerning related research results, this paper divided the matching degree of water
and land resources in the Chengdu—Chongqing Economic Circle into 5 levels [72], as shown

in Table 1.

Table 1. Classification of the matching degree between land and water resources and GDP.

Gini Coefficient Interval

0,0.2) 0.2,0.3) (0.3,0.4) (0.4, 0.5) 0.5,1)

The matching degree

Highly matching Relative matching General matching Less matching Extremely mismatching

4.2.4. Growth Drag Model of Water and Land Resources

The “growth drag” model reflects the degree of restriction on economic development
when a certain element is restricted. Romer incorporated natural resources based on
the Solow model, and established a neoclassical growth model with and without asset
constraints. The difference between the steady-state per capita output growth rate obtained
by the two models was defined as the growth damping of natural resources, its expression
is as follows:

Y() = KO W(HPS(#) A L) P )

Among them, Y(t) represents the value of economic output; K(t) represents the capital
stock; W(t) represents the amount of water resources; S(t) represents the amount of land
resources; A(f) represents the rate of technological progress; L(t) represents the number of
labors. t represents time; &, 8, and 7y represent the elasticity of capital production, water
resource production, and land resource production, respectively.

Based on the Solow model:

K(t) = sY(t) — 6K(¢)
L(t) = nL(t) ®)
A(t) = gA(t)

Among them, s represents the savings rate, J represents the capital depreciation rate,
n represents the labor force growth rate, and g represents the technological progress rate.
Take the logarithm of (7) to obtain:

InY(t) = alnK(t) + BInW(t) +yInS(t) + (1 —a — B —7)[In A(t) +InL(£)]  (9)

Take the derivative of time on both sides of Formula (9). Since the derivative of the
logarithm of a variable with respect to time is its growth rate, the growth rate function
can be obtained, expressed by gy(t), gx(t), gw(t), gs(t), ga(t) and g (t), respectively, and the
economic growth rate can be obtained:

gy(t) = agr(t) + Bgw(t) +vgs(t) + (1 —a — B —7)[ga(t) +gr(t)] (10)
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When the economy is on the path of balanced growth, to ensure that the growth rate
remains unchanged, AKy/k;—1 = Y;_1/K;_1 and the growth rates of Y(f) and K(t) should be
consistent. Simplify (10) to:

_ Begw(t) +98s(t) + (L —a—p—7)(g+n) 1)

gy(t) 1-=

Assuming that there are no natural resource constraints, the growth rates of water
resources and land resources are both n. Therefore, the economic growth rate is:

gy(t) =

In the presence of natural resource constraints, assuming that the growth rate of water
and land resources is 0, then:

g(n = L= P= g+ (13)

The growth drag of water and land resources growth can be obtained by subtracting
the two formulas:

dragw = 1'8_”“ (14)

n
drags = 17_ o (15)

For the calculation of labor force growth rate, this study uses the comprehensive
method to calculate [73], namely:

X1-X2...X
rate — 1+2+.+n Lﬂn -1 (16)
*0

In the formula: rate is the labor force growth rate, xg is the base period, and x; is the
reporting period.

4.2.5. Panel Model Regression Test

This study selected the balanced short panel data of the Chengdu-Chongging region
from 2011 to 2018, and used the expanded Cobb-Douglas production function to establish
a model and perform regression. First, the individual effect needed to be tested. Since there
are generally autocorrelation disturbance items between the data of the same city (district)
in different years, and the ordinary standard error is about half of the robust standard
error of the cluster, the “least squares dummy variable model (LSDV)” was selected for the
identification. At the same time, the mixed regression was tested, and the result was that
the model had individual effects, and mixed regression should not be used. Furthermore,
the joint significance test of individual effects and random effects was carried out. Since
there was no strong theoretical reason to support which type of model was more suitable
for estimation, this study selected the fixed effects model based on the results of Hausman'’s
test. In consideration of the uncertainty brought by time to variables, a two-way fixed
effect model was adopted for both fixed time and individuals.

