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Abstract: Based on panel data from 1991, 2000 and 2010 at the county level in China, this 
study analyzed the coupling characteristics and spatio-temporal patterns of agricultural labor 
changes and economic development under rapid urbanization using quantitative and GIS 
spatial analysis methods. Three primary conclusions were obtained. (1) During 1991–2010, 
China’s agricultural labor at the county level showed a decreasing trend, down 4.91% from 
1991 to 2000 and 15.50% from 2000 to 2010. In spatial distribution, agricultural labor force 
has evolved by decreasing eastward and increasing westward. (2) During 1991–2010, Chi-
na’s agricultural economy at the county level showed a sustained growth trend, with a total 
increase of 140.13%, but with clear regional differences. The proportion of agricultural output 
in national GDP gradually decreased, characterized by decreases in eastern China and in-
creases in western China. (3) The coupling types of economic-labor elasticity coefficient are 
mainly growth in northwest China, for both the agricultural economy and labor, and are in-
tensive in southeast China, with growth of the agricultural economy and reduction of agricul-
tural labor. Regions with lagged, fading, and declining coupling types are generally coincident 
with the high incidence of poverty in China. However, different coupling types had a positive 
developing trend for 1991–2010. Finally, based on the coupling types and spatial distribution 
characteristics of economic-labor elasticity coefficients, some policy suggestions are pro-
posed to promote the integration of the primary, secondary, and tertiary industries and the 
vitalization of rural economies. 

Keywords: agricultural labor change; agricultural economic development; economic-labor elasticity coefficient; 
spatio-temporal coupling; rural vitalization 
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1  Introduction 
Since the reform and opening up, China’s economic development level has been continu-
ously improving, and the per capita disposable income of urban residents increased from 
343.4 yuan in 1978 to 33,616 yuan in 2016; the per capita net income of rural residents in-
creased from 133.6 yuan in 1978 to 12,363 yuan in 2016. However, the large gap in urban 
and rural development and uneven development of the eastern and western regions remain as 
large problems. Due to mobility, poverty, policy bias, and poor land management, the coun-
tryside is being abandoned and villages face challenges, such as labor shortage, economic 
recession, and weakening of mainstream of rural development (Long, 2014; Liu and Li, 
2017; Tu and Long, 2017; Tu et al., 2018). The Report of the 19th National Congress of the 
Communist Party of China (2017) highlighted the necessity of implementing a rural vitali-
zation strategy, prioritizing the development of agriculture and rural areas, and addressing 
the problems related to farmers, agriculture, and rural areas (termed “San Nong Wen Ti” in 
Chinese) as the top priority of the whole party. Improving the vitality of rural areas, recon-
structing the rural economy, and reversing the primitive nature of rural development is an 
urgent problem (Sato, 2013; Li et al., 2014; Chen et al., 2017). 

As the basic industry of the national economy, agriculture bears the function of employ-
ment and development of vast peasant population in China. Agricultural development has 
important practical significance for ensuring food security, alleviating poverty, narrowing 
the gap between urban and rural areas and building a successful society (Ge et al., 2018a, 
2018b; Matos et al., 2018). The transfer of agricultural labor promotes economic growth, 
improves agricultural production efficiency, completely transforms agricultural production 
modes, and achieves agricultural transformation (Tan, 2014; Li et al., 2016; Ge et al., 2018a). 
At present, many empirical studies have investigated the impact of agricultural labor transfer 
on rural economic development, including the potential and trends (Li et al., 2017a), impacts 
on rural development and their relationships (Long et al., 2016), and from macroscopic and 
meso perspectives (Mcarthur and Mccord, 2017; Long et al., 2016; Li et al., 2017b). How-
ever, relatively few studies have focused on the coupling relationship between agricultural 
labor transfer and agricultural economy (Li and Fang, 2018), and analyses focusing on both 
theoretical and empirical levels are relatively scarce. At present, most current research areas 
are based on provinces and cities, and there is limited research at the county level although 
the importance of the county economy in China’s economic development is becoming in-
creasingly prominent (Yu et al., 2018). To address these data deficiencies, this study uses 
data for 1991, 2000, and 2010 at the county level to analyze the interactions between the 
agricultural labor force and agricultural economic development in different regions of the 
country and their spatio-temporal coupling patterns. This work can be used as a reference for 
coordinating man-land interrelations and promoting industrial structure transformation and 
rural economic vitalization. 

2  The mechanisms driving agricultural labor changes and economic  
development 
This study establishes a theoretical framework to characterize the mechanisms driving agri-
cultural labor changes and economic development. We use this framework to explore the 



MA Li et al.: Agricultural labor changes and agricultural economic development in China and their implications 165 

 

 

regularity and coupling pattern of agricultural labor change and economic development in 
China to optimize the industrial and employment structure and promote vitalization of rural 
economies (Figure 1). 

