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Abstract: Since 2013, Korea has allocated significant budgets and manpower nationwide to prevent the spread of
pine wilt disease and to reduce damage. As a result, the number of damaged trees decreased from 2.18 million in
2014 to 310,000 in 2021. However, the damage has increased again since then. Despite the overall decrease in the
number of damaged trees, the scope of the damage continues to expand every year. Previous studies have develope
In order to judge the control performance, a quantitative control performance analysis method to objectively evaluate
control performance. This method takes into consideration two factors-quantity change and the change in the damage
area, which is an area factor. This approach provides a more comprehensive assessment than the control guidelines
that only suggest changes in damage grade based on the volume of damaged trees. The expansion of the damage
range is also an important factor in analyzing control performance, but previous studies have not reflected this.
Therefore, this study calculates the change in the distance of the pine wilt disease boundary area for
Gyeongsangbuk-do, where changes in the damage range can easily be observed from year to year. The study then
creates application criteria and coefficients and uses them to improves control performance index calculation formula.
As a result, it was possible to calculate a quantitative analysis of the control performance, taking into account the
changes in the damage range. When the improved formula was applied to 26 cities, counties, and districts in
Gyeongsangbuk-do, it slightly decreased or increased compared to the existing calculation formula. This confirmed
that the control performance index can change from a positive value (+), indicating increased damage, to a negative
value (-), indicating reduced damage.
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Figure 3. Method of calculation of damage area.
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SGG_NM STD_SGG(C {Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 |Point 7 Point 8 |Point 9 |Point 10 |Point 11 |Point 12 |Point 13 |Point 14 |Point 15 |Point 16 |Point 17 |Peint 18 |Point 19 |Point 20
Dong-gu 27140 13 1.7 38 0.8 0.8 16 14
Seo-gu 27170 1.1 0.6 08 0.7 03
Buk-gu 27230 1.1 0.7 05 04 05 28 22 19 |- 1.1 |- 07 |- 05 08
Suseong-gu 27260 1
Dalseo-gu 27290 1.1 07 03 03 03 08 04 03 31 04 07 0.2
Da\smmg—gun 27710 0.9 07 17 05 |- 05 04 |- 19 04
Nam-gu, Pohang 47110 0.7 47 03 18 |- 36 |- 26 |- 13
Buk-gu. Puhang 47113 0.7] 0.5 06 85 |- 100 |- 38 |- 87 16
Gyeongju-si 47130 0.8)- 5.8 14 07 |- 5.2 24 |- 14 26 14 |- 24 0.5 0.6 3.7 1.2 |- 7.3
Gimcheon-si 47150 13 2.8 41 0.9 24 06 |- 1.5 6.7 81 0.6 17 32 24 24 0.7 09
Andong-si 47170 1.1 24 14 77 2.1 0.6 24 31 99 29 29 1.8 1.7 14 35 |- 12
Gumi-si 47190 1 0.1 3.7 45 2.2 14 |- 08 |- 1.5 14 14 |- 23 |- 2.7 1.2 2.9
Yeongju-si 47210 13 42 27 53 6.2 47 29 34 17 20 8.6
Yeongcheon-si 47230 1.3 35 0.6 3.0 20 6.1 7.1 35 22
Sangju-si 47250 13 5.0 19 29 24 24 40 5.9 158
47280 1.3| new
Gyeongsan-si 47290 1.2 13 14 28 26 12 08 |- 08
Gunwi-gun 47720 13 2.1 22 03 26 23 |- 35 |- 24 23 33 48 30 87 52 35
Uiseong-gun 47730 13 22 21 38 41 27 20 |- 13 37 159 |- 1.0
VEDngdmquln ATTT0 1|- 02 6.0 70 41 |- 53 |- 30 24 13 26 09 11 1.0 143
Cheongdo-gun 47820 0.7]- 41 6.6 47 70 |- 34 |- 55 08 20 28 |- 24 |- 33 25 |- 80 31 |- 58 |- 201
Goryeong-gun 47830 1.3] 2.6 70 19 27 |- 11 78 46 79 |- 11 33 32 2.0 0.5 06 |- 09 |- 08 76
Seongju-gun 47840 13 5.8 13.2 3.8 5.8 5.0 14
Chilgok-gun 47850 1 03 04 12 14 28 |- 14 |- 21 17 12 |- 07 12 2.5 3.1 23 04 10 |- 29 |- 26 |- 18 |- 17
Yecheon-gun 47900 1.3] 74 142 6.2 6.4 35 6.8
Bongwa-gun 47920 13 29 2.0 8.8 54 34

Figure 5. Problems of the existing calculation formula - Damage range not reflected despite the same damage status.

