
Introduction

The compression of rural space is increasingly 
worsening with the rapid development of urbanisation 
and industrialisation worldwide [1-4]. China is 
currently at a stage of accelerated urbanisation and 
industrialisation when the contradiction between 
construction land expansion and rural production space 
compression is particularly prominent [5]. According to 

the World Bank Data, urbanisation rate rose rapidly from 
17.9% in 1978 to 60.308% in 2019, whilst the proportion 
of China’s rural population to total population decreased 
from 82.1% to 39.692% [6, 7]. Since the 21st century, 
China’s farmland has rapidly turned to construction 
land, of which 84% of the lost farmland turned to 
construction land from 2010 to 2015 [8, 9]. Conversely, 
rural residential area increased by an average of 0.1% 
annually from 2000 to 2007 [10]. The loss of rural 
population and farmland as well as the increase of rural 
residential land has combined to cause rural production 
space compression [11]. In addition, the production 
mode and management practices in rural China  
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are undergoing profound changes, such as traditional 
field crops to cash crops and single agricultural crops to 
the development of high-value-added industries. From 
2000 to 2018, the proportion of traditional crop planting 
area to the total planting area of crops increased by 
1.66%, whereas that of cash crops increased by 6.7%, 
which is about four times that of traditional crops 
[12]. Thus, accelerated urbanisation and subsequent 
increase of human activities are triggering tremendous 
land use transitions in China and bringing about direct 
socio-economic and environmental effects on rural 
sustainability, thus resulting in farmland loss and land 
degradation, affecting the ability of ecosystems to 
serve human needs, influencing agricultural production 
and causing socio-economic and spatial restructuring 
of rural area [13-18]. Therefore, the sustainable 
development of rural areas is facing great challenges 
in China. A series of polices on rural development has 
been issued by the Chinese government to overcome 
these challenges [19]. Examples include proposing the 
policy of building a new countryside in 2005; drawing 
a 120 million hectare farmland-red-line and practicing 
the strictest farmland protection in 2006; focusing on 
the issues of agriculture, rural areas and farmers in the 
annual Central Document No. 1 since 2004; proposing 
the Rural Revitalisation Strategy in 2017 and issuing the 
Strategic Plan for Rural Revitalisation (2018-2022) in 
2018. The essence of all these policies is to ensure the 
sustainability of rural development. Moreover, industry 
can enhance the internal strength of a rural area, which 
is the basis of sustainable rural development [20]. 
Industrial revitalisation is the important foundation 
of Rural Revitalisation and the premise of solving all 
rural problems. Therefore, the State Council issued 
the Guiding Opinions on Promoting the Revitalisation 
of Rural Industries in 2019, and the National Rural 
Industry Development Plan (2020-2025) was issued in 
the next year. China has attached great importance to 
the revitalisation of rural industries to a new height. 
Rural production space system (RPSS) is the spatial 
carrier of the rural industry [21]. Thus, promoting the 
sustainable development of RPSS would be the key to 
revitalising rural industries and rural areas.

RPSS was proposed by Chinese scholar Professor 
Wang in 2017 and is an open system with typical 
characteristics of dissipative structure. As an important 
part of the territory system of human-land relationship, 
RPSS can fully reflect the process of the multiple 
rural subjects acting on the land. At present, the 
connotation, elements, structure, function, operation 
mechanism and evolution mechanism of RPSS have 
been deconstructed to some extent [21-28], and the 
following core views have been obtained: (1) RPSS 
is a complex socio-economic relationship formed by 
multiple rural subjects carrying out various social 
production activities in the rural production space. 
It is a dynamic structure and a spatial aggregate with 
certain structural form and functional combination 
mechanism. (2) RPSS is a typical dissipative structure 

characterised by comprehensiveness and openness, 
nonlinearity and uncertainty, far from equilibrium and 
fluctuation. (3) Elements of RPSS are divided into basic 
elements (resource environment and infrastructure), 
core elements (diversified operation subjects), driving 
elements (information, capital, technology and market) 
and management elements (institutions and policies). 
The various elements are connected, interacted with 
each other and promote the operation of the system 
through support and restraint mechanisms, competition 
and cooperation mechanisms, and regulation and 
feedback mechanisms. (4) The evolution of RPSS is 
the result of the material, energy and information 
exchange within and between RPSS and the external 
system. The advantages and disadvantages of this result 
guarantee the sustainable development of the system. 
The academic circle has a relatively unified theoretical 
cognition of RPSS and its evolution, but there is still 
a lack of relevant empirical research. How to analyse 
the evolution law and sustainable development 
capacity of RPSS, and optimize RPSS have important 
practical value to establish the sustainable endogenous 
mechanism, enhance the internal strength of rural 
development and implement the Rural Revitalisation 
Strategy. It will help China’s rural area to actively 
cope with the challenges of diversification of subjects 
and environmental degradation. At the same time, it 
will also provide some theoretical guidance for the 
national and local governments to formulate policies on 
promoting Rural Revitalisation.

Therefore, this work aims to achieve the following 
goals: (1) prove that the mathematical model of 
information entropy is feasible and effective for 
explaining the evolution mechanism of RPSS, and 
suitable for mining the evolution law of RPSS at the 
national scale; (2) prove the applicability of the index 
system based on the information entropy model in 
evaluating the sustainable development capacity of 
RPSS; (3) analyse the evolution law of RPSS and its 
sustainable development capacity from 2008 to 2017 
and examine the corresponding countermeasures.

