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Abstract: 

In recent years, agricultural development has been facing problems of overexploitation of resources, 

overlapping pollution from internal and external sources, and high carbon emission intensity in some 

areas. Agriculture must be transformed to a green and low-carbon model in order to achieve sustainable 

development. The green development of agriculture is inseparable from the allocation of sufficient 

financial resources, therefore, it is important to study the impact of inclusive finance on the level of 

agricultural green transformation to promote high-quality agricultural development. Based on the panel 

data of 31 Chinese provinces and cities from 2009 to 2018, this study uses the AHP-entropy method to 

construct the inclusive finance index; adopts the SSBM model to measure the level of agricultural green 

transformation, and an econometric model is constructed to investigate the impact of inclusive finance on 

the level of agricultural green transformation. The results show that 14 provinces and cities, such as the 

main grain production base in China, have high inclusive finance indices, 11 provinces and cities with 

mixed industrial and agricultural sectors have medium inclusive finance indices, and provinces and cities 

with more developed industries, such as coastal China, have low inclusive finance levels. The inclusive 

finance has a significant positive impact on agricultural green transformation. The level of agricultural 

green transformation cannot be improved without the continuous support of inclusive finance. Local 

governments should strengthen the concept of green ecology, continuously improve the mechanism of 

financial inclusion to support the development of green agriculture. 

Keywords: Inclusive finance, Level of green transformation in agriculture, SSBM model, AHP-entropy 

method, Econometric model. 

 

I. INTRODUCTION 

 

Financial inclusion refers to the provision of effective financial services at an affordable cost to groups 

with financial service needs, based on the requirements of equal opportunity and the principle of 

commercial sustainability. Special groups such as small and micro enterprises, farmers, poor people and 

the elderly are the key service targets of financial inclusion in China at present. 
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Agriculture is the foundation of the country and is highly relevant to financial inclusion. On the one 

hand, agriculture is affected by the environment and climate and has great environmental and climate 

externalities, so it should be one of the key areas for financial support. On the other hand, agriculture has 

long faced financing problems and is the key target of financial inclusion. In recent decades, China's 

agricultural development has effectively ensured food security, but still faces problems of overexploitation 

of agricultural resources, overlapping pollution from internal and external sources. Ecological Psychology 

is a new theoretical orientation that has emerged in recent years, emphasizing the study of 

human-environmental system behavior in a real environment
 [1]

, and its principle of 

"human-society-nature" interaction has led to the gradual application of ecological green concepts to 

various fields and the formation of a systematic and holistic research paradigm
 [2]

. Based on the ecological 

perspective, to solve the problems faced by agricultural development, it is necessary to follow the path of 

green agriculture. 

 

At present, the ways of inclusive finance to support green economic development have been gradually 

diversified, including credit, fund and supply chain finance, etc. Although there have been many studies on 

inclusive finance in supporting agriculture, it still faces many obstacles. Promoting better financial support 

for green agriculture in China requires synergy among all parties, and in this process, China's financial 

system and financial inclusion systems can complement each other. This is because indicators from an 

ecological perspective can reduce emissions of environmental pollutants, improve resource use efficiency, 

and support investment and financing activities for sustainable human development. This study can 

promote the protection of environmental resources and coordinated economic development through the 

operation of financial business, and ultimately promote the sustainable development of green agriculture. 

 

II. LITERATURE REVIEW AT HOME AND ABROAD 

 

2.1 Inclusive Finance 

 

The theory of inclusive finance emerged in the 1980s, and the internationally agreed definition is that 

inclusive finance promotes the harmonious development of the economy through the operation of financial 

business. By comparing traditional finance and inclusive finance operation models, some scholars argue 

that inclusive finance will guide capital into rural area and thus promote sustainable economic 

development 
[3-5]

; Labatt and White argue that inclusive finance can transfer environmental risks and is a 

financial tool to promote environmental quality 
[6]

. Some scholars believe that inclusive finance promotes 

the common progress of economy, society and environment through the rational allocation of resources
[7-9]

; 

Yu Haiping believes that financial institutions can carry out finance business not only to meet the financial 

needs of environmental protection projects, but also to reduce their own operational risks in policy 

regulation and control and the financial institutions can also reduce their own operational risks and achieve 

their own sustainable development
[10]

. Chen Jiyong and Liu Weiping argue that a comprehensive "inclusive 

finance" credit system is needed to achieve sustainable economic development 
[11]

.  
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OECD (2007) examines a country's inclusive finance level and environmental protection level as a 

system from a macro perspective
[12]

. Marcel Jeuchen takes the environmental protection attitude of the 

banking industry as an entry point and establishes a 5-dimensional of finance index system to measure the 

level of finance of 34 well-known banks around the world
[13]

. Zhang Lili et al. measured the development 

of credit and investment, etc
[14]

. In China based on various financial indicators of 1040 environmental 

protection companies. Zhou Chenying et al. constructed a finance development index system to measure 

the development status of different regions in China and clarified the mechanism of the role of finance on 

high-quality economic development 
[15]

. 

