|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Investigating the Relationship between Land and Labor Endowments and Agricultural
Mechanization among Chinese Farmers

Authors:

Yating Zeng

School of Agricultural Economics and Rural Development, Renmin University of China
Department of Agricultural, Food and Resource Economics,

Rutgers, The State University of New Jersey

Address: 55 Dudley road, New Brunswick, New Jersey,08901

Email: zengyating1990@126.com

Yanhong Jin

Department of Agricultural, Food and Resource Economics,
Rutgers, The State University of New Jersey

Address: 55 Dudley Road, New Brunswick, New Jersey,08901
Email: Yanhong.]in@ Rutgers.edu

Tang Zhong

School of Agricultural Economics and Rural Development, Renmin University of China
Address: No. 59 Zhongguancun avenue, Haidian district, Beijing, China, 100872

Email: tangzhong@tuc.edu.com

Presenter:

Yating Zeng

School of Agricultural Economics and Rural Development, Renmin University of China
Department of Agricultural, Food and Resource Economics,

Rutgers, The State University of New Jersey

Address: 55 Dudley road, New Brunswick, New Jersey,08901

Email: zengyating1990@126.com

Selected Paper prepared for presentation for the 2016 Agricultural & Applied Economics Association, Boston,
MA, July 31-August 2

Copyright 2016 by Zeng, Jin and Tang. All rights reserved. Readers may make verbatim copies of this
document for non-commercial purposes by any means, provided this copyright notice appears on all such
copies.



Investigating the Relationship between Land and Labor Endowments and Agricultural
Mechanization among Chinese Farmers

Abstract: China maintains a steady yield increase in the past three decades, but farm production is
undergoing a great change, especially in the recent decade, due to the change in both economic
conditions and the environment along with a sharp decline of rural labor and farming population.
Agricultural mechanization, especially agricultural mechanization services (AMS), gains its popularity
in recent years. This study examines the adoption of agricultural mechanization, using either self-
equipped machinery or AMS; and the factors contributing to the adoption of different types of
agricultural mechanization. The empirical analysis uses primary survey data and employs a seemingly
unrelated regression model. We find that the agricultural labor endowment improves the adoption
of agricultural mechanization, but off-farm labor curbs the adoption. In terms of the land
endowment, we find an inverse U-shaped non-linear relationship between the land endowment and
the AMS adoption, and land fragmentation reduces the mechanization adoption.
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Investigating the Relationship between Land and Labor Endowments and Agricultural
Mechanization among Chinese Farmers
Two policies of great importance, namely, the household-responsibility system (HRS) and the
reform and opening policy (ROP), have been implemented in China since 1978. The HRS, serving
as a replacement of the production team system as the unit of production and income distribution,
significantly boosted China’s economy and improved the wellbeing of rural households. It greatly
improved total factor productivity and accounted for about half of the output growth during 1978-
1984 (Lin, 1992). Although land fragmentation and small-scale production was one of the significant
features of Chinese agriculture since the national implementation of the HRS, it was not a significant
concern and agricultural mechanization was not promoted mainly due to abundant labor supply in
rural China at that time. Along with the ROP implemented in China in the late 1970’s, the nation has
experienced rapid economic growth and witnessed a predominant change, the urban-to-rural labor
migration. Nonagricultural sectors not only experienced a significant increase of labor demand and
offered significantly higher wage since 1990s (Cai, 2010, Ma, et al., 2013). To the end of 2014, the
number of migrant workers in China totaled up to 273.95 million (National bureau of statistics 2015)
with an annual growth of 3.67% (Yang and Yang, 2009). With the amount of migrant workers
increased rapidly, China agricultural is challenged by the agricultural labor shortage and labor quality
as elderly, women, and children were more likely to left behind in rural China (Cai, 2010, Ding,
2012). Agricultural mechanization gradually became a political and economic issue. Figure 1 shows a
clear steady increase in the total power of agricultural machinery from 1978 to 2013. In 2004
Chinese government established a financial subsidy policy to encourage farmers and cooperatives to
purchase agricultural machinery. The first State Law on “Promotion of Agricultural Mechanization”
was enacted and became effective on January 1%, 2004. The law requites all government bodies

above the county level to put the promotion of agricultural mechanization into the agenda of the



national and social development plans and to increase the financial support for agricultural
mechanization. As shown in Figure 2, the number of large and medium sized agricultural tractors
took off in 2004, which can be attributing to these policy changes.

