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Abstract Taking the relevant data of 27 provinces in China during 2013 and 2017 as samples, this paper firstly measured the agricultural total

factor productivity (TFP) using Malmquist index method. Then, it built the panel data model, and empirically tested the impacts of agricultur-

al TFP on the income gap between urban and rural residents. The results show that the improvement in agricultural TFP can promote the narro-

wing of the income gap between urban and rural residents, and the factors such as urbanization level and industrial structure also have signifi-

cant impacts on the income gap between urban and rural residents. On the basis of these, it came up with recommendations, including increas-

ing agricultural human capital investment and establishing agricultural production research institutions.
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1 Introduction

In the process of economic development, the total factor produc-
tivity (TFP) is gradually increasing, which includes not only
the enrichment of technical knowledge, the improvement of
management level, but also the improvement of production
skills, as well as the transformation of means of labor. Techni-
cal progress has continuously promoted the evolution of the
structure of three industries. The agriculture, industry, and
service industries have prospered and become the leading indus-
tries at that time. Besides, the intensification of market compe-
tition has promoted the integration of three industries. China has
gradually entered a new normal in which both cutting-edge tech-
nologies and backward production capacity coexist, and high
stocks and low growth coexist. In this process, the consumption
expansion has become the key layout of economic structural
transformation in the context of new normal. However, the con-
sumption expansion should not merely focus on the supply-front
reform, but it is also required to narrow the income gap between
urban and rural residents, because narrowing the gap between
urban and rural residents is an essential precondition for raising
the consumption ability of residents. In the past five years, the
income gap between urban and rural residents in China has been
widening, but the overall trend has been shrinking. This, on
the one hand, is benefited from China’s policy inclination to ru-
ral areas and low-income areas, and on the other hand, it is
benefited from the improvement of total factor productivity in
China at the current stage. In addition, the government has is-
sued policies such as promoting the construction of agricultural

industrial chain, optimizing the structure of agricultural produc-
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tion, and improving the efficiency of agricultural production.
The essence is to raise the agricultural TFP, and these policies
have become key factors influencing the income distribution and
balance of urban and rural residents in China, and narrowing

the gap between urban and rural residents.

2 Literature review

Joseph Schumpeter was the first economist to form a systematic
theory of technological contributions in economic growth. He pro-
posed the classic theory of technological innovation in 1912, which
has now become an important branch of economic growth theory.
Later, in the book The Theories of Wages published by British
scholar Hicks in 1932, according to the degree of influence of
technology on the labor factor and the marginal productivity of cap-
ital elements, the types of technical progress were classified into
the following three types: labor saving, capital saving, and neutral
technical progress. From the perspective of Hicks” neutral techni-
cal progress, Solow improved the Cobb-Douglas production func-
tion and built the economic growth rate equation to calculate the
total factor productivity in the economic growth process''’. On this
basis, the follow-up studies of scholars mainly focus on empirical
analysis. For example, Dollar and Kraay carried out empirical
analysis on large sample data of 92 countries. The results show
that the improvement of agricultural production technology can
promote rural economic growth and bring farmers huge benefits,
which are important measures to eliminate farmer poverty'”’. On
the basis of the panel data of Ethiopia in 1994 —2000, Geda et al.
found that the improvement of total factor productivity can signifi-
cantly increase the income of low-income groups, accordingly en-
hancing their resistance to risks and promoting the narrowing of the
income gap”’. Bittencour carried out a study in Brazil and found

that improving agricultural technology in low-income rural areas
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would at least help 20% of farmers increase their income'’.

Using a similar approach to the United Nations Human Develop-
ment Index (HDI), Sarma measured the total factor productivity
index by selecting multiple indicators, and analyzed the relation-
ship between agricultural total factor productivity levels and in-
come gap between urban and rural residents in different countries,
the results indicated that the higher the national agricultural total
factor productivity index, the smaller the income gap between ur-
ban and rural residents'”’

