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Predicting Potential Distribution of Monochamus alternatus
Hope responding to Climate Change in Korea

Jaeuk Kim, Huicheul Jung* and Yong-Ha Park
Korea Environment Institute, 370 Sicheong-daero, Sejong, 30147, Republic of Korea

ABSTRACT: Predicting potential spatial distribution of Monochamus alternatus, a major insect vector of the pine wilt disease, is essential
to the spread of the pine wilt disease. The purpose of this study was to predict future domestic spatial distribution of M. alternatus by using
the CLIMEX model considering the temperature condition of the vector’s life history. To predict current distribution of M. alternatus,
the administrative divisions data where the pine wilt spots caused by M. alternatus were found from 2006 to 2014 and the 10-year mean
climate observed data in 68 meteorological stations from 2006 to 2015 were used. Eight parameter sets were chosen based on growth
temperature range of M. alternatus reported in preceding researches. Error matrix method was utilized to select and simulate the
parameter sets showing the highest correlation with the actual distribution. Regarding the future distribution of M. alternatus, two periods
0f 2050s(2046-2055) and 2090s(2091-2100) were predicted using the projected climate data of RCP 8.5 Scenario generated from Korea
Meteorological Administration. Overall results of M. alternatus distribution simulation were fit in the actual distribution; however,
overestimation in Seoul Metropolitan area and Chungnam Region were shown. Gradual expansion of M. alternatus would be expected
to nationwide from western and southern coastal areas of Korea peninsula.
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WAL 31 QI Sturrock et al., 2011; Chung, 2015).

FElubetoll A= 1988 FAE Felj ol Al 72 ha ] A of A
34529] ysfo] 2R WHH o]F, 2005 A7FA] A
HFHo] G e ool ARE TALEA A
RS of ofak WA A3 02 <1ste] 2010 0] Ta}so]
139 71A] 2443t Kwon et al., 2008; Lee et al., 2010).
“EfUp 201195 cokst Aol Baki msfzo]
8] S7Fskal Ql=dl, 53] 2013 d0]l= o154 oldar 9 7}
o= Qlste] Epelsad] Aot EFo] 43| s
L2014 SR 2U-FA A1 512 9,644ha HA ol A oF 2187
o TgfjEo] WA ITH Lee et al., 2014; Choi et al., 2015;
Hong and Lee, 2015; Korea Forest Service, 2015).

A F ol ot At o 1S Fo)7] flste] 3HY
A= Ahde avpE o 2 o] ol WA i A2 &
Al sl B 7Hs A9 o] 2] ol &ste] e Ba vt ok
(Nakamura and Noguchi, 2006). AU A1SH-2 AU
Aol mi7lisoll 28l of-s-sto] WSt | wiitoll & v
A Erdohsa Be BYrdsleas o= WA7} of
FojR AL Qi whebA, i E-o] RS HEs] oSSt tiH|
Sk 21 WA A = ) g of] wl-9- Fashkarl 3 4= Qlek
(Chung, 2015).

AR =] o] AP WS SHEE S Ae
CLIMEX 2 &2 o]-83F 9194 Song and Xu, 2006), Maxent &
L o]-831 A KEstay et al., 2014), =&7F v]w A4Li et
al., 2010), $FE o83t A2} vl o] 7K Feng et al., 2009;
Cheng et al., 2015), 2-3-AJof st &7F22)(Ye et al., 2013)
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=rgsls4c| EF A Exsig

Kobayashi et al. (1984)-2 thofst X315 AHES o] £
o

FA710l 12.7~13°C of| A 28993257} UreRka1(Okuda,
1973; Nagai and Enda, 1974; Igarashi, 1980), -3-=(olHd])o]
5517 Qfefils WP HRE 12.5C oo 2erb e
T 210 2 YTt Okuda, 1973). d5-F-30] FHE Elst
5517 Qe ALE 52 10~15TC W ejoA 12009
9] A-&717ko] HQ5lchar ZARSFtHKimura, 1974; Kimura
etal., 1975). 3L, A53t ol e 9] 50%7} g ST Aol =25}
7] $IIAE 119 oj4te] £x27} W asich, e)7] SAlolA
BRI H = 10.6C 2 UG THEnda, 1976; 1980).
Hanks (1999)+= AHet A] AAIZE 415 21.3C 2 AAI51H91
1I(Reviewed in Davis et al., 2008), Davis et al. (2008)-2 21&
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Fig. 1. Current distribution of M. alternatus in Korea (NIFS, 2014).
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CLIMEX model

