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Abstract 15 

Based on the panel data of 30 provinces in China from 2006 to 2019, this paper measures the coupling coordination 16 

degree of financial inclusion and agricultural green total factor productivity (AGTFP), and uses Dagum Gini 17 

coefficient and spatial feature analysis method to study the regional difference and spatial agglomeration state of 18 

coupling coordination degree. On this basis, it further discusses the impact of the improvement of the coupling co 19 

scheduling of financial inclusion and AGTFP on the urban-rural income gap. The results show that the overall level 20 

of financial inclusion and AGTFP is low, but both show a slow upward trend, and the degree of coupling and 21 

coordination between the two continues to improve, which has developed from the very low coordination stage to 22 

the primary coordination stage. The two show the characteristics of alternating changes of the relative lag of AGTFP 23 

and the relative lag of financial inclusion. At present, the main performance is the relative lag of financial inclusion. 24 

There are great regional differences in the coupling coordination degree of financial inclusion and AGTFP, but this 25 

regional difference is gradually narrowing; And its spatial pattern presents the characteristics of global positive 26 

autocorrelation and local spatial pattern evolution. Further discussion found that the improvement of the coupling 27 

and co scheduling of financial inclusion and AGTFP is conducive to narrowing the income gap between urban and 28 

rural areas. Therefore, in order to realize the sustainable development of agriculture, it is suggested to coordinate the 29 

relationship between financial inclusion and AGTFP. 30 
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Introduction 44 

China's agricultural economic development has made great achievements. The added value of agriculture, 45 

forestry, animal husbandry and fishery increased from RMB 102.751 billion in 1978 to RMB 7356.707 46 

billion in 2019, with an average annual growth rate of nearly 11%. However, China's agriculture has not 47 

only achieved great achievements, but also paid a great environmental price, which is mainly reflected 48 

in the intensification of agricultural non-point source pollution, excessive consumption of resources, 49 

deteriorating ecological environment and so on. At present and for a long time to come, the goal of 50 

China's agricultural production is no longer simply to pursue the increase of output, but to pay more 51 

attention to the improvement of quality, the sustainable utilization of resources and the protection of 52 

agricultural ecological environment (Yang et al.2019). As an important engine driving economic growth 53 

other than input factors, total factor productivity has become an important basis for judging the high-54 

quality development of agricultural economy. However, the traditional measurement of total factor 55 

productivity often only considers the input constraints of production factors such as capital and labor, 56 

and ignores the consumption of resources and environment, which makes its evaluation of social welfare 57 

changes and economic performance inaccurate, and leads to the deviation of policies formulated on this 58 

basis(Hailu & Veeman 2000). In order to measure economic growth considering the cost of resources 59 

and environment, some scholars incorporated resource and environmental factors into productivity 60 

measurement, and called the input-output efficiency considering resource consumption and pollutant 61 

emission as AGTFP (Qskam 1991; Zhiyang et al.2017;Yang et al.2019). Therefore, the key to the future 62 

development of China's agriculture lies in improving green total factor productivity and agricultural 63 

green sustainable development. 64 

The financial system is the core and cornerstone of a national or regional economic system. How to 65 

build a highly adaptive and competitive modern financial system is the key link to promote China's 66 

sustainable economic development. However, due to special historical reasons and institutional 67 

background, the price distortion of financial products and the imbalance of factor allocation structure are 68 

common. Agriculture is facing a serious problem of financial exclusion, which inhibits agricultural 69 

scientific and technological innovation and the transformation and upgrading of industrial structure. How 70 

to reverse the deviation of resource allocation and guide more resources to gather in green development 71 

industries is not only the objective requirement of financial services for the real economy, but also the 72 

responsibility and mission of finance (Hui 2021). Financial inclusion can provide financial support for 73 

new agricultural business entities to participate in green industry projects, promote new agricultural 74 

entities to accelerate technological innovation, guide farmers to enter a new collective business model, 75 

and provide assistance for the transformation and upgrading of agricultural green development, so as to 76 

promote the sustainable development of agriculture. 77 

In view of the relationship between financial development and total factor productivity, early 78 

scholars mainly analyzed the mechanism of financial development affecting total factor productivity 79 

from a theoretical perspective. Greenwood and Jovanovic (1990) analyzed the interaction mechanism 80 

between financial development and economic growth under the background of information asymmetry, 81 

and believed that financial intermediaries can effectively overcome adverse selection and moral hazard 82 

caused by information asymmetry by virtue of their own advantages, and allocate funds to investment 83 

projects with high profit prospects, so as to promote the growth of total factor productivity. Funte and 84 

Jose (1996) believe that the financial system promotes the flow of financial resources to high-yield and 85 

high-risk technological innovation projects through the functions of dispersing risks, reducing 86 

information costs and transaction costs, and improves the level of total factor productivity by promoting 87 



technological progress. Tran and koker (2019) believe that the evaluation requirements of financial 88 

institutions for enterprises to obtain financing loans will become higher and higher with the development 89 

of finance, which is conducive to supervising company managers to strengthen corporate governance, so 90 

as to promote the improvement of total factor productivity by alleviating the financing constraints of 91 

technological innovation enterprises. Deonanan et al. (2020) believe that financial development can 92 

promote transactions by reducing equity transaction costs, so that investors do not need to consider too 93 

much liquidity constraints during long-term investment, but pay attention to long-term projects with high 94 

return and high efficiency, so as to promote the growth of total factor productivity. Many scholars also 95 

analyze the impact of financial development on total factor productivity from the empirical level. Arizala 96 

et al. (2013) based on the industrial data of 77 countries from 1963 to 2003, empirical analysis found that 97 

financial development has a significant positive effect on total factor productivity growth. Benhabib and 98 

Spiegel (2000) found that different financial indicators have different effects on total factor productivity. 99 

When the national fixed effect is not included, the financial deepening index and the ratio of private 100 

sector credit to GDP have a significant positive effect on total factor productivity. If the national fixed 101 

effect is included, only the ratio of private sector credit to GDP has a positive effect. Rioja and valev 102 

(2004) found that there is regional heterogeneity in the impact of financial development on total factor 103 

productivity, and financial development has a significant positive impact on the growth of total factor 104 

productivity in developed countries; In developing countries, the impact of financial development is 105 

mainly to promote capital accumulation and has no significant impact on total factor productivity. 106 

On the whole, scholars have mainly studied the impact of financial development on the growth of 107 

total factor productivity, few scholars pay attention to the relationship between financial inclusion and 108 

AGTFP, and there is a lack of literature dedicated to the coupling and coordination relationship between 109 

financial inclusion and AGTFP. In view of this, after explaining the theoretical logic and coupling 110 

mechanism of financial inclusion and AGTFP, this paper uses the coefficient of variation method and 111 

SBM super efficiency model with unexpected output to measure financial inclusion and AGTFP in 112 

various provinces of China, and makes an empirical study on the coupling and coordination relationship 113 

between them. It further analyzes the impact of the improvement of the coupling and coordination 114 

relationship between financial inclusion and AGTFP on the urban-rural income gap, and puts forward 115 

some suggestions to promote the coordinated development of financial inclusion and AGTFP, in order to 116 

provide new ideas for agricultural sustainable development. 117 

Theoretical analysis on the coupling and coordination of financial inclusion and agricultural green 118 

total factor productivity 119 

The theoretical logic of financial inclusion and agricultural green total factor productivity 120 

The theoretical logic of financial inclusion. According to the definition of the world bank, financial 121 

inclusion refers to a financial system that enables all social strata and groups to enjoy financial services 122 

widely and without obstacles (Allen et al.2016). The development of financial inclusion breaks through 123 

the financial boundary defined by the original formal financial institutions, improves the accessibility 124 

and use depth of investment and financing services for vulnerable groups, improves the efficiency of 125 

financial resource allocation, and then realizes the whole socio-economic growth and income 126 

equity(Hannig & Jansen 2015). However, financial organizations are essentially a collection of interest 127 

demands from different social strata. Although financial transactions between people can form a 128 

relationship of mutual trust, they must achieve the goal of interest compatibility and sustainable 129 

development of the financial system through intertemporal institutional arrangements and incentive 130 



mechanism design on the basis of full information disclosure and repeated game (Soppe 2004). We 131 

cannot simply understand financial inclusion as providing low-cost financial services to vulnerable 132 

groups. In essence, financial inclusion still belongs to commercial finance. The commercial essence of 133 

financial inclusion requires that it must pursue profit maximization according to the cost-benefit principle, 134 

that is, the operation of inclusive financial institutions must give consideration to efficiency and fairness, 135 

and be able to achieve their own sustainable development while providing financial services for 136 

vulnerable groups (Zhang & Zhang 2021), which is the theoretical logic and development goal of 137 

financial inclusion. 138 

Theoretical logic of agricultural green total factor productivity. AGTFP is to bring factors such as 139 

agricultural resource consumption and pollution emission into the scope of economic growth on the basis 140 

of traditional productivity. It is the real agricultural production efficiency considering the cost of 141 

resources and environment, and can fully reflect the comprehensive competitiveness of regional 142 

agricultural economic development (Lv & Zhu 2019). AGTFP is not limited to the greening of 143 

agricultural input and output. It can lead to the greening of the whole agricultural system, including the 144 

greening before, during and after production. It has the dual objectives of agricultural production and 145 

agricultural ecological environment protection. This is highlighted in the following aspects: First, 146 