Among domestic scholars, Yi Gang et al. "' believed that
economic growth is not simply a quantitative expansion, but also a
major increase in human capital, institutional changes, and tech-
nological advances. Besides, they also believed that economic
growth will also be affected by changes in the foreign exchange re-
serves and the exchange rate. On the basis of the panel data of 31
provinces ( cities) in China during 1987 and 2001, Lu Ming et
al. " carried out an empirical research and the results indicated
that the total factor productivity has a significant effect on the nar-
rowing of the income gap between urban and rural residents in sta-
tistics, and the factors such as degree of economic openness and
the participation of government economic activities are not favora-
ble for the balance of income between urban and rural resi-
dents'. Guo Qingwang calculated the contribution of total factor
productivity to China’s economic growth and found that in areas
with low contribution rate of total factor productivity, the economic
development mode is still dominated by extensive production, and
the income gap is still very big between urban and rural resi-
dents™ . Taking the provincial panel data of China during 1987
and 2006 as the research samples, Tang Lizhi et al. found that the
characteristics of Kuznets inverted U-shaped curve are presented
between the level of agricultural total factor productivity and the
income gap between urban and rural residents'”’. Yang Fan meas-
ured the total factor productivity index of 16 cities in Yunnan
Province, and through empirical analysis, it concluded that there
is a long-term cointegration relationship between total factor pro-
ductivity and the income of urban and rural residents'”’. Xu Min
et al. carried out an empirical study through building a vector au-
toregressive model and the results show that the total factor pro-
ductivity level can narrow the income gap between urban and rural

residents, but the effect is not obvious'"’.

3 Theoretical model

3.1 Total factor productivity accounting method Consider-
ing that the technical level will change over time, Jan Tinbergen
assumed in 1942 that the contribution of technical progress would
change exponentially over time, and the Cobb-Douglas production
function was revised and expressed as: Y, = A e™ K*I?. Based on
the study of Jan Tinbergen, Solow built an economic growth ac-
counting equation and studied the relationship between economic
growth rate, the total factor productivity and the input factor pro-
ductivity. The total factor productivity here is also known as the

Solow surplus, which includes all the contributions of elements

other than labor and capital.
3.2 Model setting
tion function is the most common C-D production function, Y, =

F(L, K) =A,L°K’¢ , where Y,, A,, K,,

t

In this study, it assumed that the produc-

and L, denote the total
output of the national economy, the technlcal level, the capital in-
put amount, and labor input, respectively. Take A, =A,e™ , where
A, is the initial technical level, m is technical progress rate, and
the production function can be expressed as:

Y, = Ay LI KP " (1)
Then, calculated the differential of the Equation (1) and further

converted the equation to

odYy o dY
Y= KX[K+LXdL+mXA°XF(F’ L) (2)
Divided Y in both ends of the Equation (2), obtained;
Y_K dv K L dy L . 3
Y K ey L Ay "

Assume the output elasticity of labor o = ay X

dL

, the output elas-

ticity of capital 8 = dK I; the Equation (3) can be written as

G, =m+aG, +BGy (4)
where G, m, G,, and G; denote the national economic growth
rate, total factor growth rate, labor factor growth rate, and capital
factor growth rate, respectively. From Equation (4), it can be
seen that the factors of national economic growth can be divided
into two categories; the contribution of production factor input and
the contribution of technical progress. Thus, the Equation (4)
can be rewritten as:

m=GY - (aG, +BGy) (5)
Divided G, in both ends of the Equation (5), and obtained the
following form .

m GL

oy - l-a oy~ B oy (6)
where EA = 7% x 100% EL_anloo% EK = B

GY ’ GY ’ GY

100% , EA =1 - EL - EK, where EA, EL, and EK denote the to-
tal factor productivity, labor factor input productivity, and capital
factor productivity.
3.3 Descriptions of the model In the specific estimation,
since it is difficult to accurately measure the factor input, the fol-
lowing explanations were made for the variables. (i) Determina-
tion of the yield. The yield level was substituted with the gross do-
mestic product (GDP) ,

(i) Determination of the labor amount. At present, the lack of

and the effects of inflation were removed.

statistical data on labor input in China is not operational in prac-
tice. Therefore, the number of employees in the whole society at
the end of the year was selected as a substitute for labor input.
(ii1) Determination of the capital amount. For the determination
of the capital amount, the prevailing practice is selecting capital
stock of a base year, then making estimation using the perpetual
inventory method. However, for different kinds of assets, using
the same depreciation rate will distort the regularity of the original

data. Therefore, this paper selected the substitution variable of
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(iv) Output

In the previous research literature,

capital input as the input of fixed asset investment.
elasticity of factor inputs.
scholars did not specifically estimate the output elasticity of input
of production factors, and they generally set the output elasticity
directly to a certain empirical value. However, in different levels
of industry, the output elasticity is different, so it is necessary to

quantitatively estimate the values of o and B.