 

2.2 Financial Inclusion and Agricultural Development 

 

In 2005, the United Nations proposed Financial Inclusion as a new development opportunity for the 

rural financial market. Burgess and Pande argue that financial inclusion significantly reduces the income 

gap between rural and urban residents by reducing the cost of financial services and making banking 

services available to rural residents
 [16]

. Dupas and Robinson argue that financial inclusion can promote 

rural households' savings, production equipment innovation and living standard improvement 
[17]

. Guo 

Feng et al. argue that financial inclusion makes financial services commonplace by means of innovating 

more financial products with low market threshold access conditions 
[18]

. Chen Baozhen and Ren Jinzheng 

argue that finance can help farming families achieve income growth by improving farmers' financial 

knowledge and loan knowledge to achieve information effects
[19]

. Ren Biyun and Li Liuying argue that the 

use of payment services and lending services has a direct contribution to inclusive rural growth 
[20]

. Tian 

Juanjuan and Ma Xiaolin argue that the development of financial inclusion can have a positive impact on 

modern agricultural economic development and agricultural industry restructuring 
[21]

. 

 

2.3 Literature Evaluation 

 

By combing through the relevant literature, it is found that, firstly, there are fewer studies examining 

inclusive finance’s impact on the level of agricultural green transformation; secondly, most of the studies 

stay at the overall macro level, with less in-depth; Finally, less analysis is conducted within the provincial 

areas. Based on this, this study innovatively constructs an inclusive finance index from the perspective of 

green finance; based on the panel data of 31 provinces and cities in China from 2009-2018, using the 

AHP-entropy method to measure the index, and using the SSBM model to measure the level of agricultural 

green transformation; on the basis of the evolution analysis of the index, an econometric model is 

constructed to examine the impact of inclusive finance on the level of agricultural green transformation. 

III. RESEARCH METHODS 

 

3.1 Analytic Hierarchy Process (AHP) 

 

In this paper, the hierarchical analysis method is used to determine the index system of inclusive 

finance. Model construction is divided into the following four steps
 [22]

: 
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3.1.1 Establishment of hierarchical structure model 

Firstly, a hierarchical structure model is established. Use hierarchical analysis to judge the relevant 

objectives for decision making and divide them accordingly from the highest level to the lowest level, as 

shown in Fig 1:  

 
Fig 1 Hierarchical Model Diagram. 

 

3.1.2 Construction of judgment matrix and processing of indicator weights 

The degree of importance of the two indicators is scored according to the unified Saaty scale, and a 

pairwise orthogonal judgment matrix is obtained for n(n-1)/2 comparisons, which takes the following 

form
[23]

:  
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Then the vector y=  Tn21 yyy  is the required weight vector.  

 

After the form of the judgment matrix is clarified and the corresponding orthogonal case is determined, 

the specific values of the eigenvectors of the judgment matrix are normalized. 

 

3.1.3 Test the consistency of the judgment matrix 

In order to ensure the consistency of the logic in the research process, the consistency test of the 

judgment matrix is needed. Firstly, the specific value of CI is obtained according to the formula, and then 

the specific value of RI is obtained according to the formula. RI is the average random consistency 

Objectives 

Primary indicator 1 Primary indicator 2 Primary indicator 3 

Secondary 

indicator 
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Secondary 
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Secondary 
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Secondary 
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indicator of the same order, and when the order of the judgment matrix is 2 and CI is 0 or the order of the 

judgment matrix is greater than 2 and the value of CR is less than 0.1, the consistency check of the 

judgment matrix is considered to be passed and it has consistency. 

 

3.1.4 Hierarchical ranking and consistency testing 

The overall ranking of the relevant factors relative to the important procedures of the research 

objectives is carried out, and the weights are quantified. Let all factors in the previous level be Pi (i = 1, 2 - 

- -) and their weights be mi (i = 1, 2 - - -) respectively; all factors in this level be Qj (j = 1, 2 - - -) and their 

weights be nj (j = 1, 2 - - -) respectively, then the relevant weights of the ranking process in this level 

should satisfy:  

                          






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j

m

j

jj

RIB

CIQ

CR                              (5) 

Based on the results of the above equation, it is possible to perform the corresponding hierarchical 

ranking based on the specific values of the CR values at each principle level and to judge the results. 