5. Results
5.1. Analysis of Matching Degree of Water and Land Resources

From 2011 to 2018, the average water-land matching coefficient of the cities in the
Chengdu-Chongging Economic Circle was 2256.78 m3/hm?. From Table 2, the water-land
matching coefficients of the six cities in Chengdu, Deyang, Mianyang, Leshan, Ya’an, and
Meishan were all greater than the average of the Chengdu-Chongqing Economic Circle, the
water—land matching coefficients of the remaining 10 cities were less than the average value.
Compared with the amount of agricultural water resources, the spatial distribution of the
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water-land matching coefficients in various cities had obvious spatial differences (Figure 3).
Chonggqing, Dazhou, Yibin, Zigong, and Luzhou had the worst matching degree of water
resources with arable land resources. This is due to the relative shortage of water resources
and the relative abundance of arable land resources. From 2011 to 2018, Chengdu had the
largest multi-year average water—land matching coefficient in the Chengdu-Chonggqing
Economic Circle (7625.93 m3/hm?), and Chongging had the smallest (1053.35 m®/hm?),
which showed a spatial difference compared with the provincial scale water and land
matching coefficient of 2256.78 m3/hm?2.

Table 2. The matching coefficient of water and land resources in Chengdu-Chongqing region.

City 2011 2015 2018 Average
Chengdu 7526.19 7712.14 5982.96 7625.93
Zigong 1407.41 1731.83 2043.39 1830.86
Luzhou 1516.74 1500.37 1589.72 1712.06
Deyang 8039.77 5143.17 5098.10 6136.44
Mianyang 3591.47 2841.30 2870.97 3457.47
Suining 1772.84 1934.89 2298.45 2168.10
Neijiang 1727.28 1700.93 1789.72 2191.84
Leshan 6111.82 2638.41 2463.10 4164.31
Yibin 1451.84 1560.41 1203.83 1769.47
Nanchong 2081.74 1579.75 1460.26 1960.55
Dazhou 1228.23 892.63 1364.74 1272.82
Ya’an 7470.44 4303.06 3239.12 6020.50
Guang’an 1969.50 2018.15 1176.55 2238.07
Meishan 6525.05 1334.70 3439.19 3143.44
Ziyang 2010.42 1707.24 1711.77 1906.99
Chongging 1138.37 1064.41 1086.16 1053.35

Since the decline in 2014, the average water-land matching coefficient of the Chengdu-
Chongqing Economic Circle has been maintained at 2000-2100, indicating that the matching
degree of water and land resources has declined in recent years and the distribution of
water and land is uneven (Figure 4).

5.2. Analysis of Water and Land Resources—Economic Matching Degree

This study sorts out and processes the data of water usage, land resource usage, GDP
and other data in each region of the Chengdu—Chonggqing Economic Circle from 2011 to
2018, and calculates the GDP corresponding to unit water resources and land resources in
each region. The Lorentz curve is drawn according to the construction method of the Gini
coefficient, and the current situation of matching between water and land resources and
GDP was obtained.

From the Lorentz curve in Figure 5, it can be calculated that the average Gini coefficient
of water and land resources in the Chengdu—Chongqing Economic Circle from 2011 to 2018
was 0.32, which is within a reasonable range, indicating that the overall spatial distribution
of water and land resources is relatively balanced, but there is a big gap from the degree of
high matching.

In Figure 6, the area formed by the water resources-GDP Lorentz curve and the 45°
line in 2018 was 0.0944. According to the meaning of the Gini coefficient, the regional Gini
coefficient of water resources and GDP in the Chengdu—Chongging Economic Circle in
2018 was 0.1888. This value indicates that the utilization of water resources in the national
economy of the region was highly matched. Similarly, the regional Gini coefficient of
land resources and GDP was 0.3231, which indicates that the land resource utilization in
the national economy of the region was relatively matched and even. In the two Lorentz
curves, the land resources—-GDP Lorentz curve is farther away from the absolute average
line, which means that the balance of water resources was better than that of land resources,
and the degree of matching of land resources to economic growth was lower.
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Figure 3. The spatio-temporal distribution characteristics of the matching coefficient of water and land resources in the
Chengdu-Chongging region from 2011 to 2018.
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Figure 4. Change trend of water and land resources matching coefficient from 2011 to 2018.
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Circle in 2018.
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Figure 6. Water resources, land resources and GDP Lorenz curve in the Chengdu-Chongqing

Economic Circle in 2018.

