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Abstract: First, based on panel data from 17 prefecture-level cities in Henan Province from 

2009 to 2021, the SBM-GML method was used to measure the agricultural green TFP and 

its decomposition indicators, analyzing the distribution and regional differences of the 

agricultural green TFP in Henan Province. The following conclusions were drawn: (1) 

During the sample period, the agricultural green TFP levels among the 17 prefecture-level 

cities in Henan Province were not significantly different, showing a relatively even 

distribution. In terms of annual average growth rates, although seven prefecture-level cities 

had an annual average growth rate exceeding 3%, ten prefecture-level cities had an annual 

average growth rate of only 1%, indicating a low annual growth rate that needs further 

improvement. (2) Agricultural green development is uneven across regions in Henan 

Province, with stable growth trends observed in the southern and eastern regions, while the 

northern region saw its agricultural green TFP consistently below 1 from 2009 to 2019. (3) 

According to the index decomposition values, in terms of technical efficiency, the 

increases in technical efficiency were all less than 0 in the northern, eastern, and central 

regions of Henan. In terms of technological progress, all regions—eastern, western, and 

central—showed growth in technological progress, indicating that technological progress is 

the primary driver of green agricultural development in various regions of Henan Province. 

Finally, recommendations for promoting agricultural green development in Henan 

Province are proposed based on the results. 

1. Introduction 

In 2022, the report to the 20th National Congress of the Communist Party of China pointed out 

that "to promote Chinas modernization and build an agricultural power, we must adhere to 

high-quality agricultural development."[1]Agriculture, as the foundation of the national economy, 

not only plays a crucial role in ensuring food security but is also key to achieving sustainable 

economic development and environmental protection. As resource and environmental constraints 

intensify and agricultural production methods evolve, the Total Factor Productivity (Green Total 

Factor Productivity, TFP) in agriculture has gradually become an important indicator for measuring 

high-quality agricultural development. Henans comprehensive green TFP takes into account 

multiple factors such as economic growth, resource utilization efficiency, and environmental 

protection, providing a full picture of the green transformation process in agricultural production. 
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As a major agricultural and populous province, Henan uses one-sixteenth of the countrys arable 

land to produce one-quarter of the nations wheat and one-tenth of its grain, solving the food 

problem for over 100 million people. Its total grain output has ranked second in the country for 

eight consecutive years. This clearly demonstrates that Henans agricultural development is of great 

significance to the national strategy of building a strong agricultural nation. Henan should seize the 

strategic opportunity of "agricultural power" to promote high-quality agricultural development. The 

14th Five-Year Plan points out that green development should drive agriculture towards higher 

quality. As an important grain-producing province in China, Henans level of agricultural green 

development not only concerns the sustainable development of its own agriculture but also has 

significant implications for national food security and agricultural green development. In recent 

years, Henan has made certain achievements in advancing agricultural modernization, improving 

agricultural production efficiency, and protecting the agricultural ecological environment. However, 

it still faces issues such as low resource utilization efficiency and significant environmental 

pollution pressure. Therefore, scientifically evaluating Henans agricultural green TFP is crucial for 

clarifying the current status, problems, and potential of agricultural green development, and for 

formulating targeted policies to promote high-quality agricultural development 

Agricultural Green TFP is an indicator used to measure the transformation of economic 

development patterns. Based on traditional accounting methods that consider agricultural resources 

as input factors and total agricultural output as expected output, agricultural carbon emissions are 

treated as non-expected outputs and incorporated into the system for calculating total factor 

productivity, which is referred to as Agricultural Green TFP. Currently, models focusing on 