4 Research design
4.1 Data selection and variable description Considering the
data availability, the relevant data of 27 provinces in China during
2013 and 2017 were selected. All the original data in this study
were selected from the China Statistical Yearbook , statistical year-
books of provinces and the official website of the National Bureau
of Statistics. The main variables were described as follows.
4.1.1 Explained variables. Most domestic scholars used the rati-
o of disposable income of urban and rural residents to measure the
income gap. However, this calculation method cannot reflect the
impact of changes in the proportion of urban and rural popula-
tions, while the Thiel index, which reflects the income changes in
urban and rural residents, is more statistically significant. There-
fore, the Theil index was used to calculate the income gap between
urban and rural residents. The specific formula is:
y(is 1) y(is DY (20 1)
a2 (N [ (e )l o

where i =1 denotes urban areas, and i =2 denotes rural areas. y

(2, t) represents the disposable income of urban or rural areas in
the t-th year, y () represents the total disposable income of the
i-th year; x(i, ¢) represents the number of urban or rural popula-
tion in the ¢-th year, and x () represents the total population of
the ¢-th year.
4.1.2 Core explanatory variables. Based on the Equation (6),
this paper measured the agricultural total factor productivity in 27
provinces in 2013 —2017, and took the measured result EAi as the
core explanatory variables (Table 2).
4.1.3 Control variables. (i) The urbanization rate ( URBAN).
Through an empirical analysis, Xue Baogui et al. "' concluded
that the rising urbanization level plays a role in shrinking the
income gap between urban and rural residents. This paper used
the proportion of urban population at the end of the year to the to-
tal population of the region to express the urbanization rate
(URBAN) ,
come gap between urban and rural residents.
(ii) Industrial structure (IS).

tural economic structure is an important factor in widening the in-

and it is expected that this variable will narrow the in-
In China, the single agricul-

come gap between urban and rural residents. Farmers have not ob-
tained corresponding economic benefits from the development of
agricultural productivity and the increase of yield. This study used
the proportion of agricultural added value to GDP to represent the
industrial structure (IS), and it is expected that the industrial
structure can narrow the gap between urban and rural residents.

(iii) The degree of openness (OPEN). Xu Min et al. /" 'be-

lieved that the degree of openness will widen the income gap be-
I showed dif-
ferent opinions and carried out an empirical analysis, and found
that the effect of this variable is to be tested. This paper used the

tween urban and rural residents. Xue Baogui et al. "

ratio of the total import and export volume to GDP to represent the
degree of openness (OPEN).

(iv) Financial expenditure. Excessive financial expenditure
will widen the income gap between urban and rural residents,
while the increase in the proportion of financial support for agricul-
ture has the potential to reverse this trend. This paper used the ra-
tio of financial expenditure to GDP to represent the financial ex-
penditure level (FE),

for agriculture to total financial expenditure to represent the finan-

and used the ratio of financial expenditure

cial expenditure structure (AFE).
(v) Economic development level (RGDP).

stated that economic growth will benefit the poor and achieve pov-

Some scholars
erty reduction”’. In this study, the per capita GDP was used to
represent the economic development level (RGDP).

4.2 Linear constraint test Before the calculation, Wald test
method was firstly used to test the hypothesis that the return to
Wald test adopted the
OLS regression results of unrestricted regression equation In( ¥7)
=In(Ai) + mt + aln(Li) +BIn(Ki) + &, to conduct the linear
constraint test, and the objects are In(Li) and In(Ki). The re-

sults are as follows:

scale is not changed, namely, ai +Bi =1.

It can be seen from Table 1 that at the 0. 01 significance lev-
el, the test results cannot reject the null hypothesis. It can be

considered that during 2013 and 2017,

economic growth process generally conforms to the assumption of

China’s agricultural

constant return to scale, that is, the technical progress is Hicks

neutral.

Table 1 Results of Wald test

Null hypothesis F statistics P value
o0 +p0 =1 0.022 021 0.883 6
al +81 =1 0.658 685 0.427 1
a2+p2=1 0.248 959 0.623 5
a3+B3=1 0.311 101 0.5829

4.3 Calculation of the total factor productivity From the re-
sults of the above constraint test, it is known that the technical
progress is Hicks neutral. Therefore, it can get the logarithm of

the both ends of the Equation (1) :

InY =LnA, + mt + alnL +BLnK +u (8)
Further, it can be converted to;
Ln(Y,/L,) =LnA, +mz +B,In(K/L) +u, (9)

The OLS regression result of the Equation (9) is as follows:
In(Y,/L;) =3.19 -0.001 5 x¢ +0.246 xIn(K,/L,) (10)
Obtained a; =0.75 and B; =0.25. Then, according to EL, = «

