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Analysis on spatial distribution of forest disasters in China

Zhang Ying Ding Yufei
(School of Economics & Management, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Forest fires, diseases, pests and rodents are important influencing factors in forest
ecosystem, and have important influence on the stability and balance of forest ecosystem. It is of great
significance to study the risk of forest disasters to improve the management ability and countermeasures of
forest resource risk. [Method] Relevant data on the number of forest disasters in China from 2003 to 2016
were collected in this study, and the spatial distribution of China’s forest disasters was analyzed using the
principal component cluster analysis method. [Result] From 2003 to 2016, Hunan and Guizhou provinces
ranked first top two provinces in terms of the total number of forest fires. Concerning total fire area,
Heilongjiang Province was much higher than other provinces, while Beijing and Tianjin municipalities had
the least total. In terms of the total area of affecting forests, Heilongjiang Province and Inner Mongolia
autonomous region were relatively serious, which was dozens or even hundreds of times of other provinces
and cities. In terms of affecting stand volume loss, Heilongjiang Province was also the most serious one,
with an average annual forest fire loss of 686 100 m’. According to the degree of fire disaster, the spatial

distribution of forest fires can be divided into three types, which are mild, moderate and severe fire zones,
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especially Heilongjiang Province was the most prominent. On the spatial distribution of forest diseases, pests
and rodents disasters were divided into four categories based on the extent of the damage. Xinjiang and Inner
Mongolia Autonomous Region fell into the IV category, where a large area diseases, pests and rodents
occurred with a high proportion of moderate and severe ones. Other provinces and cities were belonging to
the IIII category, where smaller (Beijing, Shanghai, etc.), moderate (Hainan Province) and larger
(Heilongjiang Province, etc.) area diseases, pests and rodents happened. [Conclusion] The number of forest
fires and the area of forest damage were generally decreasing in 2003 to 2016, but the area of forest diseases
and insect pests occurrence overall rised in recent years in China, especially in the proportion of forest insect
and rodent, moderate and severe disaster area increased, and this should be paid more attention to. The study
also discusses relevant issues, and provides a reference for the risk management of forest disasters.

Key words: forest disasters; spatial distribution; principal component clustering; forest ecosystem; resource

management
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Tab. 1 Forest fire types
AR KR Y ZHHAH/hm® LAY 3 LD ¢
Forest fires type Damaged area/ha Death toll Seriously injured people
— AR K K General forest fire <1 1~3 1~10
BORARM KK Larger forest fire 1~ 100 3~10 10~ 50
HRBRM K Serious forest fire 101 ~ 1 000 10~30 50 ~ 100
R F K AR K K Extremely serious forest fire > 1000 > 30 > 100
VE: WRLIRIF[13]. Note: data are cited from reference [13].
®2 BUXHZMNRXE ST
Tab. 2 Number of forest fires in various regions

T Herpbx HALHIX PERAHE X HRIBX HERFHE X ARAbHIX PLHIX

Year Central China  Northern China  Southwestern China  Eastern China  Southern China  Northeastern China Northwestern China
2003 2123 2184 3483 2475 1458 641 102
2004 4627 2327 2304 3967 1737 403 105
2005 5241 2519 2199 1969 1121 370 128
2006 3001 2485 2 604 838 758 385 105
2007 3990 2334 2405 1073 997 309 159
2008 7243 2208 3327 1838 942 463 131
2009 3429 2185 2544 1387 803 361 159
2010 2248 2162 3580 566 895 107 175
2011 2005 2224 1019 1327 631 155 198
2012 1635 2184 1111 396 377 141 134
2013 1472 2180 954 539 461 50 286
2014 759 2280 1018 639 622 209 190
2015 166 2223 514 261 1359 335 93
2016 469 2151 387 225 522 192 104
St Total 38408 31 646 27 449 17 500 12 683 4121 2069
) Mean 2743.43 2260.43 1 960.64 1250 905.93 294.36 147.79

VE: WAEBKRIE[11-12]. Note: data are cited from reference [11-12].