 

3.2 Entropy Evaluation Method 

 

The entropy evaluation method theory holds that for the observed value of a certain evaluation index, 

the greater the difference between data and data, the more obvious the objective effect of the index on the 

whole system, i.e., the greater the entropy value of the system-related information contained in the index, 

which needs to be given a relatively high weight. The specific operation steps are as follows
 [24]

:  
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where fij is the value of the feature weight of the j
th

 indicator at the i
th

 level, xij characterizes the 

observed value obtained for the j
th

 indicator in the i
th

 level, and 



n

i

ijx
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observed values obtained for the j
th

 indicator in all the n levels. 

 

The aj in the following equation is expressed as the objective entropy value of the j
th

 evaluation index. 

According to the theory of entropy method, its calculation formula is obtained: 
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 Before carrying out the entropy method calculation, the data need to be dimensionless processed, 
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and the logarithmic type efficacy function method was selected to process the data operationally with 

reference to the study of Guo Feng
[25]

. 

 

3.3 SSBM Model 

 

Agricultural operations will produce the agricultural products we need, but also accompanied by 

undesired outputs such as surface source pollution and carbon dioxide, this paper draws on the research of 

Hou Mengyang 
[26]

, incorporates the concept of super efficiency (Super) on the basis of SBM model and 

constructs SSBM model. 

                         Minp =
1

𝑚
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𝑥̅ ≥ 0, 𝑖 = 1,2, … ,𝑚; 𝑗 = 1,2, … , 𝑛;
𝑗 ≠ 0; 𝑠 = 1,2, … 𝑠1; 𝑞 = 1,2, … , 𝑠2

          (10) 

Where p is the efficiency evaluation indicator; x, yg, yb represent input indicators, desired output 

indicators and non-desired output indicators, respectively; n denotes the number of desired output 

indicators; s2 represents the number of non-desired output indicators. 

 

IV. IIDEX MEASUREMENT 

 

4.1 Inclusive Finance Index Measurement 

 

4.1.1 Indicator Selection 

In terms of indicator selection, drawing on Yin Zhichao's study
[27]

, inclusive finance is divided into 

demand and supply levels, with the demand level referring to the depth of inclusive finance use by farmers 

and agriculture-related enterprises, mainly including three indicators of per capita agriculture-related 

finance, loan balance per 10000 people, and the ratio of agriculture-related expenditure amount; the supply 

level refers to the protection of inclusive finance, with the main indicators set from the loan special 

statistical system, covering the indicators of China's commercial banks on forestry development, forestry 

investment, ecological construction and protection, as well as the efficiency of loans. Specifically, it 

includes forestry support and guarantee investment, forestry development project loans and ecological 

construction and protection completion investment. As shown in Table I. 

 

TABLE I. Inclusive Finance Indicator System 

 

Primary 

indicators 

Secondary 

indicators 

Indicator definition Data source 

Demand level 

 

 

Per capita 

agriculture-related 

finance
[28]

 

Agriculture-related 

expenditure finance/total 

number of provincial farmers 

Source: People's Bank of 

China, China Finance 

Society, China Banking 
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The depth of use 

of inclusive 

finance 

Rural loan balance 

per 10000 people
[29]

 

Number of financial 

institutions of various types in 

the province/total number of 

farmers (10000)  

Regulatory Commission, 

China Securities Regulatory 

Commission, China Insurance 

Regulatory Commission, 

State Administration of 

Foreign Exchange 
Proportion of 

agricultural 

expenditure
[30]

 

Amount of agricultural 

expenditure/total financial 

expenditure 

Supply level 

 

 

 

 

 

 The protection 

of inclusive 

finance.  

 

 

 

 

 

 

Forestry support and 

guarantee investment 

Loan for green agriculture 

development project/total 

amount of forestry support and 

guarantee for the current year 

in provincial region 

Source: Ministry of 

Agriculture of China, State 

Forestry Administration, 

National Bureau of Statistics 

of China 

 

 

 

 

 

 

 

 

 

 

Source: China Environmental 

Protection Administration 

Loans for forestry 

development projects 

Provincial forestry investment 

completed in the current year 

Investment in 

ecological 

construction and 

protection 

Total investment in provincial 

ecological construction and 

protection 

Degree of 

finance support 

for 

de-carbonization 

Regional 

environmental 

protection tax 

strength 

Regional sewage charges 

(environmental tax)  

 

Considering that this study is to achieve agricultural productivity improvement and energy saving and 

emission reduction through the development of inclusive finance, the indicator of the degree of financial 

support for agricultural de-carbonization, i.e., the environmental taxation strength of the region, is added to 

the indicator system, which is expressed by using the emission fee in the region. 

 

4.1.2 AHP-Entropy Method Measurement 

After dimensionless processing of the indicators, the "AHP-Entropy Method" was used for the 

comprehensive measurement of the inclusive finance index. 

 

The results of relevant index weights calculation are shown in Table II. 

