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Co-integration Analysis of Urban Residents’ Income,
Agricultural Financial Expenditure and Farmers’
Income
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Abstract Based on the previous research result, ADF test method, Johansen test method and Error Correction Model are introduced. According
to the relevant data in Guangdong Province in the years 1985 —2006, co-integration analysis, Error Correction Model, impulse response function
and variance decomposition technology are used to study the dynamic impacts of urban residents’ income and agricultural financial expenditure on
rural residents’ income in Guangdong Province. Result shows that although urban residents’ income has temporary negative effects on rural
residents’ income in Guangdong Province, its long-term, stable and positive effect is more important. Increase of urban residents’ income can pro-
mote the income growth of rural residents. Effect of agricultural financial expenditure on rural residents’ income is relatively unstable in the short
term; but in the long term, it has steady and weak positive effect on rural residents’ income. Rural residents’ income has relatively great impact on
its own, indicating that when rural residents’ income reaches a certain level, it can form a mechanism of self-promotion in order to promote the con-
tinued increase in the rural residents’ income.
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The key of " Three Agricultural Problem" and new country-
side construction is to increase the income of farmers in order
to ensure the steady increase in farmers’ income. Per capita in-
come of rural residents in Guangdong Province has increased
greatly from 495.31 yuan in 1985 to 5 624.00 yuan in 2006, up
by more than 11 times. At the same time, per capita income of
urban residents has also increased from 954. 12 yuan in 1985 to
17 699.30 yuan in 2006, up by 18 times. Therefore, it can be
concluded that increase of per capita income of rural residents
is slower than that of urban residents. Moreover, the ratio of
per capita income of urban residents to per capita income of ru-
ral residents has raised from 1.9 to 3.1 during the years 1985 —
2006, indicating that the increasing income gap between rural
and urban residents has directly restricted the steady growth of
economy in Guangdong Province. Co-integration analysis on the
relationship among rural residents’ income, urban inhabitant in-
come and agricultural financial expenditure is carried out in order
to offer references for the decision making of relevant policies.

1 Review of literatures

Many scholars have carried out researches on the farmers’
income from varies aspects. Wang Min et al. carry out the co-
integration analysis on the relationship between net income of
farmers and financial investment in agriculture, and establish
the error correction model. They also verify the long-term coin-
tegration relationship and the short-term correction relationship,
indicating that financial investment in agriculture has positive
effect on the growth of farmer’s income'"’. Gao Yan uses coin-
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tegration relationship, Granger Causality Test and other meas-
uring methods to conduct Econometric Test on the relationship
between rural informal finance and per capita net income of
farmers. Result shows that informal finance has greater impact
on farmer’s income growth than the formal finance for a long
time'®’. Li Meng-jue obtains that industrialization rate and ur-
banization rate have positive correlation with farmers’ income
according to the actual situation™’. Liu Yan et al. put forward
that it is urgent to accelerate the circulation of land use right in
order to increase farmer’s income based on the research on the
correlation between farmers’ income and farmland use circula-
tion™’. Wei Jie et al. distinguish the internal mechanism and
external mechanism that decide the income by starting from the
theoretical model determining the actual income of rural resi-
dents. Result shows that the ultimate solution for rural residents
" income must rely on the coordination between internal and ex-
ternal solving mechanisms, that is, when improving the ratio of
costs-earnings, we must put the emphasis on the surplus labor
transfer from rural to urban areas, the supply of public goods,
and the increase of agricultural technical input™’.

However, at present, many scholars only focus on the
effects of agricultural financial expenditure on farmer’s income.
Although market economy construction has gained great
achievement in Guangdong Province, we are still at the stage
of " dual economy". Therefore, it is necessary to analyze the
effects of urban inhabitant income on rural residents’ income.