x3 BHEHZMKNGZEER

Tab.3 Total area of forest fires in various regions

4 AALHX/Am?  EIEX/Am® AR /Am? PR /Am® X /Amt R /hmT PR /hm?
Year Nortl}eastern No'rthern Ea.stern Northwestem Cejntral SOl:lthel‘n South'western
China/ha China/ha China/ha China/ha China/ha China/ha China/ha
2003 800 019.1 214 642.0 37 449.0 31 864.6 31962.8 23 135.4 3084.4
2004 186 304.7 10 430.1 217155 67 578.9 28 799.1 30391.5 995.3
2005 132 831.0 53 862.0 30 795.0 30 320.0 27202.0 16 999.0 626.0
2006 417 104.2 83 268.7 32099.4 8298.7 12 362.9 10 521.5 654.5
2007 40 287.0 15 893.0 21743.0 11911.0 20 127.0 16 537.0 636.0
2008 20 096.0 18 768.0 58 086.0 35187.0 40 678.0 13 085.0 605.0
2009 101 594.0 23 382.0 28921.0 28 766.0 22 298.0 10 020.0 667.0
2010 14 267.0 11 881.0 56 883.0 4975.0 12519.0 17 829.0 1357.0
2011 2 558.0 12 319.0 9277.0 19 693.0 11 041.0 8579.0 1970.0
2012 1598.0 9117.0 13959.0 4651.0 10 022.0 5207.0 629.0
2013 312.0 5443.0 16 279.0 7 308.0 9091.0 4937.0 1533.0
2014 1480.0 9895.0 22 056.0 8094.0 5926.0 8997.0 907.0
2015 3250.0 7 148.0 6596.0 4713.0 1037.0 11 862.0 490.0
2016 2469.0 4557.0 2 602.0 1 859.0 1782.0 5936.0 975.0
S Total 1724 170.0 480 605.8 358 460.9 265 219.2 234 847.8 184 036.4 15129.2
P14 Mean 229 889.3 64 080.8 47794.8 35362.6 31313.0 24 538.2 2017.2

VBT R BRARCR IS EUE, BRI, AR X NS BT A SR Gt k. IRl BERISRUE[11-12]. Notes: since Shanghai does

not have statistics on forest fires, eastern China does not include relevant statistics on Shanghai. The same below. Data are cited from reference [11—12].
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Tab. 4 Area of forest diseases, pests and rodents in each province from 2012 to 2016

BIX AR B T R AR T AR /hm? BRI L HLEARAKE T
Province Area of forest pf:st and Moderate for.est disaster Serlous fo'rest
rodent infestation/ha proportion/% disaster ratio/%
JE5¢ Beijing 197.152 0.19 0.03
I~ % Guangdong 1553.038 11.84 0.35
¥ Shanghai 26.995 5.14 0.56
1% Shandong 2511.869 4.88 0.88
11174 Shanxi 1191.765 14.54 1.04
5t Guizhou 1087.837 9.08 2.03
HHT. Zhejiang 490.996 5.20 2.06
K3 Tianjin 240.572 10.06 231
A4 Henan 2893.375 12.79 2.85
HJK Chongging 1 446.76 13.10 2.88
YL74 Jiangxi 1311.365 9.99 321
J" 74 Guangxi 1 855.257 12.94 3.93
5175 Hunan 1771.786 10.69 4.53
A Anhui 2063.284 14.45 4.94
|t Hebei 2565.842 14.01 4.96
Hiff Gansu 1 746.386 21.36 5.15
¥ Qinghai 1355.454 26.06 5.31
7 & Ningxia 1365.204 26.29 5.60
YLJ5 Jiangsu 534.485 9.27 5.75
1E % Fujian 1103.263 11.78 5.83
{74 Hainan 105.432 2223 6.46
k7Y Shaanxi 2119.728 2228 6.70
ZF§ Yunnan 1 847.057 21.41 7.04
S BT Heilongjiang 2 195.373 52.98 7.34
B8 Xinjiang 8 663.044 18.73 7.44
53k Hubei 2018.825 18.57 8.17
L Liaoning 3237.853 24.41 8.87
Ak Jilin 1188.899 20.19 9.75
P41l Sichuan 3652.284 24.33 9.85
P %1 Inner Mongolia 5948.156 31.53 15.70

201248 J5, AbR SR A B0E 6048 7E TR B AR AR HUEE A G 5 2 vk, BRL b, ARMORS L B B AE T AR R SR G g . TRl Bkl
HKIE[11-12]. Notes: after 2012, the data of forest rodents are included in the statistics of forest diseases and pests in China. Therefore, the data of forest
diseases, pests and rodents include related statistics of forest rodents. The same below. Data are cited from reference [11—-12].
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Tab. 5 Provincial forest fires from 2003 to 2016