Several studies examine agricultural machinery investment (Ji, 2010, Liu, et al., 2002) and
agricultural machinery services (Fan, 2004, Liu, et al., 2002, Xu and Lu, 2000, Yang, 2015). Yet, the
relation between the household endowment of labor and land and the adoption of different
mechanization in rural China is not well studied. This study will fill the gap by investigating a) the
adoption of agricultural mechanization, using either self-equipped machinery or AMS; and b) the
factors contributing to the adoption of different types of agricultural mechanization. The empirical
analysis of this study uses primary survey data collected in three main agricultural provinces in
China and employs a seemingly unrelated regression model. We find that agricultural labor improves
the adoption of agricultural mechanization, but off-farm labor curbs the adoption. In terms of the
land endowment, we find an inverse U-shaped non-linear relationship between the land endowment
and the mechanization adoption, but land fragmentation reduces the mechanization adoption.
Theoretical model

Farmers can choose to utilize agricultural mechanization or not in the agricultural production.
If they prefer mechanization, they can either use their own machinery or request AMS. Let 84 and
0, denote the proportion of farm work using own machinery or AMS, respectively, such that
0<06;,<1,0<0,<1,and 0<06; + 0, <1. Agricultural mechanization has at least two
effects on production. First, the extensive effect refers that fact that agricultural mechanization and
labor input can be substitute. Mechanization reduced the total agricultural labor input needed.
Assuming the average labor hours needed for each unit of land is 1, agticultural mechanization
completes the farm work that would require a total farming labor of (0, + 0,) * K, * 1, wherer K,

is the total agricultural land input. Second, let s indicates the efficiency of mechanization if using
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own machinery, such that s > 1. To complete 8, * K, * 1 amount of workload, household need to

0, xKgy*1

allocate amount of labor input if own machinery is utilized. On the other hand, households

do not supply their own labor force if AMS is requested. Combining the extensive and intensive
effects of machination, the total agriculture labor input would be (81 +0,)* K, *1+

(La — @) if the agricultural labor input is L,. The variable cost per unit of land input for AMS

is ¢; and Cp if using own machinery. The mechanization costs, ¢; reflects the machinery
depreciation and costs of labor, fuel, and repair. ¢, reflects the machinery depreciation and costs of
fuel, and repair. Assuming a Cobb-Douglas production function, the production function denoted
by Y is:
14
Y = A{(6: + 0)Kol + (Lo — =)} k! )

_ 6;Kql

Where A indicates the total productivity factor, (61 + 6;)K,l + (La ) is the total

agriculture labor input, and Kj is the land input. The parameters, y and B, reflect the output
elasticities of labor and land inputs, respectively. An individual households’ agricultural production
profit denoted by T can be written below:

n=p*Y+w(ly —Lg) —7(Ky — Kr) — 16, Kq — ¢,0,K, — 2 @

As shown in Equation (2), the revenue consists of the agricultural income p * Y, where p is the
output price; the off-farm earning expressed in W * (Lt — Ly,), where Lt is the total household
labor and L, is the labor input for agriculture production, W is the average off-farm wage. The cost
consists of the land rental cost, 1 * (K, — K1), where r is the rental price, K is the total household
land endowment, and Kj is the total land for agricultural production; the cost of AMS (c; * 0 *

Ka); the cost of mechanization using own machinery ¢, * 0, * K;; and the fixed cost in agricultural

production. The first order conditions with respect to 8 ,and 0 , when maximizing the profit are
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aa_;rl _ pAKaﬁHVl {[91 +0, (1 — %)] * Kl + La}y —c1 ¥ K, (3a)
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Based on Equations (3a) and (3b), we derive the following condition:

. . S
( use own machinery ifc; > —C
{ adopting AMS ifc; < ﬁ C2 4
keither using own mechineary or adoping AMS ifc; = i Cy
For each production stage, namely, tillage, planting, and harvesting, it is uncommon to use

both own machinery and AMS. Although the profit results from all production stages, for the

simplicity, the discussion below focuses on the case either using own machinery or AMS is adopted

for mechanization. We can then calculate the optimal value of 8; and 6,:

1

C1 ]ﬁ_L
g,* = lparafvl " (5a)
1 Kql
1
_ ¢c Y—l_L
v _ |paxaPri(a-3) ¢
92 = T (Sb)
Kal*(1—§)

Take the derivative of equations (5a) and (5b) with respect to the land and labor endowments

yields
6, 1
L, Kl <0 (6a)
06" _ 1
TP w I (6b)
1 B
|G el
20," 6
Ky 1K, 2 (69)



e |
26;" _ {(ﬁl_y )*<PAV1(1—%)>

9Kq 1Kg?+(1-3)

(6d)

The sign of the equation (6a) and (6b) are negative, which shows the household labor
endowment and mechanization are substitutes. The greater the agricultural labor endowment, the
smaller the mechanization level. The quality of labor has effect on labor allocation, as non-farm
sector offers significantly higher wage than agricultural work, the higher of labor’s quality, the more
opportunity they can get a job in non-farm sector, the less labor will allocated in agricultural work,
the more they will adopt agricultural machinery.

Hypothesis 1: Farm working labor endowment decrease the probability of using the AMS or own
machinery, while households’ labor quality (e.g., better education and/or health) increase the

adoption of agricultural mechanization.

* *

If the production exhibits economy of scale, y + f > 1, we have ZZI >0 and giz > 0.

a a

Otherwise, the sign of Equations (6¢) and (6d) depends on their nominator. In both scenarios,
equations (6¢) and (6d) suggest a nonlinear relationship between the land endowment and the
mechanization level. We expect an inverse U-shaped relationship that will be tested empirically.
Hypothesis 2: The relation between the household land input and the adoption of AMS is non-
linear and can be represented by an inverse U-shape.

Survey Data and Key Variables

The data set used for this study come from the rural household survey conducted in three major
agricultural provinces (Henan, Hebei, Shandong) by the students in the School of Agriculture
Economic and Rural Development at Renmin university of China in June-August, 2014. As shown
in Figure 3, these three provinces are located in northern China near the Yangtze River Delta region.

Per capital annual income of rural areas in 2013 was ¥10,620 and ¥9,102 for Shangdong and Henan



exceeding the national average (¥8,896), while it was smaller for Hebei province (¥8,475). These
three provinces are China’s major grain and corn production provinces. Based on total grain output
in 2013, Henan, Shandong, and Hebei provinces ranked the second, third, and seventh in the nation
(National bureau of statistics, 2013). We chose ten counties in each province based on of climate
conditions, crop types, and economic conditions. We then randomly chose up to 10 individual farm
households in each county. Among 850 households who participated in the survey, 780 completed
the survey. 614 out of 780, are maize farmers which used for the analysis. As shown in Table 1, the
sample households from Shandong account for the largest proportion (40%), followed by Hebei
(31%), and the least in Henan (29%). The survey questionnaire covers the majority aspects of
agricultural production, including agricultural and nonagricultural labor, total land for agricultural
production, agricultural machinery, income sources, and mechanization level of agriculture in each
production stage (tillage, planting, and harvesting).

Maize is one of the most important crops in the three provinces. The technology of
mechanization is quite mature for maize production. Three approaches have been used to measure
the mechanization level in the literature: measure for one production stage such as harvesting (Yang,
et al., 2013), the land area where mechanization is applied for (Ji, 2010), and mechanization index
that is calculated by the adoption of mechanization in each stage of the agricultural production (Wu,
2013). The mechanization index is used in this study. We divide agricultural production into three
stages, namely, tillage, planting, and harvesting. For each production stage, the level of agricultural
mechanization is calculated by the share of land used either own machinery or AMS. The overall
mechanization index is the weighted average of the three stages, where the weight of tillage, planting
and harvest is respectively 0.4, 0.3 and 0.3 based on the literature(Wu, 2013). As shown in Table 1,
approximately 61% of the agricultural land is cultivated using machineries, where 57% use AMS and

the other 4% use own machinery.