 
Figure 1  The mechanisms driving agricultural labor changes and economic development 

(1) Agricultural labor transfer can both facilitate and inhibit agricultural economic devel-
opment. The transfer of agricultural labor is conducive to farmers accepting more advanced 
ideas and education, which can improve the quality of labor, popularize agricultural tech-
nology, and increase farmers’ income. Wealthier farmers will also increase investments in 
education and other intellectual resources and improve the overall quality of life; this has a 
multiply effect that further promotes the development of the agricultural economy (Long et 
al., 2016). In addition, the transfer of the agricultural labor force facilitates the rational allo-
cation of rural resource elements, optimizing the agricultural production structure, realizing 
land scale management, improving agricultural productivity, and promoting rural social sta-
bility (Li et al., 2017b; Eberhardt and Vollrath, 2018; Long and Qu, 2018). Ultimately, these 
factors are key in promoting the development of the agricultural economy. Nonetheless, 
there are some drawbacks to the transfer of the agricultural labor force because the moving 
population is generally well-educated: the weak labor force remains in the countryside, 
causing such problems as a rural human resource shortage, capital outflow, difficulty in 
promoting agricultural technology, and imbalances in population and industrial structure. In 
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addition, the transfer of a more educated labor force inhibits the replacement of agricultural 
traditional production factors for modern ones, which increases labor costs, creates ineffi-
cient use of land and land abandonment, and thus inhibits the development of the agricul-
tural economy (Leng et al., 2018; Ge et al., 2018a). 

(2) The development of the agricultural economy results in the absorption and extrusion 
of the agricultural labor force. As the development of labor-intensive industries has shifted 
from east to west, the development and expansion of rural industries and new business enti-
ties and the division of labor in agriculture and rural areas has become more clear; therefore, 
promoting employment opportunities has become easier, resulting in a transfer of agricul-
tural labor (Emran and Shilpi, 2018). In addition, in the context of rural infrastructure 
improvement and strong policy support, there is greater potential for rural development. 
Capable farmers can actively return to their hometowns for employment and entrepreneur-
ship, and further promote rural industrial development and economic restructuring. However, 
with the development of the agricultural economy, agricultural mechanization and labor 
productivity have increased. As a result, a declining demand for agricultural labor promotes 
the transfer of agricultural labor to non-agricultural industries. In addition, the importance of 
the industrial sector has been overemphasized for a long time, while the role of the agricul-
tural sector has been ignored. Furthermore, the “scissors difference” between industrial and 
agricultural products has always existed, accelerating the transfer of agricultural to 
non-agricultural labor (Long et al., 2010). Some farmers have also chosen to move to the 
city to seek better development opportunities after their economic conditions have reached a 
certain level. 

(3) Changes in the agricultural labor force and development of agricultural economy are 
mutually influencing, but external factors also play a role in their trajectories. For example, 
natural, socio-economic, and policy factors, such as resource endowments, geographic con-
ditions, aging population, new urbanization innovations, agricultural scientific and techno-
logical progress, industrial structure adjustments, and major function zoning will have im-
pacts. Generally, good natural resource endowments and geographic location are conducive 
to the development of a regional agricultural economy and promote the transfer of agricul-
tural labor. However, in areas with relatively poor conditions, the level of agricultural eco-
nomic development and urbanization are often low. An aging rural population will inhibit 
the transfer of agricultural labor and the development of agricultural economy. Furthermore, 
with the acceleration of innovations in urbanization and an increase in urban employment 
opportunities, the non-agricultural transfer of agricultural labor will continue to increase. 
Concurrently, the development of agricultural science and technology accompanied by the 
urbanization process will effectively improve the level of agricultural economic develop-
ment. The impact of industrial structure adjustment and major function zoning on the de-
velopment of the agricultural economy varies across different regions. For example, re-
stricted or prohibited development zones focusing on ecological protection will inhibit the 
development of local agricultural economy. However, key development zones for sustain-
able development of China’s economy will promote the transfer of agricultural labor to 
non-agricultural positions and the improvement of the agricultural economy (Fan, 2015).  

In summary, under the combined effect of various factors, agricultural labor transfer and 
economic development have evolved with regional characteristics and taken on special de-
velopment law. 
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3  Data sources and research method 

3.1  Data sources 

The basic geographic data incorporated in this study were obtained from the Resource and 
Environmental Science Data Center of the Chinese Academy of Sciences. Statistical data at 
county level for 1991, 2000, and 2010 were obtained from the China Natural Resources Data 
Center (http://www.data.ac.cn) and China County (City) Social and Economic Statistical 
Yearbook; data include regional GDP, total agricultural output, and agricultural labor popu-
lations. In processing the data, missing values for some counties were interpolated using 
statistical yearbooks for corresponding provinces in corresponding years. In total, 2024 valid 
statistical units were obtained. To make data for different years comparable, and accurately 
reflect the true development of the rural economy and eliminate the impact of price changes 
on analyses, economic data were converted to 1990 equivalent values. 