Material and Methods

Theoretical Source and Mathematical Model

Flow-Driven Model for the Evolution of RPSS

Stimulated by a series of policies, changes will 
occur in the material, energy and information input into 
RPSS. These changes will affect the interaction mode 
of internal elements such as multiple subjects (people), 
objects (land) and environment. In the interaction (i.e. 
self-organisation), the system absorbs, reorganises and 
renews to form new elements, structures and functions, 
and outputs new materials, energy and information 
through a certain interface. Over time, the interface will 
form a new RPSS. Fig. 1 is the evolution mechanism 
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of RPSS. Interactions between elements within the 
system and those outside the system are maintained 
in the form of ‘flows’ (material, energy, information, 
economic, population and society). Amongst them, the 
interaction within the system is extremely complex, 
whereas the material, energy and information of the 
input and output system can be quantified by indicators. 
This finding is consistent with black box theory. The 
black box method explores the internal structure and 
mechanism of the black box by observing the changing 
relationship between the information input from outside 
and the information output from the black box. It does 
not need to open the system itself to study the internal 
structure and mechanism of the system. Therefore, 
regarding RPSS as a ‘black box’, a flow-driven model 
for the evolution of RPSS is constructed by describing 
the evolution path of the system externally (Fig. 1).

Generally, the evolution of RPSS is supported and 
restricted by specific natural environment and social 
economy, and its process can be divided into three levels. 
Firstly, when the material, energy and information input 
through a certain interface from outside break through 
the threshold, RPSS will be disturbed, restricted and 
hindered. In self-organisation operation, the system 
will change the interaction mode of factors through 
absorption, reorganisation and renewal, and form new 

elements, structures and functions. Secondly, the system 
outputs new material, energy and information through  
a new interface, completing the transition from flow 
space I to II. Thirdly, a new RPSS is gradually formed 
inside the new interface, and the system changes and 
runs in a new direction with a new state, that is, RPSS 
I evolves to II, or even to the higher level of RPSS N. 
The flow-driven mechanism of the evolution of RPSS 
provides a theoretical source for the selection of its 
mathematical model.

Model of Information Entropy of RPSS

Entropy is a concept of thermodynamics and a 
physical quantity that characterises the state of the 
system. In 1948, Shannon proposed information 
entropy theory, providing it a new meaning [29]. As a 
measure of information content, entropy can reflect the 
disorder degree and quantitatively judge the evolution 
direction of the system [30, 31]. The higher the entropy 
is, the more chaotic the operation of the system. Later, 
Belgian chemist and physicist Professor Ilya Prigogine 
established dissipative structure theory in the late 1960s 
[32]. Prigogine pointed out that the non-linear open 
system far from the equilibrium state continuously 
exchanges material, energy and information with  

Fig. 1. Flow-driven model for the evolution of RPSS [28]. (The figure is derived from the research results of our team and has been 
modified).
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the outside world. When the change of a parameter 
within the system reaches a certain threshold, self-
organisation occurs, and a new stable and orderly 
system structure, i.e. dissipative structure is formed. 
An unbalanced system has many changing factors, 
which are interrelated and restricted by one another 
and determine the possible state and evolution direction 
of the system [33]. In addition, Prigogine proposed the 
total entropy change formula (Eq. 1) according to the 
second law of thermodynamics. Total entropy change of 
the system with a dissipative structure is composed of 
entropy production and entropy flux.

 dS = diS + deS                         (1)

...where dS denotes the total entropy change; diS denotes 
the entropy production caused by the irreversible 
process inside the system, and diS ≥ 0; deS denotes the 
entropy flux caused by the exchange of material, energy 
and information between the system and the outside 
world, and its value can be positive, negative or zero.
 – If dS < 0, then |deS| > diS, and the evolution of the 

system is in a rapid growth stage.
 – If dS = 0, then |deS| = diS, and the evolution of the 

system is in a stable stage.
 – If dS > 0, then |deS| < diS, and the evolution of the 

system is in a declining stage.
RPSS has typical dissipative structure features, 

which can be represented by the total entropy change 
formula (Eq. 1). Therefore, information entropy theory 
could reveal evolution law of RPSS. Specifically, 
the interior of RPSS is an irreversible process. 

The deterioration of environment quality and the 
construction of ecological environment in the system 
lead to increased entropy, and entropy production 
occurs. Simultaneously, the material circulation, energy 
flow and information conversion between the system 
and the external environment lead to the exchange of 
entropy, and entropy flux occurs. Under the influence 
of external disturbance and internal fluctuation, total 
entropy change occurs, causing the succession and 
changes of the system. Continuously introducing 
negative entropy flux from the external environment 
to offset the influence of entropy production inside 
the system is the key of the evolution of the system 
towards order or even higher order. This mathematical 
model is an expression of the flow-driven mechanism. 
Entropy flux represents the input–output pattern of the 
system, and entropy production represents the internal 
absorption, reorganisation and renewal of the system 
after it is disturbed, restricted and hindered. This 
process could be characterised by the entropy change 
mode of RPSS (Fig. 2).