We measure the labor endowment by quantity and quality. We separate the labor force into
agricultural and non-agricultural labor. Labor quality is reflected by the average year of schooling and
the self-reported health condition. An average household has about 1-2 agricultural labor and 2-3
non-agricultural labor. The average year of schooling for is approximately seven years — finishing the
elementary school plus one year in the middle school. The households reported a reasonably good
health condition -- 89% of the household heads is healthy based on their self-reported health
condition and only 9% have at least one family member critically ill or disabled.

We use several variables to measure the land endowment. In addition to the total agricultural
land, we incorporate the number of land parcels to reflect land fragmentation. As shown in Table 1,
China’s rural households operate not only in quite a small land lot, it is also highly segmented — an
average household has almost three land parcels with a total of 0.42 hectare for agriculture.

We use several variables to measure the cost of mechanization. Service costs might be
dramatically different due to the heterogeneities of topography, soil conditions, field conditions, and
land fragmentation. As shown in Table 1, the average cost of AMS was ¥140 per unit of land in mu
(equivalent to 0.067 hectare). Household investment in agricultural machinery is ¥2,468. Only 3% of
households are the providers of the AMS. We use the average off-farm annual wage of family
members as earning potential for off-farm jobs. The self-assessment of households’ economic
condition and the share of non-farm income are also incorporated as control variables.

Table 2 provides summary statistics based on the mechanization level. Out of 614 houscholds,
only nine households do not take any advantage of mechanization and nine households only use
own machinery for farming. The majority of the households adopt the AMS if they prefer
machination, including 440 partial AMS households, 123 completely AMS households, 10 using
both AMS and own machinery, and 15 using AMS and own machinery for some agricultural work

but no mechanization for other agricultural work. Compared with households adopt mechanization



at some degree, households without any agricultural mechanization have more agricultural labor,
fewer off-farm labor, and poor land endowment. The agricultural labor, year of schooling of
household labor force, land size, and the perceived economic condition are either more or better for
households with own machineries. Those who adopt the AMS have more non-agricultural labor,
greater non-farm wage than other household types. Yet, the relationship between household
endowments of labor and land and mechanization is still not clear based on Table 2. An empirical
analysis is needed to further analyze such relationship.

4 Empirical models and results

Assuming that an individual household 7 decided on the adoption of agricultural mechanization
J, either using own machinery (7 =1), requesting the AMS (/ = 2), or choosing no mechanization at all
(7 = 0). The mechanization decision, denoted by y,., can be written below:

{3’1‘1 = Y1l + Bikis + Timyy + aqwiy + 91901 Hein ™

Yiz = Voliz + Bakiz + Tamip + Wiz + 902912 + €42
where /and 4 denote the household endowments of labor and land, 7 represents mechanization
related variables, w represents income and wage related variables at the household level, and g
denotes geographic factors. Following Zellner (1962), we assume that error terms €;; and e;, are
correlated and, therefore estimating the parameters using seemingly unrelated regression (SUR)
approach. The null hypothesis of the Breusch-Pagan test for independence of two error terms is
that no statistically significant correlation. As shown in Table 3, the Chi-square statistics with degree
of one is 77.80 which exceeds the critical value (6.64) at the 1% significance level. Therefore, we
reject the null hypothesis and conclude that the SUR approach performs. We run two models, one is
a SUR model distinguishing different types of agricultural mechanization (M1) and the other model
for the overall machination (M2). The estimation results reported in Table 3 are discussed below.
The Relationship between the labor endowment and agricultural mechanization: Hypothesis

1 suggests a negative relationship between agricultural mechanization and agricultural labor, which is
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confirmed by the estimation results. The estimated coefficient of agricultural labor is negative in
both models, but only significant for those farmers who use their own machinery and for the
aggregate agricultural mechanization. Furthermore, off-farm labor increases the adoption of the
AMS and increase the overall agricultural mechanization significantly. It suggests that households
with lesser agricultural labor are more likely to adopt agricultural mechanization, especially when the
family members take off-farm jobs. In terms of labor quality, well-educated and healthy farmers
have a higher chance to find non-farm jobs, which results in lesser agricultural labor. Such
households are more likely to adopt machination. In addition, well-educated farmers may use
machinery better and have less capital constraint in purchasing agricultural machinery. The estimated
coefficients of the average year of schooling and the self-reported health condition in two models
are positive, but not statistically significant.