2 Research method and data processing
2.1 Research method
2.1.1 Stationary test. Before the co-integration test on varia-
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ble, stationary test is needed. Unit root test is usually used
during stationary test on variables, that is, testing the existence
of unit root in original sequence. If there is unit root, we can
conclude that the original sequence is not stationary, and vice
versa. The most common method for unit root test is the ADF
Test( Augment Dickey-Fuller Test) , which is

AX,=5X,_, + SBAX, +e,, (1)
AX,=a+6X,, + IBX, , +e,, (2)
AX, = +Bt+8X,, + SBAX, +e,, (3)

where AX, is time series needed to be determined, t is
time trend item, « is constant term, B is regression coefficient,
m is lagging order number, and ¢, is residual term.

Equations (1), (2) and (3) represent the models having

neither intercept term nor trend item, having intercept term but
no trend item, and having both intercept term and trend item.
Null hypothesis of the three models is H,:5 =0, that is, there is
a unit root. Actual test starts from equation (3), followed by
equation (2) and equation (1). When null hypothesis is rejec-
ted, that is, there is no unit root in original sequence, the test
should be stopped.
2.1.2 Co-integration test. If certain linear combination of
these variables is stationary, we can conclude that these varia-
bles have co-integration relationship. Co-integration reflects the
long-term equilibrium relationship among variables, indicating
that there is no internal mechanism in economic system that de-
stroys the equilibrium. As for the co-integration test of variables
obeying 1(1) process, there are two test methods, which are
EG test and Johansen test. EG two-step method is widely used
in early stage due to its easy calculation. But it has the disad-
vantages of greater error of parameter estimation under small
sample. When the variable is more than two, there might be a
plenty of " co-integration" relationships. According to these
problems, Johansen put forward the Maximum Likelihood Esti-
mation Method (MLE). Research shows that Johansen test is
superior to EG two-step method®’. Since this research has
more than two variables and relative limited samples, we use
Johansen test. Assuming that Y, and X, are kth and ath order
vectors, respectively, and they obey (1) process, VAR Model
is established;

p-1
Ay, =11y, +I§1!‘,Ay,_,+Bx,+Et (4)
where, 11 =.§Ar’_l,r1‘= - i A

j=i+1 I
If the rank of coefficient matrix r < k, o and g in k xr or-

der matrix can make matrix TT =of’ and B’y obey the stationary

Table 1 Unit root test of variable time series data

1(0) process. Then, Trace Test and Maximum Eigenvalue
Test are conducted. Statistics of trace test is

n,= —Tl_éﬂlnm -A)
where n, is the statistics of characteristic root, A, is the ith ei-
genvalue, T is the total number in observation period, and k is
the number of endogenous variable. When 1, is insignificant,
there is k unit roots and O co-integration vector, that is, there is
no co-integration relationship. When n, is significant, there is at
least one co-integration vectors. Thus, significance of n, is
needed to be tested. If n, is insignificant, there is only one co-
integration relationship. The statistics of Maximum Eigenvalue
Test is

€=-Th(1-2.,) ,
where €, is the statistics of Maximum Eigenvalue Test. If €, is
smaller than the critical value, indicating that there is no co-in-
tegration relationship. If €, is bigger than the critical value, indi-
cating that there is at least one co-integration relationship.
2.1.3 Error Correction Model ( ECM). It is assumed that y, =
Bo +B1X; +B2Yi_1 +BsX,_; +&,, Where ¢, is the process of white
noise. Based on this, Error Correction Model is obtained:

+
AYi=Bo tBx + (B -D (1 BB e (5
_Bz
where y, —L%Jrﬁﬁax is error correction model. If there is long-
P2
term equilibrium relationship between x and y, we have y =

511_7*'5:)(_ Therefore, ECM reflects the effects of long-term equi-
librium on short-term fluctuation.

2.2 Data treatment Data are from the statistics database
and Guoyan Network database with sample interval within the
years 1985 —2006. Urban inhabitant income ( CS) is represen-
ted by per capita disposable income of urban residents. To e-
liminate the factor of price, consumer price index ( CPI) can be
converted into comparable income. Agricultural expenditure
(CN) is represented by the expenditure of financial support for
agricultural production in Guangdong Province, and CPl is used
to eliminate the impacts of price. At the same time, to eliminate
or reduce the heteroscedasticity, CS, CN and NS are taken the
natural logarithm, which are InCS, InCN, and InNS.