The information entropy has been widely used 
in research areas of simulation of soil particle size 
distribution, design of urban water quality monitoring 
network, analysis of urban landscape pattern change, 
quality growth of urban economic system, exploration 
and prediction of spatial-temporal evolution law of land 
use structure, evolution analysis of urban population 
density [34-40]. At present, information entropy has 
been extended to the evaluation of various social, 
economic and ecological systems. Among them, 
the results of research on urban ecosystems, marine 

Fig. 2. Entropy change mode of RPSS [22]. (The figure is derived from the research results of our team and has been modified).
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ecosystems, etc. have shown that information entropy 
can reflect the evolution of the system, and can also 
identify the sustainable development status and health 
level of the system [31, 41]. Thus, this study draws on 
relevant research results of urban ecosystem evolution 
and RPSS evolution [22, 42], and refines information 
entropy of RPSS into the following types of entropy: 
input supportive, output pressure, consumption 
metabolic and regeneration metabolic. The ‘information 
entropy model’ of RPSS (Eq. 2) is constructed, and its 
symbol and formulas are shown in Table 1.

 dS = diS + deS = (ΔiS2 – ΔiS1) + (ΔeS2 – ΔeS1)  (2)

Establishment of an Index System

According to the flow-driven model and the 
information entropy model, and considering the national 
macro scale and following principles of systematisation, 
representativeness and operability, 36 indicators from 
four aspects are selected to establish the index system 
for the evolution and sustainable development capacity 
evaluation of RPSS in China (Table 2).

Table 1. Symbols, formulas and characterisations of entropy flux, entropy production and total entropy change of RPSS.

Items Symbols and formulas Characterisations

Input supportive type of entropy ΔeS1 Disorder degree of RPSS

Output pressure type of entropy ΔeS2 Disorder degree of RPSS

Consumption metabolic type of entropy ΔiS1 Disorder degree of RPSS

Regeneration metabolic type of entropy ΔiS2 Disorder degree of RPSS

Entropy flux ΔeS2 – ΔeS1 Coordination of RPSS

Entropy production ΔiS2 – ΔiS1 Vitality of RPSS

Total entropy change (ΔeS2 – ΔeS1) + (ΔiS2 – ΔiS1) Order and health level of RPSS

Table 2. Index system of RPSS evolution in China.

Indicator types Indicators Units Weights

Input supportive 
type of entropy 

(A)

Gross output of grain (A1) ×104 t 0.026

Gross output of vegetables (A2) ×104 t 0.027

Gross output of fruits (A3) ×104 t 0.021

Gross output of aquatic products (A4) ×104 t 0.021

Gross output of meat (A5) ×104 t 0.017

Gross output value of agriculture, forestry animal husbandry and fishery (A6) ×108 RMB 0.026

Total output value of township enterprises (A7) ×108 RMB 0.025

Comprehensive income of rural tourism (A8) ×108 RMB 0.038

Per capita net income of rural residents (A9) RMB 0.030

Total value of import and export of agricultural products (A10) ×108 USD 0.022

Output pressure 
type of entropy 

(B)

Number of employed persons by rural areas (B1) ×104 person 0.022

Rural tourist number (B2) ×108 person 0.017

Expenditure for agriculture, forest and water conservation (B3) ×108 USD 0.030

Agricultural water consumption (B4) ×108 m3 0.025

Agricultural fertiliser consumption (B5) ×104 t 0.043

Amount of agricultural film use (B6) ×104 t 0.046

Amount of pesticide use (B7) ×104 t 0.048

Power consumption of rural production (B8) ×108 kWh 0.034

Final energy consumption of primary industry (B9) ×104 t of SCE 0.019

Operating expenses of rural households (B10) RMB/person 0.036
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Indicators of input supportive type of entropy  
(A1–A10) mainly reflect the productivity of the natural 
resources and multiple subjects in RPSS, which can 
show the supporting role of RPSS.

Indicators of output pressure type of entropy  
(B1–B10) mainly reflect the ability of multiple rural 
subjects to utilise or release material energy in 
production and operation, which can show the pressures 
undertaken by RPSS.

Indicators of consumption metabolic type of entropy 
(C1–C8) mainly reflect the negative influence on the 
environment caused by waste and pollutants discharged 
in rural production, and can show the entropy increase 
of RPSS.

Indicators of regeneration metabolic type of 
entropy (D1–D8) mainly reflect human’s environmental 
protection and management level of various pollutants 
and wastes, which can show the reductive metabolic 
capacity of RPSS.

Data Acquisition and Handling System

Data Collection

This study takes 2008-2017 as the research period 
and collects relevant data to ensure the availability 
and timeliness of data. The data mainly come from 
authoritative statistics such as China Statistical 
Yearbook (2009-2018), China Rural Statistical Yearbook 
(200-2018), China Agricultural Yearbook (2009-2018), 
China Population and Employment Statistical 
Yearbook (2019), China Energy Statistical Yearbook  
(2009-2018), China Agricultural Products 

Processing Industry Yearbook (2009-2018), China 
Environmental Statistics Yearbook (2009-2018), China 
Tourism Statistics Bulletin (2008-2017), and China 
Environmental Situation Bulletin (2008-2017). In 
addition, part of the data on agricultural pollutant 
emissions is calculation data, and the calculation 
formulas referring to the research of Liang and Qin are 
as follows [43]:
 – Quantity of fertiliser pollution = Quantity of chemical 

fertiliser (purity) × pollution loss coefficient.
 – Quantity of crop straw pollution = Crop yields × 

Crop straw grain ratio × (1 – Straw utilisation ratio) 
× Pollution production coefficient × Pollution loss 
coefficient.

