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Abstract: Monitoring and analyzing the spatio-temporal patterns changes is of great significance for understanding the
dynamic evolution and integrated management of forest biological disasters. Based on the open statistical data of forest pest
disaster area and forest cover area at national and provincial scale from 1998 to 2019, two series of indicators, the Forest
Pest Outbreak Index ( FPOI) and the Forest Pest Occurrence Area Rate ( FPOAR), were calculated and derived. The
spatial and temporal differentiation characteristics of forest biological disasters in China were revealed by the indicators data
analysis with various methods. Sen’s Slope Estimator and Mann Kendall test, Mann Kendall mutation test, sliding T test,

coefficient of variation, and Hurst exponent were adopted separately in analyzing the trend, sudden changes and stability of
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occurred disasters. The results are as follows: (1) Both of FPOI and FPOAR indicators are suitable for different scales
analysis of forest biological disasters. With the clearly differentiation of the consistent spatio-temporal data of the two
indicators, the characteristics of forest biological disasters could be analyzed and quantitative visualized. However, there
might be partially different between the results by the two indicators. (2) Regarding the characteristics of historical trend,
the FPOI indicator with more weight on severe and moderate disasters showed downward trend at the national scale, while
the FPOAR indicator was an upward trend. At the provincial scale, both indicators disclosed that forest biological disasters
in Xinjiang, Tibet, Tianjin and a few other provinces were on the rise. However, more provinces in most regions of North,
Northeast, East, and Northwest China showed a downward trend. (3) In terms of mutation characteristics, at the national
scale, the trend mutation occurred only in 2001, and there was no mutation in other years. At the provincial scale, most
regions did not show abrupt changes, and a few provinces showed one trend changes in the same years. (4) According to
the stability characteristics of forest biological hazards, forest pest disasters showed stable in most provinces across the
country. The performance of 5 provinces included Hainan, Qinghai, Zhejiang, Chongqing, Shanghai were unstable by the
FPOAR indicator, the unstable provinces numbers expanded to 11 by the FPOI indicator, 6 more provinces included
Gansu, Tibet, Shanxi, Henan, Jiangsu, Jilin provinces were joined. (5) For the characteristics of the future trend, forest
pest disasters at the national scale and in regions at the provincial scale are consistent with historical trends, showing a
continuous downward trend in most provinces. A few provinces, such as Xinjiang and Tibet, still show a continuous upward

trend.

Key Words: forest biological disaster; forestry pest outbreak index; Mann Kendall test; Hurst exponent
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£ 1 1998—2019 £ FPOI.FPOAR #8161
Table 1 FPOI and FPOAR trend test from 1998 to 2019
135K, KA HGHL FPOT RE KA A FPOAR
Regions Sen’s slope A P Sen’s slope A P
43t Total -0.00028 -3.8349 0.000126 ** 0.033779 2.143 0.03211*
L -0.00055 -1.6355 0.1019 0.057862 1.1843 0.2363
Jbae -0.00142 -5.2448 0.0000001564 ** -0.17561 -2.5942 0.009481 **
By -0.00028 -2.425 0.01531* -0.04372 -1.4663 0.1426
Hw -0.00138 -3.3838 0.000715 ** -0.12199 -2.5942 0.009481 **
IR -0.00154 -4.3425 0.00001409 ** -0.24833 -4.1169 0.0000384 **
S 0.00006899767 0.84594 0.3976 0.015746 1.0715 0.2839
B -0.00078 -2.0303 0.04233 " -0.14342 -1.6919 0.09067
e} -0.00033 -1.9739 0.0484* -0.04087 -1.0151 0.31
ik -0.00118 -3.6093 0.000307 ** -0.02973 -0.45117 0.6519
IR -0.0046 -4.7936 0.000001638 ** -0.64643 -4.3989 0.00001088 **
Ly AR -0.00043 -3.6093 0.000307 ** -0.04545 -3.2146 0.001306 **
il 0.00006902605 0.50756 0.6118 0.099273 3.6093 0.000307 **
i) 0.000178 1.2971 0.1946 0.071919 3.1582 0.001588 **
R 0.000174 0.39477 0.693 0.026553 0.28198 0.778
VLI -0.00351 -3.7785 0.000158 ** -0.44534 -3.2146 0.001306 **
PANi) 0.00002640067 0.22558 0.8215 0.026615 0.78954 0.4298
L7 -0.00054 -1.0715 0.2839 0.0561 0.39477 0.693
e -0.00018 -0.95873 0.3377 0.022059 0.73315 0.4635
THE -0.01279402 -4.0766 0.0000457 ** -2.007577 -2.7988 0.005129 **
HifF -0.00276 -4.3989 0.00001088 ** -0.43099 -4.0605 0.00004897 **
AR -0.00447 -5.414 0.00000006163 **  —0.71355 -4.5681 0.000004922 **
17 -0.00501 -5.3012 0.000000115 ** -0.78732 -5.3012 0.000000115 **
5] -0.00166 -5.7524 0.0000000088 ** -0.15275 —4.3425 0.00001409 **
ity -0.01393 -3.3838 0.000715 ** -2.73003 -2.8198 0.004805 **
| -0.00057 -4.0041 0.00006225 ** -0.06074 -3.3274 0.000877 **
PN 0.004196 3.1018 0.001924 ** 1.515074 3.3838 0.000715 **
[iif 0.000775 2.7942 0.005202 ** 0.118615 3.2449 0.001175 **
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=M -0.00031 -3.1018 0.001924 ** -0.01378 -1.1843 0.2363
Wit -0.0000371518 -0.11279 0.9102 0.030691 0.95873 0.3377
R 0.001882 1.5227 0.1278 0.356129 2.7634 0.00572 **