 

TABLE II. Weight Calculation Results of Inclusive Finance Indicators 

 

Primary indicators Primary 

weight 

Secondary index Information 

entropy value 

Depth of use of inclusive 

finance 

0.3129 Per capita agriculture-related finance 0.9764 

Rural loan balance per 10,000 people 0.9855 

Proportion of agricultural expenditure 0.9630 
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Inclusive Financial 

Protection efforts 

0.3832 Forestry support and guarantee investment 0.9944 

Loans for forestry development projects 0.9910 

Investment in ecological construction and 

protection 

0.9788 

Green finance loans efficient 0.9438 

Degree of inclusive 

finance support for de 

carbonization 

0.3039 Regional environmental protection tax 

strength 

0.9790 

 

4.1.3 Analysis of Inclusive Finance Index from Provincial Perspective 

Based on the panel data of 31 Chinese provinces and cities in 2009-2018, the AHP-entropy method is 

used to measure the inclusive finance index, and the trends of inclusive finance are shown in Table III. 

 

TABLE III. Distribution of Inclusive Finance Index in 31 Provinces and Cities of China in 2009 To 

2018 

 

Province 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Beijing 18.774

2  

15.423

8 

17.982

2 

22.638

2 

24.451

3 

26.904

0 

23.415

2 

25.372

8 

24.120

8 

42.052

9 

Tianjin 9.4589  10.674

4 

12.809

7 

13.997

0 

12.361

2 

13.901

3 

13.428

6 

13.486

9 

10.801

2 

21.988

5 

Hebei 30.818

8  

29.550

6 

33.472

6 

36.636

8 

35.090

7 

37.887

8 

39.819

7 

40.728

7 

45.432

7 

44.384

9 

Shanxi 31.858

0  

33.062

5 

33.682

4 

35.866

8 

36.619

5 

38.526

0 

38.100

6 

37.378

1 

35.364

3 

48.686

7 

Inner 

Mongolia 

43.584

5  

38.110

4 

43.641

5 

48.463

9 

47.370

3 

46.776

4 

49.722

4 

54.595

1 

53.248

3 

63.127

5 

Liaoning 30.701

2  

29.171

3 

33.682

6 

39.580

4 

38.303

2 

36.980

9 

37.496

4 

35.261

9 

33.765

1 

39.887

9 

Jilin 40.486

9  

42.214

4 

44.332

8 

43.958

8 

41.093

6 

43.172

8 

42.419

9 

44.006

5 

42.654

3 

55.797

2 

Heilongjian

g 

43.071

4  

42.015

8 

52.489

3 

52.952

6 

52.818

3 

53.482

8 

56.668

4 

62.532

0 

67.370

6 

62.329

9 

Shanghai 17.021

4  

15.247

8 

18.780

5 

21.010

2 

20.936

6 

20.804

8 

20.801

5 

21.793

2 

36.384

0 

45.065

1 

Jiangsu 29.101

4  

28.110

1 

31.206

3 

34.353

8 

35.051

6 

38.248

5 

36.656

1 

35.150

6 

31.642

8 

38.260

9 

Zhejiang 21.446

5  

24.002

9 

24.523

4 

28.053

2 

28.231

0 

30.485

7 

31.571

8 

33.020

0 

29.274

2 

40.893

0 

Anhui 34.909

4  

34.865

3 

36.349

0 

38.695

3 

39.481

7 

40.854

5 

40.601

3 

39.694

7 

38.354

2 

46.730

0 

Fujian 28.678

3  

26.803

8 

32.434

7 

32.362

3 

30.920

6 

32.874

7 

36.616

4 

35.567

7 

29.093

8 

35.460

4 

Jiangxi 35.779

4  

32.327

9 

34.614

0 

36.254

2 

34.863

7 

36.975

8 

37.184

9 

37.821

2 

39.374

0 

38.939

8 
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Shandong 44.057

8  

41.464

2 

44.926

1 

53.154

5 

51.507

0 

50.853

0 

51.472

8 

51.477

8 

43.767

1 

59.961

5 

Henan 35.247

1  

34.114

9 

36.709

0 

39.789

7 

37.722

6 

38.771

4 

39.057

9 

38.749

5 

40.095

4 

37.346

6 

Hubei 36.044

5  

34.110

0 

37.089

3 

39.273

5 

37.313

3 

37.516

5 

37.913

7 

37.848

4 

38.995

0 

42.263

2 

Hunan 45.619

5  

44.880

8 

47.203

7 

50.565

7 

47.835

5 

50.146

3 

51.795

6 

50.407

4 

45.667

7 

63.645

8 

Guangdong 21.201

6  

22.056

4 

24.897

0 

27.682

4 

27.934

9 

28.301

7 

30.923

8 

29.524

2 

26.970

3 

36.865

1 

Guangxi 45.330

7  

45.832

0 

48.143

7 

49.772

5 

48.321

5 

47.891

7 

49.355

6 

54.267

8 

55.164

5 

50.347

0 

Hainan 51.327

6  

49.162

5 

49.241

3 

48.771

9 

46.741

0 

47.073

9 

47.748

5 

45.611

9 

48.672

8 

39.901

3 

Chongqing 17.264

7  

20.788

5 

20.372

6 

20.233

1 

19.684

5 

21.613

0 

22.472

5 

22.685

4 

24.436

2 

22.651

0 