 – Quantity of livestock and poultry breeding pollution 
= Total breeding × Emission coefficient of livestock 
and poultry manure × (1 – Pollutant treatment and 
utilisation rate in feces) × Pollution loss coefficient.

Data Standardisation

Data standardisation of this study includes two 
aspects, namely, evolution analysis and evaluation of 
sustainable development capacity of RPSS.

Evolution analysis does not require distinguishing 
between positive index and negative index, because the 
information entropy model has vectorised indicators. 
Thus, the Z-score standardisation method is adopted 
here to normalise the data according to Eq. (3).

σ
uxZ −=

                              (3)

Table 2. Continued.

Consumption 
metabolic type of 

entropy(C)

Quantity of fertiliser pollution (C1) ×104 t 0.041

Quantity of crop straw pollution (C2) ×104 t 0.028

Quantity of livestock and poultry breeding pollution (C3) ×104 t 0.045

Agricultural source chemical oxygen demand (C4) ×104 t 0.022

Agricultural source amino-nitrogen emission (C5) ×104 t 0.029

Quantity of township enterprise wastewater effluent (C6) ×104 t 0.029

Pollutant quantity in flue gas of township enterprise (C7) ×104 t 0.023

Discharge solid waste pollution of township enterprises (C8) ×104 t 0.024

Regeneration 
metabolic type of 

entropy (D)

Forest coverage rate (D1) % 0.012

Rate of farmland returning to woodland (D2) % 0.039

Areas with flood prevention measures (D3) ×104 hm2 0.039

Rural sanitary latrine penetration (D4) % 0.019

Water-saving irrigated area (D5) ×104 hm2 0.022

Ratio of rural environmental protection investment (D6) % 0.013

Methane production from agricultural waste disposal project (D7) ×104 m3 0.020

Annual output of straw high-quality energy utilisation (D8) t 0.022
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...where z denotes the standard value, x denotes the 
original value, u denotes the average value and σ denotes 
the standard deviation of the indicators.

For the evaluation of sustainable development 
capacity, the model does not vectorise the indicators; 
thus positive and negative indicators need to be 
distinguished. The input supportive type of entropy 
and regeneration metabolic type of entropy are negative 
entropy indicators, and the increase of indicators will 
promote the evolution of RPSS to an orderly, healthy 
direction, which are positive indicators. By contrast, 
the output pressure type of entropy and consumption 
metabolic type of entropy are positive entropy 
indicators, and the increase of indicators will make 
RPSS evolve to disorder and weakness, which are 
negative indicators. Therefore, the range standardisation 
method is adopted here to normalise the data according 
to Eqs. (4) and (5).

When the indicator is positive,

                   (4)

When the indicator is negative,

               (5)

...where Zij denotes the standard value, and Xij denotes 
the original value of the j-th year of the i-th indicator.

Evolution Analysis Model of RPSS

According to information entropy theory, random 
variable (i.e. X) represents its state characteristics for an 
uncertain system. For the random variable, the value of 
x is X = {x1, x2, x3,... xn}(n≥2), the probability (i.e. Pi) for 
each value is P = {p1, p2, p3,... pn}(0≤pi≤1, 2,...,), 

∑
=

=
n

i
iP

1
1 and the information entropy is:

∑
=

−=
n

i
ii ppS

1
)ln(·

                        (6)

...where S denotes the information entropy of the 
uncertain system, and pi denotes the probability of the 
discrete random variable X.

Information entropy (i.e. ΔS) of the system is 
expressed as follows to evaluate n indicators and m 
years of RPSS:

                 (7)

...where ΔS denotes input supportive type of entropy, 
output pressure type of entropy, consumption metabolic 

type of entropy and regeneration metabolic type of 
entropy; qij denotes the standard value; and qj denotes 
the sum of the standard value of the indicators in the j 

year, i.e. .

Evaluation Model of Sustainable Development 
Capacity of RPSS

The entropy weight method is an objective weight 
method, which can overcome the randomness and 
conjecture of the subjective weight method, effectively 
solve the problem of information overlap amongst 
multiple index variables, and deeply reflect the 
utility value of indicators’ information entropy value. 
Therefore, the entropy weight method is adopted to 
calculate index weight according to Eqs. 8 and 9. The 
weights are shown in Table 2 (i.e. Wi).

Firstly, the information entropy is calculated as 
follows:

              (8)

...where Wi denotes the information entropy of the i-th 
indicator, and Zij denotes the standard value. 

Secondly, index weight is calculated as follows:

 (9)

...where Wi denotes the weight of the i-th indicator. 
The larger Ei of an indicator is, the less information 
transferred, i.e. the smaller the Wi of the indicator. 
Conversely, the smaller the Ei of an indicator is, the 
greater the Wi of the indicator.