Relationship between the land endowment and agricultural mechanization: Hypothesis 2
suggests a non-linear relationship between the land endowment and agricultural mechanization. We
therefore incorporate the square term of the household land endowment in both models. The
estimation results confirm Hypothesis 2. In the case of the AMS, land size has a positive and
statistically significant relationship with the AMS ratio at the 1% level and the coefficient of the
quadratic term is negative and statistically significant at the 1% level. The findings show an inverted
U-shaped relationship between the land endowment and the AMS adoption. That is, at the smaller
land size (in this case, up to 7.96 hectare), the AMS adoption goes up as agricultural land expands;
but the AMS adoption declines with land expansion once agricultural land reaches a certain size
(above 7.96 hectare). In the case of using own machinery for mechanization, the coefficient of land
size is positive and statistically significant at the 1% level and the coefficient of the quadratic term is
also positive but not statistically significant. The results show with the expanding of land size, the

usage of own machinery will do not decline. The findings based on the SUR models show that large
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size farmer (the land size is more than 7.96 hectare) more likely to purchase own machinery instead
of requesting AMS if controlling for everything else. Furthermore, we also find the inverse U-
shaped relationship between the land endowment and the aggregated mechanization level and the
effects are statistically significant at the 1% level. The turning point is 10.91 hectare, which is higher
than the area of AMS’s turning point(7.96 hectare).

Land fragmentation and the resulted small scale land operation are often cited as one main
reason for the low level of mechanization in rural China. Some studies call for land transfer to
expand the land scale and promote agricultural mechanization and modernization (Blarel, et al., 1992,
Leng, 1996, Otsuka, 2013, Pingali, 2007, Rahman and Rahman, 2009, Van Hung, et al., 2007).
Others argue that agricultural mechanization is still possible for the small-scale land operation. In
particular, the AMS can not only help numerous small farms who do not own machinery to operate
more efficiently, but also avoid the duplication of investment on agricultural machinery (Cao and Hu,
2010, Ji, 2010). We find that the coefficient of the number of cultivated land parcels is negative in
the two models and statistically significant in the AMS equation and the aggregate mechanization
equation after controlling for the total land input. The results show that land fragmentation has a
negative effect on the adoption of agricultural mechanization, especially for the AMS and the overall
mechanization level.

Effect of other control variables on agricultural mechanization: The coefficient of the AMS
cost is negative in the AMS equation and positive in the using-own-machinery equation, which
shows that the higher the AMS cost, the lower the AMS adoption and the greater usage of own
machinery. The coefficient of machinery investment and whether a household being a AMS
provider are negative and statistically significant at the 10% level in the AMS equation, while are
positive and statistically significant at the 1% level in the using-own-machinery equation, which

shows that the greater investment in machinery, the less they will use the AMS, but more likely use
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own machinery. The coefficient of non-farm wage is positive and statistically significant at the 1%
level in the AMS equation but not statistically significant in the using-own-machinery equation. The
results imply that a higher earning potential of non-farm jobs increases the AMS adoption, but
provide no incentive to buy own machinery as using own machinery requires labor inputs. Overall,
the non-farm earning potential increases agricultural mechanization as indicated in the overall
mechanization index. The perceived economic position has no statistical effect on agricultural
mechanization. We also find regional difference in agricultural mechanization. For example, farm
households in Henan province prefer to invest in agricultural machinery and farm households in
Hebei province prefer to adopt AMS.

5 Conclusions and policy implications

This study provides both theoretical framework and empirical analyses to examine a) the adoption
of agricultural mechanization, using either self-equipped machinery or AMS; and b) the factors
contributing to the adoption of different types of agricultural mechanization. We find that the
agricultural labor endowment improves the adoption of agricultural mechanization, but off-farm
labor curbs the adoption. In terms of the land endowment, we find an inverse U-shaped non-linear
relationship between the land endowment and the mechanization adoption, but land fragmentation
reduces the mechanization adoption.