3.2  Research method 

3.2.1  The economic-labor elasticity coefficient (ELEC) 

Elasticity in economics refers to the sensitivity degree of the change, which is reflected by 
the change percentage of one variable relative to that of another variable. The magnitude of 
the elasticity can be measured using elasticity coefficient; this study uses the labor-farmland 
elasticity coefficient (Liu and Li, 2010), to establish the economic-labor elasticity coefficient 
(ELEC) to reflect the sensitivity degree of the change in the agricultural labor population 
relative to the change in the development of the agricultural economy. It is defined as the 
ratio of the rate of change in agricultural economic development to the rate of change in the 
agricultural labor population for a given period. A larger absolute value for the elasticity 
coefficient reflects a higher sensitivity between the changes in the two variables and vice 
versa. The ELEC is calculated from the following equation: 

 0 0

0 0

( )
( )

mn mn m m
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where ECRmn and LCRmn represent the rates of change for agricultural economic develop-
ment level and agricultural labor population for county m in year n, respectively. Similarly, 
Emn and Lmn refer to the agricultural economic development level and agricultural labor 
population for county m in year n, respectively; while Em0 and Lm0 refer to the agricultural 
economic development level and agricultural labor population for county m in the base year. 

3.2.2  The coupling relation modes between agricultural labor changes and economic  
development 

Based on the analyses of the changes in ELECmn, this study divides the coupling between 
agricultural labor change and economic development into six types: growth, extensive, in-
tensive, lagged, fading, and declining (Table 1). The specific descriptions are as follows. (1) 
ECRmn > 0, LCRmn > 0 indicates that the increase in the agricultural labor population has 
played a positive role in promoting rural economic development. ELECmn >1 indicates that 
the growth rate for the agricultural economy is higher than that of the agricultural labor 
population, and characterizes the growth type. 0 < ELECmn < 1 indicates that the growth rate 
of agricultural economy is lower than that of the agricultural labor population, and charac-
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terizes the extensive type. (2) ECRmn > 0, LCRmn < 0 indicates that while the agricultural 
labor population is decreasing, the level of agricultural economic development is increasing, 
and the reduction in the agricultural labor population has played a positive role in promoting 
agricultural economic development, which characterizes the intensive type. (3) ECRmn < 0, 
LCRmn > 0 indicates that while the agricultural labor population is increasing, the level of 
agricultural economic development is declining, and the increase in the agricultural labor 
population has a reversed suppression effect on agricultural economic development, which 
characterizes the lagged type. (4) ECRmn < 0, LCRmn < 0 indicates that the agricultural labor 
population has decreased with the level of agricultural economic development. ELECmn > 1 
indicates that the decline in agricultural economic development is faster than that of the ag-
ricultural labor population, which characterizes the fading type. Finally, 0 < ELECmn < 1 
indicates that the decline in agricultural economic development is slower than that of the 
agricultural labor population, which characterizes the declining type. 

Table 1  The coupling relationship types between agricultural labor change and economic development 

Type ECRmn LCRmn ELECmn ELEC characteristics 

Growth ECRmn > 0 LCRmn > 0 ELECmn > 1 The agricultural economy grows faster than the ag-
ricultural labor population 

Extensive ECRmn > 0 LCRmn > 0 0 < ELECmn < 1 The agricultural economy grows slower than the 
agricultural labor population 

Intensive ECRmn > 0 LCRmn < 0 ELECmn < 0 The agricultural economy grows, but the agricul-
tural labor population decreases 

Lagged ECRmn < 0 LCRmn > 0 ELECmn < 0 The agricultural economy declines, but the agricul-
tural labor population increases 

Fading ECRmn < 0 LCRmn < 0 ELECmn > 1 The agricultural economy declines faster than the 
agricultural labor population 

Declining ECRmn < 0 LCRmn < 0 0 < ELECmn < 1 The agricultural labor population declines faster 
than the agricultural economy 

 

At present, China is best represented by the intensive coupling relationship mode. The 
continued non-agricultural transfer is conducive to improving man-land interrelations, in-
creasing farmers’ income, and improving agricultural labor productivity, thereby promoting 
rural economic development. The growth and extensive coupling modes contribute less to 
rural development than the intensive coupling mode. However, the lagged coupling relation 
mode will inhibit rural development, and the agricultural labor force remaining in rural areas 
will affect improvements in agricultural productivity, which is not conducive to the trans-
formation of traditional agriculture and increases in farmers’ income (Inwood, 2017; Zhang 
et al., 2017). In addition, the fading and declining coupling mode should receive more atten-
tion to avoid the problems of rural hollowing (Liu et al., 2010; Long et al., 2012), farmland 
abandonment (Li and Li, 2017; Shao et al., 2018), and lack of vitality in rural areas due to 
high-quality labor transfer and capital outflow (Kumwimba et al., 2018). 

4  Results 
4.1  The spatio-temporal changes in agricultural labor 

Generally, for 1991–2010, the agricultural labor population in China gradually decreased. 
The data analysis shows that the agricultural labor population at the county level both in-
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creased or decreased with clear spatial differences (Figure 2). 