AGTFP promotes the transformation of agricultural production and farmers' lifestyle to green and 147 

environmental protection, and further promotes the adjustment of agricultural industrial structure and the 148 

transformation of agricultural development mode through the development of new business forms such 149 

as ecological agriculture, circular agriculture, biological agriculture, sightseeing and leisure agriculture 150 

and smart agriculture; Secondly, AGTFP organically connects the majority of farmers with the green 151 

development of the industry through the extension of the industrial chain, so that farmers can fully share 152 

the benefits of industrial quality and efficiency improvement; At the same time, the emergence of a series 153 

of new industries and new formats has also widened the channels for increasing farmers' income. Finally, 154 

AGTFP transforms traditional agriculture through the introduction of new factors such as technological 155 

innovation and the optimal allocation of factors, so as to inject strong power into rural economic and 156 

social development, which is also in line with the current concept of sustainable development and the 157 

requirements of agricultural supply side structural reform. 158 

Coupling mechanism of financial inclusion and agricultural green total factor productivity 159 

According to the viewpoint of system theory, a system is an organic whole with a certain function 160 

composed of several elements connected in a certain structural form, and coupling refers to a dynamic 161 

correlation between different systems. Benign coupling relationship is the overall evolution process of 162 

systems from simple to complex, from disorder to order, from low-level coordination and optimization 163 

to high-level coordination and symbiosis on the basis of proper cooperation and harmony. If a benign 164 

coupling relationship is formed between the two systems, the elements of the system will coordinate with 165 

each other, resulting in the overall effect of 1 + 1 > 2, so as to promote the common development of the 166 

two systems. 167 

In essence, financial inclusion and AGTFP represent two different systems. The main service objects 168 

and development objectives of financial inclusion and AGTFP are internally consistent. Both of them 169 

take farmers and other vulnerable groups as the main service objects and rural industrial transformation 170 

and upgrading and sustainable economic development as the main objectives. There must be a coupling 171 

relationship between the two systems. The improvement of the coupling relationship between financial 172 

inclusion and AGTFP is conducive to the virtuous cycle of credit funds, which is also conducive to the 173 



commercial sustainability of financial inclusion, so as to realize the win-win of economic and social 174 

benefits of financial inclusion. 175 

The development of financial inclusion can drive the improvement of AGTFP through a variety of 176 

ways. First of all, financial inclusion can provide low-cost credit funds for new agricultural operators in 177 

the early stage of entrepreneurship and lay the foundation for the entrepreneurial development of new 178 

agricultural operators (Zhang & Zhang 2021),and the endogenous technological progress caused by 179 

innovation plays an important role in improving the productivity of agricultural green elements. Secondly, 180 

financial inclusion can play a leading role. The flow of credit funds can drive the flow and aggregation 181 

of production factors such as technology, talents, capital and other social resources to the field of green 182 

agricultural development, so as to continuously promote the increase of green agricultural output scale 183 

and output efficiency. Finally, financial inclusion can not only alleviate the financing constraints of 184 

agricultural production subjects such as farmers through financing funds, but also provide strong support 185 

for the transformation and upgrading of industrial structure and the green and sustainable development 186 

of rural economy by giving full play to its resource allocation ability and risk sharing ability. 187 

Financial inclusion is mainly committed to meeting the credit exclusion faced by vulnerable groups, 188 

but financial inclusion is not a social welfare and charity, and its business sustainability also needs to be 189 

paid enough attention. The promotion of AGTFP has brought opportunities and renewal of business 190 

philosophy to the development of financial inclusion. On the one hand, in the process of improving 191 

AGTFP, the economic opportunities faced by farmers and other agricultural production entities have been 192 

continuously improved, and the endogenous power of farmers and other agricultural production entities 193 

to use credit funds to invest in production and expand productive activities has been released, so that the 194 

effective credit demand of farmers and other agricultural production entities has increased, which plays 195 

an important role in effectively improving the efficiency and effect of inclusive financial services in 196 

agricultural production. On the other hand, the renewal of agricultural development concept and the 197 

transformation of development mode contained in AGTFP objectively promote inclusive financial 198 

institutions to continuously innovate financial products and services for their own better development. 199 

They will pay more attention to the development and hematopoiesis of credit funds, pay attention to the 200 

green development of agriculture and the transformation and upgrading of rural industries, and pay 201 

attention to the matching between credit supply and capital demand of agricultural industry chain, which 202 

is conducive to the sustainability of inclusive financial services for rural economic development. 203 

Research design 204 

Data sources 205 

Because the data in Tibet are missing, the Chinese mainland is selected as the research object in the other 206 

30 provinces except Tibet. The sample time is set from 2006 to 2019. The original data of each indicator 207 

comes from China Statistical Yearbook, China Rural Statistical Yearbook, China Financial Yearbook, as 208 

well as the statistical yearbook and regional financial operation report of each province. 209 

Measurement of financial inclusion  210 

At present, the academic community has not formed a generally recognized financial inclusion evaluation 211 

index system. Combined with the connotation and development concept of financial inclusion, and 212 

referring to the analysis report on China's inclusive financial indicators (2019) issued by the people's 213 

Bank of China and the research of relevant scholars(Sarma & Pais 2011;Hu et al.2021), this paper 214 

constructs an financial inclusion evaluation index system with 10 specific indicators from the three 215 



dimensions of accessibility of financial services, usage of financial services and utility of financial 216 

services. Accessibility of financial services refers to the degree of penetration of financial services 217 

provided by a certain area among its users, that is, the extent to which residents in that area have access 218 

to or use financial services. Usage of financial services refers to the ability of residents in a certain area 219 

to obtain financial products and services. It measures the convenience of residents in obtaining 220 

corresponding financial products and services. Utility of financial services refers to the use efficiency of 221 

financial products by the economic system and financial institutions. It measures the degree of use of 222 

financial services provided by a region. The specific indicators of each dimension are shown in Table 1.   223 

Table 1 Financial inclusion evaluation index system 224 

Dimension Indicator Definition Properties 

Accessibility of financial 

services 

Branch accessibility 

Number of bank branches/Area Positive 

Number of bank 

branches/Population 

Positive 

Staff accessibility 
Number of bank staff/Area Positive 

Number of bank staff /Population Positive 

Usage of financial 

services 

Savings per capita Savings/Population Positive 

Loans per capita Loans/Population Positive 

Insurance density Insurance revenue/Population Positive 

Utility of financial 

services 

Savings ratio Savings/GDP Positive 

Loans ratio Loans/GDP Positive 

Insurance depth Insurance revenue /GDP Positive 

Further, this paper uses the coefficient of variation method to synthesize the above indicators into 225 

financial inclusion index. Firstly, in order to avoid the differences caused by the inconsistent dimensions 226 

of each index, each index is standardized in turn. Since the selected indicators are positive indicators, the 227 

specific formula to be standardized is shown in (1): 228 𝑥𝑖𝑗 = 𝐴𝑖𝑗−𝑚𝑖𝑗𝑀𝑖𝑗−𝑚𝑖𝑗                         (1) 229 

Among them, 𝑖  represents the dimension 𝑖 , 𝑗  represents the j-th indicator under 𝑖  dimension, 230 𝑥𝑖𝑗   represents the indicator value after standardization, 𝐴𝑖𝑗  represents the original indicator value 231 

before standardization, and 𝑚𝑖𝑗 and 𝑀𝑖𝑗 represent the minimum and maximum values of the original 232 

indicators respectively. 233 

Secondly, the weight of each indicator and each dimension are determined respectively. The basic 234 

principle of weighting is that the richer the information of an index or dimension or the greater the degree 235 

of numerical dispersion, the greater the weight value. The specific weighting formula is as follows: 236 

