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A B S T R A C T   

Uncertainty in the food supply continues to increase due to COVID-19 and geopolitical conflicts, and reducing 
farmland abandonment is an important measure for ensuring food security. In recent years, the Chinese gov-
ernment has promoted e-commerce demonstration projects in rural areas, so we ask does the spread of e-com-
merce reduce farmland abandonment? This study first constructs a theoretical framework for the effect of e- 
commerce on farmland abandonment and then quantifies that effect through spatial analysis and econometric 
models based on 12,732 households in the China Rural Household Panel Survey (CRHPS). The study found that 
there was a significant spatial aggregation between the popularization of e-commerce and the distribution of 
abandoned farmland, with a significant negative correlation between these two factors. The popularization of e- 
commerce has reduced farmland abandonment. The probability and size of farmland abandonment by farmers 
dropped by 4.1 % and 17.5 % when e-commerce was promoted in a village; the probability and size of farmland 
abandonment by farmers dropped by 7.8 % and 38.7 % when the rate of the popularization for e-commerce in 
villages increased by 1 %, respectively. E-commerce can reduce farmland abandonment in rural areas by 
absorbing returning labour, stimulating the land transfer market and revitalizing rural industry. With the 
improvement of physical infrastructure such as rural roads, the government should pay attention to the con-
struction of digital villages including e-commerce infrastructure and continue to innovate new ways small 
farmers to participate in e-commerce, thus helping transform rural spaces and reusing idle land resources.   

1. Introduction 

The increasing risk of food supply uncertainty in developing coun-
tries, which is further exacerbated by the normalization of the global 
COVID-19 pandemic and geopolitical conflicts, poses a major challenge 
to ensuring sufficient food supply for the global population (Kaicker 
et al., 2022; Saâdaoui et al., 2022; Yao et al., 2022). Farmland is crucial 
for food production, and studying changes in its use is essential for 
understanding regional and global food security (Liu and Zhou, 2021; 
Parven et al., 2022). However, farmland abandonment has become a 
global phenomenon due to rapid socio-economic development (Estel 
et al., 2015; Terres et al., 2015; Ito et al., 2016; Liang et al., 2020; Hou 
et al., 2021; Quintas-Soriano et al., 2022), affecting countries such as 
Europe (Estel et al., 2015; Terres et al., 2015), Japan (Ito et al., 2016), 
China (Liang et al., 2020; Hou et al., 2021) and the Mediterranean 

region (Quintas-Soriano et al., 2022). The extent of abandoned farmland 
worldwide has reached alarming levels (Estel et al., 2015; Löw et al., 
2015; Zhu et al., 2021), hindering efforts to address the global food crisis 
effectively (Li et al., 2021a; Quintas-Soriano et al., 2022). Therefore, it is 
urgent to address farmland abandonment comprehensively. 

To effectively manage abandoned land, it is necessary to systemati-
cally identify the drivers of farmland abandonment. Previous studies 
have identified various factors contributing to land abandonment 
(Baumann et al., 2011; Vinogradovs et al., 2018; Wang et al., 2020a), 
including rural labour shortages (Xu et al., 2019), high agricultural 
operation costs (Wang et al., 2022), natural disasters (Lee et al., 2021), 
poor agricultural technology (Movahedi et al., 2021), inferior land 
quality (He et al., 2020), and wildlife invasion (Sieber et al., 2015; Hua 
et al., 2016; Yang et al., 2020). The factors influencing farmland aban-
donment are diverse and complex, exhibiting regional variations 

* Corresponding author at: School of Geographical Sciences, Southwest University, Chongqing 400715, China. 
E-mail addresses: wangyh1210@swu.edu.cn (Y. Wang), xixi0201@email.swu.edu.cn (A. Yang), xslyq@swu.edu.cn (Y. Li), yizyang@swu.edu.cn (Q. Yang).  

Contents lists available at ScienceDirect 

Land Use Policy 

journal homepage: www.elsevier.com/locate/landusepol 

https://doi.org/10.1016/j.landusepol.2023.106958 
Received 10 October 2022; Received in revised form 13 September 2023; Accepted 29 October 2023   

mailto:wangyh1210@swu.edu.cn
mailto:xixi0201@email.swu.edu.cn
mailto:xslyq@swu.edu.cn
mailto:yizyang@swu.edu.cn
www.sciencedirect.com/science/journal/02648377
https://www.elsevier.com/locate/landusepol
https://doi.org/10.1016/j.landusepol.2023.106958
https://doi.org/10.1016/j.landusepol.2023.106958
https://doi.org/10.1016/j.landusepol.2023.106958


Land Use Policy 135 (2023) 106958

2

(Movahedi et al., 2021; Wang et al., 2022), and evolve alongside 
ongoing socio-economic development (Ustaoglu and Collier, 2018; 
Christian et al., 2018). Despite substantial research efforts, the current 
understanding of these factors remains insufficient in comprehensively 
elucidating the phenomenon of farmland abandonment. An interesting 
phenomenon is that the development of digital villages in rural China, 
represented by the Internet and e-commerce, has to some extent 
changed the way rural land is utilized. This observation has the potential 
to deepen our understanding of the extent of farmland abandonment. 