 
Figure 2  Spatio-temporal patterns of agricultural labor change at the county level in China for 1991–2010 

Between 1991 and 2000, the agricultural labor population in 52.57% of the counties de-
creased, and decreased at a higher rate over 2000–2010. Counties with decreases in the ag-
ricultural labor population accounted for 64.97% of all counties, and 251 counties with re-
duced agricultural labor were added. The agricultural labor presents an opposite trend, which 
tends to decrease in the east part and is prone to increase in the western part of China. From 
1991 to 2010, 64.72% of the counties had an agricultural labor force with a decreasing trend, 
and 35.28% counties had an increase in the agricultural labor population, with clear territo-
rial differences. The areas with a decrease in agricultural labor were mainly distributed in 
southeastern China, including most of the counties in the Huang-Huai-Hai Plain, Yangtze 
River Delta, Pearl River Delta, middle and lower reaches of the Yangtze River, southern 
China, and most counties in southwestern China. The areas with increased agricultural labor 
were mainly distributed in northwestern and northeastern China, including the Loess Plateau 
Region, Inner Mongolia Autonomous Region, Gansu-Xinjiang Region, Qinghai-Tibet Re-
gion, and northeastern China. Among them, the agricultural labor populations in Qing-
hai-Tibet and Gansu-Xinjiang regions increased significantly, and there were 33 counties 
with a more than doubling increase, mainly distributed in Qinghai and Xinjiang. 

4.2  Spatio-temporal changes in agricultural economic development 

For 1991–2010, the development of the agricultural economy in China’s counties generally 
continued to increase; only a small number of counties showed a declining trend, and the 
spatial differences were clear (Figure 3). 

 
Figure 3  Spatio-temporal patterns of agricultural economic growth at the county level in China for 1991–2010 
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From 1991 to 2000, 1841 counties, or 90.96% of the total number of counties, experi-
enced growth in the agricultural economy; only 9.04% of counties showed a slight decline in 
the agricultural economy. The regions with reduced agricultural economy were mainly dis-
tributed in western Sichuan, southern Tibet and northeastern China. The regions with 
increased agricultural economy were widely scattered across most of China’s counties; the 
agricultural economic growth rates of most counties in seven provinces, including Fujian, 
Henan, and Hebei, were over 60%. The spatial distribution of agricultural economic growth 
was characteristically fast in northern and southeastern China and lagged in southwestern 
China. Between 2000 and 2010, 1947 counties in China, or 96.20% of the total counties, 
experienced growth in their agricultural economy; only 3.80% of the counties showed a de-
cline. In addition, regions with rapid growth in their agricultural economy started to trend 
westward. Counties on both sides of the Hu Huanyong Line and the Gansu-Xinjiang region 
became hot spots for rapid growth. Regions with declining agricultural economies were 
primarily distributed in Tibet; other regions showed a growth trend, but with clear spatial 
differences in growth. Growth rates of the agricultural economy in the central and western 
regions were faster than in the southeastern coastal regions. In general, between 1991 and 
2010, agricultural economies for 98.57% of the counties showed growth, of which 75.44% 
increased more than 90%; only 1.43% of the counties had a downward trend in their agri-
cultural economic development and most were located in southwestern Tibet. 

4.3  ELEC coupling characteristics  

4.3.1  ELEC spatio-temporal patterns  

Based on formula (1) and the classification criteria for coupling relation types between ag-
ricultural labor change and economic development (Table 1), the changes in ELEC and the 
corresponding coupling types at the county level in China for 1991–2010 were obtained 
(Table 2). According to the two types of agricultural economic growth and reduction zones, 
the coupling relationships between agricultural labor changes and agricultural economic de-
velopment at the county level in China were further analyzed (Figures 4–6). 

Table 2  Changes in the ELEC and corresponding coupling types at the county level in China for 1991–2010 

ECR Coupling type LCR ELEC 1991–2000 2000–2010 1991–2010 

Growth LCR > 0 ELEC > 1 701 (34.63%) 607 (29.99%) 669 (33.05%) 

Extensive LCR > 0 0 < ELEC < 1 160 (7.91%) 83 (4.1%) 34 (1.68%) 

ECR > 0 

Intensive LCR < 0 ELEC < 0 980 (48.42%) 1257 (62.1%) 1292 (63.83%) 

Lagged LCR > 0 ELEC < 0 99 (4.89%) 18 (0.89%) 9 (0.44%) 

Fading LCR < 0 ELEC > 1 23 (1.14%) 22 (1.09%) 8 (0.4%) 

ECR < 0 

Declining LCR < 0 0 < ELEC < 1 61 (3.01%) 37 (1.83%) 12 (0.59%) 

Note: Data outside the parentheses refers to the number of counties belonging to a certain type; data inside the pa-
rentheses refers to the proportion of counties belonging to a certain type relative to the total number of counties. 