                                𝑤𝑖= 𝑉𝑖∑ 𝑉𝑖𝑛𝑖=1                          (2) 237 

In formula (2), 𝑤𝑖   represents the weight of the i-th index or dimension, and 𝑉𝑖  represents the 238 

coefficient of variation of the i-th index or dimension. The calculation method of 𝑉𝑖 is shown in formula 239 

(3): 240 

                                   𝑉𝑖=𝑆𝑖𝐴𝑖                         (3) 241 

Where, 𝑆𝑖 represents the standard deviation of the i-th indicator or dimension, and 𝐴𝑖  represents 242 

the average value of the i-th indicator or dimension. 243 



Thirdly, to calculate the single dimension financial inclusion index, the principle is to calculate the 244 

European distance between the measured value of each index under each dimension and the optimal 245 

value, and integrate all distances together. The specific calculation method is shown in formula (4):  246 

𝐼𝑓𝑖𝑖 = 1 − √𝑤𝑖12 (1−𝑥𝑖1)2+𝑤𝑖22 (1−𝑥𝑖2)2+⋯+𝑤𝑖𝑗2 (1−𝑥𝑖𝑗)2
√(𝑤𝑖12 +𝑤𝑖22 +⋯𝑤𝑖𝑗2 )         (4) 247 

Finally, after using formula (4) to calculate the single dimension financial inclusion index, further 248 

use formula (5) to calculate the composite dimension financial inclusion index. The specific calculation 249 

method is as follows:  250 

𝐼𝑓𝑖 = 1 − √𝑤12(1−𝐼𝐹𝐼1)2+𝑤22(1−𝐼𝐹𝐼2)2+𝑤32(1−𝐼𝐹𝐼3)2
√𝑤12+𝑤22+𝑤32           (5) 251 

Among them, 𝐼𝑓𝑖 and 𝐼𝑓𝑖1, 𝐼𝑓𝑖2 ,𝐼𝑓𝑖3 respectively represent the financial inclusion index and 252 

the index values of the three sub dimensions of accessibility of financial services, usage of financial 253 

services and utility of financial services. 254 

Measurement of agricultural green total factor productivity 255 

Index selection. The indicators needed to measure AGTFP include input indicators, expected output 256 

indicators and unexpected output indicators. (1) Land input. It is expressed by crop sowing area (2) 257 

Mechanical input. It is expressed by the total power of agricultural machinery (3) Fertilizer input. It is 258 

expressed by the net amount of agricultural chemical fertilizer application (4) Labor input. It is expressed 259 

by agricultural employment. The proportion of the total agricultural output value in the total output value 260 

of agriculture, forestry, animal husbandry and fishery is multiplied by the number of employment in the 261 

primary industry to obtain the number of agricultural employment.The increase of agriculture is the 262 

expected output index, which is expressed by the total agricultural output value. The total agricultural 263 

carbon emission is an unexpected output index. The total amount of agricultural carbon emission is 264 

estimated by multiplying the amount of six carbon emission sources of agricultural chemical fertilizer 265 

application, pesticide use, agricultural plastic film use, agricultural diesel use, crop sowing area and 266 

agricultural effective irrigation area by their respective carbon emission coefficients. The carbon 267 

emission coefficient of each carbon emission source is shown in Table 2. 268 

Table 2 Agricultural carbon emission sources, coefficients and reference sources 269 

Carbon emission source Carbon emission coefficient Reference source 

Chemical fertilizer 0.8956 kgkg-1 West and Marland[20], Oak Ridge National Laboratory 

Pesticides 4.9341 kgkg-1 Oak Ridge National Laboratory[21] 

Agricultural film 5.18 kgkg-1 
Institute of agricultural resources and ecological 

environment, Nanjing Agricultural University 

Diesel oil 0.5927 kgkg-1 
IPCC United Nations Intergovernmental Committee 

of experts on climate change 

Agricultural sowing 312.6 kgkm-2 
College of biology and technology, China Agricultural 

University[22] 

Agricultural irrigation 25 kgcha-1 Dubey and Lal[23] 

Measure method. Referring to the research of Tone (2002), this paper uses the SBM super efficiency 270 

model incorporating unexpected output to calculate the AGTFP. Suppose that the k-th decision unit (j= 271 



1,2, n) has input vector xRM, expected output vector ygRS1, and unexpected output vector ybRS2 272 

respectively. At the same time, define matrices X=[x1，x2，xn] Rmn, Yg=[y1
g，，yn

g] RS1n，273 

and Yb=[y1
b，，yn

b] RS2n. For the decision-making unit K to be measured, as shown in formula (6): 274  𝑚𝑖𝑛𝜌 = 1+ 1𝑚 ∑ 𝑠𝑖_𝑥𝑖𝑘𝑚𝑖=11− 1𝑠1+𝑠2(∑ 𝑠𝑟𝑔 𝑦𝑟𝑘𝑔 +∑ 𝑠𝑡𝑏 𝑦𝑡𝑘𝑏⁄𝑠2𝑡=1⁄𝑠1𝑟=1                  (6) 275 

                  276 

 ∑ 𝑥𝑖𝑗𝑛𝑗=1,𝑗≠𝑘 𝑗 − 𝑠𝑖− 𝑥𝑖𝑘  277 

                                278 

 ∑ 𝑦𝑟𝑗𝑛𝑗=1,𝑗≠𝑘 𝑗 + 𝑠𝑟𝑔 𝑦𝑟𝑘𝑔  279 

                        𝑠. 𝑡. 280 

    ∑ 𝑦𝑡𝑗𝑛𝑗=1,𝑗≠𝑘 𝑗 − 𝑠𝑏𝑡 𝑦𝑡𝑘𝑏  281 

     282 

    0，𝑠𝑔0，𝑠𝑏0，𝑠−0 283 

Where  is the weight vector, Si
-, Sr

g and St
b are relaxation variables. 1𝑚 ∑ 𝑠𝑖_𝑥𝑖𝑘𝑚𝑖=1   represents the 284 

average invalidity degree of input and 1𝑠1+𝑠2 (∑ 𝑠𝑟𝑔 𝑦𝑟𝑘𝑔 + ∑ 𝑠𝑡𝑏 𝑦𝑡𝑘𝑏⁄𝑠2𝑡=1⁄𝑠1𝑟=1   represents the average 285 

invalidity degree of output. 𝜌 is the efficiency value of decision-making units and can be greater than 286 

1, so effective decision-making units can be distinguished. 287 

Because total factor productivity needs to be calculated with index method, but the traditional ML 288 

index does not have transitivity, this paper selects GML index to represent the change of AGTFP. 289 

Referring to the study of Oh (2010) , GML index can be expressed by formula (7): 290 𝐺𝑀𝐿𝑡,𝑡+1(𝑥𝑡+1, 𝑦𝑡+1, 𝑏𝑡+1, 𝑥𝑡 , 𝑦𝑡 , 𝑏𝑡) = 1+𝐷𝐺𝑇(𝑥𝑡,𝑦𝑡,𝑏𝑡)1+𝐷𝐺𝑇(𝑥𝑡+1,𝑦𝑡+1,𝑏𝑡+1)        (7) 291 

If 𝐺𝑀𝐿𝑡,𝑡+1 > 1, it indicates that the expected output increases, the unexpected output decreases, 292 

and the AGTFP is higher than that of the previous period; On the contrary, it shows that the AGTFP 293 

decreases. 294 

Considering that the AGTFP calculated by GML index is a month on month index, that is, the change 295 

of AGTFP in this year compared with the previous year. Therefore, this paper transforms AGTFP into 296 

fixed base index to reflect the cumulative change trend of AGTFP. That is, AGTFP in 2006 is 1, and the 297 

actual value of AGTFP in 2007 is the product of AGTFP in the current year and AGTFP in 2006, and so 298 

on. Since the coupling relationship between financial inclusion and AGTFP needs to be analyzed later, 299 

we also standardize the AGTFP after fixed base transformation. 300 

Coupling coordination model 301 

The coupling degree mainly measures the linkage degree between the two systems, and the coupling 302 

coordination degree mainly measures the level of mutual promotion and benign interaction between the 303 

two systems. Firstly, the coupling degree model of financial inclusion and AGTFP is constructed, as 304 

shown in formula (8): 305 

                 𝐶 = 2[(𝑅1 × 𝑅2)/(𝑅1 + 𝑅2)2]1/2               (8)                     306 

Where R1 and R2 represent the measurement indexes of financial inclusion and AGTFP respectively. 307 

Although the coupling degree C measures the interaction between the two systems, it does not reflect the 308 

overall efficacy and coordination effect of the interaction between financial inclusion and AGTFP. This 309 

is because the coupling between the two systems with higher development level may be very low. 310 