E oA o]8€sk= CLIMEX X¥L2 F39] CSIRO
(Commonwealth Scientific and Industrial Research Organ-
isation)of| A 1985 o] 7HE=]Q] o, A Q] FH L 39|
GARP (Genetic Algorithm for Rule-set Production), MAXENT
(Maximum Entropy) 53} ¢ 2J2|F &L | Sof Wol 28
%31 QIti(Kriticos et al., 2003; Barbosa et al., 2012). LQFA Q]

TEEZ HYol F9 S v MY IHF
(covariate) o] A A dt= Zo]2tH, CLIMEX Rg-2 AY
EFol AR B 2215 Ad 5= Atk 7S 7IRke &
e = v g=o] ARE A of| A FEFo] E7E 20 oE
Al BES3H=X] 5 2 9J8 4= Q)tH(Kriticos et al., 2015).

CLIMEXo{|4] =&%]&= Ecoclimatic Index (EI) 32
o) B k= 715 270l A 7iA| 9] 4472 Yehdl= Axt
A A (Annual Growth Index) GI; 9} A1 &34 o= 717H 52
o] AZES 93t A7FAE#|AA]4x(Annual Stress Index) SI,
EYAt AT IAE Uehie AEHA ’E}ixl—’,“{Stress
Interaction Index) SX 2] G140 2 A= TH 4] (1)). 4] (2)o]|A]
Tl 2} My =5 919] 7]-& XJ4x(Temperature Index) 2} 51 A
S(Moisture Index)o]H, 52+= 1'd-& 2 Uyebdl o]t} 4] (3)
9| CS, DS, HS, WS = 917t cold, dry, heat, wet stress A5
)3tk GI 9F ST 7S 23 20] uhk tho|of ula} B A ujj7)
#i%0] QAL WIS uiroR BT 4 (4)°] CDX, CHX,
HDX, HWX = 917k cold-dry, cold-wet, hot-dry, hot-wet stress
A& YehHtKocmankova et al., 2010; Jaramillo et al.,
2011; Kriticos et al., 2015).
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Gl 2} SI, SX 3= F3Fsto] Uehil= El gk thdZ5o] A
A ZAL = Qs H0)FE 7]k e wf 2o
AA7E E2e 4= 3= g100) .2 AT B Ay
oA EI gkoll thelt thefet 5317 o] Fo1 A4 3l om(Vera et
al., 2002; Hoddle, 2004; Wang et al., 2010; Shabani et
2013; Park et al., 2014), & A oA = E4-dol=49] -‘:’,._—55
£ AISshe 7R SR El glo] 10 Kok & 2|92 &4Hokaa
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Error matrix & ©]-2-3}9 thStehman, 1977). Error matrix+ 2!
A A 20} BAE AR ] wsto] AR Z3 4RI HA 2
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o] L 4= Set & o] §3HAT.

72Xtz

Positive, AA| 2} B4 A1} H%= Z351K] -2 True Negative

507 FHS} 4 QltK(Table 2). & ¢1tof| A

1. AN =]
= &5k

7} 9EAE s L1 Bl > 10 Q1 ZHE U] aL5k= True Positive

A Bz HOE R 7 BEAR = 714 71ARE R
HF 3Z€(https://data.kma.go.kr)o| A =33t 2006 d € 2015
WA7IA| 0] A7) AAm(FH| a7, HA7), s, Bt A

Table 1. Initial parameter values of CLIMEX model for predicting M. afternatus distribution in Korea

Value' Definition
Parameter Mnemonic  (Song and Xu, (Olfert et al., 2006;
2006) Jaramillo et al., 2011)
Temperature Index
Limiting low temperature DVO0 10.8C  Lower threshold of temperature for populations growth
Lower optimal temperature DV1 15.0C  Lower optimal temperature for population growth
Upper optimal temperature DV2 30.0C  Upper optimal temperature for population growth
Limiting high temperature DV3 33.0°C  Upper threshold temperature for population growth
Degree days per Generation PDD 1,690C-days Minimum degree days above DVO0 to complete generation
Moisture Index
Limiting low moisture SMO 0.1 Lower threshold of soil moisture
Lower optimal moisture SM1 0.55 Lower limit of optimal range of soil moisture
Upper optimal moisture SM2 1.35 Upper limit of optimal range of soil moisture
Limiting high moisture SM3 4.0 Upper threshold of soil moisture
Cold stress Index
Cold Stress Temperature Threshold TTCS 8°C  Temperature threshold of cold stress
Cold Stress Temperature Rate THCS -0.00013/week Rate of accumulation of cold stress
Heat Stress Index
Heat Stress Temperature Threshold TTHS 33C Threshold of heat stress
Heat Stress Temperature Rate THHS 0.0001/week Rate of accumulation of heat stress
Dry Stress Index
Dry Stress Threshold SMDS 0.25 Soil moisture dry stress (proportion of soil holding capacity)
Dry Stress Rate HDS -0.001/week Rate of accumulation of dry stress
Wet Stress Index
Wet Stress Threshold SMWS 4.0 Soil moisture wet stress (proportion of soild holding capacity)
Wet Stress Rate HWS 0.0001/week Rate of accumulation of wet stress
'Values without units are dimensionless proportions.
Table 2. Error matrix and its components
Predicted Actual Presence Absence
Presence (a) True Positive (b) False Positive
Absence (c) False Negative (d) True Negative
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Eo)5 9 109 Fatote] 6878 BSAFER L5k
ulef oSS 913t 7154l S A 71 71 B Y (http:
/Iwww.climate.go.kr)o| A A|33H= 12.5 km Z*}2] RCP 8.5
AUE] 2 9H 7| 3212 S Park et al. (2014)S #a18te] SR
Al719F Y3 687 W5 AHER FEsF3Uch 2050ETh
(204613~2055d 109 FH) 2} 20901 H(2091'E~2100% 10
| B o F 7|17 e = 535Sl