In recent years, the rapid spread of digitalization and informatization 
in rural areas has led to the emergence of rural e-commerce (Yang, 
2022). Supported by robust network communication and logistics sys-
tems, rural e-commerce has become a catalyst for comprehensive revi-
talization of rural areas (Lin et al., 2022). The Chinese government has 
actively promoted rural e-commerce platforms and demonstrations as 
part of its efforts for rural rejuvenation (Council of State, 2015; Kwak 
et al., 2019). Remarkably, the COVID-19 pandemic, while negatively 
impacting global trade, unexpectedly accelerated the advancement of 
rural e-commerce in China (Nanda et al., 2021). Traditional offline 
trading channels for agricultural products faced significant challenges, 
while e-commerce has bucked this trend and emerged as a new driving 
force behind nationwide agricultural sales (Kwak et al., 2019; Nanda 
et al., 2021). According to annual statistics released by the Ministry of 
Commerce, in 2014, the Chinese government launched the compre-
hensive demonstration project for e-commerce in rural areas. Since then, 
rural e-commerce has undergone significant development. Initially, 
there were 56 counties across 8 provinces participating in the project. 
However, by 2021, this number had surged to 1672, encompassing all 
provinces in China, and more than 90 % of these counties were classified 
as poverty-stricken (Ali Research Institute, 2022). This reflects the 
widespread adoption and successful promotion of e-commerce in rural 
areas. Furthermore, the number of rural internet users has reached 284 
million, with nearly 16.33 million rural e-commerce and online stores 
(Ali Research Institute, 2022). Notably, rural online retail sales have 
been steadily increasing, reaching 4.3 trillion yuan in 2021, which 
accounted for 29 % of China’s total online retail sales. Extensive 
research has shown that the advent of e-commerce has profoundly 
impacted the social, economic, and spatial fabric of rural areas (Ndu-
buisi et al., 2021; Leng, 2022; Tang and Zhu et al., 2020). E-commerce 
promotes the development of rural industries with unique characteris-
tics, creating new opportunities for improving the supply chain of 
agricultural products, extending the agricultural industry chain (Peng 
et al., 2021), enhancing the added value of agricultural products, and 
accelerating industrial revitalization (Long and Wang, 2018). E-com-
merce platforms enable smooth flow between urban and rural factors by 
connecting cities and villages, allowing scattered small farmers to 
directly connect with the market and achieve seamless integration be-
tween production and sales (Li and Qin, 2022). Moreover, e-commerce 
has expanded sales channels for agricultural products, providing farmers 
with additional income-boosting opportunities and helping alleviate 
poverty in rural areas (Li et al., 2021b; Liu et al., 2022; Zhong and 
Ferrand, 2022; Lechman and Popowska, 2022; Nguyen et al., 2022). It 
effectively links the achievements of poverty eradication with rural 
revitalization. In summary, the development of e-commerce continues 
to inject vitality into rural economic and industrial development (Wang 
et al., 2020b; Lin et al., 2016; Zhang et al., 2019). 

It is worth noting that land is a spatial carrier of socio-economic 
development, and new industries and business models will generate 
fresh demand for land use (Long and Tu, 2018; Zhang et al., 2019; Wang 
et al., 2020b). For instance, the development of rural industries has 
heightened the demand for industrial and storage land (Tang and Zhu, 
2020; Yang, 2018). The emergence of e-commerce has triggered a 
spatial reconfiguration of rural areas, significantly influencing the 
structure of land use (Liu et al., 2020; Tan and Chen, 2022). However, 
limited research has examined the impact of e-commerce on changes in 
the utilization of rural farmland (Deng et al., 2019; Zou and Mishra, 

2022), E-commerce plays a crucial role in driving the industrialization 
and scaling of agriculture, leading to notable transformations in the 
agricultural development model. The influence of e-commerce extends 
to the utilization of rural farmland, primarily manifested in the adjust-
ment of planting structures, the expansion of planting areas, and the 
transfer of land ownership (Goyal, 2010; Aker and Ksoll, 2016; 
Donaldson, 2022). Therefore, it is necessary to gain insight into the 
impact of e-commerce on the use of rural farmland. Specifically, it is 
crucial to investigate whether e-commerce has improved rural land use 
and alleviated farmland abandonment in rural China. The current 
characteristics of farmland abandonment and the development of 
e-commerce in China provide a unique opportunity to address these 
questions. This study aims to establish a connection between rural 
e-commerce development and rural land use change, providing strategic 
guidance for abandonment management and sustainable food produc-
tion in other developing countries. 

To scientifically explore the relationship between e-commerce and 
farmland abandonment, several issues need to be addressed. First, there 
may be endogeneity in the relationship between e-commerce populari-
zation and farmland abandonment, as regions with severe abandonment 
may prioritize e-commerce adoption. This poses challenges in accurately 
quantifying the impact of e-commerce on farmland abandonment (Deng 
et al., 2019). Second, existing studies evaluating the effects of e-com-
merce have mostly focused on macro and micro levels, making it diffi-
cult to measure the impact on individual behaviour at the micro level 
(Peng et al., 2021). Third, although some studies have quantitatively 
analysed the impact of e-commerce on micro individuals, they have not 
revealed the channels and mechanisms through which digital technol-
ogy affects them, limiting their utility for policymakers (Deng et al., 
2019; Zou and Mishra, 2022). 

Based on a theoretical framework for the effect of e-commerce on 
farmland abandonment, this paper utilizes large-scale household survey 
to explore the quantitative relationship between the above two factors. 
The contributions of this paper are as follows: A theoretical analytical 
framework for the effect of e-commerce on land abandonment is con-
structed under the guidance of agricultural theory. The mechanisms by 
which e-commerce affects land abandonment are analysed to provide 
scientific evidence for policy makers. The remainder of this paper is 
structured as follows: The second part describes the theoretical frame-
work of e-commerce affecting land abandonment. The third part pre-
sents the data and methods. The fourth and fifth parts show the results, 
heterogeneity and mechanism. The sixth and seventh provide discus-
sions and conclusions. 

2. Theoretical framework of e-commerce affecting land use 
decisions 

The channels through which e-commerce affects changes in rural 
land use are complex. With reference to existing theories and empirical 
studies, we summarize the pathways through which e-commerce affects 
rural land use changes as follows (Fig. 1). The popularization of e- 
commerce has redirected the flow of labour migration, thus changing 
land use decisions. The development of e-commerce has changed the 
characteristics of rural labour migration (Wang et, al, 2023; Wang & Yi, 
2023). On the one hand, e-commerce has promoted the development of 
logistics and industry, enhanced the ability of districts and counties to 
absorb the rural labour force, increased the employment rate among 
rural workers, and, to a certain extent, contributed to the abandonment 
of farmland by farmers (Yin et, al, 2022; Yin & Choi, 2022). On the other 
hand, the popularity of e-commerce has increased the probability of 
self-employment in rural areas, possibly reducing farmland abandon-
ment (Huang et, al, 2021; Huang et, al, 2022). In the past decade, 7023 
Taobao villages and 2171 Taobao towns have emerged across the 
country, providing employment for more than 10 million rural labourers 
(Ali Research Institute, 2022). Rural e-commerce has reversed the 
one-way flow of rural labour to cities and absorbed returning labourers. 
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It is evident that e-commerce may change the decision-making process 
regarding land use by influencing the direction of labour migration. 