Figure 4. A method for calculating the
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change distance of the pine wilt disease boundary area.
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\ [ \ ® o The Pine wilt disease Boundary Line
I~ - |:| A damaged area

The affected area B
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Table 1. Total control quantity, damaged control quantity, damaged area of Pine wilt disease by Si/Gun/Gu.

(Unit : tree, ha)

si/gun/gu

total control quantity

damaged control quantity damaged area (ha)

2020 2022 2020 2022 2020 2022
Dong-gu, Daegu 1,140 822 31 641 160.0 161.7
Seo-gu, Daegu 56 39 2 28 27.5 9.8
Buk-gu, Daegu 11,690 8,306 1,189 3,374 1,033.2 1,196.6
Suseong-gu, Daegu 247 - - - 28.0 -
Dalseo-gu, Daegu 773 1,532 29 266 107.0 183.7
Dalseong-gun, Daegu 47,234 25,986 2,007 7,387 4,182.2 3,014.1
Nam-gu, Pohang 26,642 15,993 9,883 8,721 4,385.8 2,418.1
Buk-gu, Pohang 54,058 44,575 19,251 15,856 10,335.7 8,008.7
Gyeongju-si 85,770 55,653 32,924 21,838 11,1924 7,277.8
Gimcheon-si 2,572 2,729 724 1,311 366.3 446.6
Andong-si 135,852 70,437 28,486 24,986 15,938.6 12,050.8
Gumi-si 52,784 40,340 29,701 22,804 8,027.1 7,231.9
Yeongju-si 15,331 9,206 17 784 1,127.5 1,896.4
Yeongcheon-si 22,231 6,283 261 776 2,151.8 1,189.6
Sangju-si 5,256 4,800 468 1,216 995.8 1,096.6
Mungyeong-si - 694 - 13 - 127.7
Gyeongsan-si 144 161 16 29 53.0 140.7
Gunwi-gun 18,144 7,588 581 1,483 1,327.6 1,495.1
Uiseong-gun 14,072 4,892 607 814 1,855.2 1,139.9
Yeongdeok-gun 9,320 15,732 427 2,129 1,665.8 2,668.0
Cheongdo-gun 8,555 9,230 4,915 2,204 1,610.6 1,464.0
Goryeong-gun 15,521 15,876 7,016 10,329 1,946.3 1,916.8
Seongju-gun 16,218 9,222 3,069 4,971 2,047.0 1,632.3
Chilgok-gun 16,881 8,272 2,083 2,532 1,649.5 1,542.0
Yecheon-gun 4,173 856 1 58 154.8 108.6
Bongwa-gun 1,020 1,247 2 6 485.1 953
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Table 2. Analysis results by factors that apply the control performance index in 2022 compared to 2020.

(Unit : %, km)

the rate of change
in the number

the rate of change

distance of change  coefficient of

in pine wilt disease change distance in Damage rating

si/gun/gu of trees in thoe area boundary area pine wilt isease (2022)
(%) %) (km) boundary area