K GK,
GY =B GY,

calculated the total factor productivity of 27 provinces in China
during 2013 —2017, and the specific results are listed in Table 2

. =1-FEL, - EK,, then
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Table 2 Results of agricultural total factor productivity in 27 provinces 5 Process of empirical analysis
during 2013 and 2017 5.1 Unit root test The unit root test results of the variable
Zone 2013 2014 2015 2016 2017 original data show that GAP, EA;, OPEN, and RGDP are first or-
Anhui 0.241 0.275 0.316 0.337 0.565 der stationary, while URBAN, FE, AFE, and IS are not stationa-
Fujian 0-496 0433 0.397 0.381 0541 ry. Therefore, after performing logarithmic processing on URBAN,
Gansu 0.221 0-325 0.433 0.412 0436 FE, AFE, and IS, the unit root test was carried out, the results
Guangdong 0.559 0.520 0.616 0.573 0.563 T ’ . ’
Guangxi 0.312  0.548  0.160  0.38  0.160 are stationary, as shown in Table 3.
Cuizhou 0.110 0.233 0.381 0. 434 0.370 5.2 Model estimation In order to determine whether to use
Hainan 0. 645 0.252 0. 646 0.567 0.447 the fixed effect or the random effect model to estimate, the pro-
Hebei 0.453 0.496 0.428 0.578 0.362 posed model needs to be verified by Hausman test. The null hy-
Henan 0.319 0.233 0.497 0.408 0.288 pothesis is that the random effect is independent of the explanatory
Heilongjiang 0. 144 0.236 0.350 0.397 0.290 variable. According to the results of the Hausman test, Chi-Sq
China 0.207 0.287 0.325 0.418 0.526 statistic was 1.957976, Chi-Sq degree of freedom was 4, and the
Hunan 0.288 0.299 0.423 0.339 0.407 concomitant probability was 0. 743 5. It can be seen that the P
Jilin 0.321 0.309 0.352 0.319 0.350 value is 0.7435, and the null hypothesis cannot be rejected at the
Jiangsu 0.4520.441 0.552 0. 489 0.329 0. 05 significance level. In other words, the individual effect in
Jiangxi 0-132 - 0.2320.174 0316 0-177 the random effect model is not related to the explanatory variable,
Liaoning 0. 100 0.212 0.405 0.392 0.333 .
Tner Mongolia ~ 0.207  0.239  0.139  0.154  0.145 so the model s set as a random model.
Qinghai 0.170 0.175 0.171 0.172 0.170 According to the results of Hausman’s test, a random effect
Shandong 0.611 0.553 0. 689 0. 668 0.636 panel data model was established. The model regression results are
Shanxi 0.241  0.275  0.316  0.337 0.065 shown in Table 4.
Shaanxi 0.143 0.242 0.373 0.315 0.300 The results show that both coefficients of total factor produc-
Sichuan 0.251 0.284 0.494 0.383 0.320 tivity and industrial structure are negative, which has a significant
Tibet 0.097  0.203 0.274  0.272 0.179 effect on narrowing the income gap between urban and rural resi-
Xinjiang 0.176 0.206 0.197 0.216 0.356 dents; the coefficient of financial expenditure level and economic
Yunnan 0.151 0.240 0.241 0.259 0.281 development level is positive, which promotes the widening of the
Zhejiang 0.476 0.443 0.577 0. 566 0. 561 gap between urban and rural residents. Besides, the coefficient of
Table 3 Results of the unit root test
Variable Test form LLC test IPS test ADF test PP test Results
Explained variables GAP (0,0,0) =27.14*** -2.709 45.779* * ¢ 39.368 * * ¥ Stationary
Explanatory variable EA; (C,0,0) -16.74"** -3.403 """ 84.197" " 21.631*** Stationary
Control variables RGDP (C,0,0) -9.905" "~ -5.612" "  15.406* ** 13.870* * * Stationary
FE (c,T,0) ~2.068" " 0.304 38.167 62.706 " Not stationary
InFE (0,0,0) -9.204" " 0.478 17.249* "~ 178.53* ** Stationary
AFE (C, T,0) -8.325" " -0.149 28.540 50.679 * * Not stationary
InAFE (C,0,0) -13.59" " " -2.610"""  81.691" " 11.015* " * Stationary
IS (C,T,0) ~9.461%** 0.592 18.849 29.941 Not stationary
InIS (0,0,0) -13.56" " -1.092 22.519" "~ 24.419" " Stationary
OPEN (C, T,0) -16.99" " * -2.207"" 79.220 " * 35.711° Stationary
URBAN (C, T,O0) -9.575*** -0.392 23.803 47.426 " * Not stationary
InURBAN (0,0,0) -57.41" " -2.315 36.263" " 62.932" " Stationary
Note: “**, **, and * denote significance at 1% , 5% , and 10% level, respectively.
financial expenditure structure is positive, indicating that the  Table4 Model regression results
effects of the proportion of agricultural expenditure on the income ..\ Coefficient Staf'ldfflrd + statistic C"n(ff’m.il.ﬂnt
gap between urban and rural residents in China is the same as that deviation probability
. . . . o Total factor productivity -0.1490 0.0371 4.5024 0.0002
of financial expenditure, which has significantly promoted the — . = .. expenditure level 04834 04545 1.1915 0.0112
widening of the income gap between urban and rural residents in  Economic development level 0.0773 0.2755 -0.3143 0.003 4
China. The coefficient of degree of openness and urbanization rate ~ Industrial structure -0.0487 0.0986 -0.5533 0.0827
. . T Financial expenditure structure ~ 0.3090 0.758 6 0.4562 0.140 8
is negative, indicating that the larger the value of these two Degree of openness _0.0456 0.0152 33523 0.0504
indicators, the smaller the income gap between urban and rural Urbanization rate Z0.3432 0.1233  3.1175 0.0288
residents. Constant term 10.2601 0.2193 8.7922 0.013 4
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6 Conclusions