# P <0.05, % % P <0.01; FPOI. &/ :35%1 Forest pest outbreak index; FPOAR ;% 2 % 4= % Forest pest occurrence area rate
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AEFN 2002 4F VLG AT ARAY S AR B[R] 34 28 2014 4F WG R R PO BT PR HL IX SR [ a3
TRTVE TIPSR

FPOI FPOAR ZR7AF4E FA BT 22 5], s 7848 311 55 , FPOL $8 AR W Kt s Ta i HL R B4R A = A=
5 TS TP e R VP E PR A R LR AR AR R TC 3 % s FPOAR $845 WoR 1k IR R
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Table 2 Statistics of FPOI and FPOAR mutation test of forest pests

X35, FPOI Z7254F Ji FPOAR Z7A54E X 35§ FPOI ZA54F Ji FPOAR Z75 4 Jif
Region FPOI mutation years FPOAR mutation years || Region FPOI mutation years FPOAR mutation years
A3 Total 2001 SN 2014

LB 2010 Kt 2003 2004

STV 2001 2001 ,2002 B 2007 2010

il 2017 2007 i 2012 2012

L] 2009 2009 Gy 2014 2004

VLPg 2002 2014

2.4 BHMAY KR EREES T

FETF AR 5 R B b B AR A S A Tl R R M (T8 3) , AT LU X 22 AR ] ZR AR A 1 0 5 AR
LB RaE  FPOL 28 5 2B 28 AL LN 0.095—1.55, BI{1 4 0.45+0.3; FPOAR 7% S 2 %0 1Y 25 4k 78
0.078—1.43 , ¥J{H 4 0.38+0.29, AR RZEALT 0.5 LL'T FPOI /i 64.52% , EE eIl 4R VRS vEdL
G HLIX ; FPOAR IRTF 0.5 LUF B IX 38 83.87% , BRifg a5 1 W VT H K | Ui b X AP LA 2 IX A R A
FE . VRS HIEMLX FPOI FPOAR 72 5% R 08, U HH 2 b X R F AE WK FE AR R AEMBE R ARAE,
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FPOI . FPOAR 785 ZEAFAE 25 , FPOAR F8 bl il RS 18 WiVl K, BB 5 A X RIARE, HL
FPOI #6545 , 324 2L & XAy H 7 FEE L 78 TR T8 AR 11 41X, Hofl b X AR X,
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Fig.3 Variation coefficient of FPOI and FPOAR of forest biological disaster in provinces and regions
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Fig.4 Future sustainable change trend of forest biological disasters in provinces regions
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