Several observations were made from Figure 4. First, in counties with increases in the ag-
ricultural economy, 701 counties had agricultural economies with faster growth than the in-
crease in the agricultural labor population (LCR > 0, ELEC > 1), i.e., the growth type, 
mainly distributed in Yunnan, Xinjiang, Qinghai, and Inner Mongolia. Agricultural eco-
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nomic growth rates were smaller than that of the agricultural labor population (LCR > 0, 0 < 
ELEC < 1), i.e., the extensive type, in 160 counties primarily distributed in the western part 
of Sichuan Basin, Qinghai, Tibet, Jiangxi, Henan, Heilongjiang, and some counties in 
southern Xinjiang. There were 980 counties showed agricultural economic growth but de-
creases in the agricultural labor population (LCR < 0, ELEC < 0), i.e., the intensive type, 
mainly distributed in the middle and lower reaches of the Yangtze River, South China, Pearl 
River Delta, Yangtze River Delta, and Huang-Huai-Hai Plain. Second, in the counties with 
decreases in the agricultural economy, 99 counties showed growth in agricultural labor and a 
decrease in agricultural economic growth (LCR > 0, ELEC < 0), i.e., the lagged type, mainly 
distributed in counties in the western Sichuan Basin, Tibet, Xinjiang, Qinghai, Shanxi, Hebei, 
Liaoning, and Heilongjiang. The agricultural economy declined faster than the agricultural 
labor population (LCR < 0, ELEC > 1), i.e., the fading type, in 23 counties mainly distrib-
uted on both sides of the Hu Huanyong Line. The agricultural economy declined slower than 
the agricultural labor population decreased (LCR < 0, 0 < ELEC < 1), i.e., the declining type, 
in 61 counties mainly distributed in Hubei and Chongqing. 

 
Figure 4  ELEC spatio-temporal patterns at the county level in China for 1991–2000 (a. ECR>0; b. ECR<0) 

Several observations can be clearly reflected from Figure 5. First, in the counties with an 
increase in agricultural economy, 607 counties had faster agricultural economic growth than 
the increase in the agricultural labor population (LCR > 0, ELEC > 1), i.e., the growth type, 
mainly distributed in Sichuan, Gansu-Xinjiang, Qinghai-Tibet, Inner Mongolia, and north-
eastern regions. In comparison, 83 counties had slower agricultural economic growth rates 
than that of the agricultural labor population (LCR > 0, 0 < ELEC < 1), i.e., the extensive 
type, distributed in the Qinghai-Tibet and Gansu-Xinjiang regions and the Pearl River Delta. 
Growth of agricultural economy with a decrease in the agricultural labor population (LCR < 
0, ELEC < 0), i.e., the intensive type, occurred in 1257 counties mainly distributed in the 
Huang-Huai-Hai Plain, Yangtze River Delta, Pearl River Delta, middle and lower reaches of 
the Yangtze River, Sichuan-Chongqing, Inner Mongolia, and parts of the Loess Plateau. 
Second, in the counties with declining agricultural economies, 18 counties showed growth in 
the agricultural labor and a decrease in agricultural economic growth (LCR > 0, ELEC < 0), 
i.e., the lagged type, mainly distributed in Tibet, Xinjiang, and the southeastern coastal areas. 
The agricultural economy declined faster than the agricultural labor population (LCR < 0, 
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ELEC > 1), i.e., the fading type, in 22 counties mainly distributed in Tibet. The agricultural 
economy declined slower than the agricultural labor population decreased (LCR < 0, 0 < ELEC 
< 1), i.e., the declining type, in 37 counties mainly scattered in Tibet and Inner Mongolia. 

 
Figure 5  ELEC spatio-temporal pattern at the county level in China for 2000–2010  

From Figure 6, during 1991–2010, growth and intensive type coupling mode counties 
accounted for 96.88% of the total, and declining and fading type coupling mode counties 
decreased from 84 during 1991–2000 to 20 during 1991–2010, indicating a general positive 
development trend. First, in counties with improvements in the agricultural economy, 669 
counties showed faster agricultural economic growth than the increase in agricultural labor 
population (LCR > 0, ELEC > 1), i.e., the growth type, mainly distributed in western Si-
chuan, Gansu-Xinjiang, Qinghai-Tibet, Inner Mongolia, and northeastern China regions. 
Agricultural economic growth rates were slower than that of the agricultural labor popula-
tion (LCR > 0, 0 < ELEC < 1), i.e., the extensive type, in 34 counties mainly distributed in 
western Sichuan, Qinghai-Tibet, Xinjiang, and Heilongjiang; their grouping shows obvious 
regional agglomeration characteristics. Growth in the agricultural economy and declines in 
the agricultural labor population (LCR < 0, ELEC < 0), i.e., the intensive type, was observed 
in 1292 counties mainly distributed in the Huang-Huai-Hai Plain, Yangtze River Delta, mid-
dle and lower reaches of the Yangtze River, Sichuan-Chongqing, and parts of the Loess Pla-
teau. Second, during this period, only 29 counties showed a declining agricultural economy; 
9, 8, and 12 counties respectively belonged to the lagged type (LCR > 0, ELEC < 0), fading 
type (LCR < 0, ELEC > 1), and declining type (LCR < 0, 0 < ELEC < 1) concentrated in 
Tibet. 
4.3.2  The transformation characteristics of the coupling types between agricultural labor 
changes and economic development 

