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Gray Correlation Degree Analysis of Factors Affecting
the Consumption of Farmers

YE Cai-xia® , WU Song-giang, QIN Zheng-qiang

College of Economic Management, Nanjing University of Technology, Nanjing 210009, China

Abstract Consumption status of rural China is briefly described. Basic ideas and analysis steps of Gray Correlation Degree Analysis are intro-
duced. Based on the gray correlation degree between farmers’ consumption and 8 items of basic living consumption expenditures, both macroscopic
and microscopic factors affecting the consumption of rural residents are obtained. According to relevant statistical data, Gray Correlation Degree
Analysis is used to study on the gray correlation degree between the farmers’ consumption and the macroscopic and microscopic factors in eastern,
central and western regions and the whole China from the angle of time and cross-section sequences. Result shows that farmers’ consumption has
gradually changed from basic needs to the needs of improving living conditions and life quality. Agricultural information development, rural infrastruc-
ture construction, social security, and other macroeconomic factors are the main reasons affecting the consumption level of peasants. And health
care, household equipment, and cultural and educational entertainment products are the major consumption for farmers in future. Based on these,
relevant countermeasures are put forward, such as increasing personal disposable income of rural residents, improving the infrastructure construc-

tion in rural areas, and establishing a perfect social security system and an unimpeded information system.
Key words Farmers’ consumption; Macroscope; Microscope; Gray correlation degree; China

Keynes argues that the slow development of economy is
caused by the insufficient consumption, so that government
should stimulate consumption through active fiscal policy and
monetary policy in order to achieve economic growth. Consum-
er demand includes foreign and domestic consumer consump-
tion. And the main source of economic growth is enlarging the
residents’ consumption'' %',

According to the data of National Bureau of Statistics, by
the end of 2007, urban population and population have reached
594 million and 728 million in China, accounting for 45% and
55% , respectively. Retail sales of consumer goods in both ur-
ban and rural areas are 6 940 350 and 2 391 370 million yuan,
accounting for 74.4% and 25.6% of the total consumption, re-
spectively. Almost 60% ( more than 700 million) of the people
live in rural areas of China, but the rural household consump-
tion accounts for less than 30% of the total consumption™®'.
Therefore, it can be concluded that stimulating the consumption
demand of rural residents is the main focus of the economic
growth. Scholars have suggested o stimulate rural consumption
through accelerating the process of rural urbanization. Although
the income of rural residents has huge cardinal number, it is
lower than that of urban residents. Meanwhile, the income of
rural population shows a steady growth, according to the esti-
mates. At present, consumption level of an urban resident is
equal to the consumption of three farmers. Every one percent-
age point increase of urbanization rate will lead to 1 million to
1.2 million labor forces transfer from rural to urban areas. Con-
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sumption of urban population is 2. 7 — 3 times of that of rural
population, which results in 1.6 percentage point growth of final
consumption™*. China’s economy has been developed rapidly
in recent years and income level of farmers has greatly im-
proved. Thus, the consumption demand of farmers is also
changing. Farmers’ consumption has already changed from
meeting the basic demand to the enjoyment type demand. But
farmers’ consumption is still in the doldrums; while the saving
rate of farmers is increasing’® .

Factors affecting farmers’ consumption should be firstly ob-
tained in order to enlarge the farmers’ consumption. We ana-
lyze the effects of these factors on farmers’ consumption
through the gray correlation degree between the farmers’ con-
sumption and the macro and micro factors.

1 Research method

According to the theory of gray relational grade, total con-
sumption expenditure of farmers is taken as the reference se-
ries and factors affecting farmers’ consumption are taken as
comparison sequence. Based on the gray relational grades of
reference series and comparison series in different areas at dif-
ferent time points, effects of macroeconomic factors on
farmers’ consumption are compared and analyzed. The basic
idea of Gray Relational Analysis is to judge the close correlation
according to the similarity of geometry of serial curves. The
closer the serial curves are, the greater correlation degree the
series becomes. Gray Relational Analysis can make up for the
insufficiency of traditional methods of mathematical statistics
used for system analysis, which also can be applied in the
number and the rule of sample. Therefore, we select this meth-
od as the research tool.