Agricultural Green TFP mainly include the DEA model, SBM model, and GML index. Among 

these, the DEA model[2]The main purpose is to measure the agricultural green TFP from the 

perspective of space. However, this model is mostly limited to the use of radial and angular 

methods, which cannot effectively overcome the measurement deviation caused by radial or angular 

selection. For this reason, Fukuyama[3]、Tone [4]On the basis of non-radiant and non-angle, a more 

general SBM directional distance function is proposed. Since the SBM directional distance function 

cannot achieve the global comparability of the production frontier, scholars combine SBM with ML 

index method, such as Chen Yanling[5]The SBM-ML index method was used to analyze the 

influencing factors of agricultural green TFP. However, due to the disadvantages of ML index such 

as linear programming without solution and non-transitivity, Oh[6]A global production possibility 

set was constructed, and the GML index was proposed. Since then, scholars have begun to use the 

GML index to analyze the dynamic evolution process of agricultural green TFP growth. Due to the 

inability of the GML index to effectively address both radial and angular issues and achieve global 

comparability of the production frontier, scholars[7]The two are effectively combined to measure the 

agricultural green TFP by using the GML index based on the SBM directional distance function. 

2. Research methods and data sources 

2.1 Research methods 

In this study, the GML index method based on SBM directional distance function is mainly used 

to measure agricultural green TFP. This method is more convenient for calculation, which can 

effectively deal with the radial and angular problems, and can also realize the global comparability 

of production frontier. 

Learn from Fukuyama[3]With Oh et al[6]The research idea is to construct GML index based on 

SBM directional distance function, as follows: 
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 the distance function represents the SBM direction of 

the whole region; the GML index represents the change from period t+1 to period t, and the GML 

index is greater than 1, less than 1 and equal to 1 respectively, which represent that the agricultural 

green TFP is in a growing state, the agricultural green TFP is in a declining state, and the 

agricultural green TFP is in a stable state. 

2.2 Data sources 

Refer to relevant literature[7].The measurement index system of agricultural green TFP is 

constructed (Table 1). 

Table 1 Measurement indicators of agricultural green TFP 

Primary 

indicators 

Secondary 

indicators 

Calculation method unit 

put into Labor input Number of people employed in 

agriculture 

thousands of people 

Land input Total area sown to crops A thousand hectares 

Mechanical 

input 

farm machinery production Ten thousand 

kilowatts 

Fertilizer input Agricultural fertilizer application Ten thousand tons 

Investment in 

agricultural 

plastic film 

Use of agricultural film ton 

Pesticide inputs Pesticide use ton 

Irrigation inputs Agricultural irrigation area A thousand hectares 

Expected 

outputs 

total value of 

farm output 

Total agricultural production (total 

output value of agriculture, 

forestry, animal husbandry and 

fishery) 

100 million 

Unanticip

ated 

output 

Agricultural 

carbon 

emissions 

Total carbon emissions from 

pesticides, fertilizers, agricultural 

films, farm machinery, agricultural 

plowing and irrigation 

ton 

The indicators are selected as shown in Table 1. The expected output variable for agriculture is 

the total output value of agriculture (referring to narrow agriculture, i.e., crop farming), with 2009 

used as the base year for deflation. Fertilizers, pesticides, agricultural films, diesel, crop planting 

area, and agricultural irrigation are chosen as indicators for calculating carbon emissions. Total 

carbon emissions, where E iii TEE   i. The above carbon source emissions are δｉCarbon 

emission factor. Carbon emission factor is from Table 2. 
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Table 2 Carbon emission factor 

carbon source Carbon 

emission factor 

Source of reference 

chemical fertilizer 0.8956kg/kg West T O el al. (2002); Oak Ridge National 

Laboratory, USA (Wu Fenlin et al., 2007) 

pesticide 4.9341kg/kg Oak Ridge National Laboratory, USA (Wu 

Fenlin et al., 2007) 

agricultural film 5.18kg/kg Institute of Agricultural Resources and 

Ecological Environment, Nanjing Agricultural 

University (Cheng Kun, 2010) 

diesel oil 0.5927kg/kg IPCC United Nations Intergovernmental 

Panel on Climate Change (2007) 

turn over 312.6kg/hm2 College of Biology and Technology, China 

Agricultural University (Zhi Jing et al., 2009) 

agricultural irrigation 20.476kg/hm2 Li Bo et al. (2011) 

3. Evaluation of agricultural ecological efficiency development in Henan Province 

3.1 Calculation and analysis of agricultural ecological efficiency 

Based on the above input-output indicators and measurement methods, this paper uses 

MATLAB2021a software to measure the agricultural green TFP of all prefecture-level cities in 

Henan Province from 2009 to 2021 respectively, and the results are shown in Table 3. 

