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Gray Correlation Degree Between the Industrial
Structure Adjustment of Agriculture and the
Agricultural Economic Development

——A Case of Heilongjiang Province, China

LIU Nan”

Department of Economics and Management, Daging Normal University, Daqing 163712, China

Abstract Calculation method of gray correlation degree and the connotation of gray correlation are introduced. Based on the model of gray correla-
tion degree, relationship between agricultural industrial structure and agricultural economic development is analyzed by using four analysis methods
of correlation degree and according to the relevant data in the years 2002 —2008. The calculation results of four types of gray correlation degree are
compared. Research shows that combination of the linear weighted gray correlation degree and Deng’s gray correlation degree is more appropriate.
Development of animal husbandry has the highest correlation degree with the development of agricultural economy. Meat yield production has higher
correlation degree with agricultural economic development than other industries, while the correlation degree between agriculture and primary indus-
try is the lowest. Based on this, related countermeasures are put forward in order to promote the agricultural economic development of Heilongjiang
Province. Firstly, develop animal husbandry and agricultural processing industry. Secondly, promote the internal restructuring of agriculture. Third-
ly, find out the industry that should be given priority in different areas according to the regional characteristics and market demand. Fourthly, im-

prove the related industrial development system.
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Adjustment of agricultural structure is essentially the ad-
justment of proportion relation among agricultural industries and
varieties production. At present, adjustment of agricultural
structure in China is mainly manifested in the change of agricul-
tural interior structure from planting industry to the joint develop-
ment of planting industry, forestry, animal husbandry, and fish-
ery. Structure of planting industry has also changed from main-
ly the grain to the comprehensive and concerted development
of grain crops, cash crops and feed crops. Animal husbandry
pays attention to the overall development of meat, egg and
milk. Changes in agricultural structure will inevitably stimulate
the economic development of agriculture and enhance the in-
come level of peasants. Taking Heilongjiang Province as an
example, gray correlation degree is used to analyze the rela-
tionship between the industrial structure adjustment of agricul-
ture and the agricultural economic development. And the cal-
culation results of different gray correlation degrees are com-
pared in order to optimize the agricultural industry structure
and to offer references for the development of agricultural eco-
nomic development.

1 Research method, index selection and

data source
1.1 Research method Gray correlation denotes correlation
of uncertainty among things, system factors, or the uncertainty
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of factors for main behavior. Gray relational analysis is a meas-
urement method that analyzes the correlation among discrete
sequences in gray system theory. Gray basic idea is to deter-
mine the degree of correlation among factors according to the
similarity among curves.

1.1.1 Dimensionless treatment of data. X is the factor set of
gray correlation, X; e X is reference sequence, X; e X is com-
parison sequence, X,(k) and X, (k), X;(k) (k=1,2,3,-,
m) are the numbers of X; and X;(i=1,2,3,---,n) at point K,
which can construct the original evaluation matrix X = ( X,, X,,
X, X)),

Since the data units of reference sequence and compari-
son sequence are different, dimensionless treatment on original
sequence needs to be carried out. The commonly used meth-
ods are initialization method, equalization method, and interval
value method. And this research uses initialization method.
The equation is
x (k)

x (1)’
where k=1,2,--- mand i=1,2,---,n.

After dimensionless treatment, matrix after treatment is

obtained as a further basis for calculating.
1.1.2 Calculation of gray relation coefficient. Firstly, calculate
the absolute value of corresponding element in reference se-
quence and comparison sequence, that is, | x', (k) —=x;(k) | .
Then, correlation coefficients of corresponding elements in ref-
erence sequence and comparison sequence are calculated, its
equation is

X, (k) = (M
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§i(K) =
minmin | X' (k) =X (k) | +pmaxmax | Xo(k) =x(k) |

[ Xa (k) =, (K) | +pmaxmax | X, (k) ~x, (k) | &
where p is resolution coefficient, with its value ranging from 0 and
1. The smaller the p is, the greater the difference between corre-
lation coefficients becomes, and vice versa. Usually, p =0.5.
1.1.3 Calculation of correlation degree. Assuming that differ-
ent elements have different weights in vectors, weight vector is