BT PR/ K3 T A /hm? ZE RO E R/ hm? BRI R
Province Total number of fires Total fire area/ha Total area of affected forests/ha Total loss of forest stocks/m’
MJpIT. Heilongjiang 1 058.00 1708 793.30 722 161.00 9 606 005.00
PI 51t Inner Mongolia 1 600.00 405 928.60 218 595.70 1414 432.70
{1 Hunan 23 206.00 156 677.80 97 267.30 2 043 660.20
#a# Fujian 4524.00 87 405.80 56 873.60 1753 919.30
TL74 Jiangxi 4377.00 87 425.10 42 538.40 631 947.00
#THT Zhejiang 5163.00 73 615.20 38271.60 997 125.60
FtJH Guizhou 14 521.00 149 632.10 30 380.50 642 994.40
Z:F Yunnan 5179.00 140 561.40 26 632.40 979 097.10
J" 74 Guangxi 8 726.00 143 405.50 26 457.60 832 929.30
"% Guangdong 2 530.00 34769.20 16 160.20 275 857.00
PY)1 Sichuan 6 081.00 57 785.30 13 702.40 582 179.40
11t Hubei 7774.00 58 407.70 10 084.30 125 682.50
(i 74 Shanxi 395.00 31093.20 9 597.40 320 324.70
T Henan 7 428.00 19 762.30 6201.60 11 068.10
) Anhui 2118.00 11 486.00 4945.40 108 418.00
L7 Liaoning 2 076.00 12 618.60 4177.10 15 199.90
#3749 Hainan 1427.00 5861.70 3087.70 30 387.50
#JK Chongging 1 403.00 6 822.60 2266.80 79 657.70
Bk PG Shaanxi 1033.00 5 474.50 2 094.50 17 598.50
Tk Hebei 1309.00 14 673.50 1997.00 8 774.30
(i 4 Shandong 467.00 3198.40 1946.70 12 103.60
T if# Qinghai 136.00 2216.20 1270.90 14.40
Ak Jilin 987.00 2758.10 1264.90 36 994.90
#7188 Xinjiang 504.00 2509.10 1 081.00 8 965.40
‘Hilt Gansu 210.00 3419.30 975.10 136 472.00
TT5 Jangxi 851.00 2 088.70 819.76 9304.30
PEi Xizang 265.00 3 659.50 698.60 7 417.60
Jb 3T Beijing 65.00 364.30 182.40 215.10
75 Ningxia 186.00 1510.10 105.80 16.00
FRHE Tianjin 144.00 413.20 101.30 431.00
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Tab. 6 Total variance explained for forest fires by principle component clustering analysis

‘ LEsERRRIE SEHE AT T A
S %ix Initial eigenvalue Sum squares of loads
Principal : :
Eigenvalue Contribution rate/% Accumulative contribution rate/%  Eigenvalue Contribution rate/% Accumulative contribution rate/%

PCl 2.968 74.202 74.202 2.968 74.202 74.202

PC2 1.002 25.046 99.248 1.002 25.046 99.248

PC3 0.023 0.582 99.83

PC4 0.007 0.17 100

VE: %K HSPSS18.011 57119 . Note: the table was calculated by SPSS18.0.
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2 ER (PC2) N R IRELH T (Fy) o

7 BRNREESBLESWEFHETER

Tab. 7 Component matrix for forest fires by principle
component clustering analysis

71 T2

-
iR Index Factor 1 (F}) Factor 2 (Fy)

K9 IBIREL Total number of fires 0.082 0.997

k3% A AR Total fire area 0.995 —-0.057

% SR Total f affect

fx%%ﬁ% [H#7 Total area of affected 0.994 0,063

orests

R RSB R B
FRAE B35 25 & Total loss of forest 0.991 0.038
stocks

JH AL 3 38 4mr B PR 285 1 300 FR S T8 3R 20 3 B A
5 1 MR AT J5 MR A3 203 s o M i eh @
JR I3 IR 2 EL AR 8 TR
®8 MMNRESBENNRBIERE

Tab. 8 Coefficient matrix for forest fires

J&#7 Index PCI PC2
KR A VRHL Total number of fires 0.047 60 0.996 00
K37 TH F Total fire area 057755 —0.056 94
f%rifﬂ&%ﬁﬂ Total area of affected 057697  —0.0629%
gizﬂi;%*ﬂléﬁjﬁﬁii Total loss of forest 057523 0.037 96

A, E RS PCL. PC2 AL H -5 M-

PC1 =0.047 60x1" +0.577 55x," +
0.576 97x3™ +0.575 23x4"

PC2 =0.996 00x;* —0.056 94.x,"—
0.062 94x3™ +0.037 96x4*
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Tab. 9 Principal component score of various provinces for forest fires