This study provides several policy implications. First, agricultural mechanization is not just
for big size farmers. Households who have a small land size and/or lack of agricultural labor can
utilize the AMS. Thus, consolidation and transfer of land is not the only way to achieve agricultural
mechanization although large land size potentially increases the efficiency of agricultural
mechanization. Second, machinery investment plays an important role in mechanization. The

financial subsidy policy that became effective in 2004 encourages farmers and cooperatives to
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purchase agricultural machinery. Such policy provides farmers financial incentives to improve

mechanization for their own agricultural production and provide the AMS to other farmers.

14



References

Blarel, B., et al. 1992. "The economics of farm fragmentation: evidence from Ghana and
Rwanda." The World Bank Economic Review 6:233-254.

Cai, F. 2010. "Demographic transition, demographic dividend, and Lewis turning point in
China." China Economic Journal 3:107-119.

Cao, Y., and J. Hu. 2010. "Chinese Agricultural Mechanization in the Household Land Contract
System."” Chinese Rural Economy:57-76.

Ding, S. 2012. "Insufficient Labor Supply and Wage Rises under Conditions of Labor Surplus:
From the Perspective of the Intra-household Division of Labor.” Social Sciences in China
33:101-115.

Fan, X. 2004. "Study on the China's Agricultural Machinery Cooperative." China Agricultural
University

Ji, Y. 2010. "Non-farm Work and Government Policy Choice on Support for Agricultural
Machinery-An Empirical Analysis of Farmer’s Machinery Service Utilization." Nanjing
Agricultural University

Leng, C. 1996. "Talk about the problem of agricultural scale." Rural Development Forum:37-39.

Lin, J.Y. 1992. "Rural Reforms and Agricultural Growth in China." The American Economic
Review 82:34-51.

Liu, C., L. Zhang, and S. Fan. 2002. "Agri-investment Behavior at the Rural Household Level: A
Case Study of Jiangsu Proveince.” China Rural Survey:34-42.

Ma, J., Y. Zeng, and B. Wu. 2013. "Rural Household's Labor Endowments and Production
Decision in Poor Areas of China." China Population, Resources and Environment:135-
142.

National bureau of statistics, C. 2013. China statistical yearbook 2013: China statistical press.

National bureau of statistics , C. 2015. The report of Chinese migrant workers survey in 2014.

Otsuka, K. 2013. "Food insecurity, income inequality, and the changing comparative advantage
in world agriculture.” Agricultural Economics 44:7-18.

Pingali, P. 2007. "Agricultural mechanization: adoption patterns and economic impact.”
Handbook of agricultural economics 3:2779-2805.

Rahman, S., and M. Rahman. 2009. "Impact of land fragmentation and resource ownership on
productivity and efficiency: The case of rice producers in Bangladesh." Land Use Policy
26:95-103.

Van Hung, P., T.G. MacAulay, and S.P. Marsh. 2007. "The economics of land fragmentation in
the north of Vietnam*." Australian Journal of Agricultural and Resource Economics
51:195-211.

Wu, Z. 2013. "Study on the Investment Behavior and Benefits of Agricultural Mechanization—
—The Case Study of Hubei Province." Huazhong Agricultural University.

Xu, J., and J. Lu. 2000. "Agricultural Machinery Service Industrialization and Transformation of
Agricultural Production Mode in China." Journal of Agrotechnical Economics:60-64.

Yang, C., and L. Yang. 2009. "A survey of current scale of Chinese migrant workers." Zhejiang
Social Sciences.

Yang, J. 2015. "Mechanization and Division of Labor in Chinese Agricultural Production.”
Zhejiang University

Yang, J., et al. 2013. "The rapid rise of cross-regional agricultural mechanization services in
China." American Journal of Agricultural Economics 95:1245-1251.

15



Zellner, A. 1962. "An efficient method of estimating seemingly unrelated regressions and tests
for aggregation bias.” Journal of the American statistical Association 57:348-368.