Further analysis of the Gini coefficient of water and land resources and the economic
development from 2011 to 2018 (Figure 7) found that the Gini coefficient of water resources
was relatively stable, rising slightly in 8 years and fluctuating between 0.1491 and 0.1888.
It can be seen that water resources were highly matched with GDP in recent years, well
adapted to the needs of the industrial development, and the distribution was relatively
reasonable and even. The Gini coefficient of land resources was at a relatively high level
and fluctuated greatly. In 2011-2014, land resources and GDP were in a relative matching



Land 2021, 10, 812

13 of 21

Gini Index

0.35

0.3

0.25

0.2

0.15

0.1

0.05

degree, and the matching degree showed a downward trend after 2014. Its matching degree
was lower than that of water resources, which may be because the complex and diverse
terrain environment of the Chengdu-Chonggqing Economic Circle had a restrictive effect
on the degree of regional land resource utilization.
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Figure 7. Gini Index of water resources, land resources and GDP in Chengdu-Chongqing Economic Circle from 2011

to 2018.

5.3. Analysis of the Growth Drag of Water and Land Resources
5.3.1. Panel Model Regression Results

According to Equations (7)-(9): according to the expanded Cobb-Douglas production
function, the logarithm of GDP, labor force, capital, water resources and land resources of
each city in Chengdu-Chongqing Economic Circle from 2011 to 2018 were taken to carry
out a panel regression analysis.

The function fitting effect was better, labor and capital were significant at 1%, and
water and land resources were significant at 5% (Table 3). It can be seen from Table 2 that
the function fitting effect was better, labor and capital were significant at 1%, and water
and land resources were significant at 5%. The results show that the four variables were
closely related to output, and water and land resources can explain changes in GDP to a
certain extent. Among them, the coefficients of labor and capital were relatively large, 0.891
and 0.307, respectively. It can be seen that the GDP was more sensitive in terms of capital
stock and labor, which means that the development of the region still relies more on capital
and labor input. In particular, the increase in labor was of great importance to economic
development, which reflects that its economic development stage was still relatively low.

The biggest reason for labor flexibility was that most of the Chengdu-Chongging
Economic Circle was still dominated by labor-intensive industries, and there was a large
demand for labor. Second, due to the continuous expansion of the industrial scale in the
Chengdu-Chonggqing region, the demand for labor continues to increase. Due to its high
demand for labor, there has been an obvious phenomenon of population return in recent
years. From 2012 to 2018, the permanent population of Sichuan Province increased by
2.99 million, returning to the level of 2000, and the population showed a trend of first
decreasing and then increasing.

The elastic coefficients of water resources and land resources are relatively small,
with 0.136 and 0.0894, respectively. It can be seen that the development and utilization of
water resources contribute more to the economic development of the Chengdu-Chongqing
Economic Circle. The Sichuan—Chongging region relies on the Yangtze and Jialing Rivers,
and water resources play an important role in the development of their industries. Areas
with a relatively advanced level of economic development, such as the plains of Western
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Sichuan, the hills of Central Sichuan, and Southern Sichuan, are relatively scarce of water
resources and still have great potential. However, as far as land resources are concerned,
due to the natural geographic characteristics of plain areas, developable land resources
have been converted into current construction land earlier, and the land potential is not
much reserved. Therefore, the further development and utilization of water resources has
a more significant effect on the economic development, while the impact of land resources

is relatively weak.