P%oj?rlze PCl R?rflfign g PC2 Riflfn g
JE 5t Beijing —0.644 66 1 —0.663 54 2
K Tianjin —0.644 09 2 —-0.647 76 4
At Hebei —-0.59595 12 —-0.419 03 15
(i 74 Shanxi —0.440 92 18 - 0.600 93 8
51 Inner Mongolia 1.508 73 29 -0.503 15 12
1L 7 Liaoning —-0.581 04 15 —-0.266 77 18
K Jilin -0.614 93 9 —0.480 05 13
HJEYT Heilongjiang 8.710 51 30 —0.907 42 1
T.75 Jiangsu -0.628 34 7 —0.507 40 11
WHT Zhejiang 0.024 69 23 0.342 10 24
2 Anhui -0.54922 16 —0.256 56 19
¥a# Fujian 0.368 88 27 0.219 86 22
TL74 Jiangxi -0.057 51 22 0.173 23 21
I 4 Shandong —-0.624 22 8 —0.584 55 9
T Henan -0.509 69 17 0.796 86 26
11t Hubei -0.38149 20 0.859 39 27
1517 Hunan 0.940 66 28 3.91551 30
]~ 7R Guangdong —0.400 21 19 —0.180 38 20
I 74 Guangxi 0.083 32 24 1.041 06 28
74 Hainan -0.599 39 11 -0.393 97 17
K Chongqing —0.58538 14 —0.397 48 16
PY)1 Sichuan -0.23528 21 0.530 40 25
F M Guizhou 0.105 08 26 2.188 22 29
ZF§ Yunnan 0.092 50 25 0.338 17 23
PE Xizang -0.63215 5 —0.624 38 7
BkPG Shaanxi -0.61224 10 —-0.47218 14
H7f Gansu -0.590 09 13 —0.632 66 6
1 Qinghai -0.63599 4 —0.650 24 3
T & Ningxia —0.641 79 3 —-0.639 61 5
g Xinjiang —-0.629 85 6 -0.576 72 10
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68.61 Ji m’. HIRFEIRITAE KKK ERBIFAZ, H
LR P 3 RN RE B d KT AR 1
222 HMmRREZ RS>

[FIRE, B3R 4 A aT UE s TE AR MR BB 3
AT T, B8R VA XA L i L, 5 4R ]
52 BIFRMP B S T AR A 2 8 663.04 hm?, i

e T H A T X, 78 o R R R R AR bR ¢ o B T T
ST N I A 7 E, H R R R AR R R
2T 60.32%; HUGE P E G X, (5N 56.42%
FIRESE N R 4 FIBE K Z-score J7 B AT hntiEAL
Ab B, B J5 X AR A S B EHE 3EAT Bartlett’s BRIE A
oA KMO £ 46 . AHF 781 KMO ta {4 0.59, &
T 0.5 f3& F AR A ; Bartlett BR T A6 36 (19 BE 2618 A
0.000, £ 0.05 7K~F T 2 53 Wi 2, 1 BH i 36 FH 10
AT CAEAT R F- 934

E— B AT 2 AR o b, B A RN SR 10 P
7No 2% 10 W1 PC1. PC2 H AN FE B3 (1) 77 220 5 42
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Fig. 1 Provincial forest fires tree diagram
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Tab. 10 Total variance explained for forest diseases, pests and rodents by principle component clustering analysis

i L GERENRIEN FE B 15 A
TR Initial eigenvalue Sum of squares of loads
Principal - o o . o L s
component A Sk 2 it Tk HEAE i Sk it TR
Eigenvalue Contribution rate/% Accumulative contribution rate/%  Eigenvalue Contribution rate/% Accumulative contribution rate/%
PC1 1.970 65.664 65.664 1.970 65.664 65.664
PC2 0.749 24.963 90.626 0.749 24.963 90.626
PC3 0.281 9.374 100.000

BT Z B EE BN 90.626% . HIEEL PC1 NS 1 %
53, PC2 %R 2 FEM5)

B 2% 10 1 8 7 34 F0 B AT LA e 32 o)
PC1 7E o B AR AR5 35 LU A9 35 R R ¢ 35 L Agi X 7
ANMEb B ER R EA . B, 2 X 1 Ry
(PC1) N ™ H AR s BB & Lh b (FpD o F s
PC2 7E AR M HU R 3 R AR TR b ) 304 B 2 B K
R, 52 B 2 F o (PC2) AR MR BB 5k A T

FRABFR (F)(F 11D,

HE— 0 0T IR DR e AR R 2R 0 A IR
TCE T MBRVAEE | NMRHERR BT 7R, 19205 i
B i 2R H S5 RNk 12 Fow.