Combining standard value and weight of indicators, 
the score of sustainable development capacity  
of RPSS in China from 2008 to 2017 is calculated 
using the weighted summation method according to  
Eq. (10):

∑
=

=
n

i
ii XWG

1
·

                     (10)

...where G denotes the score of sustainable 
development capacity, Wi denotes weight of the i-th 
indicator and Xi denotes standard value of the i-th 
indicator. The higher the score is, the better the 
sustainable development capacity. Conversely, the lower 
the score is, the worse the sustainable development 
capacity.
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Results and Discussion

Time Series Analysis of Entropy Change 
in the Evolution of RPSS

Table 3 shows the entropy change results of 
the evolution of RPSS in China from 2008 to 2017 
calculated according to Eq. (7). Generally, total entropy 
change decreases annually, with the range from 0.138 to 
0.006 in 2008-2017 (Table 3), indicating that the system 
evolved in an orderly, healthy direction. The results are 
produced by the interaction of entropy flux and entropy 
production, as shown in Figs 3 and 4.

Analysis of Entropy Flux

Fig. 3 shows that entropy flux presented a fluctuating 
downward trend from 2008 to 2017, including the 
largest entropy flux in 2009 and the continuous decline 
after 2012, indicating that the carrying capacity and 
coordination of RPSS were enhanced. The supporting 
role continued to increase except for 2008-2009. Output 
pressure type of entropy showed a trend of small 
wave-like increase, but it was much smaller than the 
increase of input supportive type of entropy. Entropy 
flux decreased with the interaction of the two types of 
entropy.

In 2009, entropy flux reached the maximum  
(Fig. 3), and the capacity and coordination of RPSS 
were the worst. This finding could be explained by 
the socio-economic background of China’s rural 
production development. China’s agriculture was 
severely challenged by the international financial 
crisis (2008) and natural disasters such as drought 
and flood. The export of agricultural products and the 
grain output declined, causing the total import and 
export of agricultural products a decrease of US $7.17 
billion and the total grain output an increase of only  
5.066 million tons over the previous year. Rural 
tourism was in the early stage of development, and 
the integrated development of primary, secondary 
and tertiary industries in rural areas was slow with 
the relatively low level of industrial development. 

The comprehensive income of rural tourism, the total 
output value of agriculture, forestry, animal husbandry 
and fishery, and the per capita net income of rural 
residents were only 30 billion yuan, 189.05 billion yuan 
and 392.6 yuan higher than that of the previous year, 
respectively. These factors led to the lesser supporting 
role of RPSS. Moreover, the pressure of rural 
production on RPSS remained almost unchanged from 
2008 to 2009. Although rural production still increased 
output by increasing resource consumption and using 
agricultural products, the pressure brought by the 
above behaviours was offset by the continuous decline 
of rural employment population and the decrease of 
rural household operating expenses. The smaller input 
supportive type of entropy and the unreduced output 
pressure type of entropy led to the largest entropy flux 
of RPSS in 2009.

Since 2012, the trend of entropy flux decline has 
been increasing (Fig. 3), and the carrying capacity 
and coordination of RPSS have been increasing 
substantially. In 2012, the Ministry of Agriculture and 
Rural Affairs of the People Republic of China first 
proposed the concept of ‘urban modern agriculture’, 
and the rural tourism industry has been booming. Since 
then, the state has strengthened vocational training 
for township enterprises in the western region, and 
the interregional agricultural products’ processing 
industry of township enterprises has developed towards 
cooperation. Moreover, the establishment of high-
yield grain, oil and sugar and the demonstration of 
standardised large-scale breeding of livestock and 
poultry have achieved remarkable results. Therefore, 
compared with 2012, the annual growth of the 
comprehensive income of rural tourism, total output 
value of township enterprises, and total output of grain, 
vegetables, fruits and meat increased to 100 billion 
yuan, 64.852 billion yuan, 98.762 million tons, 15.1364 
million tons, 6.308 million tons and 1.886 million 
tons, respectively. In 2014, the State Council issued 
‘Opinions on Guiding the Orderly Circulation of Rural 
Land Management Rights to Develop Agricultural 
Moderate Scale Operations’, which further improved 
agricultural production efficiency and farmers’ income, 

Table 3. Entropy change of RPSS in China from 2008 to 2017.

Items
Year

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Support type input entropy 0.417 0.415 0.418 0.424 0.428 0.434 0.438 0.44 0.446 0.454

Output pressure type of entropy 0.426 0.426 0.427 0.432 0.438 0.439 0.437 0.435 0.432 0.428

Consumption metabolic type of entropy 0.465 0.465 0.457 0.448 0.437 0.43 0.427 0.425 0.413 0.397

Regeneration metabolic type of entropy 0.335 0.339 0.343 0.343 0.343 0.343 0.344 0.346 0.353 0.364

Entropy flux 0.009 0.011 0.009 0.008 0.009 0.005 -0.001 -0.006 -0.014 -0.027

Entropy production 0.129 0.126 0.114 0.106 0.093 0.087 0.083 0.079 0.06 0.032

Total entropy change 0.138 0.137 0.123 0.113 0.103 0.092 0.081 0.073 0.046 0.006
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and entropy flux began to be negative. These factors 
greatly enhanced the supporting role of RPSS. In 
2012, the 18th National Congress of the Communist 
Party of China proposed the concept of ‘ecological 
civilisation construction’, and the State Council issued 
the ‘12th Five-Year Plan for Energy Conservation and 
Emission Reduction’. Rural areas across the country 
strictly controlled the use of agricultural fertilisers, 
agricultural films and pesticides, and the resource 
consumption of rural production activities such as 
agricultural water consumption and rural production 
electricity consumption, with their annual growth down 
to 41,200 tons, 29,000 tons, –30,200 tons, –2.72 billion 
cubic meters and 28.39 billion kWh, respectively. This 
development prompted the pressure on RPSS to begin 
to ease. The greatly enhanced input supportive type of 
entropy and reduced output pressure type of entropy 
together contributed to a substantial decline in entropy 
flux from 2012 to 2017.