During 1991–2000, the ELEC types within counties changed from each other (Table 3). 
During the split periods of 1991–2000 and 2000–2010, intensive counties showed a net in-
crease of 13.69%, while other types all decreased. The percentage of counties transformed 
from growth, extensive, lagged, fading, and declining types to intensive type accounted for 
19.12%, 5.58%, 2.96%, 0.94%, and 2.27% of the total counties, respectively (Table 3). In 
addition, 12.25% of the counties changed from intensive type during 1991–2000 to growth 
type during 2000–2010, respectively, and a small number of other counties showed coupling  
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Figure 6  ELEC spatio-temporal patterns at the county level in China for 1991–2010 

type changes. Counties with changes from growth to intensive type were mainly distributed 
in Yunnan, Guizhou, Inner Mongolia, and the middle and lower reaches of the Yangtze River. 
Counties with changes from intensive to growth type were relatively scattered, mainly dis-
tributed in Tibet, Gansu-Xinjiang, and northeastern regions. Over the past two decades, the 
counties remaining as intensive type were mainly distributed in the popular economic de-
velopment areas in China, such as the Huang-Huai-Hai Plain, Yangtze River Delta, Pearl 
River Delta, middle and lower reaches of the Yangtze River, Sichuan-Chongqing, and Loess 
Plateau. 

Table 3  The transfer matrix of the ELEC types at the county level in China for 1991–2010 (%) 

2000–2010 (T2) 
 

Growth Extensive Intensive Lagged Fading Declining
P1 

Decrease 
 

1991–2000 (T1)         

Growth 13.59 0.64 19.12 0.25 0.40 0.64 34.63 21.05 

Extensive 1.88 0.20 5.58 0.05 0.10 0.10 7.91 7.71 

Intensive 12.15 3.01 31.23 0.44 0.54 1.04 48.42 17.19 

Lagged 1.63 0.10 2.96 0.1 0.00 0.05 4.89 4.74 

Fading 0.15 0.05 0.94 0.00 0.00 0.00 1.14 1.14 

Declining 0.59 0.10 2.27 0.00 0.05 0.00 3.01 3.01 

P2 29.99 4.10 62.10 0.89 1.09 1.83 100  

Increase 16.40 3.90 30.88 0.74 1.09 1.83   

Note: The number in the transfer matrix indicates that the proportion of counties transformed from one coupling type 
to the other in the total counties belonging to the former type. 

Under the combined action of internal and external driving forces, the ELEC types in 
each county have changed, generally showing positive trends. With improvements in agri-
cultural science and technology, the support of agricultural policy, accelerated urbanization, 
and an increase in non-agricultural employment, the productivity of agricultural labor in 
most counties has increased, which has promoted the transfer of agricultural to 
non-agricultural labor. However, the transfer of agricultural labor is conducive to the rational 
allocation of agricultural resources, optimizing the structure of agricultural production, real-
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izing the scale of land management, which has promoted agricultural economic growth. 
Furthermore, the development of the agricultural economy and increase in agricultural labor 
productivity will further promote the transfer of agricultural to non-agricultural labor. 

For example, most counties in Inner Mongolia changed from the growth type from 
1991–2000 to the intensive type in 2000–2010. Recently, agricultural technology innova-
tions, popularization, and application combined with the support of related agricultural poli-
cies, the agricultural economy in Inner Mongolia has risen continuously. In the first period, 
the non-agricultural transfer of agricultural labor was unclear because of the poor develop-
ment of agricultural modernization and the relatively few non-agricultural employment 
positions. Therefore, in this stage, the ELEC coupling mode is characterized as the growth 
type due to fast growth of agricultural economy compared to the relatively slow growth in 
the agricultural labor population. In the second period, the grassland dairy industry has de-
veloped and was increasingly popular, which promoted the modernization process of the 
agriculture and animal husbandry industries; the longer agricultural-industrial chain was 
beneficial to the transfer of agricultural labor. In addition, the rapid development of the real 
estate industry after 2000 sped up the development of the construction and service industries, 
which play an important role in absorbing the rural surplus labor force (Rong et al., 2014). 
This stage is characterized as intensive, with increases in agricultural economy and de-
creases in agricultural labor population. 

5  ELEC coupling characteristics and implications for rural vitalization 
According to the ELEC coupling types and spatial distribution characteristics, this study 
proposes several policy recommendations for rural vitalization through the optimized recon-
struction of the rural population, industry, and economy as follows and in Table 4. 