Sichuan 44.908

8  

42.408

4 

44.208

3 

48.159

2 

48.122

0 

50.665

7 

51.385

1 

52.826

6 

50.133

7 

59.648

6 

Guizhou 39.582

2  

39.309

6 

42.753

3 

42.177

2 

42.013

8 

45.045

3 

45.700

4 

47.790

0 

52.131

7 

48.973

6 

Yunnan 33.827

0  

37.300

4 

38.291

3 

40.379

5 

40.188

3 

39.862

7 

41.221

0 

42.808

1 

49.694

8 

35.034

2 

Tibet 41.306

8  

37.069

6 

36.699

3 

39.613

7 

34.888

6 

35.005

6 

34.298

3 

35.259

8 

33.181

0 

39.588

7 

Shaanxi 34.329

8  

33.817

1 

34.840

4 

37.731

1 

37.133

0 

38.447

0 

38.331

4 

39.476

4 

38.446

3 

44.208

3 

Gansu 32.991

8  

30.569

2 

34.001

4 

37.238

5 

36.566

9 

38.836

7 

38.932

3 

39.811

7 

43.772

3 

39.219

3 

Qinghai 35.221

6  

32.632

0 

31.793

3 

36.784

6 

35.601

9 

37.446

6 

38.199

9 

38.679

4 

37.298

9 

47.960

2 

Ningxia 38.321

2  

34.045

1 

39.223

3 

40.422

1 

37.737

2 

38.177

9 

37.580

7 

35.738

9 

34.002

9 

45.940

7 

Xinjiang 41.820

2  

36.783

8 

38.252

0 

40.362

7 

39.513

7 

39.547

5 

42.598

0 

42.188

4 

49.339

2 

34.091

5 
 

Table III show the results of the inclusive finance index distribution of 31 provinces and cities in China 

from 2009 to 2018, respectively. From the distribution, it can be found that 14 provinces in China, 

including Xinjiang, Shandong and Hainan, have higher inclusive finance indices. In contrast, 11 provinces, 

including Qinghai, Shanxi and Yunnan, have a medium financial inclusion index. The financial inclusion 

index of Beijing, Chongqing and Shanghai is low. The reason for this is that the provinces with high 

indices are the major food or other crop production bases in China, and the financial inclusion support for 

local agricultural production is generally good, compared to the 11 provinces in the middle of the range, 

which are the major inland provinces in China with a mixed industrial structure of agriculture and industry, 

and not major food and crop producing regions. In contrast, Beijing and Shanghai are major open areas in 

coastal and inland China, as well as major industrial areas, and these areas show a high trend of 
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urbanization, and the lack of market space leads to the poor performance of the local inclusive finance 

index. 

 

Further, during the time series change from 2009 to 2018, the biggest gap between the before and after 

comparison is in Central China, firstly, the performance of the inclusive finance index in Hubei and Jiangxi 

provinces changes from high to low, which indicates that the local economic development is gradually 

shifting from agricultural areas to mixed industrial and agricultural development areas. In contrast, the 

inclusion index performance in Henan and Anhui provinces has changed from low to high during the 

development process of this decade, which indicates that the local inclusion financial support for 

agriculture is in a rising trend year by year. In the coastal areas of East China and South China, these areas 

have undergone long-term urbanization development and industrialization, and the performance of the 

financial index is lower, and the key direction of local inclusive financial inclusion is not agriculture. 

 

4.2 Measurement of the Level of Green Transformation in Agriculture 

 

4.2.1 Selection of Indicators 

In agricultural production input indicators, there are labor, land, machinery allocation and resource 

consumption, which are measured by proxy variables such as provincial rural population, provincial arable 

land area, and provincial agricultural machinery quantity, respectively; the desired output indicator is 

agricultural value added, and the annual value added of agricultural production in the provincial area is 

selected for measurement; in non-desired output indicators, combined with ecological psychology and 

"carbon neutral", the carbon emission indicators of agriculture are chosen, and the total carbon emission of 

the province is measured in the current year (Table IV). 