Therefore, it is necessary to further introduce the coupling coordination degree model to measure the 311 

overall synergy, as shown in formula (9): 312 𝐷 = √𝐶 𝑇                           (9) 313 

Among them, D is the coupling co scheduling, T is the comprehensive coordination index of 314 

financial inclusion and AGTFP, which reflects the contribution of the overall development level of the 315 

two systems to the coupling coordination degree, T=R1+R2, and  respectively represent the system 316 

weight of financial inclusion and AGTFP, which is assigned as ==0.5. 317 

In order to better understand the coordination level between financial inclusion and AGTFP, 318 

referring to the research of Zhu et al. (2019), the coupling coordination degree is divided into six stages 319 

according to the value range of coupling co scheduling. The specific division results are shown in Table 320 

3: 321 

Table 3 Hierarchy of coupling coordination degree 322 

Serial number 
Value of coupling coordination 

degree 
Coordination phase 

1 0 < D < 0.3 Very low degree of coordination 

2 0.3  D < 0.4 Low degree of coordination 

3 0.4  D < 0.5 Primary level coordination 

4 0.5  D < 0.6 Moderate level coordination 

5 0.6  D < 0.7 High degree of coordination 

6 0.7  D < 1 Very high degree of coordination 

Analysis of empirical results 323 

Analysis on the measurement results of financial inclusion and agricultural green total factor 324 

productivity  325 

Table 4 reports the average level of financial inclusion and AGTFP in 30 provinces of China in different 326 

time intervals. The overall development level of financial inclusion in China is low, and there are obvious 327 

inter provincial differences and two-level differentiation. Specifically, the overall average value of 328 

financial inclusion in most provinces is between 0.05 and 0.20. The development level of financial 329 

inclusion in some provinces such as Shanghai, Beijing and Tianjin is much higher than that in other 330 

provinces. Among them, the development level of financial inclusion in Shanghai is the highest, with an 331 

overall average of 0.5997; The overall average value of financial inclusion in Guangxi is only 0.0458, 332 

and the overall average value of financial inclusion in Shanghai is 13 times that in Guangxi. From the 333 

perspective of development trend, during the sample period, the development level of financial inclusion 334 

in various provinces in China showed a gradual upward trend, which shows that China's financial 335 

inclusion development strategy has achieved certain results. Specifically, the average value of financial 336 

inclusion in all provinces is the smallest from 2006 to 2009, the middle from 2010 to 2014 and the highest 337 

from 2015 to 2019. 338 

The overall level of AGTFP of China is low, and the difference between provinces is relatively small. 339 

Specifically, only Qinghai, Guizhou, Jiangsu and Shaanxi provinces have the overall average value of 340 

AGTFP above 0.20, accounting for only 13.3% of all provinces. The overall average value of AGTFP in 341 

other provinces is mostly about 0.15. The overall average value of AGTFP is 0.2814 in Qinghai and 342 

0.0732 in Jilin. From the perspective of development trend, similar to financial inclusion, AGTFP in 343 

various provinces of China also shows a gradual upward trend. Specifically, the average value of AGTFP 344 



in most provinces is the smallest from 2006 to 2009, the middle from 2010 to 2014 and the highest from 345 

2015 to 2019; However, the average value of AGTFP in some provinces such as Shanghai and Jilin from 346 

2015 to 2019 is less than that from 2010 to 2014, which indicates that there are some differences in the 347 

growth trend of AGTFP in different provinces. However, compared with financial inclusion, the growth 348 

trend of AGTFP is relatively fast. Taking Jiangxi as an example, the average AGTFP was only 0.0258 349 

from 2006 to 2009, while it reached 0.2548 from 2015 to 2019, an increase of nearly 10 times.  350 

Table 4 Financial inclusion and agricultural green total factor productivity  351 

Province 
Financial inclusion AGTFP 

2006-2009 2010-2014 2015-2019 2006-2019 2006-2009 2010-2014 2015-2019 2006-2019 

Beijing 0.3236 0.4088 0.5137 0.4219 0.0372 0.1232 0.1926 0.1234 

Tianjin 0.1929 0.2510 0.3313 0.2631 0.0291 0.1240 0.2200 0.1312 

Hebei 0.0532 0.0733 0.1138 0.0820 0.0440 0.1682 0.2151 0.1495 

Liaoning 0.0738 0.0988 0.1483 0.1093 0.0427 0.1402 0.2065 0.1360 

Shanghai 0.4302 0.5888 0.7464 0.5997 0.0425 0.1324 0.1269 0.1047 

Jiangsu 0.0955 0.1375 0.2001 0.1479 0.0438 0.1787 0.4093 0.2225 

Zhejiang 0.1168 0.1664 0.2199 0.1713 0.0352 0.1418 0.2963 0.1665 

Fujian 0.0580 0.0882 0.1267 0.0933 0.0407 0.1503 0.3046 0.1741 

Shandong 0.0653 0.0909 0.1284 0.0970 0.0462 0.1372 0.2178 0.1400 

Guangdong 0.0941 0.1276 0.1832 0.1379 0.0333 0.1045 0.2364 0.1313 

Hainan 0.0491 0.0748 0.1164 0.0823 0.0306 0.1128 0.2651 0.1437 

Shanxi 0.0635 0.0857 0.1195 0.0914 0.0439 0.2016 0.2980 0.1910 

Jilin 0.0449 0.0587 0.1007 0.0697 0.0346 0.0942 0.0831 0.0732 

Heilongjiang 0.0330 0.0500 0.0846 0.0575 0.0357 0.1659 0.3579 0.1973 

Anhui 0.0474 0.0661 0.1001 0.0729 0.0430 0.1337 0.2083 0.1344 

Jiangxi 0.0365 0.0537 0.0891 0.0614 0.0258 0.0977 0.2548 0.1332 

Henan 0.0506 0.0701 0.1054 0.0771 0.0382 0.1196 0.1812 0.1184 

Hubei 0.0455 0.0628 0.0968 0.0700 0.0321 0.1322 0.2408 0.1424 

Hunan 0.0370 0.0487 0.0790 0.0562 0.0473 0.1732 0.2324 0.1583 

Inner Mongolia 0.0251 0.0461 0.0860 0.0544 0.0301 0.1059 0.1392 0.0961 

Guangxi 0.0239 0.0424 0.0668 0.0458 0.0463 0.1252 0.2541 0.1487 

Chongqing 0.0644 0.0931 0.1236 0.0958 0.0229 0.1226 0.2733 0.1479 

Sichuan 0.0436 0.0714 0.1020 0.0744 0.0434 0.1556 0.3408 0.1897 

Guizhou 0.0299 0.0476 0.0805 0.0543 0.0214 0.1378 0.6140 0.2746 

Yunnan 0.0330 0.0497 0.0690 0.0518 0.0310 0.1014 0.2351 0.1291 

Shaanxi 0.0494 0.0687 0.1043 0.0759 0.0498 0.1928 0.3492 0.2078 

Gansu 0.0319 0.0540 0.0901 0.0606 0.0386 0.1415 0.2292 0.1434 

Qinghai 0.0300 0.0573 0.0928 0.0622 0.0487 0.2355 0.5135 0.2814 

Ningxia 0.0512 0.0724 0.1094 0.0795 0.0571 0.1818 0.3273 0.1981 

Xinjiang 0.0326 0.0556 0.0866 0.0601 0.0209 0.1041 0.1470 0.0957 

Analysis on the measurement results of the coupling and coordination between financial inclusion 352 

and agricultural green total factor productivity  353 

The measurement results of the coupling coordination degree between financial inclusion and AGTFP 354 



are shown in Table 5. From the overall average value, the coupling coordination degree of financial 355 

inclusion and AGTFP in China's provinces is low, and the coupling coordination relationship of most 356 

provinces is in a very low coordination stage and a low coordination stage, indicating that the coupling 357 

coordination degree of financial inclusion and AGTFP in China still has a large room for improvement. 358 

Specifically, Shanghai ranks the highest in the coupling coordination degree, with an average value of 359 

0.4852, while Inner Mongolia ranks the lowest, with an average value of only 0.2585, indicating that 360 

there are great regional differences in the coupling coordination degree between China's financial 361 

inclusion and AGTFP. Beijing, Shanghai, Tianjin and Jiangsu have an overall average value of more than 362 