The popularization of e-commerce has stimulated the land transfer 
market, thus changing land use decisions (Tan and Chen, 2022). The 
popularization of e-commerce has led to a return of labour to the 
countryside, increasing the demand for land resources and the reuse of 
previously abandoned land through land circulation (Zhang et al., 
2019). In Guangxi, Ningxia and Chongqing, for example, driven by live 
e-commerce broadcasts and poverty alleviation through consumption, 
rural e-commerce demonstration counties have broadened the market-
ing of their agricultural products, and the scarcity of land resources has 
continued to be highlighted, with some regions forming the “compa-
ny + base + farmers” business model to transfer or reclaim abandoned 
land, conduct spatial restructuring, and promote the management of 
abandoned land. Clearly, e-commerce can solve the problem of farmland 
abandonment by stimulating the land transfer market (Zou and Mishra, 
2022). 

The popularization of e-commerce has revitalized rural industry, 
thereby changing land use decisions (Leng and Tong, 2022). E-com-
merce enterprises improve the quality of agricultural products, lead to 
the optimization of the product structure and create regional brands 
through digital technology, thus promoting the upgrading of agricul-
tural industrialization and the intensification, scaling, factorization and 
full traceability of agricultural production (Jing and Jie, 2021; Zhang 
et al., 2022). E-commerce enterprises can rely on the natural endow-
ments of different regions to promote foundational special industries in 
accordance with local conditions and drive the development of a “one 
village, one product; one town, one industry” perspective through the 
“internet+” to create a virtuous cycle in the countryside (Long and 
Wang, 2018). E-commerce has promoted the development of rural in-
dustry, improved the value and efficiency of land use, and reduced the 
probability of farmland abandonment. 

In addition, the development of e-commerce is conducive to allevi-
ating the information asymmetry between suppliers and demanders, 
improving the transparency of information in factor markets, such as the 
labour and land markets, reducing agricultural costs and increasing 

agricultural returns, thus reducing land abandonment. Importantly, e- 
commerce is a new type of production factor that enhances agricultural 
total factor productivity by linking technologies such as cloud 
computing and big data with agricultural production, thus shifting 
agriculture away from small, scattered and disorganized production and 
helping resolve the problem of land abandonment. Therefore, the rela-
tionship between e-commerce and land abandonment is explored to 
provide a reference for other countries in the world to revitalize their 
abandoned land. Although this section constructs the theoretical 
framework for the impact of e-commerce on farmers’ land use change, 
the mechanisms by which e-commerce affects land abandonment by 
farmers need to be further examined. 

3. Materials and methods 

3.1. Data  

1) National sample survey data of farm households. The data were 
obtained from the China Rural Household Panel Survey (http://ssec. 
zju.edu.cn/sites/main/template/news.aspx?id=51036), published 
by Zhejiang University, as it contains data from the 2017 Household 
Tracking Survey in rural China, covering 12,732 households from 
377 villages in 29 provinces (Fig. 2a). The data are representative at 
the national, provincial and village levels. The survey includes 
household and village questionnaires, with the household question-
naire recording detailed information on demographic characteris-
tics, agricultural operations, land abandonment, income and 
expenditures, and e-commerce applications, while the village ques-
tionnaire records detailed information on demographic characteris-
tics, geographical location, public facilities, economic development, 
social governance and e-commerce popularity. For example, the 
village questionnaire contains the question “does the village promote 
e-commerce?”. If the answer is yes, it indicates that the village is an 
e-commerce village; otherwise, it is not an e-commerce village. The 
data may be subject to artificial statistical bias and need to be 
cleaned. Observations of households without cultivated land were 

Fig. 1. Mechanism of e-commerce affecting land use in rural areas.  
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excluded because they did not have information on the basic in-
dicators required for the study. Observations for which the per-
centage of household agricultural fixed assets or non-agricultural 
fixed assets was greater than 1 were excluded, and observations 
without information on important indicators were also excluded. 
Finally, we obtained 10,450 valid observations of households, spread 
over 351 villages and distributed across 29 provinces throughout the 
country.  

(2) Interview data of farm households in typical case areas. To 
intuitively understand the impact of e-commerce on farmland 
abandonment, we interviewed the subjects in typical e-commerce 
demonstration areas. The interview areas were chosen from Taiji 
town and Jinxi town in the Qianjiang district of Chongqing 
(Fig. 2b). In the heart of the Wuling Mountains, the Qianjiang 
district is a combination of old revolutionary areas, ethnic mi-
nority areas, remote mountainous areas and key poverty allevi-
ation areas and is dominated by hilly and mountainous terrain, 
where crops such as rice, rape and citrus are grown and farmland 
abandonment is serious. In 2016, the Qianjiang district included 
a comprehensive rural e-commerce demonstration county, and 
both Taiji township and Jinxi township are highly representative 
of mature e-commerce development (Fig. 2c). The interviews 
were conducted in August 2021, and the main interviewees were 
village cadres and rural households. The interviews provided 
information on the development of e-commerce, demographic 
characteristics, farmland abandonment, geographical location, 
and socioeconomic development. 

3.2. Methods 

3.2.1. Logit model 
In quantitatively evaluating the effect of e-commerce on farmland 

abandonment, the dependent variable, whether the farmer has aban-
doned his or her farmland, is a nonlinear, binary discrete variable that 
does not obey a normal distribution and does not satisfy the conditions 
for estimating a linear regression, so we need to build a binary choice 
model. The logit model is a binary discrete choice model that assumes 
that the random error term follows a logistic distribution (Poirier, 1994). 
This model can be used to model behavioural choices based on the 
principle of utility maximization. The qualitative variable Yvi is intro-
duced because there are two scenarios within this study: farmers 
abandon their farmland or farmers do not abandon their farmland. 
When a farmer abandons his or her farmland, Yvi= 1; otherwise, Yvi= 0. 
The logit model is constructed as follows: 

p(Yvi = 1|Xvi, βi) = α0 + β1E_commercev + β2X1vi + β3X2vi + β4X3vi + εvi

(1)  

where Yvi indicates whether the farmers in village v have abandoned 
their farmland. When farmers have abandoned their farmland, Yvi= 1; 
otherwise, it is 0. E_commercev indicates whether village v is an e-com-
merce village; if e-commerce has been popularized, E_commercev= 1; 
otherwise, it is 0. X1vi, X2vi and X3vi, which are a series of factors 
affecting the incidence of farmland abandonment. These factors include 
the characteristics of the head of household, of the family and of the 
village, εvi is the error term, while β1, β2 and β3 are the parameters to be 
estimated. 