Table 3 Measurement results of agricultural green total factor productivity 

area 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

annual 

rate of 

growth 

mean ranking 

Zhengzhou 

City 
1.021  1.040  1.050  1.064  1.073  1.075  1.076  1.107  1.124  1.125  1.134  1.193  1.316  1.972 1.108  3 

Kaifeng City 1.014  1.060  1.080  1.105  1.128  1.132  1.133  1.157  1.166  1.151  1.241  1.424  1.524  3.183 1.178  1 

Luoyang City 1.010  0.869  0.884  0.915  0.983  0.976  0.961  0.962  0.948  0.998  1.058  1.121  1.191  1.275 0.991  12 

Pingdingshan 

City 
0.984  0.936  0.967  0.976  0.996  1.009  1.004  1.030  1.023  1.019  1.065  1.189  1.468  3.123 1.051  9 

Anyang City 0.985  0.891  0.919  0.935  0.941  0.950  0.944  0.965  0.962  0.967  0.973  1.039  1.041  0.429 0.962  14 

Hebi City 1.000  0.893  0.931  1.000  0.872  0.866  0.830  0.867  1.000  0.869  0.912  1.000  1.000  0.000 0.926  16 

Xinxiang 

City 
0.715  0.638  0.663  0.670  0.681  0.702  0.694  0.697  0.716  0.737  0.800  0.936  1.000  2.616 0.742  17 

Jiaozuo City 0.996  0.932  0.949  0.966  0.987  0.970  0.961  1.035  1.014  1.038  1.170  1.333  1.254  1.784 1.047  10 

Puyang City 1.005  0.943  0.981  0.991  0.998  1.004  1.002  1.030  1.034  1.036  1.098  1.476  1.476  3.004 1.083  5 

Xuchang City 0.978  0.854  0.877  0.888  0.896  0.929  0.895  0.894  0.890  0.898  0.943  1.055  1.085  0.802 0.929  15 

Luohe City 0.976  0.931  0.955  0.961  0.984  0.984  0.973  1.006  1.012  1.017  1.069  1.148  1.211  1.675 1.018  11 

Sanmenxia 

City 
0.938  0.892  0.891  0.891  1.000  1.000  1.000  1.000  1.000  1.000  0.959  1.000  1.000  0.491 0.967  13 

Nanyang City 1.007  1.007  1.010  1.009  1.018  1.029  1.036  1.049  1.067  1.068  1.101  1.258  1.507  3.148 1.090  4 

Shangqiu 

City 
1.000  0.992  0.997  0.996  1.003  1.020  1.015  1.031  1.031  1.040  1.092  1.198  1.504  3.184 1.071  7 

Xinyang City 0.940  0.958  0.977  1.004  1.029  1.041  1.039  1.062  1.072  1.096  1.163  1.237  1.380  3.001 1.077  6 

Zhoukou 

municipality 
1.007  1.011  1.021  1.035  1.049  1.050  1.047  1.060  1.066  1.056  1.073  1.132  1.166  1.132 1.059  8 

Zhumadian 

City 
1.004  1.006  1.034  1.048  1.069  1.074  1.067  1.083  1.081  1.073  1.115  1.310  1.507  3.173 1.113  2 

From the perspective of the entire sample period, Xinxiang City has the lowest agricultural green 

TFP at 0.742, while Kaifeng City in Henan Province has the highest agricultural green TFP at 1.178, 

with an extreme low of only 0.654. This indicates that the average agricultural green TFP across all 

prefecture-level cities in Henan Province from 2009 to 2021 was relatively close. In terms of annual 

growth rates, seven prefecture-level cities had an average annual growth rate exceeding 3%, while 
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ten prefecture-level cities had an average annual growth rate just over 1%. This suggests that since 

China entered an aging society, the agricultural green TFP in Henan Province has been growing 

steadily, but at a relatively slow pace. 