16



1200

1000

800

600

400

200

0

€10¢
c10¢
T10¢
0T0¢
600¢
800¢
£00¢
900¢
S00¢

<
o
o
(o}

€00¢
¢00¢
T00¢
000¢
6661
8661
L66T
9661
S66T

<
(o]
()]
—

€661
661
T66T
066T
5861
086T
8L6T

Figurel. Total power of agricultural machinery in China (million kW)

Data source: Data are from China Statistical Year Book 2013

17



20
18
16
14
12
10

o N B O ©

The number of large and medium

sized agricultrual tractors(million)

==f=The number of small sized

agricultrual tractors(million)

1978
1980

N O o &N O < 1D O N0 O O d N M g 1D O~ 0 O O
0 A O OO O O O O O OO OO O O O O © © O O © © o o
A OO O O OO OO OO O OO O O O O O O O O O o o o o o
Y o e e A Hd AN AN AN AN AN AN AN AN AN AN NN

Figure2. The number of different types of tractors in China (1978-2013)

Data source: Data are from China Statistical Year Book 2013

18

2012
2013




Figure 3 Survey regions

19



Table 1. Descriptive statistics of vatiables

Type of Variables Descriptions Average | Std. Error. Min Max
Total agricultural mechanization
rate 0.607 0.264 0 1
Dependent Variables The AMS adoption rate 0568 0.276 0 1
Mechanization rate by own
machinery 0.042 0.163 0 1
The amount of labors working 1.52 101 0 583
in agricultural production ) ) )
The amount of labors working
in non-farm sector 2:04 1.57 0 7
Average years of schooling
of household labors 7.714 2.902 0 20
(unit: Year)
Health of household head
Independent Variables (0= unhealthy; 1= healthy) 0.891 0.312 0 1
Having  family  member
critically ill or disabled 0.0928 0.290 0 1
(0= no; 1= yes)
Agricultural land inputs
(hectare) 0.402 0.865 0.013 20.00
Number of land parcels 2.684 1.789 1 15
AMS cost in per unit of
land(10,000/mu) 0.014 0.005 0.001 0.048
Investment in agricultural
machinery 0.246 1.505 0 17.2
(10,000 yuan)
Whether a AMS provider 0.0325 0178 0 1
Non-farm  annual  wage 2709 1646 0 12
(10,000 yuan) ' ’
Control - -
Variables Perceived economic
condition of the household 0.720 0,449 0 1
(0=below average ;1= on or ' ’
above average level)
Ratio of non-farm annual
income to the total 0.765 0.237 0 1
household income
Households in Henan province 0.290 0.454 0 1
Households in Hebei province 0313 0.464 0 1
Households in Shandong 0.397 0.490 0 1

province
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Table 2. Descriptive statistics of variables