(1) Constitution of behavior sequence'”’

. Assuming that
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X; is system factor, its observation data in serial number k is
x;(k), k=1,2, .-+, n. Hence, X,=[x,(1),x(2),---,x,(n) ]
is called the behavior transverse sequence.

(2) Annihilated image of starting point. It is assumed hat
D is the sequence operator, and X,D=[ x;(1)d,x;(2)d, -, x;
(n)d].

Where x;(k)d=x,(k) -x;,(1) ,k=1,2,---,n. Hence, D is
the annihilated operator of starting point; X;D is the bigger anni-
hilated image of X,, denoted by XD=X =[x (1),X(2),--,
X (7.

(3) Defining IS, 1,1S;1 and | S, - S, 1. Assuming the
lengths of X, and X, are the same and are all 1 interval se-
quence. Xo =[X(1),%(2),-,x%(m]1, X =[x (1),X(2),
-+, X°(n) ] are the annihilated images of starting points XJ and
X0. Hence, we have

151 = | SR () +5X (M) | (1=0,1,+.0-1) 15, -, | =

ISR K X000 ) + 3 1€ (M) =X (130,10 =1).

(4) Absolute correlation degree.
1+1s,1 + 15l

1415, +1s ] +1s -5, 1

(5) Relative correlation degree. Initial value of X; is

Eor (i=0,1,--,n-1).

x(3) x(n)
x(1) " x(1)

Then, the calculation step is the same with the absolute
correlation degree, that is

1o ! 10 17 10 P .
IS/ =12x7 (k) -5 x7(m1(i=0,1,-,m)

1(i=0,1,---,n=1).

s/ =8’ 1 =I5 [X2(00 =X2(K) ] =5 (XS (m) =4 (m) ]|

(i=1,2,---,n)

Hence, relative correlation degree is

1+1s,I +1s/l

T14l0s, 1 +1s'1+1s' —s,'|

(6) Comprehensive correlation degree. Assuming 6 e
(0,1), we select 8 =0.5, since relationship of absolute quanti-
ty is as important as the relationship of relative quantity. Based
0N poy; =0eq; + (1 -8) ry;,i=1,2,---,n,comprehensive correlation
degree is usually adopted during comparison.

loi (i=1,2,--,n).

2 Factors affecting farmers’ consumption
Per capita total consumption expenditure in rural areas in the
years 1991 —1995, 1996 —2000 and 2001 —2005 is taken as the
reference sequence. All total of eight living consumption expendi-
tures are used as comparative sequence to establish the informa-

X 1 ‘(o "3 , x(1) x,(2) tion space of gray correlation differences. Gray correlation degree
=X, x7(2), % (3) -, X7 () ] = [x,.(1 )'x,(1)’ s calculated according to the spatial parameters ( Table 1),
Table 1 Gray correlation degree between farmers’ consumption and their living consumption during the eighth, ninth and tenth - five
year plans
Period Food Cloth Residence Housgihold Medical Transporta.tlorT and CuIthraI Others
facility care communication entertainment

The eighth-five year plan 0.945 2 0.864 7 0.547 8 0.514 7 0.8157 0.6257 0.497 6 0.787 3
The ninth-five year plan 0.9137 0.813 8 0.657 9 0.820 9 0.860 9 0.6129 0.8357 0.8812
The tenth-five year plan 0.8618 0.7829 0.738 2 0.690 0 0.853 4 0.523 0 0.823 0 0.613 9

Note. Eighth five-year plan is the years 1991 —1995; ninth five-year plan is the years 1996 —2000; tenth five-year plan is the years 2001 —2005.

According to the statistics, rural residents’ expenditure on
food and cloth basically shows the declining trend in China;
while that on residence, medical care and cultural entertain-
ment is increasing. Table 1 shows that it is basically consistent
with the results of gray correlation analysis.