Analysis of Entropy Production

Entropy production showed a continuous downward 
trend from 2008 to 2017 (Fig. 4), indicating that the 
system’s reduction and regeneration capacity became 
stronger, and its vitality gradually increased.

From 2008 to 2017, consumption metabolic type 
of entropy showed a declining trend (Fig. 4), and 
the negative effect of rural production activities 
on environment was controlled. The Ministry of 
Ecology Environment of the People’s Republic of 
China successively issued the 12th and 13th Five-
Year Plan for Comprehensive Rural Environmental 
Remediation. All regions focused on solving 
outstanding rural environmental problems, including 
agricultural non-point source pollution and township 
enterprise pollution. Governments at all levels actively 
implemented the policy of ‘promoting treatment with 
awards’, and comprehensively carried out special law 
enforcement inspection actions for straw burning. 
Moreover, the environmental effect assessment system 
was strictly implemented in the production of township 
enterprise. Township enterprises with large resource 
consumption and pollution were resolutely restricted 

or even eliminated. Compared with 2008, agriculture 
source chemical oxygen demand emissions, agricultural 
source amino-nitrogen emission, crop straw pollution, 
township enterprise wastewater effluents and township 
enterprise discharge solid waste pollution decreased by 
21.27%, 21.75%, 4.02%, 2.82% and 91.05%, respectively, 
in 2017. Conversely, regeneration metabolic type of 
entropy showed a fluctuation and rise trend (Fig. 4), 
and the efforts of rural environmental pollution control 
were strengthened with remarkable results. From the 
11th to 13th Five-Year Plans, China paid more attention 
to the construction of ecological civilisation. For 
example, natural forest protection project and returning 
farmland to woodland project were accelerated, and 
farmland water conservancy facilities were constructed 
in a more centralized, integrated manner to improve the 
ability of RPSS to resist natural disasters. Moreover, 
the government continuously increased investment in 
rural environmental protection to improve rural human 
settlements, in which the utilisation of agricultural 
waste resources achieved remarkable results. Therefore, 
forest coverage rate, rate of farmland returning to 
woodland, area with flood prevention measures, water 
saving irrigation area, ratio of rural environmental 
protection investment, rural sanitary latrine penetration, 
annual output of straw high-quality energy utilisation, 
and methane production from agricultural waste 
disposal project increased by 18.78%, 17.06%, 11.20%, 
40.44%, 194.04%, 36.85%, 1147.4% and 397.54, 
respectively, from 2008 to 2017. The continuous decline 
of consumption metabolic type of entropy and the small 
increase of regeneration metabolic type of entropy 
resulted in the decrease of entropy production, and 
reductive regeneration capacity and vitality of RPSS 
became stronger.

Analysis of Sustainable Development Capacity 
of RPSS

The sustainable development score of RPSS in 
China showed a trend of decreasing first and then 
rising with 2015 as the turning point, with the score 
increasing by 16.35% from 2008 to 2017 (Fig. 5), and 
the level of sustainable development of the system 

Fig. 3. Entropy flux of RPSS in China from 2008 to 2017. Fig. 4. Entropy production of RPSS in China from 2008 to 2017.
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improved. The decrease of total score in the early stage 
was mainly affected by the decrease of output pressure 
type of entropy index score, whereas the increase in the 
later stage was mainly affected by the increase of input 
supportive type entropy and regeneration metabolic 
type of entropy index score.

Input supportive type of entropy index score showed 
a rising trend (Fig. 5), with an increase of 16.35%, and 
the supporting role of the RPSS increased because the 
integration of rural primary, secondary and tertiary 
industries developed well, and all indicators were on 
the rise. The comprehensive income of rural tourism 
exhibited the most substantial growth, with an increase 
of 722.22%, followed by the per capita net income of 
rural residents and the total output value of township 
enterprises, with increases of 182.16% and 161.44%, 
respectively.

Output pressure type of entropy index score showed 
a downward trend and then an upward trend with 2015 
as the inflection point (Fig. 5), totally down by 60.97%, 
and the pressure on RPSS increased because the rural 
production still needed to consume a large amount of 
material resources and released much energy. Only 
rural employment population and amount of pesticide 
use decreased by 19.06% and 1.02%, respectively, and 
the other indicators showed an upward trend. However, 
China has entered the 13th Five-Year planning period 
since 2015, and Xi Jinping’s ‘Two Mountains Theory’ 
has achieved numerous practical results. Agricultural 
water consumption, agricultural fertiliser consumption, 
amount of agricultural film and agricultural pesticide 
use have begun to decrease.

Consumption metabolic type of entropy index score 
showed a fluctuation and rise trend (Fig. 5), with an 
increase of 37.89%, and the ecological environment of 
RPSS was improved because the pollutants discharged 
from rural production activities were effectively 
controlled, and quantity of township enterprise 

wastewater effluent, quantity of crop straw pollution, 
agricultural source chemical amino-nitrogen emission 
and agricultural source chemical oxygen demand 
decreased by 91.05%, 40.17%, 21.75% and 21.27%, 
respectively.