Dong-gu, Daegu 969.9 1.1 1.7 1.3 slight
Seo-gu, Daegu 634.8 -64.4 0.6 1.1 slight
Buk-gu, Daegu 77.4 15.8 0.7 1.1 mild
Suseong-gu, Daegu - - - slight
Dalseo-gu, Daegu 4577 71.6 0.7 1.1 slight
Dalseong-gun, Daegu 111.5 -27.9 -0.6 0.9 mild
Nam-gu, Pohang -25.9 -44.9 -1.7 0.7 moderate
Buk-gu, Pohang -17.6 -22.5 -4.2 0.7 moderate
Gyeongju-si -34.4 -35.0 -1.0 0.8 moderate
Gimcheon-si 43.6 21.9 2.4 1.3 mild
Andong-si -30.2 -24.4 0.8 1.1 moderate
Gumi-si -23.4 -9.9 0.1 1.0 moderate
Yeongju-si 22359 68.2 4.2 13 slight
Yeongcheon-si 62.8 -44.7 35 1.3 slight
Sangju-si 75.6 10.1 5.0 1.3 mild
Mungyeong-si - - A4t 1.3 slight
Gyeongsan-si 46.5 165.4 1.3 1.2 slight
Gunwi-gun 48.5 12.6 2.1 1.3 mild
Uiseong-gun -15.6 -38.6 22 1.3 slight
Yeongdeok-gun 233.7 60.2 -0.2 1.0 mild
Cheongdo-gun -23.6 9.1 -4.1 0.7 mild
Goryeong-gun 24.8 -1.5 2.6 1.3 mild
Seongju-gun 9.5 -20.3 5.8 1.3 mild
Chilgok-gun -14.7 -6.5 0.3 1.0 mild
Yecheon-gun 2810.3 -29.8 7.4 1.3 slight
Bongwa-gun 111.1 -80.4 4.9 13 slight
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Table 3. Coefficient of change distance in pine wilt isease boundary.
average change distance application coefficients note
less than -1.5 km 0.7
Re(.iuc10n0f the pine wilt less than -1.5 to -1.0 km 0.8
disease boundary area
less than -1.0 to -0.5 km 0.9
less than -0.5 to 0.5 km 10 this scope is considered
unchanged
less than +0.5 ~ 1.0 km 1.1
EX.t ensionofthe pine wilt less than +1.0 ~ 1.5 km 1.2
disease boundary area
+1.5 km or more 1.3
Table 4. Application simulation results of coefficient of change distance in pine wilt disease boundary area.
weighting
damage with area  less than less than -1.5 less than -1.0 less than -0.5 less than +0.5 less than +1.0 +1.5 km or
rating change rate -1.5 km to -1.0 km to -0.5 km to 0.5 km ~ 1.0 km ~ 1.5 km more
(Criteria)
application cocfficients 0.7 0.8 0.9 1.0 11 1.2 13
(0.1 unit)
slight 1 0.7 0.8 0.9 1.0 1.1 1.2 1.3
mild 2 14 1.6 1.8 2.0 2.2 24 2.6
moderate 3 2.1 24 2.7 3.0 33 3.6 39
severe 4 2.8 32 3.6 4.0 44 4.8 52
extreme 5 35 4.0 4.5 5.0 5.5 6.0 6.5
application coefficients 0.4 0.6 0.8 1.0 12 1.4 1.6
(0.2 unit)
slight 1 0.4 0.6 0.8 1.0 1.2 1.4 1.6
mild 2 0.8 1.2 1.6 2.0 2.4 2.8 32
moderate 3 1.2 1.8 24 3.0 3.6 4.2 4.8
severe 4 1.6 24 3.2 4.0 4.8 5.6 6.4
extreme 5 2.0 3.0 4.0 5.0 6.0 7.0 8.0
£ 4 M9 5 glov), MR FAFFAN AT ok ol WelEEER By wakawt WA wskgo| /1%
7h e A WATIEAE Ao 0657 ZTMAIL AE A Aesielon], B wsleat e Wslgo] A
B saE 0.1370] WATSAE S7HAA A8 & 7Rl dall SA AL ST S, A A2 6T 4,
ATt AT T 3, A2 8 2, AP AL o) 1=
A7tk
4, A Unrdn EAEE TR HMA| E oLoj| A= Korea Forest Service(2020)2] Ho~> W3}
X8 -2l Korea Forest Service(2019)0] 4= A4 L3 WE #HEkeo nelsgdd A5 7FER| o) AeA] W
A5 b= A AAsen a2 4 ¥ st A AsE 285t WAL IAE AFEskR=T
she, WA Wekel 7IAE 24 sYl 5= A8S5Hinh & 71 4hEAE Table 5D} At Absd WA A= &
T g2 7|Ed e o] d=d WAlES Hokey) v T =) FE25 S Hafjo Sa= Ao &

Sl H3kE FhA 9] Hdold, 4 HEe2 VEdE w3k 4= Qlch
fu] A= oHE HFEE skt
18]} Korea Forest Service(2020)-2 &3] 3|5 <7

P Aol A msrze] 7] o] ¥

2
57
NEAE s%E Hgo AL Baelsity wsia discase

1) ACP : Analysis on the Control perfomance of Pine wilt
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Table 5. Improvement formula for method of calculation of control performance index(a calculation formula of ACP).

control performance index = (O x @) + (@ x @)
[(percentage increase/decrease in control quantity) X weighting with control quantity rate] + [(percentage increase/decrease
in area) x weighting with area change rate]
(D percentage increase/decrease in control quantity : (rate of change in total control quantity + rate of change in victimized
trees) + 2
@ percentage increase/decrease in area : rate of change in damage area
@ weighting with control quantity rate : 1 - weighting with area change rate
@ weighting with area change rate : area weighting by damage grade x Coefficient of change distance in pine wilt disease
boundary(0.7~1.3)
% Damage reduction if the control performance index is negative (-), and damage increase if positive (+)

Table 6. Control performance index for 2022 compared t{) 2020. 5. X2k HiglMDIX|S: AMSE
(Unit - %) B Aol A fAst A P S 55
. control BAABEA 2URAFE WAS AR 267 A2
si/gun/gu performance note .
Index T2 WAV B A == é%ﬂ A, 870 Al G Al
Dong-gu, Daegu 8.44 Aincreased damage 370 & 270 = ez Akl o, 1670 Al K5
Seo-gu, Daegu 5.58 Aincreased damage AL TS A e e SRR AL R YER T
Buk-gu, Daegu 0.64 Aincreased damage it /g2 78 2022\ ell= iz TAgekA] oFok A
Suseong-gu, Daegu - excluding analysis TA7F AEE gl o FAEA= 2022 Al LS
(not occurred after new tH(Table 6).
occurrence)
Dalseo-gu, Daegu 4.15 A increased damage