Figure 1 (a) shows the agricultural green TFP and its decomposition indices for the entire 

province, where the line graph represents the agricultural green TFP for different years, and the bar 

chart sequentially represents the technical efficiency change index and the technical progress 

change index for different years. From Figure 1(a), a comprehensive view of the entire province of 

Henan shows that the agricultural green TFP in Henan Province has been greater than 1 since 2015 

and has maintained a steady growth trend. Between 2020 and 2021, the technical efficiency change 

index and the technological progress change index in Henan Province increased by-0.058 and 0.017, 

respectively. This indicates that the growth of the agricultural green TFP in Henan Province mainly 

relies on technological progress. In contrast, the growth trend of agricultural technical efficiency is 

not significant and remains at a low level, even showing a downward trend in multiple years, 

indicating that agricultural technical efficiency has always been a weak point in the development of 

green agriculture in Henan Province. The possible reasons include the widespread outflow of rural 

talent and the increasingly severe aging of the rural population, which leads to a shortage of 

agricultural production talent. The elderly group engaged in agricultural production, due to their 

relatively backward professional knowledge, have poor acceptance and ability to adopt new 

agricultural technologies, thereby inhibiting the improvement of agricultural technical efficiency. 

Overall, although the aging of the rural population in Henan Province has suppressed the 

improvement of agricultural technical efficiency, it also exerts a strong reverse push on 

technological progress. Currently, this force is causing a much higher improvement in agricultural 

green TFP compared to the improvement in technical efficiency. 

 
(a)                (b) 

 
(c)                (d) 

 
(e)                   (f) 

Figure 1 Provincial agricultural green TFP and its index decomposition 
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3.2 Regional analysis of agricultural ecological efficiency 

The agricultural green Total Factor Productivity (TFP) and its decomposition indices for 

northern, southern, eastern, western, and central Henan are shown in Figure 1(b), (c), (d), (e), (f), 

respectively. The line graph represents the agricultural green TFP for different years, and the bar 

charts sequentially show the technical efficiency change index and the technical progress change 

index for different years. From the figures, it can be seen that the agricultural green TFP in southern 

and eastern Henan both exhibit a stable growth trend. In contrast, northern, western, and central 

Henan show fluctuating trends from 2009 to 2013. Notably, the fluctuations in northern Henan are 

relatively larger, with its agricultural green TFP consistently below 1 between 2009 and 2019. This 

is due to the higher degree of industrialization and more severe pollution in northern Henan, which 

hinders the development of green agriculture. In terms of technical efficiency, the increases in 

technical efficiency in northern, eastern, and central Henan were all less than 0. The technical 

efficiency values in 2021 decreased by 0.007, 0.024, and 0.013 compared to 2009, respectively. 

Additionally, the technical efficiency values in eastern regions remained below 1 for most years, 

indicating that technological progress has a restraining effect on the growth of agricultural green 

TFP in these areas. Regarding technological progress, compared to 2010-2011, the eastern, western, 

and central regions all saw increases in technological progress, with growth rates of 0.070, 0.137, 

and 0.135, respectively. Moreover, the technological progress index was mostly above 1, suggesting 

that all regions in Henan Province rely on technological progress as the primary driver of green 

agricultural development. 