CLIMEX R o= IS0 AR} 7| e =E
TESHA AR Eof 17| wiszoll TEAH ] fIAHE
o= Y1E =Lt AL g2 A=k 7| A ROl Ut 2
7|2, P+t H A7, G e, A 91 G,
9% 34 9] Al4 =7} i) CLIMEX 2o Badh o
A 9AQF @5 3A1 0] AehiG e 71 ol A Al S 4] &AL 9

ok wpebA =] A--olls 717 ol Al Alg = Bt 4
w2 04 949 AriEER TPt 953419 A
% CLIMEX =& o] Ui A 2]u}d& Fall 241 9A] Al
LT 9] 85% 2 AlAE]o] B =] 9 ti(Park et al., 2014; Kriticos
et al., 2015).

Table 3. Observed and predicted 10-year mean climate conditions of 68 monitoring stations in Korea

Minimum Temperature ~Maximum Temperature

Precipitation Relative humidity

Current 5 o
8.2C 18.1°C 1,313 67.7%
(2006~2015) 212 mm °
2050s 10.2TC 174C 1,283 mm 72.4%
(2046~2055) (+2.0C) (-0.7°C) (-1.6%) (+7.2%)
2090s 12.5C 20.3C 1,530 mm 74.3%
(2091~2100) (+43C) (+2.2°C) (17.2%) (+10.0%)
Table 4. Parameter sets for the CLIMEX model calibration
Parameter Set DV0 DVI DV2 DV3 TTCS Reference
Set 0 10.8 15 30 33 8 - Song and Xu (2006)
- DVO0: Kobayashi et al. (1984)
Set 1 11.9 15 30 33 8
¢ -DV1~DV3, TTCS: Song and Xu (2006)
- DVO~DV1: Kobayashi et al. (1984)
Set 2 11.9 21.3 30 33 8
¢ -DV2~DV3, TTCS: Song and Xu (2006)
- DV0~DV1: Kobayashi et al. (1984)
Set 3 1.9 127 30 33 8 Dv2-DV3, TTCS: Song and Xu (2006)
- DV0~DV1: Kobayashi et al. (1984)
Set 4 11.9 21.3 25 33 8 - DV2: Jung et al. (2009)
- DV3, TTCS: Song and Xu (2006)
- DV0~DV1: Kobayashi et al. (1984)
- DV2: Jung et al. (2009)
Set 5 11.9 21.3 25 30 8 .
¢ - DV3: Davis et al. (2008)
- TTCS: Song and Xu (2006)
- DV0~DV1, TTCS: Kobayashi et al. (1984)
Set 6 11.9 213 25 30 10 - DV2: Jung et al. (2009)
- DV3: Davis et al. (2008)
- DV0~DV1: Kobayashi et al. (1984)
Set 7 11.9 213 25 30 ¢  ~DV2iJungetal. (2009)

- DV3: Davis et al. (2008)
- TTCS: Song and Xu (2006)
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=] &rczF 2090 ol 17.2% 27138 1,530 mmE AWE] Q)
o, AYEEE 724~743%%2 9F 22 UeElt
(Table 3).

