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APPLICATION OF GRAY CLUSTERING ANALYSIS IN THE
CLASSIFICATION OF FLOODS DISASTER GRADE
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ABSTRACT 830011)

The degree of association is a measurement of associatively among things or factors.
In this paper, based on calculating the degree of association between the reference
sequence U, and the comparison sequence U, of evaluation quotas of natural disaster,
the model of Grey association for evaluation of natural disaster is established and is
applied to the disastrous degree evaluation of Xinjiang "96.7" floods. By using the
model, the disastrous grade belonging of some regions in the Xinjiang "96.7" floods and
the sequence of disastrous grade are made out, The results show: using the model of
Grey association for evaluation of natural disaster not only can avoids the arbitrariance
of artificial judgement, but also can be accord with the facts well. So, the model of Grey
association is a scientific and practical way to evaluate the disastrous condition of
natural disaster.
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I. INTRODUCTION
A widespread flood occurred all over Xinjiang in 1996, and the rainstorm flood,

which occurred at the middle ten days and at the last ten days of Jun, in 1996, affected
30 countys and cities of 13 regions and prefectures in Xinjiang. During the time of less
than half a month, the economy losses of thin floods is 43.798 X 109 yuan(RMB), which
is as 1.7 times as the total economy losses of floods during forty-six years (from1950 to
1995).Therefore, floods, which occurred at the middle ten days and at the last ten days
of Jun in 1996("96.7" flood for shorter following), is the greatest flood disaster since the
beginning of history( throughout history).

In this paper, on the basis of statistical data of Xinjiang "96.7" this analyze disaster
grade and floods losses of damaged regions in Xijiang by using the method of Gray
Clustering analysis.

[ METHOD AND PROCESS

2.1 Determining Indexes and Criterion of Hazards Classification.

Floods hazard always cause damage to many things of social wealth, economy and
personnel. Here, we choose 4 main aspects as the classification of grade from synthesis
consideration of coverage, society and economy (Ma Zunjin, 1994). On the basis of the
precision of statistic data and characteristics of floods hazard.
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(1) Disaster area, includes disaster area of crops (damaged area and area without
harvest of crops), and area of destroyed land, unite is hm®.

(2) Disaster population, here is the population damaged by floods, unite is person.

(3) Destroyed buildings, includes damaged houses and house collapsed, here the
grade is classified on the basis of disaster area, unite is m’,

(4) Direct economizing losses, here is the losses caused by floods directly, unite is
yuan,

Based on the indexes of classification grade above, floods disaster of Xinjiang is
divided into five grades (Tab.l), i.e.: extreme heavy disaster, heavy disaster, middle
heavy disaster, light disaster, faint disaster, combining the level of economy
development, population density and other fact of Xinjiang (Yu Qindong, 1998).

Tab.1 Natural hazard grades and classifies criterion of individual index

Extreme Heavy Middle Light Faint
Indexes . . . . .
heavy disaster  disaster disaster disaster disaster
Disaster area(hm®) >10° 10'—10°  10*—10° 102—10° <10?
Disaster populati
SASTer popHation >10° 10—10°  10°—10°  10°—10° <10?
(person)
Destroyed house
d >10° 10—10°  10°—10°  10°—10’ <102
(m?)
E
opmGuLy losses >10* 10'—10°  10°—10"  10°—10° <10°
(yuan)

2.2 Functional Change of Classification Indexes

Operate classification indexes of natural hazards grade by using transforming
function, in order to make the grade classification of difference indexes has an unite
criterion (Yang Shisheng, 1997).

(1) Transforming function of disaster area (unite is hm®), disaster population (unite
is person), destroyed houses (unite is m*):

1 X >10°
UX)= O.ZLg% 10 < X <10°
0 X <10

(2) Transforming function of direct economy losses (unite is yuan):

1 X >10°
U(X)={02Lg l‘;: 10° < X <10°
0 X <10

2.3 Evaluation Model and Calculation Process
On the basis of the analyzing method of Gray correlation (Fu Li, 1992), take U=
(ug)s Cug=1, j=1, 2,0 m) as the reference sequence, and take U; (uy), (=1,
2 penins n, j=I, 2,~++*m) as the comparison sequence. Here, the meaning of U, is:
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transformed function value of every individual index is 1, i.e. belongs to the criterion
extreme heavy disaster. Using reference sequence U, and comparison sequence U, gets
the values of transformed function. According to formula (1), we can get the absolute
value of reference sequence and the j-th indexes of comparison sequences.

Ay () = | Uy (uy) -U; (o | (D
The definition of Gray correlation coefficient provides the formula is:
1
501 (]) S = (2)
L+4,,()

Formula (2) shows: the bigger absolute value is, which indicates distance between
individual index and the same index of reference sequence is great, the minor
correlation coefficient is; on the contrary, the miner absolute value is, which indicates
distance between individual index and the same index of reference sequence is smaller,
the bigger correlation coefficient is. The range of correlation coefficient is (0.5,1)
because values belong to the range of (0, 1).

There is a value, which reflects the correlation coefficient of m indexes because m
indexes are chosen in the process of analysis; this value is called correlation degree.
Correlation degree is the average value of all correlation coefficient of indexes in
comparison sequence and references sequence, which reflects the related degree of
comparison sequence and reference sequence. Higher the correlation degree is, heavier
the hazard is; on the contrary, lower the correlation degree is, lighter the hazard is. Here,
correlation degree is calculated by using formula (3) on the basis of average value
method in equal-weight.