Fig. 2. Spatial distribution of the study areas.  
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3.2.2. Tobit model 
When quantifying the effect of the popularization of e-commerce on 

the scale of farmland abandonment, the dependent variable is the area of 
abandoned farmland, which is nonnegative and left-censored at zero 
(Koc and Sahin, 2018). Therefore, model estimation bias can be effec-
tively avoided by using the Tobit model for the regression analysis of this 
restricted dependent variable. The Tobit model is constructed as follows: 

AFvi = δ0 + γ1E_commercev + γ2X1vi + γ3X2vi + γ4X3vi + θvi (2)  

where AFvi is the area of farmland abandoned by household i in village v, 
and X1vi, X2vi and X3vi are a series of factors that affect the scale of 
farmland abandonment by farmers. They include the head of household, 
family and village characteristics. θvi is the error term; γ1-γ4 are the 
parameters to be estimated. Table 1 presents the definitions and basic 
statistical descriptions of the variables. The results show that 18 % of 
farmers have abandoned some farmland, with an average of 0.016 ha of 
farmland having been abandoned. Meanwhile, 36 % of the villages have 
popularized e-commerce, 17.91 % of the farmers have used e-commerce, 
and the average duration of e-commerce popularization is 2.58 years. 

3.3. Endogeneity test 

The selection of comprehensive e-commerce demonstration counties 
is strictly exogenous from the farmers’ perspective, and it is not influ-
enced by farmers’ micro-behaviour. Therefore, it can be regarded as 
being as good as random. However, at the village level, the populari-
zation of e-commerce may not be random, meaning that villages that are 
highly socioeconomically developed or that have experienced severe 
farmland abandonment may be more likely to be selected as pilot areas 
(Wang et al., 2018). Therefore, if there is such endogeneity in the 
econometric models described above, then the coefficient for the impact 
of the popularization of e-commerce on farmland abandonment is 
biased. It is very important to determine whether the popularity of 
e-commerce at the village level is affected by village-level factors. The 
model is set as follows: 

E_commercev = αv + βvXv + εv (3)  

where E_commercev indicates whether e-commerce is popular in village 
v. If it is popular, then E_commercev= 1; otherwise, E_commercev= 0. Xv 
is a series of village characteristics, εv is an error term, and βv is the 
parameter to be estimated. In this paper, logit and probit models are 
used to estimate the robustness of the results. 

Table 2 presents the empirical results for the determinants of the 
village-level popularization of e-commerce. The results show that the 
estimation results from the logit and probit models are highly consistent, 
and show that the coefficients on all village-level factors are almost 
insignificant; that is, the village-level factors have no effect on the 
village-level popularization of e-commerce. We can safely say that 
whether e-commerce has been popularized in a village is not affected by 
the characteristics of the village, so the popularization of e-commerce 
can be regarded quasi-natural experiment at the village level; therefore, 
the endogeneity problem can be ignored. 

4. Results 

4.1. Spatial patterns of e-commerce popularization 

Fig. 3 presents the provincial-level e-commerce popularization rate, 
calculated as the percentage of villages adopting e-commerce in the 
province, and the results show that the popularization rate of e-com-
merce reached 36 % at the national level. Although there is a great deal 
of variation among the provinces, spatial clustering is evident. The 
popularization rate of e-commerce is generally high in the eastern 
coastal areas of China, with the rates in Hebei, Shandong and Jiangsu 
exceeding 60 %. In contrast, the popularization rate is generally lower in 

Table 1 
Definitions and descriptive statistics of variables.  

Variables Definitions Mean S. D N 

Dependent variables 
Farmland 

abandonment 
Has the farmer 
abandoned farmland; 
Yes= 1, no= 0  

0.18  0.34  10,450 

Area of 
abandoned 
farmland 

Area of farmland 
abandoned by the 
family, ha  

0.016  0.12  10,450 

Key independent variables 
E-commerce 

popularization 
Has the village 
popularized e- 
commerce? Yes= 1, 
no= 0  

0.36  0.48  351 

Rate of the 
popularization 
for e- 
commerce 

Ratio of households in 
the village using e- 
commerce, %  

17.91  22.12  351 

Duration of e- 
commerce 
popularization 

Duration of e- 
commerce 
popularization in the 
village, years  

2.58  4.16  10,450 

Household characteristics (N = 10450) 
Total farmland 

area 
Total area of land 
farmed by the family, 
ha  

0.54  1.14  10,450 

Number of plots Total number of family 
plots  

5.12  5.78  10,450 

Area of each plot Area of each plot, ha  0.15  0.55  10,450 
Total income of 

family 
Total household 
income, yuan  

52,000  75,000  10,450 

Value of 
productive 
agricultural 
assets 

Value of productive 
agricultural assets held 
by the family, yuan  

651.21  8000  10,450 

Value of 
agricultural 
machinery 
assets 

Value of agricultural 
machinery assets held 
by the family, yuan  

3839  86,000  10,450 

Age of the 
householder 

Age of the 
householder, years  

56.53  12.66  10,450 

Educational level 
of the 
householder 

Illiterate= 1, primary 
school= 2, middle 
school= 3, high 
school= 4, junior 
college= 5, 
university= 6  

2.61  1.16  10,450 

Marital status of 
the 
householder 

Unmarried= 1, 
married= 2, 
cohabitating= 3, 
separated= 4, 
divorced= 5  

2.33  1.16  10,450 

Village characteristics (N = 351) 
Rate of labour 

outmigration 
Percentage of migrant 
workers in the total 
population, %  

40.91  21.11  351 

Rate of labour 
repatriation 

Percentage of 
returning workers in 
the total population, %  

7.12  44.21  351 

Total farmland 
area in the 
village 

Total farmland area in 
the village, ha  

272  332.87  351 

Total area of 
abandoned 
land of the 
village 

Total area of 
abandoned farmland 
in the village, ha  

9.65  22.11  351 

Percentage of 
transferred 
farmland 

Percentage of 
farmland that has been 
transferred, %  

12.91  24.32  351 

Rent per unit of 
farmland area 

Level of rent per unit 
of farmland area in the 
village, yuan  

514.56  384.24  351 

Per capita 
disposable 
income 

Per capita disposable 
income in the village, 
yuan  

7370  3296  351 

(continued on next page) 
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central and western China, with the rates in Jiangxi, Hunan, Hubei, 
Shaanxi, Gansu and Qinghai less than 20 %. 