0.4 for the coupling coordination between financial inclusion and AGTFP. The coupling coordination 363 

relationship of these four provinces is in the primary coordination stage, accounting for 13.3% of all 364 

provinces. There are 17 provinces such as Hebei, Liaoning and Zhejiang with an overall average value 365 

of more than 0.3 in the coupling and coordination of financial inclusion and AGTFP. The coupling and 366 

coordination relationship of these provinces is in the low coordination stage, accounting for 56.7% of all 367 

provinces. There are nine provinces such as Jilin, Jiangxi and Henan with an overall average value of 368 

more than 0.2. The coupling coordination relationship between financial inclusion and AGTFP is in a 369 

very low coordination stage, accounting for 30% of all provinces. From the perspective of development 370 

trend, the coupling coordination degree of financial inclusion and AGTFP in all provinces showed a slow 371 

upward trend from 2006 to 2019. Specifically, from 2006 to 2009, the average coupling coordination 372 

degree of financial inclusion and AGTFP in most provinces was below 0.3, and the coupling coordination 373 

relationship was in a very low coordination stage. Only the average coupling coordination degree of 374 

Beijing and Shanghai exceeded 0.3, 0.3252 and 0.3594 respectively, and the coupling coordination 375 

relationship was in a low coordination stage. From 2010 to 2014, the average value of the coupling 376 

coordination between financial inclusion and AGTFP in most provinces exceeded 0.3, and the coupling 377 

coordination relationship rose to the low coordination stage. Only nine provinces such as Jilin, 378 

Heilongjiang and Jiangxi have the average value of coupling coordination degree lower than 0.3, 379 

accounting for 30% of all provinces. The average value of coupling coordination degree in a few regions 380 

such as Beijing, Tianjin and Shanghai even exceed 0.4. The coupling coordination relationship has 381 

reached the primary coordination stage and the medium-level coordination stage respectively. From 2015 382 

to 2019, the average value of the co scheduling of financial inclusion and AGTFP in more provinces 383 

exceeded 0.4, accounting for 60% of all provinces; Among them, the average value of coupling 384 

coordination degree exceeds 0.5 in five provinces, namely Beijing, Tianjin, Shanghai, Jiangsu and 385 

Zhejiang, and the coupling coordination relationship is in the moderate coordination stage. 386 

Table 5 Coupling and Co scheduling of financial inclusion and agricultural green total factor productivity  387 

Province 2006-2009 2010-2014 2015-2019 2006-2019 

Beijing 0.3252 0.4705 0.5608 0.4612 

Tianjin 0.2694 0.4170 0.5180 0.4109 

Hebei 0.2166 0.3317 0.3948 0.3214 

Liaoning 0.2341 0.3410 0.4174 0.3377 

Shanghai 0.3594 0.5252 0.5460 0.4852 

Jiangsu 0.2488 0.3932 0.5329 0.4018 

Zhejiang 0.2496 0.3900 0.5016 0.3898 

Fujian 0.2173 0.3369 0.4416 0.3401 

Shandong 0.2284 0.3327 0.4083 0.3299 



Guangdong 0.2353 0.3375 0.4521 0.3493 

Hainan 0.1946 0.3006 0.4173 0.3120 

Shanxi 0.2165 0.3614 0.4340 0.3459 

Jilin 0.1962 0.2709 0.2979 0.2592 

Heilongjiang 0.1796 0.2962 0.4117 0.3041 

Anhui 0.2083 0.3054 0.3796 0.3042 

Jiangxi 0.1724 0.2650 0.3869 0.2821 

Henan 0.2063 0.3019 0.3708 0.2992 

Hubei 0.1912 0.3001 0.3896 0.3010 

Hunan 0.1988 0.3021 0.3667 0.2957 

Inner Mongolia 0.1638 0.2627 0.3300 0.2585 

Guangxi 0.1798 0.2687 0.3592 0.2756 

Chongqing 0.1567 0.3243 0.4267 0.3130 

Sichuan 0.2002 0.3229 0.4299 0.3261 

Guizhou 0.1527 0.2779 0.4690 0.3104 

Yunnan 0.1770 0.2626 0.3525 0.2702 

Shaanxi 0.2184 0.3374 0.4356 0.3385 

Gansu 0.1840 0.2943 0.3784 0.2928 

Qinghai 0.1892 0.3386 0.4591 0.3389 

Ningxia 0.2272 0.3375 0.4343 0.3406 

Xinjiang 0.1590 0.2752 0.3347 0.2633 

Figure1 depicts the trend of the coupling coordination degree of financial inclusion and AGTFP 388 

over time. From 2006 to 2019, the average value of China's financial inclusion and AGTFP coupling co 389 

scheduling increased from 0.1649 to 0.4657, from the very low coordination stage to the primary 390 

coordination stage, and the coordinated development level between the two continued to improve. The 391 

degree of coupling coordination is affected by the overall development degree of the system and the 392 

development gap between systems. The increase of the development gap between systems will have a 393 

negative impact on the degree of coupling coordination. According to the development level of financial 394 

inclusion and the level of AGTFP, the coordinated development relationship between the two systems is 395 

divided into two types: Financial inclusion is relatively lagging and AGTFP is relatively lagging. From 396 

2006 to 2010, the development level of financial inclusion in China was higher than that of AGTFP, 397 

which belongs to the relatively backward coordinated development relationship of AGTFP; From 2010 398 

to 2019, China's AGTFP exceeded the development level of financial inclusion, which belongs to a 399 

relatively lagging coordinated development relationship of financial inclusion. From the time trend chart, 400 

it can be found that the level of financial inclusion and AGTFP in China showed an upward trend during 401 

the sample period, which made a certain contribution to the increase of coupling coordination degree; 402 

However, it should be noted that the gap between financial inclusion and AGTFP is increasing, which 403 

will have a potential adverse impact on the continuous improvement of coupling coordination. In the 404 

context of national implementation of agricultural sustainable development, to effectively promote the 405 

coordinated development of financial inclusion and AGTFP, the primary task is to change the 406 

development strategy of financial inclusion. financial inclusion should not only meet the credit 407 

availability of agricultural production subjects, but also guide and support agricultural green 408 

transformation and upgrading and take the road of sustainable development. 409 



Figure 1 Time trend of financial inclusion and agricultural green total factor productivity 410 

Regional difference of coupling coordination degree 411 

Regional difference analysis method. In this paper, Dagum (1997) Gini coefficient and its decomposition 412 

method are used to calculate the intra regional differences, inter regional differences and their sources of 413 

the coupling co scheduling of financial inclusion and AGTFP. This method effectively solves the source 414 

problem of spatial differentiation and the problem of cross overlap between sub samples. The basic 415 

definition of Gini coefficient is shown in equation (10), yji(yhr) is the coupling co scheduling of financial 416 

inclusion and AGTFP in a province in j(h),y represents the average value of the coupling coordination 417 

degree of each province, n represents the number of provinces, k is the number of regions, and nj(nk) is 418 

the number of provinces in j(h). During Gini coefficient decomposition, regions need to be sorted 419 

according to the average value of coupling co scheduling, as shown in equation (11): 420 𝐺 = ∑ ∑ ∑ ∑ |𝑦𝑗𝑖 − 𝑦ℎ𝑟𝑛𝑘𝑟=1𝑛𝑗𝑖=1𝑘ℎ=1𝑘𝑗=1 |/2𝑛2𝑦            (10) 421 

                       𝑌ℎ   𝑌𝑗   𝑌𝑘                       (11) 422 

Equation (12) and equation (13) represent Gini coefficient Gjj and intra regional difference Gw of j 423 

region respectively; Equations (14) and (15) represent the inter regional Gini coefficient G jh and inter 424 

regional net value difference Gnb of regions j and h respectively; Formula (16) represents the super 425 

density Gt, and the relationship between them satisfies G=Gw + Gnb + Gt. 426 𝐺𝑗𝑗 = 12𝑌𝑗 ∑ ∑ |𝑦𝑗𝑖𝑛𝑗𝑟=1𝑛𝑗𝑖=1 − 𝑦𝑗𝑟|/𝑛𝑗2                (12) 427 𝐺𝑤 = ∑ 𝐺𝑗𝑗𝑘𝑗=1 𝑝𝑗𝑠𝑗                       (13) 428 𝐺𝑗ℎ = ∑ ∑ |𝑦𝑗𝑖 − 𝑦ℎ𝑟𝑛ℎ𝑟=1𝑛𝑗𝑖=1 |/𝑛𝑗𝑛ℎ(𝑌𝑗 + 𝑌𝑌ℎ)          (14) 429 𝐺𝑛𝑏 = ∑ ∑ 𝐺𝑗ℎ𝑗−1ℎ=1𝑘𝑗=2 (𝑝𝑗𝑠ℎ + 𝑝ℎ𝑠𝑗)𝐷𝑗ℎ             (15) 430  𝐺𝑡 = ∑ ∑ 𝐺𝑗ℎ𝑗−1ℎ=1𝑘𝑗=2 (𝑝𝑗𝑠ℎ + 𝑝ℎ𝑠𝑗)1 − (𝐷𝑗ℎ)            (16) 431 