1 & .
Foi =_Z§of(1) (3)
m3
Take 4 as the number of classification indexes, i.e. m=4, therefore, formula (3) can

be changed into formula (4).
L& .
Toi :Zzgm(]) (4)
J=1

Formula (4) shows that the correlation degree reflects the losses of hazard. So, we
can classify the hazard degree by giving values to correlation degree (Tab.2). Then, put
correlation degree of hazards in order from large to small, and get the sequence of
correlation degree, which reflects hazards heavy of each unite.

Tab.2 The relationship between the value of hazard grades and the degree of association

. Extreme ) . .
Disaster b Heavy Middle heavy Light Faint
eav
degree ) s disaster disaster disaster disaster
disaster
Correlation
0.9—1 0.8—0.9 0.7—0.8 0.6—0.7 0.5—0.6

degree
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[IT ANALYSIS OF '96.7' FLOODS

We choose 10 typical regions, which are damaged in Xinjiang '96.7' floods as the
comparison, unite (Fig.1). Firstly, transform the values of losses got from Fig.1 into
functional values by using transformed function forwarded above (Tab.3). Then,
calculate resolute difference of every index.

Ay= (0.562, 0.244, 0137, 0.092), Ag,= (0.372, 0.245, 0.241, 0.159)

A= (0517, 0272, 0309, 0.350), A,= (0327, 0.205, 0.053, 0.020)

Ny= (0356, 0306, 0.046, 0.061), A= (0453, 0316, 0.258, 0.148)

A= (0393, 0.269, 0.133, 0.021), A,= (0.493, 0.250, 0.362, 0.281)

A= (0.534, 0.140, 0.345, 0.169), A= (0.267, 0.123, 0.173, 0.040)

70 I 1 Fsaster area/10 B’
60 B disaster populatiorv'104persons _
| O destroyed house/10'm” [

w [ direct ecnomy losses/ 1083'}311

40
30
2
10 f
0

PR i ;I. 8 B ol ael:

Urumgi Tachen Bozhou Changji Tulufan Hami Bazhou Kezhou Kashi Bingtuan

Fig.1 The disastrous losses chart of the typical regions in Xinjiang
during the "96.7" floods

According to formula (2), correlation coefficients are calculated.
£,= (0.640, 0.804, 0.879, 0.916), §,=(0.729, 0.803, 0.806, 0.863)
€ ,,= (0.659, 0.786, 0.764, 0.741), §,=(0.754, 0.829, 0.949, 0.980)
€ = (0.737, 0.766, 0.956, 0.943), € .= (0.688, 0.759, 0.795, 0.871)
€ ,,= (0.718, 0.788, 0.883, 0.979), &= (0.670, 0.799, 0.734, 0.781)
€ ,= (0.652, 0.877, 0.743, 0.855), &, ,=(0.789, 0.890, 0.853, 0.962)

On the basis above, the losses of correlation degree value of each region in

Xinjiang '96.7' floods according to formula (4). Then, classify disaster grade and get the
result (Tab.4).
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Tab.3 The transformed function value of classify index in some regions of Xinjiang

‘96.7’
. . Direct
. Disaster Disaster Destroyed
No. (1) Us Cuy) _ economy
area population house

losses

1 U, 0.438 0.756 0.863 0.908
2 U, 0.628 0.755 0.759 0.841
3 U, 0.483 0.728 0.691 0.650
4 U, . 0.673 0.795 0.947 0.980
5 U 0.644 0.694 0.954 0.939
6 U, 0.547 0.684 0.742 0.852
7 U, 0.607 0.731 0.867 0.979
8 U, 0.507 0.749 0.638 0.719
9 U, 0466 0.860 0.655 0.831
10 U, 0.733 0.877 0.827 0.960

Tab.4 Hazard classify and the degree of association in Xinjiang ‘96.7’ floods

No. (i) Regions Correlation degree Disaster grade
1 Urumqi 0.809 2
2 Tachen 0.800 2
3 Bozhou 0.738 3
4 Changji 0.878 2
5 Tulufan 0.851 2
6 Hami 0.778 3
7 Bazhou 0.842 2
8 Kezhou 0.746 3
9 Kashi 0.781 3
10 Bingtuan 0.874 2

IV DISCUSSION

Analyzing calculation results and the relationship between correlation degree and
disaster grades, we find that the Changji, Bingtuan, Tulufan, Bazhou, Urumgqi and
Tacheng Region belong to heavy disaster in Xinjiang '96.7' floods(Tab.4), and the
correlation degree is: Changji>Bingtuan>Tulufan>Bazhou>Urumgqi>Tacheng; Bozhou,
Hami, Kezhou and Kashi belong to middle heavy disaster, and the sequence of disaster
losses is: Kashi>Hami>Kezhou>Bozhou. The conclusion got above suits the condition
of Xinjiang '96.7' floods and factual disaster condition shown in Fig.1 very well, which
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indicates that the conclusion obtained by using evaluation method of Gray correlation is
in reason and practical. Therefore, the assessment results can be used as the scientific
basis for deploying the program of forecasting, preventing hazards.
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