 

TABLE IV. Indicator Description 

 

Indicators Refined indicators Indicator definition 

Agricultural 

production 

input index 

 

Output 

indicators 

Labor 

Land area 

Mechanical allocation and resource 

consumption 

Agricultural Value Added 

Provincial rural population 

Provincial arable land area 

Number of provincial agricultural 

machinery 

N-year agricultural output value-N-1 

annual agricultural output value 

Unexpected 

output 

Agricultural carbon emissions Provincial total annual carbon 

emissions 

 

4.2.2 Measurement Results of Agricultural Green Transformation Level Based on SSBM Model 

Based on the relevant data of 31 provinces and cities in China, the super-efficient SSBM model was 

used to measure the level of green transformation in agriculture. 

 

The measures of the level of green transformation in agriculture are divided into three types: 

comprehensive index, pure index and scale index, and the three indices can be divided into Malmquist 
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index, technical efficiency index and technical progress index, respectively. The table of agricultural green 

transformation level indices at the national level is shown in Table V. From the time series, the integrated 

Malmquist index and pure Malmquist index are greater than 1 in all years except 2017, and the scale 

Malmquist index is below 1 in 5 years and greater than 1 in 4 years, showing an irregular trend. The 

integrated Malmquist index shows a decreasing trend from 2011 to 2015, after which it increases. The 

cross-sectional comparison of the mean values of different indices shows that the composite technical 

progress index is the highest and the scale technical efficiency index is the lowest. 

 

TABLE V. Results of National Agricultural Green Transformation Level Index 

 

Year 

Composite 

Malmquis

t index 

Comprehensiv

e Technical 

Efficiency 

Index 

Comprehensiv

e Technical 

Progress Index 

Pure 

Malmquis

t index 

Pure 

technical 

efficienc

y index 

Pure 

technologica

l progress 

index 

Scale 

Malmquis

t index 

Scale 

technical 

efficienc

y index 

Scale 

technolog

y progress 

index 

2010 1.1500 1.0181 1.1300 1.1475 1.0032 1.1438 1.0027 1.0149 0.9880 

2011 1.1710 0.9639 1.2148 1.1727 1.0044 1.1675 0.9986 0.9597 1.0405 

2012 1.0870 0.9935 1.0940 1.0739 1.0021 1.0716 1.0122 0.9914 1.0209 

2013 1.0810 0.8380 1.2897 1.1212 0.9987 1.1226 0.9639 0.8390 1.1488 

2014 1.0440 0.9804 1.0651 1.0540 1.0002 1.0538 0.9906 0.9802 1.0107 

2015 1.0450 0.9744 1.0720 1.0443 1.0007 1.0436 1.0002 0.9738 1.0272 

2016 1.0650 0.8945 1.1910 1.2105 1.0055 1.2038 0.8801 0.8896 0.9894 

2017 0.9870 1.0980 0.8984 0.8635 0.9996 0.8639 1.1424 1.0984 1.0400 

2018 1.1140 0.9938 1.1207 1.2365 1.0008 1.2355 0.9008 0.9930 0.9071 

Mea

n 

1.0827 0.9727 1.1195 1.1027 1.0017 1.1007 0.9879 0.9711 1.0192 

 

V. Regression Analysis 

 

5.1 Variable Settings 

 

In this paper, the explanatory variables, core explanatory variables and control variables are selected as 

follows, and the constructed indicator system is shown in Table VI. The level of green transformation in 

agriculture is the explanatory variable, the inclusive finance index is the core explanatory variable, and the 

proportion of grain sown area to crop sown area, the proportion of value added of secondary industry to 

value added of GDP and total import and export are the control variables. 

 

TABLE VI. Variable Setting 

 

Variable attribute Variable name and code Variable definition 

Explained 

variable 

Green Transformation Level in 

Agriculture (GAC)  

Comprehensive technical efficiency index values 

in the level of green transformation of agriculture 

constructed based on SSBM model 

Explanatory 

variables 

Inclusive finance index (IF)  The value of the inclusive finance index based on 

the AHP-entropy method.  

Control variable Grain sown area/crop sown area 

(K1) 

Provincial annual grain sown area/provincial 

annual crop sown area 
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The value added of the secondary 

industry as a proportion of GDP 

value added (K2)  

Provincial annual secondary industry value 

added/provincial annual GDP value 

Total Import and Export (K3)  Provincial annual normalized total import and 

export 

 

5.2 Data Sources 

 

The sample data covers 31 provincial and municipal administrative regions in China from 2009-2018. 

The data used for measuring the level of green transformation in agriculture are obtained from the China 

Statistical Yearbook and the China Rural Statistical Yearbook, and the inclusive finance index is obtained 

from the annual statistics of the People's Bank of China, the China Finance Society, the State 

Administration of Foreign Exchange, the Ministry of Agriculture of China, the State Forestry 

Administration, the National Bureau of Statistics, the Ministry of Water Resources, the China 

Meteorological Administration and the China Customs. In order to ensure the comparability of statistical 

data, the year of 2009 was used as the base period, and all relevant variables involving monetary measures 

were deflated. 