Farmers’ consumption has close correlation with food and
cloth consumption, indicating that food and cloth are the major
factors affecting the total expenditure of farmers. Gray correla-
tion degree between farmers’ consumption and the food, cloth
and transportation and communication has shown a decline
trend, reflecting that the basic livelihood of the farmers is
fulfilled.

Gray correlation degree between farmers’ consumption and
residence, medical care and cultural entertainment shows an
increasing trend, indicating that both farmers’ living level and
living environment are improved and the health and spiritual life
of farmer are paid high attention to. During the ninth-five year
period, farmers’ consumption has high correlation with the
household facility, indicating that increase of farmers’ income
has improved the production and living conditions of farmers.

Table 1 indicates that during each period, farmers’ con-
sumption has great gray correlation degree with the medical

care, showing that medical care has great impact on farmers’
consumption. Relatively high medical fee in reality, as well as
the lack of medical insurance of farmers, has discouraged the
enthusiasm of consumer. Gray correlation degree between
farmers’ consumption and household facility have decreased
from 0. 820 9 in the ninth-five year period to 0. 690 O in the
tenth-five year period. Household facility in rural household
does not fully play its role due to the poor water and power sup-
ply, and the problems in road and TV signal, which have re-
stricted their consumption of agricultural machinery and house-
hold appliances.

With the development of social economy, income level of
farmers has been greatly improved. In the year 1990, per capi-
ta net income of farmers is only 686.31 yuan, and it grows to
4 140.36 yuan in the year 2007, up by more than 5 times.

Expansion of domestic demand is the source of China’s
economic growth, and improving the farmers’ consumption de-
mand is particularly important. Table 1 reports that farmers
have turned from the basic living consumption to enjoying type
consumption, which needs relatively perfect infrastructure, ex-
peditious information, reasonable social security system and
other supporting macro-factors. We select farmers’ basic living
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consumption as the micro-factors. And macro-factors conduct
quantitative analysis mainly based on the fixed assets invest-
ment of governments. Farmers’ consumption level is directly af-

fected by the rural water, electricity and gas and investment in
supply industry, rural transport, storage and postal investment.
Thus, they are taken as the macro-factors.

Table 2 Gray correlation degree between farmers’ consumption and the macro and micro factors from the year 2005 to 2007

Cultural and

Water,

. Household educational Food, cloth, electricity ~ Transportation, Information Health and

Per capita i~ ) Health ) development : .
Year . facilities entertainment lodging and and gas storage and social security

net income . care I and computer .

and services products transportation investment and postal and social welfare
h ) software
and services supply industry

2005 0.9250 0.673 3 0.754 4 0.8959 0.954 0 0.6719 0.655 1 0.759 6 0.664 2
2006 0.9225 0.666 9 0.730 0 0.893 8 0.950 5 0.703 4 0.676 4 0.737 6 0.658 2
2007 0.8750 0.6723 0.6719 0.896 9 0.920 4 0.718 1 0.679 0 0.703 3 0.649 5

3 Gray correlation degree between farmers’

consumption and its influencing factors
3.1 Gray correlation change between farmers’ consump-
tion and macro and micro factors from 2005 to 2007 Annu-
al total consumption of rural residents in the eastern, central,
western and northeastern regions in the years 2005 — 2007 is
taken as the reference sequence, while the macro and micro
factors affecting farmers’ consumption are taken as the compar-
ative sequence, in order to establish the information space of
gray correlation difference. According to the spatial parameter,
Table 3 reports the calculation result of gray correlation.
According to the macro-factors, farmers’ consumption has
relatively great correlation degree with the farmers’ income,
food, cloth, lodging, transportation and health care. And the

correlation degree between the farmers’ income and the food,
cloth, lodging and transportation is declining, indicating that
farmers’ income, food, cloth, lodging, transportation and
health care are the major factors affecting farmers’ consump-
tion. However, if the basic living of farmer is guaranteed, in-
come level will not be the only reason affecting farmers’ con-
sumption. It is common that farmers go back into poverty be-
cause of diseases. They can hardly bear the cost of diseases,
and want more savings to deal with the problems of pension,
health care and other issues in future. Household equipment
and cultural entertainment have little correlation, which is con-
sistent with reality. The imperfect rural infrastructure can not
stimulate the effective demand for agricultural machinery and
household appliances.