(1) Counties characterized as growth type are mainly distributed in western Sichuan, 
Qinghai-Tibet, Gansu-Xinjiang, most of the Inner Mongolia Autonomous Region, and 
northeast China. These regions are mostly located in northwest China, and the natural and 
geographical location conditions are relatively primitive. Recently, with improvements in 
agricultural technology and the support of agricultural policy, agricultural economic growth 
has been obvious, but heavily dependent on resources due to the slow transformation of the 
industrial structure (Guan and Xu, 2015). Furthermore, slower urbanization has maintained a 
low demand for agricultural to non-agricultural labor transfer. In addition, these regions are 
mostly the gathering place of minority nationalities, so the farmers have poor education and 
skills, which makes it more difficult for them to qualify for jobs with higher technical re-
quirements. Therefore, although the agricultural economy has increased in such areas, the 
transfer of agricultural to non-agricultural labor is not notable. The rural vitalization of this 
type of region may be achieved through the following measures. First, the government needs 
to accelerate the transformation of industrial structure in these regions, provide a moderating 
hand to guide the scale management of the land, and actively cultivate new management 
entities. Second, it is necessary to strengthen the construction of rural professional talents, 
such as developing farmers’ self-employment and employment professional skills training. 
Stimulating the rural endogenous development motivation is expected to promote the trans-
fer of agricultural labor to non-agricultural industries. 

(2) Counties characterized as the extensive type are mainly concentrated in western Si-
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chuan, Qinghai-Tibet, Xinjiang, and Heilongjiang. There are few of these counties and they 
are generally located in the marginal areas of various provinces (autonomous regions); the 
physical environment and geographical location conditions are poor, with extreme poverty, 
and the orientation of industrial development is not clear, so the agricultural economic de-
velopment is slower than that of the growth type counties. Rural vitalization in these regions 
may be achieved through the following measures. First, policy guidance and support and 
employment skills training for poor people should be strengthened. Second, it is important to 
determine regional functions and highlight the comparative advantages for future 
development. Additional measures include actively cultivating new-type rural industries, 
supporting and encouraging farmers to pursue a diversified economy, and promoting the 
combination of smallholder management with modern agriculture. 

Table 4  ELEC coupling characteristics and rural vitalization paths 

Type of economic 
development Coupling type Spatial distribution Basic feature Vitalization path 

Growth Mainly distributed in 
western Sichuan, 
Qinghai-Tibet, Xinji-
ang, Gansu, most of 
Inner Mongolia, and 
northeast China 

Physical and geographical 
location conditions are 
relatively poor; 
lacking substantial pro-
gress in industrial adjust-
ment; 
heavily dependent on re-
sources 

Accelerating transformation of 
the industrial structure; 
moderately guiding land scale 
management; 
actively cultivating new man-
agement types; 
strengthening the construction 
of rural professional talent 

Extensive Mainly distributed in 
western Sichuan, 
Qinghai-Tibet, Xinji-
ang, and some coun-
ties in Heilongjiang 

Physical and geographical 
location conditions are 
relatively poor; 
deep poverty; 
unclear industrial 
development orientation 

Strengthening policy guidance 
and support; determining re-
gional functions and highlight-
ing comparative advantages; 
cultivating new types of rural 
industries; encouraging 
diversified economy 

Agricultural 
economic 

growth area 

Intensive Mainly distributed in 
the Huang-Huai-Hai 
Plain, Yangtze River 
Delta, Pearl River 
Delta, middle and 
lower reaches of the 
Yangtze River, parts of 
Sichuan and Chongq-
ing and the Loess Pla-
teau 

Rapid economic develop-
ment, high levels of ur-
banization and agricultural 
modernization; 
core areas for economic 
growth and high popula-
tion density 

Improving the quality of agri-
cultural development; 
constructing special towns; 
promoting the integrated de-
velopment of rural industries; 
strengthening grassroots gov-
ernance and institutional inno-
vation 

Lagged 

Fading  Agricultural 
economic de-

cline area Declining 

Centrally distributed 
on the edge of the Ti-
bet Autonomous Re-
gion 

Poor physical and geo-
graphical location, infer-
tile soil unfavorable for 
agricultural production; 
deep poverty; 
backward ideas, low labor 
quality and poor labor skills

Reinforcing infrastructure con-
struction and capital invest-
ment; cultivating new agricul-
tural management types; 
emphasizing rural education; 
attracting talent to return and 
restructure their hometowns 

 
(3) Counties characterized as the intensive type are mainly distributed in the 

Huang-Huai-Hai Plain, Yangtze River Delta, Pearl River Delta, middle and lower reaches of 
the Yangtze River, parts of Sichuan and Chongqing, and the Loess Plateau. These are the 
core areas of China’s economic growth, with high population density, rapid socio-economic 
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development, high levels of urbanization and agricultural modernization, and tremendous 
changes in population and industrial structure, which create favorable conditions for agri-
cultural economic growth and agricultural labor transfer (Ning et al., 2018). The rural vi-
talization in these regions may be achieved through the following measures. First, continu-
ous favorable external conditions for urbanization and industrialization should be main-
tained while also improving the quality of agricultural development based on scientific and 
technological innovations. Second, constructing special towns in the areas with suitable 
conditions will be important because it also provides attention to inheriting and carrying 
forward the traditional culture of the country (Long et al., 2018). Third, it is necessary to 
stimulate the endogenous development in the countryside and promote the integration of 
rural primary, secondary, and tertiary industries. Additional attention should be given to the 
development of rural and environmental tourism, strengthening grassroots governance and 
institutional innovation, and providing typical development experiences and modes for other 
relatively primitive rural areas. 