 

5.3 Empirical Analysis 

 

5.3.1 Composite Index Regression Results 

 

TABLE VII Composite Index Regression Results  
 

 Composite Malmquist 

index 

Composite technical efficiency 

index 

Composite technical progress 

index 

IF 

 

K1 

 

K2 

 

K3 

 

Cons 

 

0.016** 

(2.821) 

0.000 

(26.256) 

0.010** 

(2.868) 

-0.464* 

(-2.844) 

0.082 

(0.228) 

0.004* 

(2.157) 

0.000** 

(-9.559) 

0.005** 

(3.032) 

-0.145 

(-1.080) 

0.637* 

(5.203) 

0.012* 

(2.056) 

0.001** 

(25.505) 

0.004 

(1.040) 

-0.192 

(-0.637) 

0.480 

(1.207) 

𝐑𝟐(w) 

F Test 

0.117 

(4,253)=3151.310 

p=0.000 

0.019 

(4,252)=2641.813, 

p=0.000 

0.062 

(4,252)=6741.666, 

p=0.000 
Note:*p<0.05, **p<0.01, t-value in parentheses.  

 

From Table VII, it can be seen that the effects of inclusive finance on both the composite Malmquist 

index, composite technical efficiency index, and composite technological progress index show different 

levels of significance, indicating that inclusive finance can have a significant positive effect on the level of 
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green transformation in agriculture. From the regression results of the composite Malmquist index, the area 

of grain sown/crop sown shows a significance at 0.01 level (t=26.256, p=0.000), indicating that the area of 

grain sown/crop sown will have a significant positive influence relationship on the level of green 

transformation in agriculture. For the value added of secondary industry as a percentage of GDP, it shows a 

significant level of 0.01 (t=2.868, p=0.0040), which indicates that the value added of secondary industry as 

a percentage of GDP has a significant positive influence on the level of green transformation in agriculture. 

For total imports and exports, it shows a significant level of 0.01 (t=-2.844, p=0.005<0.01) and the 

regression coefficient value is -0.464< 0, which indicates that it has a significant negative effect on the 

level of green transformation in agriculture. 

 

5.3.3 Pure Index Regression Results 

 

TABLE VIII. Pure Index Regression Results 

 

 Pure Malmquist 

index 

Pure technical efficiency index Pure technological progress index 

IF 

 

K1 

 

K2 

 

K3 

 

Cons 

 

0.021** 

(3.921) 

0.000** 

(22.275) 

0.017** 

(4.323) 

-0.231 

(-1.010) 

-0.441 

(-1.244) 

0.004* 

(3.421) 

0.000** 

(-8.879) 

0.005** 

(3.134) 

-0.047 

(-0.683) 

0.588** 

(4.842) 

0.014* 

(2.440) 

0.001** 

(23.512) 

0.010* 

(2.244) 

-0.130 

(-0.495) 

0.134 

(0.339) 

𝐑𝟐(w) 

F Test 

0.191 

(4,253)=4093.127 

p=0.000 

0.034 

(4,252)=2682.842, 

p=0.000 

0.088 

(4,252)=14787.628, 

p=0.000 
Note:*p<0.05, **p<0.01, t-value in parentheses.  

 

From the Table VIII, it can be seen that the effects of inclusive finance on both pure Malmquist index, 

pure technical efficiency index, and pure technological progress index show different degrees of 

significance, indicating that the inclusive finance index will have a significant positive influence 

relationship on the level of green transformation in agriculture. From the regression results of the pure 

Malmquist index, the area of grain sown/crop sown and the share of value added of secondary industry in 

GDP all have a significant positive influence relationship on the level of green transformation in 

agriculture. 
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5.4.4 Scale Index Regression Results 

 

TABLE IX Scale Index Regression Results 

 

 Scale Malmquist index Scale technical efficiency index Scale technology progress 

index 

IF 

 

K1 

 

K2 

 

K3 

 

Cons 

 

-0.003 

(-1.747) 

-0.000* 

(-2.093) 

-0.006 

 (-1.932) 

-0.131 

 (-0.787) 

1.421** 

 (7.708) 

-0.002 

(-1.210) 

0.000 

(-1.425) 

-0.001 

(-0.672) 

-0.082 

(-0.671) 

1.103** 

(12.329) 

-0.002 

(-1.351) 

-0.000 

(-1.626) 

-0.006 

(-1.733) 

-0.020 

(-0.139) 

1.356** 

(7.555) 

𝐑𝟐(w) 

F Test 

0.117 

(4,253)=3151.310 

p=0.000 

0.004 

(4,252)=19.443, 

p=0.000 

0.020 

(4,252)=0.972, 

p=0.423 
Note:*p<0.05, **p<0.01, t-value in parentheses.  