4. Conclusions and recommendations 

The article is based on panel data from 17 prefecture-level cities in Henan Province between 

2009 and 2021, using SBM-GML to measure the agricultural green TFP and its decomposition 

indicators. It analyzes the distribution and regional differences of the agricultural green TFP level in 

Henan Province. The following conclusions are drawn: (1) During the sample period, the 

differences in total factor productivity of agriculture among the 17 prefecture-level cities in Henan 

Province were not significant, showing a relatively even distribution. In terms of annual average 

growth rates, although seven of these cities had an annual average growth rate exceeding 3%, ten 

cities had an annual average growth rate of only 1%, indicating a low annual growth rate that needs 

further improvement. (2) Agricultural green development is uneven across regions in Henan 

Province. The agricultural green TFP in southern and eastern Henan shows a stable growth trend, 

while northern Henans agricultural green TFP was less than 1 throughout 2009-2019. (3) According 

to the index decomposition values, in terms of technical efficiency, the increases in technical 

efficiency were all less than 0 in northern, eastern, and central Henan. In terms of technological 

progress, the increases in technological progress were observed in eastern, western, and central 

Henan, indicating that all regions in Henan Province rely on technological progress as the primary 

driver of green agricultural development. Based on these research conclusions, to achieve Chinas 

14th Five-Year Plan and promote green agricultural development in Henan Province, improving the 

agricultural green TFP in Henan Province, the following policy recommendations are proposed: 

First, promote modern agricultural planting technology and improve the overall quality of 

agricultural practitioners. Due to the characteristics of gentle terrain, mild climate, sufficient 

sunshine and abundant precipitation in Henan Province, it is more suitable for the development of 

agriculture, forestry, animal husbandry and fishery, while farmland is the foundation of agricultural 

production in Henan Province Planting techniques. In the management of farmland, it plays a 

crucial role. The modern agricultural technology industry has become increasingly mature, capable 

of achieving efficient and green production. However, its promotion is slow, the quality of 
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agricultural practitioners is low, and the rural population is severely aging. To achieve green 

agricultural production in Henan Province, it is necessary to increase investment in innovation for 

the agricultural industry in Henan, significantly improve the overall quality of agricultural 

practitioners, and overcome the challenges posed by an aging rural population. 

Second, effectively and orderly promote the transfer of rural land to accelerate the 

transformation of modern agriculture. Henan Province is both a major agricultural province and a 

populous province. In 2022, Henans total grain production was 67.89 million tons, accounting for 

about 10% of the national total. Therefore, ensuring grain production in Henan is crucial. However, 

due to the increasingly severe aging of the rural population, low agricultural income, an increase in 

migrant workers, and a decrease in young and middle-aged farmers, Henans total grain production 

decreased by 5.632 billion pounds compared to 2020. To prevent the abandonment of rural land 

resources in Henan and ensure Chinas food security, it is necessary to guide farmers to transfer their 

land in an orderly manner. At the same time, it is essential to strengthen the role of new agricultural 

business entities in Henan in supporting elderly farmers. This not only aims to improve their 

employment income but also to innovate modern agricultural management methods, enhancing their 

property income and improving the sustainable livelihood capabilities of elderly farmers after 

transferring their land. 

Third, encourage rural college graduates to return home for employment or entrepreneurship. As 

the aging of the rural population in Henan Province intensifies, the issue of agricultural population 

aging has become increasingly severe, adversely affecting the green production and 

industrialization of agriculture in Henan. Encouraging college graduates to return home after 

graduation to seek employment is a viable approach. For instance, Henan can recruit college 

graduate village officials to gain practical experience at the grassroots level. College graduates can 

also start businesses based on the characteristics of rural areas, such as live-streaming sales, which 

can increase job opportunities in Henan and improve income levels for farmers within the province, 

promoting the green development of agriculture in Henan. 

Fourth, accurately locate according to the actual situation. Henan province has rich natural 

resources, so it should accurately grasp the advantages of agricultural development in each city, and 

adopt differentiated strategies according to the natural conditions and resource advantages of 

different regions. 
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