;= (61,027, W) -
Hence, we have
H, =y, =k§1wkf§of( k), (3)

where H, is the linear weighted gray correlation'" .
If w, is equal weight, we have

1 m
H, =Yoi =;k§1§0f(k) s (4)

Ho=yo' =1 =0 5 (1= (k)T (5)

where H, is Deng’s gray correlation™ | and H, is the Gray Eu-
clid Relation Grade.
If w,; is non-equal weight, we have

where H, is the Gray Euclid Relation Grade'"’.

1.1.4 Comprehensive evaluation. According to equations (3)
- (6), comprehensive correlation degree of reference se-
quence and comparison sequence is obtained. The greater the
correlation degree is, the bigger the numerical value becomes,
and vice versa.

1.2 Index selection The goal of agricultural development in
Heilongjiang Province is to change from major agricultural prov-
ince to strong agricultural province. Adjustment of agricultural
industrial structure in Heilongjiang Province is to maintain the
steady growth of main crop yield, to vigorously develop animal
husbandry, and to increase the planting area and intensity of
green products. Therefore, to analyze the relationship between
the agricultural industrial structure adjustment and the agricul-
tural economic development, added value of primary industry
(X,) is selected in reference sequence; and comparison se-
quence chooses the total grain yield ( X, ), meat output (X, ),
egg output ( X;), milk output (X,), output of aquatic products
(X5) and planting area of green foods ( X;).

1.3 Data source Data in this research are from the 2002 —
2008 Heilongjiang Statistical Bulletin ( Table 1).

H, =yo=1 _[kgwmkiz(-' _SJO/‘<k))2]Ty (6)

Table 1 Original value of index sequence in Heiloingjiang Province from the year 2002 to 2008

Year X,/ x10° yuna X,/ x10* t X, // x10* t X,/ x10* t X, // x10* t X, // x10* t X, // x10* hm®
2002 447.0 2941.2 190.0 84.6 236.0 41.8 96.80
2003 513.0 2512.3 217.2 90.3 303.9 42.0 120.87
2004 587.8 3135.0 260.5 98.3 378.1 43.0 158.67
2005 672.5 3600.0 306.3 102.7 444.2 44.5 232.67
2006 734.0 3780.0 319.6 107.6 464.6 46.5 276.67
2007 892.5 3965.3 335.3 108.3 511.7 48.8 312.00
2008 1.089.1 4225.0 303.3 109.3 581.5 35.6 344.67

Table 2 Comparison of calculation values of gray correlation

Gray

correlation Yot Y2 Yos Yos Yos Y o6

H, 0.6852 0.9752 0.8254 0.7386 0.7987 0.592 4
H, 0.6129 0.7940 0.6734 0.5811 0.6638 0.562 8
H, 0.836 3 0.8862 0.8515 0.8174 0.8510 0.808 4
H, 0.8279 0.8686 0.8384 0.8446 0.8344 0.8366

Note: y,, —yq are gray correlation degrees of the added values of pri-
mary industry, the same as follows.

2 Result and analysis

2.1 Calculation of gray correlation Firstly, use initializa-
tion method to conduct dimensionless processing on data. Sec-
ondly, calculate gray correlation coefficient by equation (2).
Thirdly, calculate the gray correlation according to equations
(8) = (6). Finally, comprehensive sequencing and evaluation
are carried out (Table 3).