3 Empirical analysis

3.1 Stationary test Equations (1), (2) and (3) are used
to conduct unit root test on CS, CN and NS series, the result of
which is shown in Table 1.

Variable ADF value P value (C,T,K) Conclusion Variable ADF value P value (C,T,K) Conclusion
InCS 1.13 0.899 (CTO) Non-stationary dinCS -2.35 0.0213=* = (000) Stationary
InCN -1.86 0.637 (CTO) Non-stationary dinCN -4.42 0.000 1 = (C00) Stationary
InNS 1.57 0.769 (CT1) Non-stationary dinNS -2.32 0.0230x = (C00) Stationary

Note: C and T means having constant term and trend term, respectively. Kis lagging order number, which is determined by SIC and AIC stand-
ards. * and = * stand for significant levels at 0.05 and 0.01, respectively, the same as follows. d means first-order differential.

Table 1 indicates that original time series of the three varia-
bles is non-stationary. But their first order difference series are

all stationary, that is, they are all first order unit root series

1(1).
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3.2 Co-integration test Johansen co-integration analysis
method is used to test the co-integration relationship among
INCS, InCN, and InNS. Optimal lag phase of VAR Model
should be first determined. In order to keep a reasonable de-
gree of freedom to obtain stronger explanatory power of model
parameter and to eliminate the autocorrelation of error term, we
select the fourth order as the maximum lag order. The optimal
lag order of VAR Model is selected from the fourth order to the

Table 2 Result of co-integration test

first order. AIC and SIC information standards, Final Prediction
Error Method ( FPE) , and LR statistics are used as test stand-
ard for the optimal lag order. Autocorrelation LM statistic is
used to test the autocorrelation of residual series. JB test is
adopted to test the normality of residuals. Based on this, VAR
(8) Model is determined as the optimal model. Therefore, lag
stage of VAR Model in co-integration test should be 2.

Statistics of maxi-

Null hypothesis Eigenvalue Statistics 5% critical value P value ) 5% critical value P value
mum eigenvalue

No co-integration relationship 0.72 55.64 35.19 0.000 01 24.48 22.30 0.024 4

At most one co-integration relationship 0.62 32.06 20.26 0.000 08 18.32 15.89 0.020 4

At most two co-integration relationships 0.51 13.74 9.16 0.006 40 13.74 9.16 0.006 4

Table 2 shows that at 5% significant level, there are three
co-integration relations among variables, indicating that co-inte-
gration relationship among CS, CN and NS is stationary and
there is long-term co-integration relationship among the three
variables.

Co-integration relationship after standardization is

ec, =InNS, —0.748InCS, -0.044InCN, —1.081

(0.02259) (0.03132) (0.21472). (6)

Data in brackets are progressive standard error, indicating
that variables are significant in co-integration relationship.
Based on the unit root test on ec,, ADF value of series is
—2.08, which is greater than the critical value at 5% level and
the P value is 0.393. Therefore, there is no unit root in ec,,
that is, residual series is stationary. Co-integration relationship
equation reflects the long-term equilibrium relationship among
rural residents’ income, urban inhabitant income and agricultur-
al financial expenditure. Every one percentage point increase of
urban inhabitant income will result in the 0. 748 percentage point
increase of farmers’ income; and every one percentage point
increase of financial expenditure will lead to 0. 044 percentage
point increase of farmers’ income. According to equation (5),

urban inhabitant income does not increase with the decrease of
farmers’ income. In the long run, increase of urban inhabitant
income will accelerate the growth of farmers’ income. Mean-
while, agricultural financial expenditure has positive impact on
farmers’ income but the impact is small. Therefore, we can
conclude that agricultural financial expenditure is inefficient and
the loss of efficiency is relatively high. agricultural financial ex-
penditure has not yet become a major factor for income growth
of rural residents in Guangdong Province.

3.3 Error correction model ( ECG) In the long term, there
is equilibrium relationship among rural residents’ income, urban
inhabitant income and agricultural financial expenditure. But in
the short term, the three variables may deviate from the equilib-
rium. Therefore, it is necessary to establish the ECG to exam-
ine the short-term dynamic relationship between the three
variables.