Table 3. Results of the extended Cobb-Douglas production function model.

fe re
Inw 0.136* 0.125*
(0.0577) (0.0566)
Ins 0.0894 * 0.115*
(0.0382) (0.0364)
In/ 0.891 *** 0.730 ***
(0.157) (0.0782)
Ink 0.307 *** 0.286 ***
(0.0217) (0.0210)
cons —3.565 *** —2.670 ***
(0.958) (0.509)
N 128 128

Standard errors in parentheses. * p < 0.05, ** p < 0.01, ** p < 0.001.

5.3.2. Water and Land Resource Damping Coefficient

The rate of change of water and land resources was calculated by the comprehensive
method, and combined with the panel regression results, the growth drag of water and
land resources was measured, and the two drags were added to obtain the total damping

of the area. The result is shown in Figure 8.
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Figure 8. Water and land resources growth drag of cities in Chengdu-Chongqing Economic Circle.
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In general, the damping coefficients of water and land resources in all regions of
the Chengdu—Chonggqing Economic Circle were relatively low, all below 0.7%. The first
reason is that the elasticity of the capital output was relatively small. At present, the
Chengdu-Chongqing Economic Circle has fewer capital-intensive industries, with labor-
intensive industries dominating. Secondly, due to the generally low growth rate of labor, the
Economic Circle is still in the early stage of development, and the industrial development
is still immature. Most areas are mountainous and hilly, so the ability to attract labor is
limited. In addition, the low elasticity of water and land resources is also the reason for low
damping. At present, the development of various regions is relatively weakly dependent
on natural resources, and the impact of land and water resources on the economy is
relatively small. In contrast, the damping of water resources is greater than that of land
resources. It can be seen that water resources are still an important factor restricting
economic development.

There are large regional differences in various cities. From Figure 8, the damping of
water and land resources in Leshan, Meishan and Zigong areas were all negative values.
This means that the incremental supply of urban land was not only unable to promote
urban economic growth, but was also being suppressed. The reason was that the labor force
growth rate in these regions was negative, that is, the net population outflow. Therefore,
even if the growth rate of natural resources was zero, it would not hinder economic
growth. The main reasons for the outflow of the population in these areas are their small
initial scale of economy and population, a low administrative level and urbanization level,
and poor development foundation. The pains of industrial transformation have led to a
weakening of the ability to absorb the local labor force, shrinking the original large-scale
labor-intensive low-end industry jobs, especially in the third-tier construction of industrial
cities represented by Leshan City, which will inevitably lead to population loss. The
mountainous terrain conditions of Leshan lead to the frequent occurrence of geological
disasters, and the shortage of water and land resources in Zigong has also led to the outflow
of labor.

The labor transfer and relatively slow capital inflow have caused the marginal return
of urban land development and utilization to be lower than its marginal cost, making the
utilization and development of urban land have an “abnormal” negative effect on urban
economic growth. The results show that the resources in these areas are in a surplus stage,
and the outflow of population leads to a waste of resources.

Except for the above three regions, the damping coefficients of water and land re-
sources in the other regions were all positive, indicating that natural resources restrict
economic development to a certain extent. Among them, Nanchong, Chengdu and Ya’an
had the largest total damping capacity. The reason is that the labor force growth rate in
these areas is relatively high. Nanchong and Chengdu are rich in water and land resources,
which have better development conditions and a greater ability to attract a population.
Moreover, Nanchong and Chengdu have a relatively mature industrial development, a high
degree of urbanization, and more labor inflows. The main reasons for the rapid growth
of the labor force in Ya’an are: On the one hand, its population base and labor force are
small. In the early stage of economic development, its output mainly relied on agriculture,
and most of it was mountainous and hilly, leading to economic backwardness. Based on a
low level, a smaller population increase can bring about a larger growth rate. On the other
hand, in recent years, the government has actively promoted poverty alleviation policies
and industrial reforms in Ya’an, so the population has grown to a certain extent.