Table 3 Gray correlation degree between farmers’ consumption and the macro and micro factors in different areas during the years 2004

-2007
Cultural and Water, Information Health and
. Household educational Food, cloth, electricity ~ Transportation, - .
Per capita o ) Health ) development social security
Area . facilities entertainment lodging and and gas storage and )
net income - care S and computer  and social
and services products transportation investment and postal
h ) software welfare
and services supply industry
Eastern area 0.848 7 0.763 2 0.674 2 0.678 2 0.8327 0.802 1 0.758 0 0.8250 0.7316
Central area  0.921 9 0.6723 0.539 1 0.782 6 0.9145 0.654 3 0.643 1 0.7255 0.637 3
Western area 0.953 8 0.542 3 0.4329 0.892 3 0.932 1 0.542 8 0.625 0 0.621 0 0.652 9

According to the macroscopic correlation, correlation de-
gree of water, electricity, gas and transportation in fixed invest-
ment is increasing. In fact, local governments have accelerated
the improvement of rural infrastructure over the past few years.
And improvement of infrastructure can promote the farmers’
consumption. Fig. 1 illustrates that average possessive quanti-
ty of durable consumer goods per 100 rural households has
been increased from the 1990s. However, since the transporta-
tion, water and power supply still have many problems, power
usage in family stays idle, resulting in the usage decrease of
durable consumer goods in rural areas. Since the year 2000,
possessive quantity of durable consumer goods has been in-
creased with the improvement of rural infrastructure.

Among the macro factors, farmers’ consumption has great
gray correlation degree with information development and social
security investment. Farmers want to grasp the information of
production and living during consumption. However, they do
not know the market and can not produce the suitable prod-

ucts. At the same time, there are few choices for the consump-
tion of farmers and they can hardly buy the products they want.
Thus, consumption desire of farmers is failed to be stimulated.
Among all the influencing factors, gray correlation degree be-
tween the health and social security and the social welfare is
relatively small. But the gray correlation degree of medical
health care is relatively great, indicating that the social security
system is extremely imperfect. Although farmers’ income is im-
proved, they still can not bear the medical expenses.
3.2 Gray correlation degree between the farmers’ con-
sumption and the macro and micro factors in different are-
as Taking the total consumption of eastern, central and west-
ern areas as the reference sequences, and the macro and mi-
cro factors affecting rural residents’ consumption as the com-
parative sequence, we establish the information space of gray
difference and calculate the gray correlation degree according
to the spatial parameter (Table 3).

Table 3 indicates that farmers’ income has relatively great
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correlation degree with the food, cloth, lodging and transporta-
tion, showing that income is an important factor influencing the
farmers’ consumption, and total consumption expenditure of
farmers is mainly the food, cloth, lodging and transportation.
Gay correlation degrees of the per capita net income, the
health care and the food, cloth, lodging and transportation are
smaller in eastern area than those in central and western are-
as. But the gray correlation degrees of the household facilities
and the cultural and educational entertainment are the maxi-
mum among all the consumption of farmers, indicating that the
economy is relatively developed in eastern area and farmers’ in-
come is relatively high. Consumption of farmers has changed
from the basic needs of food and cloth to the needs of impro-
ving living conditions and life quality. Both the perfect infra-
structure and the unimpeded information system in eastern area
have laid the foundation for the consumption of farmers. Gray
correlation degrees of the water, electricity and gas investment
and supply industry, the transportation, storage and postal, the
information development and computer software and the health
and social security and social welfare are 0.802 1, 0.758 0,
0.825 0 and 0. 731 6 in eastern area, respectively, which are
the biggest gray correlation of macro factors among eastern,
central and western areas. In fact, eastern area has efficient
distribution network of stores and perfect after-sales service
system, offering more opportunities for farmers to earn non-ag-
ricultural income. In eastern area, expectation of social econo-
my is far higher than that in other areas. Social security system
in rural areas is relatively perfect, and farmers have the capaci-
ty to buy products. However, in the central and western areas,
with the inconvenient transportation, enclosed information, and
backward local economy, income of socio-economic expecta-
tion of farmers is relatively low. Based on the consumer psy-
chology, farmers need more economic security. Consumption
level of farmers is restricted by the backward local economy,
imperfect infrastructure, and defective social security system.
Result of gray correlation degree in these areas is contrast with
that of eastern area. Gray correlation degree of basic living is
relatively high, but the degree of household facility, entertain-

ment and macro factors is relatively low.