Let error correction term ecm, = ec,; and take AINNS as
the explained variable, AINCS and AINnCN and their lag items at
each order as the explanatory variables. After several at-
tempts, correction model is established with comprehensive
consideration of t value and R, which is

AINNS, = —0.240ecm,_, +0.616AINCS, +0.028AINCN, +0.159AInCS,_, +0.089AINCN,_, +0.114AINCN,_,

(-3.591) (12.509) (2.019)

R =0.976,D. W=1.797 ,AIC= -4.241,5C = -3.943.

Coefficient of error correction is negative, satisfying the re-
verse repair mechanism. This reflects the short-term fluctuation
law, that is, income growth of rural residents in Guangdong
Province is affected by the urban inhabitant income and the ag-
ricultural financial expenditure. Error correction coefficient re-
flects the adjustment of short-term deviation from the long-term
equilibrium. Therefore, —0.240 error correction coefficient indi-
cates that the adjustment strength is weak. Adjustment speed
of rural residents’ income from disequilibrium to equilibrium is
about 4. 17 years. Error correction equation includes the in-
come change of lag 2. And it can be found out that the influ-
ence of income change of urban residents in lag 2 is bigger than
that in lag 1, indicating that increase of urban residents’ income
can rapidly form the purchasing power of agricultural industry,
so as to promote the income growth of rural residents. Impact
of agricultural financial expenditure on rural residents’ income
increases with the growth of lag phase and its effect becomes

(3.177)

(6.473) (2.565) (7)
the maximum at lag 2, indicating that agricultural financial ex-
penditure of Guangdong Province needs more time to exert the
effect of increasing farmers’ income. Coefficients of AINCS and
AINCN are positive, showing that change of variable growth
rate is 1% and the income growth rates of farmers have ho-
monymous change of 0.616% and 0. 028%. This also verifies
the above point of view, that is, agricultural financial expendi-
ture has a little impact on income growth of farmers, and the ef-
ficiency is relatively low. Therefore, use efficiency of agricultur-
al financial expenditure needs to be improved as soon as possi-
ble in order to give full play to the role of the financial support
for agriculture.

3.4 Impulse response function and variance decomposi-
tion prediction In order to further explore the dynamic rela-
tionship among the urban residents’ income, agricultural finan-
cial expenditure and farmers’ income in Guangdong Province,
vector autoregression ( VAR) , which is put forward by Sims, is
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used to conduct impulse response and its variance decomposi-
tion forecast.

Based on the VAR (3) model mentioned above, we adopt
Cholesky Decomposition Method to establish an impulse re-
sponse model of rural residents’ income to urban residents’ in-
come, agricultural financial expenditure and its own. Fig. 1 il-
lustrates that urban residents’ income has a weak negative im-
pact on rural residents’ income in short term. But from the 4th
period, it has positive impact on the rural residents’ income and
it reaches the maximum at the 7th period, and then declines
steadily. After the 9th period, it fluctuates within a very narrow
range and maintains the positive effect. The first impact of agri-
cultural financial expenditure has the maximum positive effect at
the 2nd period and then falls back. It reaches the maximum
negative impact at the 6th period, and then gradually rises
again. After the 15th period, the impact becomes very weak.
Impact of income of rural residents on itself reaches a high val-
ue at the 1st period, and then declines rapidly. After the 3rd
period, it begins to show an increase trend, and reaches the
maximum value at the 6th period. Then, it falls rapidly and
maintains a relatively stable positive effect after the 14th period.
This indicates that income level at the earlier period has huge
impact on that of later period, and growth of rural residents
mainly depends primarily on its own basis and accumulation.
Combining with the actual situation of Guangdong Province,
farmers earn income by being engaged in farming or working
outside. If they obtain higher income through farming, they will
invest more money in agricultural production, which accelerates
the agricultural output and further enhances the income level of
rural residents. Besides, if farmers working outside want to
earn more money, they may increase investment in human
capital. And according to the economic theory, investment in
human capital is a very important path to increase the residents’
income steadily.

