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Cluster analysis-based vulnerability risk zoning of lightning
disaster in Hainan Island

GAO Yi,MENG Xiaoliang, LAO Xiaoqing

(Hainan Provincial Lightning Protection Center, Haikou 570203, China)

Abstract ; From the national collected data of lightning disasters from 1998 to 2009, the observational thunderstorm
data of 18 meteorological stations, and lightning locating networks data and economy and population data in
statistical yearbook of Hainan Province, the indices representing hazard-formative factor, hazard pregnant
environment and hazard-affected body of lightning was selected. Through R-Cluster analysis, the indices
influencing vulnerability were screened and checked. Based on 5 indices, i. e., thunderstorm days, lightning
density above 50 kA, thunderstorm frequency, casualty frequency and regional vulnerability economic modulus as
basic variables, similarity measures of samples were calculated. With Wards method in Q-Cluster, the hierarchy
cluster analysis was carried out and Q-iterative cluster was adopted to explain and testify the result of the cluster.
Finally the zoning of lightning risk in Hainan Island was constructed. Results show that Haikou City is within the
first category zone, whose vulnerability is extremely high, with comprehensive vulnerability as high as 3. 89;
Wencang, Chenmai, Linggao, Dingan, Tuncang and Qionghai are in the second category zone, whose vulnerability
is just next to the extremely high zones; Danzhou, Qiongzhong, Baisha, Tongshi, Baoting are in the third category

zone with moderate risks; Changjiang, Dongfang, Ledong,Wannin, Lingshui and Sanya are in the fourth category
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zone with weak risks.

Key words : cluster analysis ;lightning disaster ; vulnerability ; zone
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Pearson H5¢ R B A T4, Jrikin R .
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Table 1  Standardized transformation values of evaluation variables
AR HEY SOKA DL LN, BRI NAGTIEY KBRS IR XIRE T 5 i
(d-a™h) (K -km™?-a™h) (K-a™t) (AN-a™h) (JiA - km™?) (275 - km™?)
1 W 0.238 0.252 2.319 1.223 3.526 3.649
2 XE -0.287 0.505 0.010 1.840 -0.133 -0.064
3 iz ] 1.596 1.020 -0.199 2.008 -0.122 —-0.064
4 o= 0.096 0.243 -0.507 -0.004 0.424 0.077
5 B 0.799 1.283 -0.451 0.499 -0.050 -0.331
6 i B 0.893 2.368 -0.402 -0.903 -0.216 -0.418
7 e 1.029 0.062 -0.144 -0.508 0.209 -0.162
8 BEneia -0.582 0.912 0.626 0.103 0.209 0.186
9 T 0.439 0.559 2.522 -1.178 -1.015 -0.729
10 S8 1.065 -0.327 -0.710 -0.903 -0.932 -0.681
1 Eft 0.935 -1.132 -1.123 -1.178 -0.860 -0.675
12 BT -0.59% -1.023 -0.556 -0.286 -0.579 -0.265
13 oyl -1.072 -1.051 -0.402 -0.004 -0.370 -0.232
14 IRZR -0.311 -1.331 -0.710 1.223 —-0.447 -0.523
15 3= 0.285 -0.942 -0.556 -0.843 -0.673 -0.598
16 ViR —-1.545 -0.119 0.878 -0.233 0.231 -0.033
17 &z K -0.878 -0.363 0.010 -0.903 0.198 -0.180
18 =) -2.105 -0.915 -0.605 0.049 0. 600 1.043
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Fig. 1 Dendrogram of Ward’s method cluster
(The X axis is mapping value of cluster distance with SPSS numeration )
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Table 2 Check up list of correlation coefficients between variables
T, N, N P c E
T, 1
N, 0.434 !
N -0. 060 0. 301 1
P 0. 000 0. 153 0.073 1
Cc -0.163 0. 159 0. 486 0. 408 1
E -0.199 0.062 0.505 0.409 0.967 1
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Fig.2 Dendrogram of Ward’ s method cluster

(The X axis is mapping value of cluster distance with SPSS numeration )
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Fig.3 Coefficients variation under number of cluster
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Table 3 Initialization center of K — Means cluster