4.2. Spatial patterns of farmland abandonment 

Fig. 4 presents the rate of farmers who abandoned their farmland. 
Fig. 4a shows the rate of farmers who abandoned their farmland, and the 
overall rate across China is 18.19 %, with obvious spatial agglomeration 

characteristics. The rate is generally high in the south, with those in 
Guangdong and Chongqing even exceeding 20 %, while the rate is 
generally low in the north, with those in Henan, Shandong, Hebei, 
Jiangsu, Liaoning, Inner Mongolia and Gansu being less than 10 %. 
Fig. 4b shows the rate of abandoned farmland area and the overall rate 
across China is 9.54 %, and this rate exhibits clear spatial clustering 
characteristics, with generally higher rates in central and western China, 
including Chongqing, Hubei and Gansu, where the rate exceeds 10 %, 
and lower rates (less than 5 %) in the eastern coast, in the northeast and 
in the southeast. 

Comparing Figs. 3 and 4 reveals a notable inverse correlation be-
tween e-commerce and farmland abandonment. The provinces with 
higher e-commerce popularization rates have lower rates of farmers who 
abandoned farmland and abandoned farmland area, forming a negative 
correlation. Statistical analysis confirms this association (Fig. 5), rein-
forcing the negative correlation between e-commerce and farmland 
abandonment. Based on these findings, this paper hypothesizes that e- 
commerce may mitigate farmland abandonment, and we will verify this 
causal relationship by employing econometric models. 

4.3. Effect of e-commerce popularization on farmland abandonment 

Table 3 presents the empirical results for the effect of e-commerce on 
farmland abandonment by farmers. Model 1 incorporates e-commerce 
and the householder-, household- and village-level characteristics, and 
Model 2 incorporates regional dummy variables into Model 1 to increase 
the robustness of the results. The coefficient on village-level e-commerce 
popularization is significant at the 1 % level with a coefficient of –0.386 
and a marginal effect of –0.041, indicating that when e-commerce is 
promoted within a village, the percentage of farmers who abandon their 
farmland decreases by 4.1 %. Similarly, Model 3 incorporated the 
popularization rate of e-commerce in the village and the householder-, 
household- and village-level characteristics, while Model 4 incorporated 
regional dummy variables into Model 3, giving more robust results. The 
coefficient on the popularization rate of e-commerce in the village was 
significantly negative at the 5 % level, with a coefficient of –0.779 and a 
marginal effect of –0.078, meaning that when the popularization rate of 
e-commerce in a village increases by one percentage point, the per-
centage of farmers who abandon their farmland decreased by 7.8 %. The 
e-commerce popularization significantly reduces the probability of 
farmers abandoning farmland; that is, when e-commerce is popularized 
in a village, the probability of farmers abandoning their farmland de-
creases by 4.1 %, and when the popularization rate of e-commerce in a 
village increases by one percentage point, the probability of farmers 
abandoning their farmland decreases by 7.8 %. 

Table 4 presents the results for the effect of e-commerce on the 
abandoned farmland area based on the Tobit model. Model 5 and Model 
7 are baseline regressions that do not incorporate regional dummy 
variables, while Model 6 and Model 8 provide robust estimation results. 
Model 6 shows that the coefficient on village-level e-commerce popu-
larization is –0.178, and this is significantly negative at the 5 % level, 
meaning that when e-commerce is popularized in a village, the area of 
farmland abandoned by farmers decreases by 17.8 %. The coefficient on 
the popularization rate of e-commerce in the village is –0.387, and this is 
significantly negative at the 5 % level, indicating that when the popu-
larization rate of e-commerce in a village increases by one percentage 
point, the area of farmland abandoned by farmers decreases by 38.7 %. 
The results for the other control variables are generally consistent with 
the results in Table 3 and are not repeated here due to space constraints. 

5. Heterogeneity and mechanism 

5.1. Heterogeneity of e-commerce affecting farmland abandonment 

There are differences in the timing of the implementation of e- 
commerce in different regions, and the underlying theory implies that 

Table 1 (continued ) 

Variables Definitions Mean S. D N 

Land 
confirmation 

Has complete land 
confirmation in 
village; yes= 1, no= 0  

0.44  0.50  351 

Numbers of roads 
to the nearest 
county 

Numbers of roads to 
the nearest county  

2.30  0.65  351 

Poverty 
alleviation 
county 

Yes= 1, no= 0  0.12  0.32  351 

Old-age care 
security system 

Urban–rural old-age 
care security system; 
Yes= 1, no= 0  

0.35  0.48  351 

Has non- 
agricultural 
specialty 
industry 

Yes= 1, no= 0  0.21  0.41  351 

Value of non- 
agricultural 
industry 
output 

Value of the output of 
non-agricultural 
industries, 104 yuan  

17.00  1000  351  

Table 2 
Determinants of the popularization for e-commerce in a village.  

Variables Logit Probit 

Log (Rate of labour outmigration) 0.463 0.281  
(0.30) (0.36) 

Log (Rate of labour repatriation) 5.769 3.132  
(1.59) (1.91) 

Log (Rate of abandoned land of the village) –0.118 –0.126  
(–0.16) (–0.31) 

Log (Percentage of transferred farmland) –0.302 –0.158  
(–0.91) (–0.92) 

Log (Rent per unit of farmland area) 0.215* 0.119*  
(1.67) (1.67) 

Log (Total farmland area in the village) 0.105 0.074  
(0.54) (0.71) 

Log (Per capita disposable income) 0.464 0.248  
(1.64) (1.63) 

Log (Value of non-agricultural industry output) 0.053 0.028  
(1.14) (1.15) 

Numbers of roads to the nearest county 0.179 0.099  
(0.76) (0.85) 

Land confirmation –0.244 –0.127  
(–0.33) (–0.35) 

Has non-agricultural specialty industry –1.105 –0.573  
(–1.63) (–1.65) 

Poverty alleviation county 0.011 0.013  
(0.02) (0.06) 

Old-age care security system –0.775 -0.409  
(–1.35) (–1.48) 

Constant –4.226 39.69  
(–1.26) (–1.34) 

Regional dummies Yes Yes 
Wald chi2 38.29 39.69 
Pseudo R2 0.121 0.121 
Number of samples 351 351 

Notes: * denotes coefficients significance at the 10 % level, T values are in pa-
rentheses. In this study, there are 126 and 225 villages with and without e- 
commerce popularization, respectively. Rent per unit of farmland area are 
deflated with price indices. All model simulations were performed using 
STATA.15. 
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the impact of e-commerce popularization on farmland abandonment by 
farmers will vary with the duration of the popularization. Therefore, the 
sample is divided into two groups according to the duration of e-com-
merce popularization, that is, less than 5 years and at least 5 years, and a 
heterogeneity analysis is conducted. Table 5 presents the effect of e- 
commerce on farmland abandonment by farmers under different 
popularization durations. The probability and size of farmers aban-
doning their farmland decrease by 2.5 % and 13.9 % when e-commerce 
has been popularized in the village for less than 5 years, while the 
probability and size of farmers abandoning their farmland decrease by 
5.6 % and 19.7 % when e-commerce has been popularized for more than 
5 years. Table 6 indicates that the probability and size of farmland 
abandonment decrease by 4.2 % and 32 % for each one percentage point 
increase in the popularity of e-commerce in the village when e-com-
merce has been popularized for less than 5 years, while both decrease by 

11.2 % and 41.4 % accordingly when the popularization of e-commerce 
has occurred for more than 5 years. It can be said that the longer the 
duration of e-commerce popularization, the more e-commerce helps 
reduce farmland abandonment. 