0.10

—— InNS
0.08 ¢ —— InCS
3 0.06 + —— InCN
—~
& 004
g 002¢
5 0
Q
= .02} [ \/
—0. 04 |
—0. 06 L~ . . . . . . . " . .
2 4 6 8 10 12 14 16 18 20 22
Innovation period
Fig.1 Curve of impulse response

Forecast variance decomposition technology can decom-
pose the mean square error (MSE) into the contribution of var-
iable impact in system. Therefore, any random information
from variance decomposition has relative importance to VAR
model. Fig. 2 illustrates that rural residents’ income has rela-
tively great contribution to the forecast of mean square error. It
declines from the 1st period, and maintains at about 60% at the
6th period. Thus, it can be concluded that the forecast mean
square error has been in the dominant position before the 22nd
period. Contribution degree of urban residents’ income to fore-

cast mean square error of rural residents’ income is relatively
low at the beginning, and maintains at about 25% after the 6th
period. It exceeds the contribution of agricultural financial ex-
penditure after the 4th period, indicating that urban residents’
income has relatively long-term impact on the rural residents’
income. Contribution degree of agricultural financial expenditure
to the forecast mean square error rural residents’ income is rel-
atively stable (at a low level of about 15% ) within the 22 peri-
ods, indicating that agricultural financial expenditure has long-
term impact on farmers’ income, but its effect is not as signifi-
cant as those of urban residents’ income and farmers’ income
itself.
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Fig.2 Forecast of variance decomposition

4 Conclusion and suggestion

(1) Increase of urban residents’ income has negative im-
pact on rural residents’ income in Guangdong Province in the
short term. But in the long term, it has stable positive impact
on the rural residents’ income, which is similar to the research
result of Li Jianjun’. Just as he pointed out, increase of urban
residents’ income has transitory and weak " cake cutting" effect
in Guangdong Province; but in the long term, " cake making"
effect is more significant and important. Therefore, it is inap-
propriate to set the rapid increase of urban residents’ income
and the slow increase of rural residents’ income against each
other. And narrowing the gap between urban and rural areas in
Guangdong Province can not be realized through slowing down
the income increase of urban residents. On the contrary, we
should accelerate the growth speed of rural residents’ income.
Specifically, we should promote the complete flow of product
market and factor market in rural and urban Guangdong Prov-
ince, accelerate the circulation speed of agricultural products,
and promote the urban capital flow into rural areas to invest and
to conduct other productive business activities.

(2) In the short term, negative effect of agricultural finan-
cial expenditure on rural residents’ income plays the dominant
role, especially from the 4th to 9th period. But in the long term,
agricultural financial expenditure has stable and weak positive
effect on the rural residents’ income, indicating that agricultural
financial expenditure in Guangdong Province needs a long cycle
to play its effect. Besides, according to the error co-integration
model, agricultural financial expenditure has relatively weak im-
pact on the income of rural residents in Guangdong Province,
reflecting the relatively low efficiency of agricultural financial ex-
penditure. Therefore, on the one hand, we should do our best
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to reduce the cycle of effect exertion of agricultural financial ex-
penditure. On the other hand, we should enhance the use effi-
ciency of agricultural financial expenditure and reduce the effi-
ciency loss.

(8) Rural residents income in Guangdong Province has
great impact on the income growth of rural residents, indicating
that income growth of rural residents will form a mechanism
with self-promotion, so as to promote the steady increase of in-
come. This mechanism exerts its function through the following
channels. Firstly, growth of income has increased the input of
agricultural production, and leads to the income increase of the
next period. Secondly, growth of income has strengthened the
investment in human capital. According to the human capital
theory, investment in human capital can play a role in the long
term. Therefore, Guangdong Province should promote the for-
mation of mechanism with self-promotion for rural residents
from the aspects of finance, education and so on. Moreover,
Guangdong Province should promote the subsidy and insurance
systems in order to ensure the smooth operation of mechanism
with self-promotion.
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