Regeneration metabolic type of entropy index score 
showed an increasing trend (Fig. 5), up by 309.21%, and 
the reductive metabolic function of RPSS was enhanced 
because rural environmental protection and pollution 
control were strengthened and achieved remarkable 
results. The score of various indicators showed a 
growing trend, amongst which annual output of straw 
high-quality energy utilisation and methane production 
from agricultural waste disposal project increased 
substantially, by 1147.4% and 397.54%, respectively.

Analysis on Sustainable Development Strategy 
of RPSS

According to the index system constructed in this 
paper, the sustainable development capacity of RPSS 
can be improved from the four types of entropy: input 
supportive, output pressure, consumption metabolic 
and regeneration metabolic. Therefore, based on the 
analysis of the entropy weight and actual value of 
these four types of indicators in time series, we put 
forward targeted suggestions to improve the sustainable 
development capacity of RPSS in China.

Strategy Analysis Based on Input Supportive Type 
of Entropy

The entropy weights of the two indicators, namely, 
comprehensive income of rural tourism and per capita 
net income of rural residents, were relatively large 
(Table 2) amongst the input supportive type of entropy 
indicators, and their growth rates were relatively large at 
722.22% and 182.16%, respectively, indicating that they 

Fig. 5. Score of sustainable development capacity of RPSS in China from 2008 to 2017.
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had the highest contribution to the enhancement of the 
supporting role of RPSS. In addition, the gross output of 
meat had the smallest entropy weight (Table 2) and the 
smallest increase range, which was the main direction 
to improve the productivity and carrying capacity of 
RPSS. The following suggestions are made: firstly, 
increase the social investment in leisure agriculture 
and rural tourism, and promote the development of 
leisure agriculture and rural tourism towards industrial 
scale, intensive operation and diversified connotation; 
secondly, strengthen the vocational skill training 
for farmers, encourage farmers to start their own 
businesses, strengthen the construction of agricultural 
infrastructure and raise the level and efficiency of 
farmers’ income increase; thirdly, raise the scale level 
of animal husbandry, cultivate characteristic animal 
husbandry according to local conditions and improve 
the efficiency of animal husbandry.

Strategy Analysis Based on Output Pressure Type 
of Entropy

The entropy weights of the four indicators, namely, 
amount of pesticide use, amount of agricultural film 
use, agricultural fertiliser consumption and power 
consumption of rural production, were relatively large 
(Table 2) amongst the output pressure type of entropy 
indicators. Besides the amount of pesticide use, the 
three other indicators all showed an increasing trend, 
which was the breakthrough to relieve the pressure 
on RPSS. The following suggestions are made: firstly, 
strengthen the publicity and policy support, promote 
the new degradable film, liquid film and other new 
alternative products, and advance the collection and 
recovery technology of residual film to strengthen 
the residual film recycling; secondly, implement the 
chemical fertiliser reduction project, and encourage 
farmers and enterprises to accumulate and use organic 
fertiliser and plant green fertiliser; thirdly, increase 
investment to improve rural power infrastructure, 
implement rural power grid transformation and upgrade 
to reduce power waste.

Strategy Analysis Based on Consumption Metabolic 
Type of Entropy

Amongst the consumption metabolic type of entropy 
indicators, the two indicators of quantity of livestock 
and poultry breeding pollution and quantity of fertiliser 
pollution had greater entropy weights (Table 2), and 
their growth rates were large, with increases of 14.40% 
and 5.47%, respectively, which was the key direction of 
pollution control. The following must be done: firstly, 
optimise the layout of the breeding areas, establish 
the system for the collection, storage, treatment and 
utilisation of livestock and poultry manure, develop 
circular agriculture combining planting and breeding, 
promote the use of harmless treatment and utilisation 
models such as the full collection of livestock and 

poultry manure and return to the field, and the ectopic 
fermentation bed; secondly, increase the special 
funds for pollution prevention, improve the standards 
for fertiliser pollution prevention, strictly regulate 
agricultural production and management behaviour, and 
promote the technology of soil testing formula precision 
fertilisation, mechanical deep fertilisation and water 
fertiliser integration.

Strategy Analysis Based on Regeneration Metabolic 
Type of Entropy

Amongst the regeneration metabolic type of entropy 
indicators, the four indicators of farmland returning to 
woodland rate, areas with flood prevention measures, 
water-saving irrigated area and annual output of straw 
high-quality energy utilisation had larger entropy 
weights (Table 2), and their growth rates were 17.06%, 
11.20%, 40.44% and 1147.4%, respectively, which 
contributed substantially to improving the reduction 
regeneration function of RPSS. The entropy weights 
of the two indicators of forest coverage rate and 
ratio of rural environmental protection investment 
were relatively small (Table 2). The following 
recommendations are made. Firstly, improve the 
subsidy standard of the policy of returning farmland 
to woodland, and strengthen plantation maintenance 
management to improve the afforestation survival rate 
and preservation rate. Secondly, implement the action 
of small-scale water conservancy project transformation 
and upgrade, and strengthen the construction of 
agricultural irrigation and drainage project. Thirdly, 
establish an incentive mechanism for water-saving 
irrigation, promote water-saving irrigation technology 
models such as drip irrigation, infiltration irrigation 
and micro-sprinkler irrigation, and strengthen the 
water-saving irrigation technology training of grass-
root technicians and farmers. Fourthly, strengthen the 
management of straw burning in the open air, accelerate 
the pilot of straw comprehensive utilisation and further 
promote straw energy utilisation technologies such as 
straw gasification and centralised gas supply technology, 
straw pyrolysis and carbonisation technology, and straw 
direct combustion power generation technology. Fifthly, 
intensify efforts to implement natural forest protection 
project, encourage the development of various forms of 
social afforestation such as the Alipay Ant Forest, and 
strictly prohibit deforestation. Sixthly, establish and 
improve the investment and financing mechanism for 
the diversified funds from the government, enterprises, 
society and farmers to participate in rural environmental 
protection and strengthen the supervision of the special 
funds.