Among them,𝑝𝑗 = 𝑛𝑗/𝑌，𝑠𝑗 = 𝑛𝑗𝑌𝑗/𝑛𝑌(j=1,,k). In this paper, 𝐷𝑗ℎ is defined as the relative 432 

influence of coupling co scheduling between j and h regions, as shown in equations (17), (18) and (19), 433 

where 𝐹𝑗(𝐹ℎ) is the cumulative density distribution function of j and h regions respectively, and 𝑑𝑗ℎ is 434 

the difference of coupling co scheduling between regions, which can be interpreted as the mathematical 435 

expectation of the sum of all 𝑦𝑗𝑟 − 𝑦𝑗𝑖 > 0sample values in j and h regions; 𝑝𝑗ℎ is the supervariant 436 
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first-order distance, which can be interpreted as the mathematical expectation of the sum of all 𝑦ℎ𝑟 −437 𝑦𝑗𝑖 > 0 sample values in j and h regions.  438 𝐷𝑗ℎ = 𝑑𝑗ℎ−𝑝𝑗ℎ𝑑𝑗ℎ+𝑝𝑗ℎ                          (17) 439 𝑑𝑗ℎ = ∫ 𝑑𝐹𝑗0 (𝑦) ∫ (𝑦 − 𝑥)𝑑𝐹ℎ𝑦0 (𝑥)              (18)  440  𝑝𝑗ℎ = ∫ 𝑑0 𝐹ℎ(𝑦) ∫ (𝑦 − 𝑥)𝑑𝐹𝑗𝑦0 (𝑦)              (19) 441 

Analysis of regional difference results. The Gini coefficient and regional analysis results are reported in 442 

Table 6. As can be seen from table 6, there are great regional differences in the coupling coordination 443 

degree between China's inter provincial financial inclusion and AGTFP, but this difference shows a 444 

fluctuating downward trend. Specifically, Dagum Gini coefficient was on the high side from 2006 to 445 

2011, above 0.1 for a long time; After 2012, Dagum Gini coefficient dropped below 0.1 and reached the 446 

minimum value of 0.0813 in 2016. Although it rebounded in the later stage, Dagum Gini coefficient was 447 

always lower than 0.1. From the perspective of regional differences, the Dagum Gini coefficient in the 448 

East, middle and West is less than the overall Gini coefficient, which shows that the regional difference 449 

of the coupling co scheduling of financial inclusion and AGTFP is less than the overall difference of the 450 

whole country; And the Dagum Gini coefficient from large to small is the East, the West and the middle, 451 

which shows that the regional difference of financial inclusion and AGTFP coupling co scheduling is 452 

greater in the east than in the West and the middle. From the perspective of interregional differences, the 453 

differences between the East and the West are the largest, but on the whole, they show a downward trend 454 

year by year, although they have rebounded slightly in the past two years; The second is the difference 455 

between the eastern and central regions, and shows a fluctuating downward trend during the sample 456 

period; The difference between the central and western regions is relatively small, and shows a downward 457 

trend of fluctuation during the sample period, but the fluctuation range is slightly smaller than that 458 

between the eastern and central regions. From the contribution rate of relative difference, the contribution 459 

rate of interregional difference is the largest and the contribution rate of over variable density is the 460 

smallest, which shows that interregional difference is the main source of regional difference in the 461 

coupling and co scheduling of financial inclusion and AGTFP. How to reduce interregional difference is 462 

the focus of future work. 463 

Table 6 Gini coefficient and regional analysis results 464 

Year 

Gini 

coefficient 

(G) 

Intra regional differences 

(Gw) 

Interregional differences 

(Gnb) 

Hypervariable 

density 

contribution 

(Gt) 

Contribution rate 

(%) 

Eastern  Central  Western  Eastern- 

Central 

Eastern- 

Western 

Central- 

Western 

Gw Gnb Gt 

2006 0.1499 0.0919 0.0540 0.1587 0.1427 0.2284 0.1216 0.0059 23.98 72.09 3.93 

2007 0.1059 0.0937 0.0359 0.0637 0.1385 0.1549 0.0549 0.0090 23.44 68.05 8.51 

2008 0.1048 0.0983 0.0279 0.0784 0.1236 0.1499 0.0644 0.0095 25.41 65.51 9.07 

2009 0.1083 0.1040 0.0627 0.0697 0.1278 0.1468 0.0722 0.0121 26.57 62.30 11.13 

2010 0.1031 0.0992 0.0682 0.0646 0.1320 0.1316 0.0681 0.0151 26.92 58.42 14.66 

2011 0.1059 0.1078 0.0556 0.0661 0.1353 0.1370 0.0667 0.0144 26.94 59.46 13.60 

2012 0.0927 0.0913 0.0470 0.0544 0.1235 0.1208 0.0585 0.0128 25.73 60.48 13.79 

2013 0.0889 0.0871 0.0427 0.0555 0.1180 0.1170 0.0540 0.0125 25.90 60.02 14.08 

2014 0.0843 0.0780 0.0394 0.0570 0.1128 0.1095 0.0540 0.0112 25.60 61.11 13.29 

2015 0.0818 0.0711 0.0317 0.0628 0.1080 0.1048 0.0577 0.0114 25.35 60.74 13.91 



2016 0.0813 0.0632 0.0389 0.0674 0.1088 0.0981 0.0653 0.0118 25.34 60.14 14.52 

2017 0.0848 0.0716 0.0650 0.0694 0.1082 0.0921 0.0773 0.0153 28.08 53.87 18.05 

2018 0.0890 0.0799 0.0598 0.0658 0.1202 0.0979 0.0758 0.0130 27.31 58.08 14.60 

2019 0.0910 0.0749 0.0669 0.0761 0.1189 0.0997 0.0797 0.0167 27.83 53.77 18.40 

Spatial characteristic analysis of coupling coordination degree 465 

Spatial feature analysis method. Spatial feature analysis usually includes global spatial autocorrelation 466 

analysis and local spatial autocorrelation analysis. Global spatial autocorrelation is used to explore the 467 

distribution state of the coupling coordination degree of financial inclusion and AGTFP in the overall 468 

space. It is usually measured by global Moran's I. The calculation method is shown in formula (20): 469 𝐼 = 𝑁𝑆0  ∑ ∑ 𝑊𝑖𝑗(𝑋𝑖−𝑋)(𝑋𝑗−𝑋)𝑁𝑗=1𝑁𝑖=1 ∑ (𝑋𝑖𝑁𝑗=1 −𝑋)2                 (20) 470 

Among them, ij and N are the number of study areas, Xi is the observation data,X is the average 471 

value of Xi, Wij is the spatial weight matrix of areas i and j, the spatial adjacent value is 1, and the spatial 472 

non adjacent value is 0. Moran's I value is between [- 1,1], and the value is positive, indicating that there 473 

is a positive spatial autocorrelation, indicating that the regions with high (or low) coupling coordination 474 

degree between financial inclusion and AGTFP tend to cluster in space; If the value is negative, it shows 475 

negative spatial autocorrelation, indicating that there is a significant spatial difference in the coupling 476 

coordination degree of financial inclusion and AGTFP between adjacent regions; A value of 0 indicates 477 

that there is no correlation and the spatial distribution is random. 478 

Local spatial autocorrelation is used to measure the spatial correlation and difference degree of the 479 

coupling co scheduling of financial inclusion and AGTFP in adjacent provinces. In this paper, local 480 

Moran's I is used to measure the local spatial autocorrelation of region i and region j. the calculation 481 

method is shown in formula (21): 482 𝐼𝑖 = 𝑍𝑖 ∑ 𝑊𝑖𝑗𝑍𝑗𝑁𝑖=1                      (21) 483 

Where Zi and Zj are the standardization of observation data of region i and region j, and Wij 484 

represents spatial weight. If the value of Ii is positive, it means that the region i and the adjacent region 485 

belong to high values and are surrounded by high values or low values and are surrounded by low values. 486 

The value of Ii is negative, indicating that the region i and adjacent regions belong to low values and are 487 

surrounded by high values or high values are surrounded by low values. 488 

Global spatial autocorrelation analysis. Using Geoda and Stata software, the global spatial 489 

autocorrelation analysis is carried out on the coupling coordination value of financial inclusion and 490 