6. Discussion and Conclusions
6.1. Discussion and Limitation

What factors can reduce the constraints of land and water resources on economic
growth, and what can we do to reduce growth drag?

Growth drag is directly proportional to the elastic coefficients of water and land
resources, that is, reducing the elastic coefficient can reduce the “tail effect” of economic
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growth. Its economic significance is to reduce the role of land in the economy. This
also provides another explanation for economic growth that does not rely excessively on
resources, but technological progress. A similar explanation can be made for the elasticity
coefficient of the capital. As the elasticity coefficient of the capital decreases, so does the
growth drag. Therefore, economic growth cannot rely on the increase in capital stock,
and technological progress is the key. It is necessary to transfer economic growth to
technological progress. Damping is directly proportional to the labor force growth rate.
The smaller the labor growth rate, the slower the rate of reduction in per capita natural
resources, the smaller the growth rate of the per capita average output on the path of
balanced growth, and the smaller the resistance of natural resources to economic growth.
The population continues to rise steadily. On the one hand, it provides a wealth of labor
for economic growth; on the other hand, economic growth will absorb labor, and the
labor force growth rate will increase accordingly. If you want to reduce the increase in the
damping effect caused by the increase in the number of employees, you must maintain a
moderate population size, while improving the quality of the population and increasing
effective labor [74].

There is no doubt that we should pay attention to the restrictions and constraints
of water and land resources on economic development, but we should not exaggerate
the growth drag of water and land resources. It can be seen that the development of
the Chengdu—Chonggqing Economic Circle is not greatly constrained by water and land
resources. The overall water and land resources are relatively matched with the economy,
and there are large internal differences. Romer, when analyzing the complexity of resources
and economic growth, believed that the share of land is the product of the real rental price
of land and the land-output ratio [36]. Although the real rental price rarely decreases, the
land-GDP ratio has been steadily declining; therefore, the share of land has also fallen,
and the actual situation in China is also the same. Similarly, the share of water resources is
also declining, and the decline in the share of land and water means a decline in “growth
drag”. The Chinese scholar Lu also determined a similar judgment [75]. He pointed out
that the role of natural resources in China’s economic growth is declining. The fact that the
share of water and land resources has declined also means that the substitution elasticity
between water and land resource inputs and other inputs is greater than 1. Therefore, the
economy has shifted to those production methods that relatively seldom use water and
land resources, so as to deal with the increasing scarcity of water and land resources.

From a short-term perspective, technological progress can give full play to the role of
factor substitution and alleviate resource constraints; however, in the long run, resource
constraints can be finally solved only when factor substitution and industrial structure ad-
justment work together to promote the development of non-resource-based industries [76].
Although it was concluded from the above analysis that factor substitution can alleviate
resource constraints in the short term, land and water resources, as a basic input factor,
are difficult to be effectively replaced by factors such as capital and labor when the devel-
opment level of China’s primary and secondary industries and the level of urbanization
are relatively low. At the same time, due to the strict assumptions on the elasticity of
factor substitution, it is difficult to meet the actual situation, so the substitution relationship
between factors needs to be further explored and studied.

In addition, there are still some shortcomings in the study: (1) The regulation mecha-
nism of water and land resources needs to be further deepened. The water consumption
and land resource requirements of different industries vary greatly, and the industrial
structure is more affected by the local resource endowments, so it is not possible to improve
the utilization efficiency of water and land resources by completely changing the industrial
structure. (2) Due to the availability of data and the choice of indicators, the analysis in
this study failed to fully consider resource constraints, and only the area of arable land
resources and construction land was considered in the land resources.
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6.2. Conclusions and Implications
6.2.1. Conclusions

Based on the theory of economic growth, this study combined the panel regression test
method with the Gini coefficient method, and used the panel fixed effect model to build the
“growth drag” model of water and land resources in the Chengdu-Chongqing Economic
Circle. The damping effect of water and land resources on the economic growth and the
matching degree of water and land resources and the economy in the Chengdu-Chongging
Economic Circle were studied in depth. The following conclusions were drawn:

Water and land resources have a certain restraining effect on economic development,
and their matching degree with economic development is relatively low. The restraining
effect is often realized through the high contribution of capital in the industry, the high
growth of the population and the dependence of the economy on water and land resources.
The greater the dependence on capital stock, the faster the growth rate of the labor force,
the more the industry depends on water and land resources, and the greater the growth
damping of water and land resources. The growth damping of the Chengdu—-Chongging
Economic Circle is relatively small. The damping of water resources is greater than the
damping of land resources, and the matching degree between water resources and land
resources, water and land resources and economic development is relatively high.

There are large differences within the region. The damping of water and land resources
in the southwestern part of the Chengdu-Chongging Economic Circle is negative in Leshan,
Meishan, and Zigong, while the damping in Chengdu and Nanchong in the west is
relatively large. The water and land resources in Chengdu—Chongqing Economic Circle
are relatively rich, but for resource-scarce regions, the mechanism and approach of how
to use a market mechanism to utilize internal and external resources, especially foreign
resources, to alleviate resource constraint still need to be studied.

6.2.2. Policy Implications

The Chengdu—Chongqing Economic Circle is a central city cluster in Southwest China.
It plays an important role in the country’s strategy of improving regional cooperation
mechanisms and creating coordinated development. The matching and balance of water
resources and land resources is one of the key factors for achieving sustainable economic
growth. Based on the above research, this study proposes the following policy measures
to promote the optimal allocation of land and water resources, economic growth, and the
sustainable use of resources.

From the perspective of water and land resources, expanding the total amount of
water and land resources and increasing supply should be taken to solve the problem of
the damping effect of water and land resources from the source, to realize sustainable
economic development. Governments should increase investment in the construction of
water conservancy facilities in the precipitation-rich areas of the Chengdu—-Chonggqing
Economic Circle to store more water resources. For land resources, governments should
scientifically carry out land development and consolidation, optimize the structure of land
use, and take the road of intensification. Strengthening land consolidation and reclamation,
prioritizing plans and arrangements for land that can be used after transformation, and
effectively using plain land resources should also be taken. The proportion of unused land
in Sichuan Province is relatively large. As the pressure on land resources becomes greater,
corresponding measures must be taken for unused land or land that does not produce
economic benefits to make it effective.

Change the way of resource utilization and give full play to the role of technology
in economic growth. Due to the limitation of natural supply resources, as the popula-
tion continues to grow and the scale of cities continues to expand, resources will still be
an important factor restricting economic growth. At the same time, the dependence on
economic growth must be transferred to technological progress to give full play to the miti-
gation effect of technological progress on resource constraints and to reduce the economy’s
dependence on resources. The government should increase investment in technology
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development, such as researching and developing water-saving varieties and adjusting
the industrial structure, to play the role of factor substitution and improve the efficiency
of factor allocation. The government can also set up incentive funds to encourage water
conservation and the protection of water resources.

In terms of labor-related policies, it is necessary to rely on the resource advantages of
universities to accelerate the optimization of the employment structure, and reduce the
damping effect by promoting the rational and orderly transfer of the employed population
from the primary industry to the secondary and tertiary industries. For areas with different
damping, different policies can be adopted. The negative damping region: The damping
values of water and land resources in Leshan, Meishan and Zigong are all negative. This
shows that the resources in these areas are surplus, and the outflow of the population has
led to the waste of resources. Therefore, for these regions, the introduction of talents and
labor is the key to promoting economic development. Natural resources should be used
to develop advantageous industries, and with the development of industries, talents will
be attracted to further promote economic development and form a virtuous circle. The
positive damping region: It reflects that natural resources restrict economic development
to a certain extent. For areas such as Nanchong and Chengdu with higher damping and
higher levels of economic development, an appropriate scale of labor should be maintained,
while the quality of the population and effective labor should be improved. In addition,
the distribution of labor should be consistent with the distribution of industries to further
promote economic growth.
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