4 K45 T, N, N P E
O 0.238 0.252 2.319 1.223 3.649
(B, i, w2, A 0.619 1.084 -0.310 0.688 -0. 160
P, i AN st sE A | 0.750 -0.356 -0.002 -0.922 -0.569
{308, BV R T ORAR T T K, =l -1.013 -0.556 -0.108 -0.007 -0.001

PUX B0 RIS R, B 0. 01 AN BEA TSR A, PRUGR AR 2 8] ) fie /26 v B 22 AR RS /N T4
IR RS (1Y 1% IR AR 1k, AR RIS ) F Y, S8 o AR ANTT

T4 ERBEHREER
Table 4 Result of K — Means cluster

HAS FEAR K BB
1 i 1 0.000
2 XE 2 1.546
3 it} 2 1.844
4 I 75 2 1.129
5 B 2 0.587
6 By =] 2 2.083
7 s 3 0.781
8 Bl 2 1.397
9 B 3 2.720
10 S0 3 0.783
11 & A 3 1.403
12 BT 4 0.720
13 Vo 4 0.365
14 LA 4 1.706
15 = 3 0.935
16 Viken 4 1.396
17 Bk 4 1.041
18 =iF 4 1.535

PN SR SRGIREINE G LN S R <Pl ORI N NI = P o 17 ek A L= I35 BN = RN
J7RZR 07 Bk, =3t AT AR 5 R ward YA 5E LR 73 45 R L-F— 4, ME— B9 22 A2 B 2 31 1
[SCE - PIR—2&, ] IO RISFFAR AR RE , 20 AT BNk, B 10 L B, B0 B PR it 3
B, B I, RE 22 B B BT RTTORAR 1T K, = R Ry R R
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T AR IR L , PT LA BT 2 HBCR A a 2500 km® 55 9 R A 3 BOR R FAE R PE M RRAIE B, 2 5% 5 BT
TRINE G B REAE i, B a BT km” M5T NBON 22 RIRET R I VR 5 58 ME I REAE B, 1B 4 S M REAE B (3R
5).

AL tH A 25072 8 2 HAE 77.8 ~108.9(d - a™') ZIR], T Bk H B0 1 DX I8, 229 5 BUBSTBUR i
Jed ik, N GO TSR IR AR AN R, SR TR 2% HBUUAT 100. 2 d Ao H i X, 285 5 BUREERL B4
ToARHRAE P L2 T AN I X 8 9 S P B 1 S R 2 BOC T2, O T VEG LU A R & 2R ) 40, el ax
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LR Dy UE MR Y By 10 B e, 3R IR A S B AR R (32 6)
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Table 5 Eigenvalues of cluster

- TRHE  &FESHBEEY NG %/ TR KR,
(d-a™!) (25T + km™?%) (10°* A +km™2-a™!) (107*%)k ~km~2-a"")
() 100.2 0.207 16.269 26.753
{CE B, e, E%,WE B 103.3 0.035 17.002 13.046
PN 35, (v = | 108.9 0.014 2.650 11.563
VENL, AR IR AR, 1T Bk, =0 77.8 0.039 9.853 10.577
x6 HRENTERRINEESRE
Table 6 Standardized comprehensive vulnerability evaluation of cluster
PrRifEfL A
25 FEALE LA A
FHRAK  ZEBWMER ARGITOR  EREER i
12 VU 0.194 1 1.488 7 0.721 92 1.486 5 3.891 27
B2 BB GE,EY,BE B 0.4212 -0.432 92 0.831 58 -0.32172 0.498 2
3% BN, 3, (vb, @ 5| 0.8315 -0.667 54 -1.3156 -0.517 35 -1.668 9
¥AK BVLRERR, TR, 1,447 -0.388 24 -0.238 -0.647 43 -2.720 6

1T | A8 Zy B R 1A 3. 891 27 S5 1 2R IX, I IX I 7l R 5 119 oy 400 B de o, J v KRS X, 265
2 RMIX | SCE T, e, E 2, B B R U KU X, 28 3 M IX O (B M, B, b dd i, R st |
J AR IX, 55 4 ZRHIX L B, K5, SRR, T T B K, 0§ R S KRS DX AR A 45 2R st T 22 ol 1
15 R T XL X R PR
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Fig.4  Vulnerability zoning map of lightning disaster in Hainan Island
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