Oi7HHe QI 2 Zat
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Fig. 2. Simulated distribution of M. alternatus using CLIMEX in Korea.
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Table 5. True positive, true negative rate and favorable area (El > 10) of parameter sets

Parameter Set True Positive rate

True Negative rate Favorable Area

Set 0 88.8% 44.2% 63,399 km’

Set 1 79.3% 55.1% 53,355 km®

Set 2 74.4% 65.5% 44917 km®

Set 3 82.0% 51.0% 56,895 km”

Set 4 64.8% 82.5% 30,681 km®

Set5 45.8% 90.2% 19,984 km’

Set 6 27.7% 98.9% 8,814 km’

Set 7 65.0% 81.1% 31,691 km®
shhEch sholck WSA S Bt sl QA 4 9] El ko] =3kor 53] 53

Error matrix 2} Park et al. (1992) 2] A A& 13RS oF )¢ Bk Agetat Jajjor A o] AjH oz =8 Ao

off 871 2] w7 R4 Set 5 TEEF 2 STt

et Saddolea BEE
O QA Ak A2 Set 09] wj7HHS=Q1 A 0 & Uebyith
Set 13} Set 39] 749, T& AHHol BAE Anpr) Ux|sh=
A =UA, A Eedskeart 2
ESH= XS YR HAYEhR] 519k Set 02] True positive
HlE-2 88.8% % A UEPHAINE &4Askaart S EA|
A2 A o] Bl 7|t E4Fsksart WA g
PTGt Eadstsadrt AEHA] o= El ghe vlagt
B M2%E HH o B Uesitt
(Table 5). wehx], 3ol = True Negative ZHS = 4= Q=
RS TS B2 42 RS o T Ao R Ay ®
gk, Park et al. (1992) 9] fA-tol| 4] &dsksa: 350 452
2 Hiskete] Dl Al7I7HA] O] aSHA I H A2 =01 13.1°C
ol ey} AH 722 v ugt A= Song and Xu (2006)
o] Aute} 7P FAFsEITh
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km* 2} 1988 2 E] 2014 W 7k4] WhAdat 2 M 2] 872.3 kmz EE}
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e 5] S adahad Sk AP WA WA 3 840)
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Fig. 3. Change on the current and future distribution in M. alternatus using CLIMEX model in Korea.

Table 6. simulated El value range for administrative divisions in Korea

Ecoclimatic Index (EI) Ecoclimatic Index (EI)

Name Name
min MAX mean min MAX mean
Seoul 13.46 19.00 17.07 Gyeonggi 0.15 18.79 10.52
Busan 34.03 44.00 38.58 Gangwon 0.00 27.97 7.75
Daegu 18.96 26.99 23.20 Chungbuk 0.01 20.98 8.94
Incheon 8.00 21.86 14.57 Chungnam 8.00 20.90 13.89
Gwangju 25.76 30.99 28.56 Jeonbuk 1.02 24.05 14.23
Daejeon 10.20 17.99 15.46 Jeonnam 11.27 38.98 24.92
Ulsan 27.19 35.99 33.18 Gyeongbuk 0.00 38.99 15.34
Jeju 46.00 59.97 51.90 Gyeongnam 5.47 39.00 23.93

508 Korean J. Appl. Entomol. 55(4): 501~511 (2016)



Table 7. Changing EI values for three periods of administrative divisions in Korea

Ecoclimatic Index (EI)

Ecoclimatic Index (EI)

Name Current 2050’s 2090’s Name Current 2050’s 2090’s
(2006 (2046 (2091 (2006 (2046 (2091
~2015) ~2055) ~2100) ~2015) ~2055) ~2100)
19.2 24.5 . 17.8 243
Seoul 17.1 (12.4%) (43.3%) Gyeongel 10.52 (68.9%) (130.8%)
37.7 49.3 9.71 21.1
Busan 38.6 (-2.4%) (27.8%) Gangwon 775 (25.2%) (171.8%)
2.7 27.8 172 228
Dacgu 232 (-2.3%) (19.9%) Chungbuk 8.94 (93.0%) (154.4%)
28.3 41.0 273 34.1
Incheon 14.6 (94.3%) (181.0%) Chungnam 13.89 (96.7%) (146.0%)
. 29.5 34.1 25.0 298
Gwangju 28.6 (3.4%) (19.5%) Jeonbuk 14.23 (75.9%) (109.1%)
. 21.9 252 35.4 428
Daejeon 15.5 (41.8%) (62.7%) Jeonnam 24.92 (42.0%) (71.8%)
28.6 36.9 19.7 27.6
Ulsan 33.2 (~14.0%) (11.1%) Gyeongbuk 15.34 (28.2%) (79.7%)
. 55.9 70.4 273 34.5
Jeju 51.9 7 6% 35.6% Gyeongnam 23.93 13.9% 44.3%
( ) ( ) ( ) ( )
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