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Abstract: Understanding the occurrence characteristics of pine wilt disease (PWD) is essential for determining a
suitable strategy to minimize the damage caused by PWD. Thus, in this study, we characterized various environmental
conditions, including meteorological factors, geographical factors, and artificial factors influencing the occurrence of
PWD. The occurrence data of PWD from May 2016 to April 2018 and spatial data of various environmental factors,
including natural and anthropogenic factors, were collected. We evaluated the relative contribution of the environ-
mental variables on the number of dead pine trees by PWD. In this study, among the 17 natural and anthropogenic
factors, the factors affecting the occurrence of dead trees by PWD were verified. The results showed that altitude
and temperature from May to August, among natural factors, and distance to building and forest road among
anthropogenic factors were the most influential factors on the occurrence of PWD.
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Table 1. Type of variable, data source and data collection period.

Category Factors Source (management agency) Data collection period
No. of infected dead trees A A =2 A 2 - (A A) 2016.5.~2018.4.
Forest physiognomy AHLF7E B R (A A 2019.1.
Altitude TEARZAZ(ZEX AR 2019.1.
Slope TENE T EEER] A H ) 2019.1.
Orientation TEARZAZ(ZEX AR Y) 2019.1.
Distance to river A7 ] A BAAEHGEHISSEA 4) 2019.1.
Natural Mean Temp. from May to Aug. AR B (71 A ) 2015~2017
Wind direction from May to Aug. 7]AAZNLEZE(7]AMA) 2015~2017
Duration of sunshine 71AA 2 R E (7] A A) 2015~2018
Distance to forest fire A A AHER R I 2016
Distance to fumigation pile At A sl E g A A R(AFE ) 2016
Distance to thinning forest TSI EA LY - A H AR L2 (L) 58}2:;8:2
Distance to road FEAHZHEZ(ZEX AR YY) 2019.1.
Distance to rail SEARZAEZ(ZEX YA EY) 2019.1.
Anthro- Distance to building S F A B A u A3 2019.1.
POgENIC hyistance to harbor TAAEHGRASY 2019.1.
Distance to forest road AL 7H B A R (A A 2019.1.
}) 2019.1.
SR ARE BAE 258 S5 9o YEAQ

Figure 1. Rasterized map based on the number of dead trees killed
by pine wilt disease (1 km x 1 km).
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Figure 2. Characteristics of natural factors at the number of dead trees by pine wilt disease (Orientation;
S: South, W: West, F, Flat area, E: East, N: North) (Direction of the wind; ES: East-south, 100°,
SE: South-east, 150°, SW: South-west, 200°, WS: West-south, 250°, WN: West-north, 300°).
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Figure 3. Characteristics of anthropogenic factors at the number of dead trees by pine wilt disease.
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L Ao UeERdthTable 2). Q1AH 2 1w} AR,
SEe} 718, LEeh 7 TALE, AAES} 7 AL,
713} ZHATALE, A2AZH} 7HI TAFE 7hojli= Tha
& A Sl A0R S o}%a L}

L/]_EPJ-OD:] e o g £ 2eke) A, A&t A &

o] 1 tTable 3).

Table 2. Correlation matrix between PWD occurrence and natural factors.

. Mean Temp. Distance to Distance to ~ No. of
. Distance Duration of Distance to L. .. .
Altitude  Slope to river from May sunshine forest fire fumigation thinning infected
to Aug. pile forest dead trees
Altitude 1.0000
Slope 0.6546a 1.0000
Eiitfnce to 0.0720*  0.0030* 1.0000
Mean Temp.
from May to 20.4643%*  -0.1916%  -0.1618% 1.0000
Aug.
S'ig;ﬂﬁg of 0.1925%  0.0306* 02458*  -0.3821* 1.0000
fDof;:‘f}fr:’ 0.0937%  0.1345% 0.0834* 0.0285* 0.0236* 1.0000
glsnffg“;fo:’pﬂe 0.0560%  0.0613*  -0.0071*  -0.1097* 0.1097* 0.2522% 1.0000
t]?lllflt;ﬁfge lﬁ(‘)’rest 202173%  -0.0507%  -0.0267*  0.1684*  0.0400%  0.0341*  0.1109* 1.0000
No. of infected ) cocrs 4595+ 0.1315%  -0.5084* 0.4997* 0.1432%* 0.1966*  -0.0750* 1.0000

dead trees

* Values with asterisk indicate a significant correlation at the 0.05 level.

Table 3. Correlation matrix between PWD occurrence and anthropogenic factors.

Distance to

Distance to  Distance to  Distance to  Distance to  Distance to pine tree  No. of infected
road rail building harbor forest road handling dead trees
facility
Distance to road 1.0000
Distance to rail 0.0667* 1.0000
Distance to building 0.3726* -0.0249* 1.0000
Distance to harbor -0.2518* -0.0352* -0.1465* 1.0000
Distance to forest road -0.0281%* -0.0845* -0.0479* -0.0043* 1.0000
Distance to pine tree -0.0139* 0.0033* -0.0500* 0.1061* 0.1954* 1.0000
handling facility
No. of infected dead 0.3174* 0.0608* 0.2499* -0.8269* -0.0103* -0.0865* 1.0000

trees

* Values with asterisk indicate a significant correlation at the 0.05 level.



Table 4. Multiple linear regression results of occurrence of pine wilt disease.
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Variation Standard partial
Variable Coefficient S.D. Inflation Factor regression Significant level
(VIF) coefficient

White pine 0.0000
Species Red pine -79.9200 2.1050 6.8291 -0.0749 0.0000
of trees Black pine -89.7500 2.2420 6.4078 -0.0765 0.0000

Mixed forest -85.0400 2.3250 3.6427 -0.0527 0.0000
Altitude 0.0408 0.0087 2.7002 0.0058 0.0000
Slope 5.8900 0.0656 1.8454 0.0921 0.0000
Orientation -9.8780 0.6412 1.1516 -0.0125 0.0000
Mean Temp. from May to Aug. 35.4500 1.8160 1.5167 0.0181 0.0000
Wind direction from May to Aug. 2.8930 0.0255 3.1466 0.1520 0.0000
Duration of sunshine 626.8000 2.2390 1.9567 0.2955 0.0000
Distance to forest fire 0.0004 0.0001 1.1935 0.0046 0.0000
Distance to fumigation pile 0.0092 0.0001 1.2219 0.0634 0.0000
Distance to thinning forest 0.0005 0.0001 1.1676 0.0040 0.0000
Distance to road 0.3467 0.0056 1.6409 0.0598 0.0000
Distance to rail -0.0003 0.0001 1.1941 -0.0031 0.0002
Distance to building 0.2887 0.0029 1.8509 0.1031 0.0000
Distance to harbor -0.0018 0.0000 4.0080 -0.2284 0.0000
Distance to forest road 0.0012 0.0002 1.1432 0.0044 0.0000
glcitl?:‘;e to pine tree handling -0.0012 0.0001 12407 -0.0090 0.0000
Constant term -5559.0000 46.8400 - - 0.0000
Coefficient of determination (R?) 0.4765 F=4648, df=18, 918751, p<0.001
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