AGTFP in 30 provinces of China, and the global Moran's I index of the coupling coordination degree of 491 

the two in each year is obtained, as shown in Figure 2: 492 

During the sample period, the Moran's I index of each year passed the significance test, and the 493 

values are greater than 0, indicating that the coupling coordination degree of financial inclusion and 494 

AGTFP presents the characteristics of spatial positive autocorrelation. Overall, Moran's I index showed 495 

a downward trend of fluctuation from 2006 to 2019, and the spatial agglomeration decreased, but it 496 

showed different characteristics in different stages. From 2006 to 2012, Moran's I index showed a slight 497 

fluctuation trend and was at a high level, indicating that during this period, the change trend of China's 498 

financial inclusion and AGTFP coupling co scheduling was small and showed strong spatial 499 

agglomeration distribution characteristics. From 2012 to 2017, Moran's I index showed a slow downward 500 

trend, indicating that during this period, the spatial agglomeration of the coupling coordination degree of 501 

financial inclusion and AGTFP in China gradually decreased. From 2017 to 2019, Moran's I index 502 



showed a strong fluctuation trend, indicating that the spatial characteristics of China's financial inclusion 503 

and AGTFP coupling co scheduling have changed dramatically in a short time. Global spatial 504 

autocorrelation only shows the overall comprehensive characteristics of the coupling coordination degree 505 

of financial inclusion and AGTFP, and can not reveal the local spatial correlation with adjacent provinces. 506 

Therefore, it needs to be further analyzed in combination with local spatial autocorrelation. 507 

Figure 2 Global Moran's I Index of the coupling Co scheduling of financial inclusion and agricultural green total 508 

factor productivity in 2006 and 2009 509 
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Local spatial autocorrelation analysis. The mean value of the coupling coordination degree of financial 520 

inclusion and AGTFP in 2006-2009, 2010-2014 and 2015-2019 is selected as the cross-sectional data, 521 

and the local spatial autocorrelation analysis is used to measure the distribution and evolution 522 

characteristics of the coupling coordination between financial inclusion and AGTFP in each province. 523 

The spatial agglomeration type of the coupling coordination degree of each province is divided into four 524 

quadrants, in which the first quadrant (HH) represents the coupling coordination degree of financial 525 

inclusion and AGTFP in the province and surrounding provinces, both of which belong to high-value 526 

areas; The second quadrant (LH) represents that the coupling coordination between provincial financial 527 

inclusion and AGTFP is low, while the surrounding provinces are high; The third quadrant (LL) 528 

represents that the coupling coordination degree of financial inclusion and AGTFP in provinces and 529 

surrounding provinces belongs to low value area; The fourth quadrant (HL) represents that the coupling 530 

coordination between provincial financial inclusion and AGTFP is high, while the surrounding provinces 531 

are low. 532 

HH cluster: as can be seen from table 7, the number of provinces of this type in the three stages is 533 

8, accounting for 26.6% of all provinces. In terms of spatial distribution, the regional scope of this type 534 

is gradually expanding, showing a development trend from relative concentration to regional dispersion. 535 

From 2006 to 2014, it was mainly distributed in 8 eastern provinces such as Beijing, Shanghai and 536 

Jiangsu. The span between provinces was not obvious, and the spatial distribution was concentrated. 537 

From 2015 to 2019, in addition to being mainly distributed in the eastern provinces, western provinces 538 

such as Sichuan and Chongqing have also become new members of this type. The spatial distribution 539 

state gradually tends to be widely dispersed from the eastern agglomeration to the western region. 540 

LH cluster: the number of provinces of this type has gradually increased from 5 to 9, and the 541 

proportion has increased from 16.7% to 30%. In terms of spatial distribution, the regional scope of this 542 

type is gradually expanding, showing a development trend from relatively concentrated in the middle 543 

and west to scattered in the East, middle and West. From 2006 to 2014, it was mainly distributed in three 544 

central provinces such as Anhui, Jiangxi and Henan, as well as Hainan and Inner Mongolia, with 545 
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relatively concentrated spatial distribution. From 2015 to 2019, it is mainly distributed in three eastern 546 

provinces such as Hainan, Shandong and Hebei, three central provinces such as Anhui, Jiangxi and 547 

Hunan, and three western provinces such as Xinjiang, Yunnan and Jiangxi. The spatial distribution spans 548 

the East, middle and West, showing a decentralized development trend. 549 

LL cluster area: the number of provinces of this type has changed relatively greatly, showing a 550 

gradual downward trend, and the proportion has decreased from 40% to 23.4%, indicating that the 551 

coupling and coordination level of China's financial inclusion and AGTFP is increasing. In terms of 552 

spatial distribution, the regional scope of this type is gradually reduced, and the spatial pattern is basically 553 

concentrated in the central and western regions. From 2006 to 2009, it was mainly distributed in 12 554 

central and western provinces such as Chongqing, Xinjiang and Heilongjiang, and the spatial distribution 555 

tends to be concentrated as a whole. From 2010 to 2014, it was mainly distributed in 11 central and 556 

western provinces such as Chongqing, Xinjiang and Heilongjiang, and the spatial distribution status was 557 

basically the same as that from 2006 to 2009. Only Qinghai province changed from this type of cluster 558 

area to HL cluster area. From 2015 to 2019, it is mainly distributed in 7 provinces such as Inner Mongolia, 559 

Henan and Heilongjiang. The spatial distribution tends to be widely dispersed from the central and 560 

western regions and extends to the eastern region, indicating that the gap between the eastern and central 561 

and western regions is gradually narrowing. 562 

HL cluster area: the number of provinces and regions of this type fluctuates slightly, but remains 563 

stable as a whole. There is no obvious change in the spatial scope, but the spatial pattern presents a 564 

decentralized development trend in the East, middle and West. From 2006 to 2009, it was mainly 565 

distributed in five provinces: Shanxi, Shaanxi, Ningxia, Liaoning and Guangdong. The spatial 566 

distribution spans three regions: East, middle and West. Among them, Liaoning and Guangdong have a 567 

large spatial span, while the other three provinces are relatively concentrated. From 2010 to 2014, it was 568 

mainly distributed in six provinces such as Shanxi, Shaanxi and Liaoning, and the spatial distribution 569 

status was basically the same as that from 2006 to 2009. The spatial distribution of the newly added 570 

Qinghai and four provinces such as Shanxi, Shaanxi and Ningxia was relatively concentrated. From 2015 571 

to 2019, it is mainly distributed in six provinces such as Shanxi, Ningxia and Guizhou. The spatial 572 

distribution shows a trend of decentralized development from the East, middle and west to the central 573 

and western regions. 574 

Table 7 Spatial correlation between financial inclusion and agricultural green total factor productivity in China 575 

Year HH LH LL HL 
Province % Province % Province % Province % 

2006-2009 

Fujian, 
Shandong 

Hebei, Zhejiang 
Jiangsu, Tianjin 

Beijing, 
Shanghai 

 

26.6 

 
Anhui, Jiangxi 
Hainan, Henan 
Inner Mongolia 

 

16.7 

Chongqing, 
Xinjiang 
Guizhou, 

Heilongjiang 
Yunnan, Qinghai 
Hunan, Sichuan 
Guangxi, Gansu 

Hubei, Jilin 

40 

Shanxi, Shaanxi 
Liaoning, 

Guangdong 
Ningxia 

 

16.7 

2010-2014 

Fujian, 
Shandong 

Hebei, Zhejiang 
Jiangsu, Tianjin 

Beijing, 
Shanghai 

26.6 

Inner Mongolia, 
Jiangxi 

Hainan, Henan 
Anhui 

16.7 

Chongqing, 
Xinjiang 

Guizhou, Jilin 
Yunnan, Hunan 

Sichuan, 
Guangxi 

Gansu, Hubei 
Heilongjiang 

36.7 

 
Shanxi, Shaanxi 

Liaoning, 
Guangdong 

Qinghai, Ningxia 

20 

2015-2019 

Sichuan, 
Chongqing 

Fujian, Zhejiang 
Tianjin, Jiangsu 

Beijing, 
Shanghai 

26.6 

Hainan, 
Shandong 

Anhui, Hebei 
Jiangxi, Xinjiang 
Yunnan, Hunan 

Guangxi 

30 

Inner Mongolia, 
Henan 

Gansu, Hubei 
Jilin, Liaoning 
Heilongjiang 

23.4 

Shaanxi, Shanxi 
Ningxia, 

Guangdong 
Guizhou, 
Qinghai 

20 



Further discussion 576 

Model setting  577 

In order to further explore the impact of the coupling and coordination of financial inclusion and AGTFP 578 

on the urban-rural income gap, this paper further sets the econometric model as follows: 579 𝐼𝑔𝑎𝑖𝑡 = 𝛼0 + 𝛼1𝐶𝑜𝑟𝑖𝑡 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡 + 𝐼𝑑𝑖 + 𝑌𝑒𝑎𝑟𝑡 + 𝜀𝑖𝑡          (22) 580 