5.2. Mechanism of e-commerce reducing farmland abandonment 

To validate the theoretical framework presented in Fig. 1, we con-
ducted an in-depth analysis using comprehensive farm household survey 
data to explore the underlying mechanisms through which e-commerce 
influences farmland abandonment. We meticulously considered facets 
encompassing the rural labour market, the land transfer market and 
industrial development, and this approach will enable us to draw more 
general conclusions regarding the impact of e-commerce on rural areas.  
Table 7 presents the effect of e-commerce on rural labour migration. 

Fig. 3. Spatial patterns in rate of the popularization for e-commerce at the provincial level.  

Fig. 4. Spatial patterns in farmland abandonment at the provincial level.  
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Model 9 and 10 show that the popularity of e-commerce significantly 
reduces the probability of rural workers migrating out. Models 11 and 
12 show that increases in the e-commerce popularization rate can 
significantly increase the probability of workers returning to the village. 
In other words, the e-commerce popularization reduces the attractive-
ness of cities and increases the attractiveness of rural areas. According to 
the National Bureau of Statistics, the number of migrant workers across 
the country was 285.6 million in 2020, a decrease of 1.8 % compared to 
the same period during the previous year; i.e., more than 5 million 
people returned to the countryside from cities. The number of rural 
labourers returning to the countryside is expected to increase in the 
future, driven by the construction of digital rural villages and the 
comprehensive revitalization of agriculture. Table 8 show that the e- 
commerce popularization can significantly improve the rate of land 
transfer and stimulate the rural land rental market. Similarly, a different 
study found that the development of rural land transfer markets can 
significantly reduce the abandonment of farmland in mountainous areas 
(Shao et al., 2015), and this is consistent with the empirical analysis of 
this paper. Table 9 show that e-commerce increases the value added of 
non-agricultural industries in villages. 

Combining the above analysis, we found that e-commerce develop-
ment has fostered the growth of rural industries, created local job op-
portunities, and provided a platform for entrepreneurial endeavours 
among farmers (Fig. 6). Consequently, it has encouraged farmers 
working in urban areas to return to their rural roots and has helped 
retain the existing labour force within villages. This abundance of rural 
labour has reduced the amount of abandoned farmland caused by labour 
shortages. Concurrently, the industrialization of agriculture has further 
driven the expansion and mechanization of agricultural production, and 
then, stimulating the land transfer market and revitalizing abandoned 
farmland. 

5.3. Typical case on e-commerce reducing farmland abandonment 

To corroborate the conclusions obtained from the econometric 
model analysis, we chose Qianjiang District in Chongqing as a typical 
case study area for further field research. Qianjiang District was desig-
nated as a comprehensive demonstration county for rural e-commerce in 
2016. Previously, there was a serious problem of farmland abandonment 
in the area, with more than 70 % of the farmers in Taiji Town and Jinxi 
Town in the district abandoning their farmland, and the area of farmland 
abandoned amounted to 200 ha. The case area vigorously developed 
mulberry sericulture industry and promoted the integration of e-com-
merce and industry, creating a set of mulberries, sericulture, silk reeling, 
silk weaving in one of the whole industry chains of silk. The agricultural 
industry shifted from a single farming to diversified agricultural in-
dustry. A total of 6267 ha of mulberry gardens was established, covering 
24 towns and streets, the whole industrial chain of perennial 

employment of more than 15,000 people. The development of rural 
industries in the villages has provided more job opportunities and 
entrepreneurial prospects for the local residents, attracting rural labour 
back to the countryside. Farmers’ income has become diversified. Be-
sides earning wages from working in rural enterprises, farmers also lease 
out their land, generating rental income. In Qianjiang District, 10,156 
households participate in land transfer, with an area of about 4666 ha, 
and each household generates an annual income of up to 1536 yuan 
from land transfer. Therefore, the per capita annual income of farmers 
increased from 4000 yuan in 2015 to 14000 yuan in 2021. In addition, 
the government has transformed abandoned land into suitable areas for 
sericulture, gradually revitalizing the abandoned land. Currently, more 
than 200 ha of abandoned land has been reclaimed for cultivation.  
Table 10 specifically presents the development of e-commerce in the 
case area, the characteristics of farmland abandonment, the solutions to 
farmland abandonment and the effects of their implementation. 

6. Discussions 

6.1. Challenges of e-commerce development in rural areas 

In recent years, e-commerce and agricultural development have 
continued to integrate in rural China, evolving from the initial 
networking of sales to digitization of transportation and production, 
enhancing the precision of the agricultural supply chain. In addition, e- 
commerce serves as a channel connecting small-scale farmers to broader 
markets, facilitating a seamless link between production and marketing, 
and it plays a leading role in the overall promotion of digital rural 
development. Thus, e-commerce has now become an important means 
for developing countries to extend digital benefits to rural areas and the 
agricultural sector. However, the development of e-commerce in rural 
China is still in its infancy and faces a variety challenges, in particular, 
the logistics and distribution system are obviously lagging behind, and 
cold storage and preservation technology is backward. In rural areas, the 
main participants in e-commerce are local farmers who lack basic online 
marketing skills and knowledge. Meanwhile, the development of e- 
commerce lacks a strong branding strategy, and there is a serious ho-
mogenization of e-commerce among villages, which weakens the 
attractiveness of agricultural products. As a result, e-commerce in rural 
China has not yet formed a substantial and large-scale branding influ-
ence, and its effect on the transformation of rural land use and spatial 
restructuring is still not yet fully realized. 