In the traditional sense, agriculture is a basic industry with rela-
tively slow development. However, with the continuous improve-
ment in the agricultural production technology, the mechanization
and automation of production have been gradually realized, and the
efficiency of transforming the technical level into productivity has
also been greatly improved. According to the above empirical anal-
ysis results, the improvement of agricultural total factor productivi-
ty can promote the narrowing of the income gap between urban and
rural residents in China, and it is of positive significance for pro-
moting China’s urban and rural development and stabilizing China’s
urban — rural relationship. In this paper, through review of the
previous literature, several control variables are added in the em-
pirical research process. The empirical results proved that the in-
dustrial structure and urbanization rate in China can promote the
narrowing of the income gap between urban and rural residents,
while the improvement of the economic development level has led
to an increase in the income gap between urban and rural resi-
dents. The financial expenditure level and the financial expendi-
ture structure can widen the income gap between urban and rural
residents in China, indicating that financial expenditure is uneven-
ly distributed between urban and rural areas and it restricts China’s
rural development. Theoretically, the promotion of degree of open-
ness to the income of rural residents should be gradually weaker
than that of urban residents. However, in recent years, various
policies adopted by the government gradually offset the negative
impact of this phenomenon and strive to narrow the gap between
urban and rural areas. Therefore, the degree of openness has
played a positive role in weakening this gap.

The development of total factor productivity has a significant
effect on narrowing the income gap between urban and rural resi-
dents. Therefore, it is recommended to vigorously develop agricul-
tural production technology, strive to improve the depth and
breadth of scientific and technological development in the field of
agriculture, to realize high speed and benign development in coop-
eration with policy incentives and effective supervision. Relevant
departments need to give play to the role of the financial guarantee
system, support the development of agricultural production tech-
nology, and implement appropriate incentives or restrictions to
guide the sound development of the agricultural economy. Besides,
it is recommended to optimize the external environment of rural
economic development. The optimization of rural external environ-
ment is greatly helpful for their obtaining better financial services.
Total factor productivity also needs to complement other factors to
jointly narrow the income gap between urban and rural residents.

Specifically, following measures can be taken. First, it is recom-

mended to adopt positive urbanization and industrial restructuring
policies to eliminate institutional barriers. Second, it is recommen-
ded to give full play to its advantages to attract foreign investment.
Taking advantage of local favorable environment and resource ad-
vantages , rural areas can improve corresponding supporting mecha-
nisms to attract foreign companies to build factories in the local ar-
ea and seize opportunities to increase income. Third, it is recom-
mended to optimize the internal structure of financial expenditure.
Great financial expenditure to urban areas leads to low benefit of
rural residents. Rural areas have few development projects and in-
vestment fields, so their financial resources are less. In this situa-
tion, relevant government should strengthen the financial expendi-
ture for rural areas and give into play the guidance of financial ex-

penditure in the amount, distribution, and utilization efficiency.
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