3.3 Gary correlation between farmers’ consumption and
the macro and micro factors Difference information space of
gray correlation is established by taking per capita consumption
of rural residents in the years 2003 —2007 as the reference se-
quence and the macro factor affecting farmers’ consumption as
the comparative sequence. According to the spatial parameter,
the gray correlation degree is calculated (Table 4).

Table 4 Gray correlation degree between farmers’ consumption
and macro and micro factors

Correlation

Index degree Rank
Per capita net income 0.9217 2
Household facilities and services 0.656 4 8
Cultural and Ieducatlonal entertainment prod- 0.716 1 7
ucts and services

Health care 0.976 0 1
Food, cloth, lodging and transportation 0.836 0 4
Wat_er, electricity and gas investment and sup- 0.740 1 6
ply industry

Transportation, storage and postal 0.8450 3
Information development and computer soft- 0.623 4 9
ware

Health and social security and social welfare 0.748 2 5

Nationally, gray correlation degree between farmers’ con-
sumption and medical care is the maximum, indicating that
medical care is a factor greatly affecting the farmers’ consump-
tion. However, gray correlation degree between farmers’ con-
sumption and social warfare is only 0. 748 2, taking the fifth
place. This indicates that the imperfect social security system,
as well as the problems in medical care, makes farmers dare
not to spend money. Farmers’ income has relatively great cor-
relation degree with the transportation, farmers’ income and the
food, cloth and lodging; and food, cloth, lodging and transpor-
tation are still the major expenditure of farmers in their living
consumption. Moreover, personal income is the most important
constraints during farmers’ consumption. Farmers’ consumption
has relatively low correlation with the household facilities and
the cultural and educational entertainment products. Although
the water, electricity and other infrastructure in rural areas have
been greatly improved, they still can not meet the current
needs of the development of rural economy. Correlation degree
between farmers’ consumption and water, electricity and gas
supply is only 0.740 1. Farmers in most areas obtain informa-
tion mainly from television and radio. Besides, there is almost
no network in rural areas and the gray correlation degree of in-
formation development only reaches 0.623 4, which ranks the
last among all the nine indices.

4 Conclusion

Through analyzing the gray correlation degree between
farmers’ consumption and basic life consumption, we can find
out that the basic life demand of farmers is basically fulfilled.
The current demand of farmers as consumers is to improve the
living conditions and the quality of life. Health care, household
facility, and cultural and educational entertainment products are
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the focus of future consumption of farmers. These consumer
demands are decided primarily by the improvement of farmers’
income level and the support by the infrastructure. The " Elev-
enth Five-Year Plan" takes the improvement rural infrastructure
as a major task, including the rural hydraulic engineering, eco-
projects, rural roads, storage facilities, rural power grid, and
information channel, in order to improve the capacity of sustain-
able development in rural areas and to lay a solid foundation to
start the rural consumption'~""7.

Improvement of farmers’ consumption level is the sign of
the improved living standards of farmers. Analysis of its impact
factors can help to find out the potential demand of the farmers
and to flourish rural economy. Farmers’ income is the key fac-
tor affecting rural consumption. However, the most important
thing to improve farmers’ income is to perfect the rural infra-
structure. At the same time, we should establish a perfect rural
social security system and an unblocked information system.
Gray correlation degree between farmers’ consumption in differ-
ent areas and its macro and micro factors has confirmed that
the perfect infrastructure and the better external environment in
developed areas have allowed a stronger consumer confidence
of farmers, so that promoting the balanced regional economic
development is a major task at present.
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