 

From Table IX, it can be seen that the effect of inclusive finance on either the scale Malmquist index, 

the scale technical efficiency index, or the scale technological progress index does not show significance, 

indicating that at the scale efficiency level, the inclusive finance index does not have an impact 

relationship on the level of green transformation in agriculture. None of the coefficients of the control 

variables are significant, indicating that none of the control variables will have a significant effect on the 

level of green transformation in agriculture at the scale efficiency level. 

 

5.3.5 Resolution of Endogenous Problems 

 

In order to avoid endogeneity problems due to omission of some variables, this paper further includes 

one period lags of the core explanatory variables as instrumental variables and performs complementary 

regression tests using two-stage least squares. The correlation results are shown in Table X.  

 

TABLE X. Fixed Effect (FE) Model And Two-Stage Least Squares(2SLS) Regression Results. 

 

Variables FE 2SLS 

IF 0.004** 

 (3.046) 

0.525* 

 (3.833) 

K1 0.000 

 (-1.751) 

-0.002 

 (-1.852) 

K2 0.006** 

 (4.084) 

0.005** 

 (4.235) 

K3 -0.136 

 (-0.884) 

-0.141 

 (-0.962) 
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cons 0.571** 

 (6.415) 

0.453** 

 (3.833) 

R
2
 0.717 0.543 

First stage F value  79.36** 

Wald value  χ²(1)=3.865,p=0.049 

N 288 288 

* p<0.05 ** p<0.01 

 

The results of the endogeneity problem analysis of the 2SLS show that the first stage has a large 

F-value, indicating that there is no if instrumental variable problem. The regression results of the second 

stage show that the effect of inclusive finance on the level of green transformation in agriculture remains 

significantly positive and above the 5% significance level, indicating that the conclusion that inclusive 

finance has a catalytic effect on the level of green transformation in agriculture is robust. 

 

VI. Conclusions and Recommendations 

 

6.1 Research Conclusion 

 

In this study, the financial inclusion index was firstly constructed by using the AHP-entropy weight 

method. From the perspective of the analysis results, among all the secondary indicators, the largest 

influence on the inclusive finance index is the indicator of the proportion of agriculture-related 

expenditures, whose weight coefficient reaches 0.1541, while in contrast, the lowest proportion of forestry 

support and related safeguard investment is 0.0232. 

 

Second, the super-efficient SSBM model is used to measure the level of agricultural green 

transformation in 31 Chinese provinces and cities. From 2011 to 2016, the pure technical efficiency value 

of agricultural green transformation level in China was low, but from 2017 onward, the level of 

agricultural green transformation changed from a decreasing to an increasing trend. 

 

Finally, the regression results through the fixed-effects model show that the effect of the core 

explanatory variable inclusive finance on the level of green transformation in agriculture is always 

significantly positive at the combined efficiency and pure efficiency levels, indicating that the development 

of inclusive finance can have a significant contribution to the total factor productivity of green agriculture. 

Regarding the solution of the endogeneity problem, with the assistance of the 2SLS model, inclusive 

finance has a 54.30% degree of explanation on the level of green transformation in agriculture, which 

basically excludes the possibility of endogeneity problem. 

 

6.2 Research Recommendations 

 

Promoting the development of green industry requires efforts from the perspective of the whole 

industrial chain. There are many elements related to the inclusive finance index, and relevant departments 

in provinces and cities can formulate a series of policies and measures to promote the development of 

green industries according to the national unified planning combined with ecological concepts, and adopt 
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positive incentive mechanisms. In addition, the government can also consider replacing the current 

financial subsidy path for green industries and granting financial subsidies directly to green agriculture in 

the form of credit subsidies, so as to enhance the utilization rate and fairness and universality of 

government funds by market means. Only then will agriculture have a sense of urgency and drive to 

protect the environment and reduce pollution, and promote the green transformation of agriculture.  

 

The level of green transformation in agriculture cannot be improved without the continuous support of 

inclusive finance for agricultural production. Local governments should make full use of the current 

financial market to continuously improve the mechanism of financial inclusion to support the development 

of green agriculture and lower the threshold for agriculture to receive financial inclusion support. At the 

same time, there are obvious geographical differences in the performance of the inclusive financial index 

in each region, for which each local government should implement differentiated inclusive financial 

support policies in light of the actual local situation, and the investment of relevant resources should be 

focused on agricultural production areas to effectively bring into play the inclusive attributes and positive 

spillover effects of inclusive finance. 
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