. AMS | Hand | O™ AMS+ | AMS+own | HAnd+ AMS+ own
Variables onl onl machinery hand machiner own machinery+
Y Y only y machinery hand
No. of Obsetvations 123 8 9 440 10 9 15
Aoricultusal labos 1.75 2.04 1.14 1.46 1.55 1.01 1.76
& (1.06) (0.46) (0.84) (1.00) (0.99) 1.01) (0.80)
Nomassiculiural labor | 232 1.97 1.93 1.98 1.4 1.71 2.27
Aghicriturat (1.36) (0.74) 0.7) (1.38) (0.632) (1.45) (1.83)
A:Effjﬁ:grj;f 8.49 8.70 9.58 7.39 8.29 8.59 827
2.30 2.58 (1.29) 3.06 277 2.05 2.19
household labors (30) (@58) (3.06) (205 @19)
Ith of househol
Heﬁ; do(l S 4 oo 0.63 1 0.88 09 1 093
©029) | (0.52) (0 (0.32) (0.31) ) (0.26)
health)
melr{nzll)\el? %rfzrcr:lll‘x o | 010 0.13 0 0.07 0.2 0 0.13
. ) 0.37 0.35 0.26 42 0 0.35
ot disabled (1=Yes) ©.37) 03 0 (0.26) (0.42) © 03
Agricultural land 0.447 0.15 2.59 0.34 0.72 0.49 0.43
inputs 0.612) | (0.16) (6.53) (0.21) (0.55) (0.28) 0.21)
Number of land 1.95 2.63 2.22 2.92 2.7 2.22 2.46
parcels (1.5) (2.26) (1.30) (1.89) (1.49) 0.97) (1.55)
AMS czz.a:;ger UE 0014 0 0 0.014 0.016 0.015 0.014
0.005 0 0 0.005 (0.005) 0.001 0.007
10.000yonn/mey | ©% | O © (0.005) 0001 (0.007)
: .
reultordd 0 0 602 0 170 284 175
sricy ) ) (7.3) ) (2.55) (4.20) (2.82)
machinery
Whether 2 AMS 0 0 0.56 0 0.3 0.44 0.33
provider ) ) (0.53) 0) (0.48) (0.53) (0.48)
Non-farm annual 2.56 2.29 1.64 2.80 2.21 2.82 2.40
wage(10,000yuan) (1.69) (0.88) (1.81) (1.61) (1.42) (2.46) (1.91)
Perceived economic
condition of the 0.75 0.38 1 0.71 0.7 0.89 0.67
houschold (0.44) (0.52) 0) (0.45) (0.483) (0.33) (0.48)
(1=Excellent)
Ratio of non-farm
annual income to 0.77 0.89 0.643 0.77 0.7 0.66 0.64
the total household | (0.21) 0.07) (0.199) (0.24) (0.483) (0.29) (0.34)
income
- 0.47 0.63 0.89 0.20 0.5 0.56 0.53
enan (0.50) (0.52) (0.33) (0.40) (0.527) (0.53) (0.52)
Hebei 0.48 0 0 0.28 0.4 0.11 02
ebet (0.50) ) 10) (0.45) (0.515) (0.33) (0.414)
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Tab.3 Results of the regression models

Variables Seemingly unrelated regressions(M1) Generalized least

squares(M2)
AMS Using Own Machinery Total agn'culfural
mechanization
Labor endowments(l)
-0.0059 -0.015%* -0.021*
Farm labor
(-0.51) (-2.55) (-1.89)
0.0248%* 0.003 0.0261 %
Off-farm labor
(2.83) (0.64) (3.11)
Average years of schooling 0.0044 0.0009 0.00527
of household labors (1.27) 0.51) (1.60)
Health of household head 0.0310 0.0106 0.0394
(1=Good health) (1.02) (0.70) (1.35)
Having family member 0.0198 -0.005 0.0160
critically ill or disabled
(1=Yes) (0.59) (-0.30) (0.50)
Land endowments(k)
Agticultural land inputs 0.120%4¢ 0.0396** 0.168%k*
(3.13) (2.06) (4.56)
Square term of Agricultural -0.007 5k 0.0002 -0.0077##*
land inputs (-3.75) (0.25) (-4.00)
-0.0175%%* -0.0008 -0.0183%#*
Number of land parcels
(-2.91) (-0.26) (-3.17)
Mechanization (m)
. . -1.9047 0.187 -2.065
AMS cost in unit land
(-0.87) 0.17) (-0.98)
Investment in agricultural -0.0178* 0.0275%** 0.0057
machinery (-1.79) (5.52) (0.59)
. -0.31 1%k 0.365%#* 0.0068
Whether a AMS provider
(-3.66) (8.58) (0.08)
Capital endowments(c)
0.0013 0.0017 0.0028
Non-farm annual wage
(0.20) (0.50) 0.44)
Perceived economic -0.0023 0.0537 -0.0034
condition of the household
(1=Excellent) (-0.11) (0.49) (-0.16)
Ratio of non-farm annual 0.0268 _0.0639%* _0.0253
income to the total
household income (-0.48) (-2.29) 047)
Geographic factor(g)
Hebei 0.2464 % -0.0074%+* 0.235%k*
(9.57) (-0.58) 9.54)
Henan 0.2119%k 0.043 0.259%¢*
(7.99) (3.24) (10.20)
Constant 0.3 5%k 0.0342 0.349%¢x
(4.95) (1.07) (5.72)
F(14, 599) 18.65
R-squared 0.317 0.506 0.333
Chi2 284.34 (0.0000) 628.14(0.0000)
Observations 614 614 614

Notes:* ;™ and ™ denote the 10%,5% and 1% levels of significance, respectively. Figures in parentheses are standard deviation.