6.2. Potential for e-commerce reducing farmland abandonment 

E-commerce promotes the spatial reconfiguration of factors such as 
labour, land, capital and technology in rural areas, which has a positive 
impact on alleviating the problem of farmland abandonment. According 

Fig. 5. Relationship between the rate of the popularization for e-commerce and the rate of farmland abandonment at the provincial level.  
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to a nationally representative sample survey, more than 20 % of Chinese 
farmers abandoned their farmland in 2020, resulting in 1/10 of the 
cultivated land being abandoned, with an area of abandonment of about 
1.34 × 107 ha (Wang et al., 2023). Unfortunately, this trend of aban-
donment continues to escalate. Our studies indicate that the populari-
zation of e-commerce in rural areas will reduce the number of farm 
households who abandoned their farmland by 4.1 % and the area of 
abandoned land by 17.5 %. It can be assumed that if e-commerce is 
popularized, the size of farm households who abandoned their farmland 
will decrease to 16.69 %, and the area of abandoned farmland will 
decrease by 2.35 × 106 ha. According to the national grain yield of 
5621 kg/ha and the per capita grain consumption of 400 kg, the size of 
abandoned farmland reduced by the popularization of e-commerce can 
produce 1.32 × 107 tons of grain, which is enough to maintain the 
annual consumption of 3.3 × 107 people. 

Table 3 
Effect of e-commerce popularization on farmers’ abandonment decisions.  

Variables Model 1 Model 2 Model 3 Model 4 

E-commerce 
popularization 

–0.381** 
[–0.039] 

–0.386** 
[–0.041]    

(–2.28) (–2.23)   
Rate of the 

popularization for 
e-commerce   

–0.870*** 
[–0.087] 

–0.779** 
[–0.078]    

(–2.73) (–2.29) 
Area of each plot –0.102*** –0.024* –0.100*** –0.024*  

(–6.09) (–1.69) (–6.00) (–1.69) 
Log (Total income of 

family) 
0.003 –0.009 0.003 –0.008  

(0.17) (–0.50) (0.21) (–0.45) 
Log (Value of 

productive 
agricultural assets) 

–0.020 –0.022 –0.023 –0.023  

(–1.25) (–1.06) (–1.38) (–1.08) 
Log (Value of 

agricultural 
machinery assets) 

–0.109*** –0.124*** –0.109*** –0.124***  

(–10.31) (–9.12) (–10.36) (–9.14) 
Age of the 

householder 
–0.087*** –0.090*** –0.087*** –0.090***  

(–6.17) (–3.68) (–6.15) (–3.68) 
Age of the 

householder^2 
0.001*** 0.001*** 0.001*** 0.001  

(6.62) (4.25) (6.60) (4.24) 
Log (Rate of labour 

outmigration) 
1.723*** 0.993*** 1.591*** 0.882***  

(6.12) (3.26) (5.57) (2.87) 
Log (Percentage of 

transferred 
farmland) 

–0.771*** –0.676*** –0.755*** –0.662***  

(–3.94) (–3.32) (–3.88) (–3.31) 
Log (Rent per unit of 

farmland area) 
–0.162*** –0.171*** –0.148*** –0.159***  

(–4.81) (–4.71) (–4.34) (–4.36) 
Land confirmation 0.004 –0.039 –0.072 –0.127  

(0.03) (–0.30) (–0.72) (–1.15) 
Regional dummies No Yes No Yes 
Constant 1.537*** 0.856 1.432*** 0.764  

(3.04) (1.25) (2.82) (1.11) 
LR chi2 449.08 485.97 451.65 486.46 
Pseudo R2 0.0548 0.0946 0.055 0.095 
AUC 0.679 0.783 0.681 0.782 
Numbers of samples 10,232 6719 10,232 6719 

Note: T values are in parentheses. * * *, * *, and * indicate significance at the 1 %, 
5 %, and 10 % levels, respectively, and the marginal effects are reported in 
brackets. In Models 1–4, variables such as the marital status and education level 
of the head, the number of plots held by the family, the number of roads to the 
nearest district and county, and the specialty industries within the village were 
included. The magnitudes and significance of the coefficients on the variables in 
the model did not change significantly, so the estimates for the above variables 
were not included in the table for simplicity. These notes also apply to the tables 
below. 

Table 4 
Effect of e-commerce popularization on the abandoned farmland area.  

Variables Model 5 Model 6 Model 7 Model 8 

E-commerce 
popularization 

–0.152* 
[–0.152] 

–0.178** 
[–0.178]    

(–1.85) (–2.23)   
Rate of the 

popularization for e- 
commerce   

–0.247* 
[–0.247] 

–0.387** 
[–0.387]    

(–1.67) (–2.43) 
Area of each plot 0.007*** 0.017*** 0.007*** 0.017***  

(3.24) (4.93) (3.25) (4.92) 
Log (Total income of 

family) 
–0.003 –0.007 –0.002 –0.007  

(–0.28) (–0.61) (–0.27) (–0.59) 
Log (Value of 

productive 
agricultural assets) 

0.015 0.010 0.014 0.010  

(1.54) (0.85) (1.46) (0.83) 
Log (Value of 

agricultural 
machinery assets) 

–0.008 –0.009 –0.008 –0.009  

(–1.47) (–1.40) (–1.51) (–1.45) 
Age of the householder –0.017* –0.011 –0.017* –0.011  

(–1.67) (–0.82) (–1.67) (–0.83) 
Age of the 

householder^2 
0.0002** 0.0002 0.0002** 0.0002  

(2.13) (1.36) (2.13) (1.37) 
Log (Rate of labour 

outmigration) 
0.436** 0.348* 0.385** 0.278  

(2.53) (1.84) (2.20) (1.45) 
Log (Percentage of 

transferred 
farmland) 

–0.080* –0.101** –0.083* –0.102**  

(–1.67) (–2.02) (–1.74) (–2.04) 
Log (Rent per unit of 

farmland area) 
–0.067*** –0.059** –0.062** –0.052**  

(–2.77) (–2.28) (–2.53) (–1.99) 
Land confirmation 0.036 –0.007 –0.015 –0.056  

(0.51) (–0.10) (–0.27) (–0.89) 
Regional dummies No Yes No Yes 
Constant 0.948*** 0.730* 0.923*** 0.684  

(2.74) (1.68) (2.66) (1.51) 
LR chi2 0.0056 0.0189 0.0055 0.0191 
Numbers of samples 10,232 6766 10,232 6766 

Note: T values are in parentheses. ** *, **, and * indicate significance at the 1 %, 
5 %, and 10 % levels, respectively. 