Discussion

Based on the flow-driven model for the evolution  
and the information entropy model of RPSS, an 
appropriate index system at the national scale is 
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constructed. This study analyses the evolution law of 
RPSS and its sustainable development capacity in China 
from 2008 to 2017, and corresponding suggestions  
are made. This study provides theoretical guidance for 
the sustainable development of RPSS.

(1) The information entropy model may provide 
a theoretical method for studying the evolution of the 
black box system. Based on the entropy flux and entropy 
production of the information entropy model, this study 
describes the evolution state of RPSS from the outside. 
The system is developing in an orderly, healthy and 
sustainable manner. In recent years, entropy theory 
has gradually expanded to the study of the evolution of 
various social, economic and ecological systems. For 
example, Li et al. used entropy flow of entropy theory 
to evaluate the disorder degree and developing trend of 
the Beijing urban ecosystem quantitatively [44]. Yang et 
al. confirmed that the evolution mechanism of the port 
city system is the negative entropy flux input from the 
outside and the negative entropy flow interaction within 
the system [45]. Song et al. used information entropy to 
measure the evolution of human settlements ecosystem 
in the lower reaches of the Yangtze River [46]. All these 
indicate that entropy change could explain the evolution 
of the system from the perspective of flow, and the 
model based on information entropy is a mathematical 
model to explain the flow-driven mechanism.

(2) Constructing the index system based on 
information entropy model is an important perspective 
of rural sustainable development research. The 
evaluation index system of sustainable development 
capacity of RPSS is constructed based on input 
supportive type of entropy, output pressure type of 
entropy, consumption metabolic type of entropy and 
regeneration metabolic type of entropy. The sustainable 
development capacity of RPSS in China has been 
evaluated, and the corresponding countermeasures have 
been analysed. However, the evaluation of sustainable 
development capacity is a large research topic. Mature 
theories and methods exist in various fields, amongst 
which ecological footprint [47, 48], the Index of 
Sustainable Economic Welfare (ISEW) [49, 50] and the 
Genuine Progress Indicator (GPI) [51, 52] are widely 
used. The foundation of rural sustainability research 
in China remains weak, and the systematic, complex 
methods are relatively limited [53]. Theoretical model 
construction and empirical research on rural sustainable 
development ability from other perspectives are 
important, and this study provides a perspective.

(3) The results of evolution analysis at national scale 
are scientific and referential. This study finds that the 
total entropy of RPSS in China showed a downward 
trend, which is consistent with the research results of He 
and Wang [54], and Wang et al [22]. It agrees with the 
general law of social and economic development. Thus, 
this study confirms that the information entropy model 
is suitable for mining the evolution law of RPSS at the 
national scale. Moreover, the previous studies of the 
law of system evolution based on information entropy 

theory were almost carried out at the scale of city, 
district and county [22, 42]. This study compensates 
for the lack in the national scale. Entropy flux of RPSS 
in Chongqing City and Jiangjin District has become 
negative since 2012 and 2013, respectively [22, 54]. 
However, China’s entropy flux has become negative 
since 2014. This result provides a certain reference for 
judging the stage and status of the evolution of RPSS in 
various regions of China.

In summary, this study analyses the evolution and 
sustainable development capacity of RPSS in China 
in terms of time series, but the differences amongst 
regions within the country are not reflected. Judging 
the evolution stage, state and sustainable development 
level of RPSS in specific regions based on regional 
differences and proposing differentiated optimisation 
strategies are very important. Therefore, future 
research needs to analyse the evolution and sustainable 
development capacity of RPSS in time and space.

Conclusions

The analysis showed that total entropy change 
of RPSS in China decreased annually, including 
the fluctuation and decline of entropy flux and the 
continuous decline of entropy production from 2008 
to 2017. The results showed that the carrying capacity, 
coordination, reductive metabolic capacity and vitality 
of the system were strengthened, and the system 
developed in an orderly direction. The sustainable 
development capacity score of RPSS in China showed a 
U-shaped trend of slowing down and then rising rapidly 
with 2015 as the turning point. The system’s sustainable 
development capacity improved in general. 

Through the analysis of the changes of four types 
of entropy indicators and their entropy weights in time 
series, the sustainable development of RPSS in China 
should be promoted from four aspects: improving the 
support function of the system, reducing the pressure on 
the system, solving the serious ecological environment 
problems of the system and improving the reductive 
metabolic capacity of the system.
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