Table 3 Sequence of evaluation results

Gray correlation Yot Yo Yos You Yos Yos
H, 5 1 2 4 3 6
H, 4 1 2 5 3 6
H, 4 1 2 5 3 6
H, 6 1 3 2 5 4

2.2 Result analysis

(1) Table 2 reports that among the 4 calculation methods
of correlation degree, Deng’s gray correlation degree and linear
weighted gray correlation degree have significant differences of
the correlation degrees calculated. There are relatively small
differences among correlation degrees calculated by Gray Eu-
clid Relation Grade and Gray Weighted Euclid Relation Grade.
Table 3 reports that the correlation orders are close to each oth-
er by the three methods, including the Gray Euclid Relation
Grade, the Deng’s Correlation Degree, and the linear weighted
gray correlation degree. The former three and the last one have
the same rank. At the same time, calculation results of Deng’s
Correlation Degree and Gray Euclid Relation Grade have the
same rank; while the rank of calculation result of Gray Weigh-
ted Euclid Relation Grade is different from the former three
methods. Further observation of Table 2 reports that numerical
results of orders 2 —6 are very similar. According to the rela-
tionship, sorting and evaluation of agricultural industrial adjust-
ment and agricultural economic development, Deng’s Gray Cor-
relation Degree and linear weighted gray correlation degree are
more suitable for calculation and analysis.

(2) Based on the above analysis, correlation degree be-
tween the development of animal husbandry and the develop-
ment of agricultural economy is the maximum (y,, and y, take
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the first and the second places, respectively; and meat output
has higher correlation degree with the development of agricul-
tural economy than other industries). And correlation degree
between agriculture and primary industry is the minimum (y,,
and y, take the fifth and sixth places, respectively). This is
mainly because that based on the idea and direction of modern
agricultural development and relying on the natural resources
and traditional advantages, China has vigorously promoted the
development of animal husbandry, has increased the output of
meat, egg and milk, and has achieved rapid development of
primary industry under the premise of maintaining agricultural
development. Thus, primary industry has achieved rapid devel-
opment. In the long run, crop-based agriculture will on the
whole remain a stable and slow growth; while animal husbandry
will achieve rapid development. Both the proportion of animal
husbandry in primary industry and the correlation degree be-
tween animal husbandry and primary industry will increase, as
well as the contribution rate of animal husbandry to farmers’ in-
come increase. Therefore, development of animal husbandry is
the only way for Heilongjiang Province to change from big agri-
cultural province to strong agricultural province.

3 Discussion

(1) Combined with empirical results, adjustment of agri-
cultural structure in Heilongjiang Province should pay attention
to the following four aspects. Firstly, continue to develop ani-
mal husbandry and agricultural product processing industry;
highlight the geographical and industrial advantages; pay atten-
tion to the refinement during the development of animal hus-
bandry; and greatly develop milk and meat processing industry
by relying on leading enterprises. Secondly, enhance the struc-
tural adjustment of agriculture; maintain the existing " two high
and two low" of food production; adjust the ratios of grain crop,
cash crop and forage crop to make them more rational; enlarge
the planting area of green products and high —quality agricultur-
al products; strengthen scientific and technological innovation;
and actively improve existing varieties and develop new varie-
ties in order to meet the demand of market. Thirdly, based on
the principles of promoting the development of county economy
and increasing the agricultural income, industries with priority
development in different areas are selected scientifically and ra-

R = EHEESRIVEFERNKBXEKES T
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tionally according to the regional characteristics and market de-
mand. Starting from the perspective of large scale, industriali-
zation and clustering, all-round service and support of agricul-
tural industry chain is carried out. Fourthly, improve the devel-
opment system of related industry and ensure and support the
development of agricultural industrial development.

(2) Analysis shows that Deng’s Gray Correlation Degree
and linear weighted gray correlation degree are more suitable
for the analysis on the relationship between industrial develop-
ment and industrial restructuring, so as to provide references
for the future industrial development. In the future research, we
should pay attention to the following three aspects. Firstly, car-
ry out comprehensive analysis, comparison and evaluation of
gray correlation degree; find out a method suitable for the anal-
ysis of agricultural structure optimization. Secondly, refine the
research on agricultural industrial structure; expand the re-
search area and conduct horizontal comparison. Thirdly, intro-
duce qualitative factors into research and combine the qualita-
tive and quantitative researches together, in order to make re-
search results more realistic, practical and operational.
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