B 12 15 3 2tk R CF I 32 o PCLL
PC2 kA & -
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x11 HZHERAREIHRASBLSETFHTER {PCI =0.458 83x1" +0.615 57x," +0.640 51x3” @)
Tab. 11 Component matrix for forest diseases, pests and PC2 =0.880 47x;" —0.409 04x;" — 0.238 03x3
rodents by principle component clustering analysis K xl*‘ x2*‘ x3*\ x[%@ﬂ?%’%ﬂiﬁ R E R T
#Fibr Index Fi £ JRARAZ B RR AL IS A BUE -
AR sk L R T WA AR, THE W 31 AN T X o
Disaster area of forest diseases, pests and rodents 0.644 0.762 PEPaN . v . S 3 \ PN
s Ab O L N 13 R . JFt— Bl P BE s &4
I K TR N K S N .
Moderate forest disaster proportion 0.864 —0.354 IZEE1T gé%‘éﬁj\*ﬁy iﬁaﬂﬂj E(] ﬁﬂiﬁi ﬁ% E/‘] Iﬁkﬁ\g&
AR G L _ Ko il R 2 s o (R0 E 70 RE0N 4 AT
Heavy forest disaster ratio 0.899 0.206 T PERNN N
T, 8 31 AT X ARMOp R E K AT RN T
® 12 HHFRREERSBLESTRYER LTI TV 4 28057, 2SR5 /AN 13 PR

Tab. 12 Coefficient matrix for forest diseases, pests

and rodents

18¥5 Index PC1 PC2
FRMo R R AR TR
Disaster area of forest diseases, pests and 0.458 83 0.880 47
rodents
BRI T L
Moderate forest disaster proportion 061557 —0.40904
AR E L 0.64051 —0.23803

Heavy forest disaster ratio

x 13

DAL b, AR A %48 7T DX AR bR R RS R AR I T
R R AR BE L R AR bR ¢ 1R A F TR SR A M v LA
H, FRE AR R E RS A 0] 5k 4 28 o

128 AR B R R AT RN, HLR R R
I HURR F T  LE R . AR 2 EAA AL,
TR, RIERTA A T IX R, AR R E R
A BT AR B /N, 2909 27.00 hm?, Ho A B K 5 E AR AR
P HURR T BT 7 LU BIAR A, T 6%. db AT 2012—

FHRRREENSBRESMREETRERSI /IR

Tab. 13 Principal component score of various provinces for forest diseases, pests and rodents

A1 X Province PC1 HE4 Ranking PC2 HE4 Ranking 25 Classification
Jb 3 Beijing -1.31509 1 —-0.53531 4 I
K Tianjin -0.860 20 5 -0.619 83 3 I
4t Hebei -0.085 53 17 0.379 86 25 I
1174 Shanxi -0.376 57 12 -0.262 89 12 I
M5 Inner Mongolia 1.517 12 28 1.740 60 30 v
i Liaoning 0.541 41 25 0.578 82 28 I
AR Jilin -0.217 43 15 -0.269 66 11 I
¥ J73T. Heilongjiang 1.649 02 30 -0.241 34 13 I
i Shanghai - 1.13031 2 - 0.667 06 2 I
{175 Jiangsu -0.862 92 4 - 0.45528 5 I
WL Zhejiang - 1.02298 3 - 0.45159 6 I
1 Anhui -0.197 93 16 0.152 00 23 I
77 Fujian -0.592 51 -0.233 63 14 I
VL7 Jiangxi -0.589 62 -0.138 81 15 I
LI 4 Shandong —0.484 70 0.437 48 26 I
T Henan -0.029 86 19 0.524 23 27 I
#11t Hubei -0.052 31 18 0.104 91 22 I
157 Hunan —0.450 52 10 0.065 96 20 I
]~ 7% Guangdong -0.401 48 11 -0.074 87 17 I
P4 Guangxi -0.330 73 14 0.081 37 21 I
7 Hainan 2.956 74 31 -2.708 92 1 II
K Chongqing - 0.602 82 6 —0.003 00 19 I
P9 )I| Sichuan 0.55275 26 0.817 77 29 I
#t M Guizhou - 0.364 44 13 -0.41537 7 I
%4 Yunnan 0.046 49 20 -0.010 84 18 I
P58 Xizang 0.589 73 27 -0.357 42 8 I
[ 74 Shaanxi 0.063 05 21 0.155 48 24 I
Hif Gansu 0.075 98 22 -0.088 51 16 I
#HfF Qinghai 0.252 96 24 —-0.351 04 9 I
T X Ningxia 0.15575 23 —0.285 74 10 I
38 Xinjiang 1.566 96 29 3.132 64 31 v
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Fig. 2 Provincial forest diseases, pests and rodents tree diagram by principle component clustering analysis
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