(4) Counties characterized as the lagged, fading, and declining types are relatively few. 
These counties are mainly concentrated on the edge of the Tibet Autonomous Region, a pla-
teau area. Due to the harsh natural conditions, primitive peasant ideas, low quality of the 
labor force, and high poverty in this region has slowed the transfer of the surplus labor force 
in the countryside. The rural vitalization of this type of region may be achieved through the 
following measures. First, reinforcing the infrastructure construction and capital investment 
in poverty-stricken areas would reduce the incidence of poverty. Second, the government 
needs to actively cultivate new agricultural management types and conduct training on 
peasant employment skills to guide the agricultural to non-agricultural labor transfer. In ad-
dition, additional attentions should be given to rural education, attracting talents to return 
and restructure their hometowns (Long et al., 2016) and avoid problems such as land aban-
donment and rural decline (Fuglie, 2018). 

6  Discussion and conclusions 

6.1  Discussion 

By selecting the statistical data in 1991, 2000 and 2010, this study explored the coupling 
relationships between agricultural labor changes and economic development and their 
spatio-temporal patterns to provide a reference for the development of rural economies and 
the coordination of man-land interrelations in China. Compared with previous studies, this 
study established a theoretical framework for the interaction between agricultural labor 
changes and economic development, and further defined and expounded on the connotation 
and extension of ELEC coupling types, which should enrich the theoretical research into 
rural transformation development. The transfer of agricultural labor can promote the harmo-
nious development of man-land interrelations. However, due to the urban-rural dual house-
hold registration, land, education, and medical systems and other institutional obstacles (Tu 
and Long, 2017), more farmers choose the concurrent production mode (Zhang et al., 2018), 
which reduces agricultural labor productivity and hinders the process of agricultural mod-
ernization and transformation of the industrial structure. Mechanisms for protecting the 
rights and interests of farmers, stabilizing and improving the agricultural management system 
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in agreement with China’s basic conditions, and promoting regional economic development 
and coordinating man-land interrelations will be an important topic for further research. 

China has a vast territorial area, significant regional differences, and diverse types of so-
cio-economic development. The impact of agricultural labor transfer on the development of 
the agricultural economy is also characterized by regional differences, which are influenced 
by many factors, including natural resources, geographic location, and socio-economic 
development level, as well as some subjective factors, such as farmers’ personal preferences 
and value orientation. The coupling mode for different agricultural labor changes and eco-
nomic development constitutes the type of ELEC combination in China’s counties. We need 
to address the various coupling modes, objectively analyze their advantages and disadvan-
tages, and plan for rural vitalization. 

6.2  Conclusions 

The study results provide several important conclusions: 
(1) The agricultural labor population showed a decreasing trend and the agricultural labor 

change rates for 1991–2000, 2000–2010, and 1991–2010 decreased at 4.91%, 15.50%, and 
19.65%, respectively. The change in the agricultural labor population evolved spatially fol-
lowing an east reduction and west increase pattern. The transfer of agricultural labor is con-
ducive to alleviating the pressure on man-land interrelations, promoting land management, 
and transforming the agricultural industrial structure, raising the income level of farmers, 
and causing the rural economy to flourish.  

(2) During 1991–2010, China’s agricultural economy at the county level showed a con-
tinuous growth trend, with a total increase of 140.13%. During the periods of 1991–2000 
and 2000–2010, the agricultural economic growth rate was 43.06% and 67.85%, respectively. 
In the former period, the agricultural economic growth rate in the eastern region was faster 
than that in central and western China. In the latter period, the agricultural economic growth 
rate in central and western regions was faster than that in eastern China. Regional differ-
ences were significant. With a developing socio-economy and accelerating industrialization 
and urbanization, the proportion of agricultural output value in the GDP gradually decreased, 
from 24.53% in 1991 to 10.1% in 2010. 

(3) The ELEC coupling types are diverse and showed clear regional differences. The two 
major types, growth and intensive, were distributed in the northwestern and southeastern 
regions of China, respectively. Growth type counties decreased from 701 in 1991–2000 to 
607 in 2000–2010. However, intensive type counties increased from 980 in 1991–2000 to 
1257 in 2000–2010. Concurrently, the number of extensive type counties also decreased and 
were concentrated in some counties in Xinjiang, Tibet, and Qinghai. Areas characterized as 
lagged, fading, and declining types were also regions with high incidence of poverty in 
China, which need more attention and assistance. 

(4) For 1991–2010, the ELEC types in various counties changed, showing healthy devel-
opment trends. According to the coupling types and spatial distribution characteristics of 
agricultural labor changes and economic development, some countermeasures are proposed 
forward to promote rural vitalization. These suggestions include promoting new types of 
town construction, activating rural development factors, cultivating new management types, 
accelerating industrial restructuring, strengthening policy support, and attaching importance 
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to talents and education. Relying on these measures is expected to promote the integration 
and development of rural primary, secondary, and tertiary industries, and subsequently vital-
ize rural China. 
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