Among them, 𝐼𝑔𝑎𝑖𝑡  is the urban-rural income gap, this paper uses the ratio of urban residents' per 581 

capita income to farmers' per capita income as its characterization index; 𝐶𝑜𝑟𝑖𝑡  is the coupling and co 582 

scheduling of financial inclusion and AGTFP; 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡 is the control variable. Studies have shown 583 

that the income gap between urban and rural areas is closely related to employment(𝐸𝑚𝑝𝑖𝑡), educational 584 

level( 𝐸𝑑𝑢𝑖𝑡 ), economic development level( 𝐸𝑜𝑚𝑖𝑡 ), local government behavior( 𝐺𝑜𝑣𝑖𝑡  ), degree of 585 

opening to the outside world(𝑂𝑝𝑒𝑖𝑡), industrial structure(𝐼𝑑𝑠𝑖𝑡), etc. This paper uses the unemployment 586 

rate, the proportion of financial education expenditure in total financial expenditure, per capita GDP, the 587 

proportion of local government financial expenditure in GDP, the proportion of total import and export 588 

in GDP, and the proportion of added value of secondary and tertiary industries in GDP to measure the 589 

control variables; 𝐼𝑑𝑖   is the regional fixed effect (province); 𝑌𝑒𝑎𝑟𝑡   is the time fixed effect; 𝜀𝑖𝑡  is 590 

random error term; Subscripts 𝑖 and t indicate provinces and years, respectively. 591 

Analysis of benchmark regression results 592 

In this paper, the panel fixed effect is used to estimate. In order to minimize the interference of 593 

unobservable factors on the estimation results, all regression estimates control the time fixed effect and 594 

individual fixed effect. Table 8 reports the regression results without and after adding control variables. 595 

It can be found that the regression coefficient of Cor is significantly negative and passes the significance 596 

level test of 1%, which shows that the increase of the coupling coordination level of financial inclusion 597 

and AGTFP can significantly reduce the income gap between urban and rural areas. Among the control 598 

variables, the unemployment rate has a significant positive impact on the urban-rural income gap, and 599 

has passed the significance level test of 5%. This may be because the rise of unemployment rate is more 600 

caused by the unemployment of those who do not have high skills, unstable jobs and transfer from rural 601 

to urban employment, resulting in the decline of per capita disposable income of rural residents, thus 602 

widening the income gap between urban and rural areas. The degree of opening to the outside world has 603 

a significant negative impact on the urban-rural income gap, and has passed the significance level test of 604 

1%. This may be because with the deepening of opening to the outside world, the opening level of rural 605 

areas has been greatly improved, more and more "going global" labor forces, the extension of agricultural 606 

industrial chain and the rapid development of export-oriented agriculture, which will be conducive to the 607 

improvement of the income level of rural residents. The industrial structure has a significant negative 608 

impact on the urban-rural income gap, and has passed the significance level test of 1%. This may be 609 

because China is still at the peak of labor transfer at this stage. The optimization and upgrading of 610 

industrial structure is conducive to attracting a large number of rural surplus labor from the agricultural 611 

sector to the non-agricultural sector, thus narrowing the income gap between urban and rural areas. 612 

          Table 8 Benchmark regression results 613 

Variable Iga 

Cor -0.9476*** 

(0.3281) 

-1.7254*** 

(0.3046) 

Emp  0.0574** 



(0.0276) 

Edu  0.6232 

(0.7430) 

Eom  0.0215 

(0.0139) 

Gov  0.2295 

(0.3415) 

Ope  -0.6610*** 

(0.0922) 

Ids  -1.3867** 

(0.6073) 

Cons 3.2827*** 

(0.0617) 

4.4904*** 

(0.5825) 

Id Yes Yes 

Year Yes Yes 

Obs 420 420 

R2 0.7086 0.8018 

Note: * * *, * * and * respectively represent the significance levels of 1%, 5% and 10%. The robust standard error 614 

is in brackets, the same as the following table. 615 

Regional heterogeneity analysis  616 

In order to further analyze whether there are regional differences in the improvement effect of the 617 

coupling and coordination of financial inclusion and AGTFP on the urban-rural income gap, we further 618 

divide the research samples into eastern region, central region and western region according to the 619 

regional location of each province1. The regression results in Table 9 show that the improvement of the 620 

coupling co scheduling of financial inclusion and AGTFP will significantly reduce the urban-rural 621 

income gap between the eastern and western regions, and the impact on the western region is greater than 622 

that on the eastern region; There is no significant impact on the urban-rural income gap in the central 623 

region. According to the above regression results, there are certain regional differences in the 624 

improvement effect of the coupling and coordination of China's financial inclusion and AGTFP on the 625 

urban-rural income gap. In the future policy-making process, we need to pay due attention to the 626 

coordinated relationship between financial inclusion and AGTFP in the central region, so as to better 627 

play its role in reducing the income gap between urban and rural areas. 628 

Table 9 Regional heterogeneity regression results 629 

Variable 
Iga 

Eastern  Central  Western  

Cor -1.3628*** 

(0.4663) 

0.0116 

(0.4361) 

-1.9051*** 

(0.4779) 

Control Yes Yes Yes 

Id Yes Yes Yes 

                             
1The eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, 
Hainan (11 provinces), and the central region includes Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan (8 
Provinces), the western region includes Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, 
Qinghai, Ningxia, and Xinjiang (11 provinces). 



Year Yes Yes Yes 

Obs 154 112 154 

R2 0.6656 0.9338 0.9079 

Conclusions and recommendations 630 

Using the panel data of 30 provinces in China from 2006 to 2019, we empirically analyze the coupling 631 

and coordination relationship between financial inclusion and AGTFP, and further discuss the impact of 632 

the improvement of the coupling and coordination relationship on the urban-rural income gap. We found 633 

that: (1) The overall level of financial inclusion and AGTFP is low, but both show a slow upward trend. 634 

(2) The coupling and co scheduling of financial inclusion and AGTFP has been continuously improved, 635 

which has developed from the very low coordination stage to the primary coordination stage, and presents 636 

the characteristics of alternating changes of the relative lag of AGTFP and the relative lag of financial 637 

inclusion. (3) There are great regional differences in the coupling coordination degree of financial 638 

inclusion and AGTFP, but this regional difference is gradually narrowing; The spatial pattern of their 639 

coupling coordination degree presents the characteristics of global positive autocorrelation and local 640 

spatial pattern evolution. (4) The promotion of financial inclusion and AGTFP coupling co scheduling is 641 

conducive to narrowing the urban-rural income gap, and this impact effect has regional heterogeneity. 642 

Our empirical results have the following implications for policy-makers and financial service 643 

providers. First, technological innovation plays an important role in improving agricultural 644 

output(Schultz 1964). Financial inclusion should increase the financial support for the R & D, application 645 

and promotion of agricultural green science and technology, so that the majority of agricultural producers 646 

can obtain more preferential credit loans, so as to increase the R & D investment in agricultural green 647 

technology, and then promote the improvement of AGTFP through the progress of agricultural green 648 

technology. Secondly, accelerate the innovation of inclusive financial tools and green financial products 649 

suitable for the improvement of AGTFP, improve the development level and service quality of financial 650 

inclusion, and guide farmers and other agricultural production subjects to optimize the resource 651 

allocation of land, labor and other production factors and improve the efficiency of agricultural 652 

production and operation through relevant green credit projects. Third, establish a coordination and 653 

management mechanism for the improvement of AGTFP and the development of financial inclusion. 654 

Financial institutions should strengthen the coordination and cooperation with relevant agricultural 655 

enterprises, support relevant agricultural enterprises to develop green agricultural brands by relying on 656 

the advantages of resource endowment, and encourage them to drive the production and operation of 657 

farmers. Finally, we should take a more rational view of economic development and productivity 658 

improvement, and should not blindly follow the old road of extensive economic development at the 659 

expense of the environment. Especially when evaluating economic growth, if environmental factors are 660 

not considered, the role of financial development in productivity improvement may be partially 661 

exaggerated, so as to make some policies with general or even negative effects (Zhang 2017). 662 
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