Table 5 
Effect of e-commerce on farmland abandonment under different durations.  

Variables Farmland abandonment 
(yes=1, no=0)  

Area of abandoned 
farmland 

Time<5 
years 

Time>=5 
years  

Time<5 
years 

Time>=5 
years 

E-commerce 
popularization 

–0.236* 
[–0.025] 

–0.338** 
[–0.056]  

–0.139* 
[–0.139] 

–0.197* 
[–0.197]  

(–1.74) (–2.12)  (–1.76) (–1.92) 
Other variables Yes Yes  Yes Yes 
Regional 

dummies 
Yes Yes  Yes Yes 

Constant 1.967*** 0.964*  1.039** 0.821*  
(3.34) (1.70)  (2.42) (1.91) 

Pseudo R2 0.0461 0.0479  0.0049 0.0043 
Numbers of 

samples 
8669 8007  8669 8007 

Notes: T values are in parentheses. ***, **, * indicate significance at the 1 %, 5 
%, and 10 % levels, respectively. Both the control variables and the regional 
dummy variables are included in the model, but the results for the control 
variables are not presented in the table due to space limitations. 
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7. Conclusion and implications 

E-commerce popularization and farmland abandonment exhibit a 
significant negative spatial relationship; that is, the percentage of 
farmers who abandon farmland and the rate of abandoned farmland 
area are relatively low in provinces with a high e-commerce populari-
zation rate and vice versa. E-commerce can significantly reduce the 
probability and scale of farmers abandoning farmland. When e-com-
merce was popularized in villages, the probability and scale of farmland 
abandonment by farmers decreased by 4.1 % and 17.5 %, respectively, 
and when the popularization rate of e-commerce in villages increased by 
one percentage point, the probability and scale of farmland abandon-
ment by farmers decreased by 7.8 % and 38.7 %, respectively. E-com-
merce has reconfigured the rural population, rural land and rural 
industry by absorbing returning labour, stimulating the land transfer 
market, and revitalizing rural industries, thus changing the ways that 
rural land is used and, to a certain extent, solving the problem of 

farmland abandonment. 
To ensure the sustainable development of rural e-commerce, the 

government should implement a comprehensive array of strategic 
measures. These include enhancing the logistics and distribution system, 
investing in cold chain infrastructure to preserve and safeguard original 
products, and prioritizing the encouragement of agricultural production 
and supply centers. An integral facet involves incentivizing tech-savvy 
young talents to return to their rural roots, with the government offer-
ing comprehensive training programs designed to equip farmers with 
essential digital skills and nurture a skilled rural digital workforce. It is 
paramount to capitalize on the distinctive attributes of locally sourced 
products, thereby fostering the creation of premium agricultural brands. 
Concurrently, there is an imperative to prioritize the development of 
digital infrastructure and improve rural network communication con-
ditions. The utilization of cutting-edge technologies, including 5 G, 
cloud computing, the Internet of Things, and blockchain, will expedite 
the establishment of a robust digital network system. Finally, expediting 
the creation of an e-commerce ecosystem tailored to the specific needs of 
small-scale farmers and consistently innovating strategies to usher more 
farmers into the era of the digital economy should remain a focal point of 
these endeavours. 
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Table 6 
Effect of e-commerce popularization rate on land abandonment under different durations.  

Variables Farmland abandonment (yes=1, no=0)  Area of abandoned farmland 

Time< 5 years Time> =5 years  Time< 5 years Time> =5 years 

Rate of the popularization for e-commerce –0.404***[–0.042] -0.676*[–0.112]  –0.320*[–0.320] –0.414*[–0.414]  
(–2.70) (–1.75)  (–1.73) (–1.67) 

Other variables Yes Yes  Yes Yes 
Regional dummies Yes Yes  Yes Yes 
Constant 1.039** 0.821*  0.886** 0.535*  

(2.42) (1.91)  (2.32) (1.78) 
Pseudo R2 0.0049 0.0043  0.0203 0.024 
Numbers of samples 8669 8007  5203 4541 

Notes: T values are in parentheses. ***, **, * indicate significance at the 1 %, 5 %, and 10 % levels, respectively. 

Table 7 
Effect of e-commerce on rural labour migration.  

Variables Rate of labour force 
outmigration  

Rate of labour force 
repatriation 

Model 
9 

Model 10  Model 
11 

Model 
12 

E-commerce popularization –0.001   0.024***   

(–0.10)   (3.64)  
Rate of the popularization 

for e-commerce  
–0.133***   0.159***   

(–13.41)   (12.86) 
Other variables Yes Yes  Yes Yes 
Regional dummies Yes Yes  Yes Yes 
Constant 0.278 0.289  0.289 0.278 
Adj R2 0.226 0.257  0.342 0.364 
Number of samples 4395 4395  4378 4378 

Notes: T values are in parentheses. ***, **, * indicate significance at the 1 %, 5 
%, and 10 % levels, respectively. 

Table 8 
Effect of e-commerce on the rural land transfer.  

Variables Model 13 Model 14 

E-commerce popularization 0.057***   

(3.11)  
Rate of the popularization for e-commerce  0.092**   

(2.38) 
Other variables Yes Yes 
Regional dummies Yes Yes 
Constant –0.284*** –0.287***  

(–2.80) (–2.83) 
Adj R2 0.125 0.124 
Number of samples 6766 6766 

Notes: T values are in parentheses. ***, **, * indicate significance at the 1 %, 5 
%, and 10 % levels, respectively. 

Table 9 
Effect of e-commerce on rural industry development.  

Variables Has non-agricultural 
specialty industry  

Value of non- 
agricultural industry 
output 

Model 15 Model 16  Model 
17 

Model 
18 

E-commerce 
popularization 

1.230***   2.388***   

(12.62)   (11.28)  
Rate of the popularization 

for e-commerce  
3.094***   7.435***   

(15.52)   (16.73) 
Other variables Yes Yes  Yes Yes 
Regional dummies Yes Yes  Yes Yes 
Constant –4.087*** –4.244***  –1.221 –1.175  

(–6.67) (–6.85)  (–1.02) (–0.99) 
Pseudo R2/Adj R2 0.294 0.304  0.262 0.278 
Number of samples 6819 6819  6948 6948 

Notes: T values are in parentheses. ***, **, * indicate significance at the 1 %, 5 
%, and 10 % levels, respectively. 
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