6. MAAT| MEAlm} Hlw

Dalseong-gun, Daegu 0.86 Aincreased damage Korea Forest Service(2019)2} Korea Forest Service

Nam-gu, Pohang -0.30 V¥ Damage reduct?on (2020)0 4] A AE HH o E AFZE WA TR 2ol B
Buk-gu, Pohang -0.19 V¥ Damage reduction Aol AAl 0T ArEE WA LE AEO] 2}o]
Gyeongju-si -0.35 V¥ Damage reduction g} 9) & W w|o] Zrjel 7had] A HEHLE AL
Gimcheon-si 0.38 Aincreased damage 1ol 7|k U]D] 3 Wske ols| m s 2o gt Axlr}
Andong-si -0.28 V¥ Damage reduction HpE 2= 9)-2-o 31013t Table 7). o] BHAY3 1] a)=
Gumi-si -0.19 V¥ Damage reduction zupo g éOHE] ajEgos olg tiio] uis
Yeongju-si 19.54 Aincreased damage o, AP go, % Z7}=2] A7) Yol 2 H3}
Yeongcheon-si 0.49 Aincreased damage 7F 9= Aoz oty AR = aisT
Sangju-si 0.59 Aincreased damage ‘AP AP ol A HFWA ZhALo] IA YERS AS
Mungyeong-si - excluding analysis WA ATk R| 420 W3l Boh 37 Udeld Aoz sy

(new occurrence)

_ , ok dlE S0l Halled SAAAA AAA 2020
Gyeongsan-si 0.61 Aincreased damage AR gukE BlaE 6ukE, TlSW A 5,000 ha, 20224
Gunwi-gun 0.39 Aincreased damage WP E2 gubE T2 subE, WS W A 5,500 has
Uiseong-gun -0.19 VDamage reduction ST T 7P A0 7|20 Ao A WA T4
Yeongdeok-gun 1.99 Aincreased damage 0.02% Taj7} 743 Aute ALZE|A|ul Atkx] Hal7]
Cheongdo-gun -0.22 V¥ Damage reduction )7} 2 km Z7}gicha 7FAE Ao ARG A= 0.16.0
Goryeong-gun 0.18 Aincreased damage 2 ArEE o] w7 2718 Aoz gho| Wake 2= 9lrh
Seongju-gun 0.02 Aincreased damage o] AL walZsto] thet LolEA, upR eS| 22, up
Chilgok-gun -0.13 V¥ Damage reduction Aefare] SR = 7|HAIE FAsHA] giE|EE 2 9l
Yecheon-gun 24.41 Aincreased damage ek a2 AAE 4= glong Axale] Hgo] ALt

Bongwa-gun 0.86 A increased damage B wrglol] oS 74A 4 gtk AbREth
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Table 7. Comparison with the control performance index calculated value of previous studies.

(Unit : %)
si/gun/eu 2019 calculation 2020 calculation Impr.ovement Hote
formula formula calculation formula
Dong-gu, Daegu 4.85 8.73 8.44
Seo-gu, Daegu 2.85 5.65 5.58
Buk-gu, Daegu 0.47 0.65 0.64
Suseong-gu, Daegu - - - excluding analysis
(not occurred after new
occurrence)
Dalseo-gu, Daegu 2.65 4.19 4.15
Dalseong-gun, Daegu 0.42 0.84 0.86
Nam-gu, Pohang -0.35 -0.32 -0.30
Buk-gu, Pohang -0.20 -0.19 -0.19
Gyeongju-si -0.35 -0.35 -0.35
Gimcheon-si 0.33 0.39 0.38
Andong-si -0.27 -0.29 -0.28
Gumi-si -0.17 -0.19 -0.19
Yeongju-si 11.52 20.19 19.54
Yeongcheon-si 0.09 0.52 0.49
Sangju-si 0.43 0.63 0.59
Mungyeong-si - - - excluding analysis (new
occurrence)
Gyeongsan-si 1.06 0.58 0.61
Gunwi-gun 0.31 0.41 0.39
Uiseong-gun -0.27 -0.18 -0.19
Yeongdeok-gun 1.47 1.99 1.99
Cheongdo-gun -0.16 -0.21 -0.22
Goryeong-gun 0.12 0.20 0.18
Seongju-gun -0.05 0.04 0.02
Chilgok-gun -0.11 -0.13 -0.13
Yecheon-gun 13.90 25.26 24.41
Bongwa-gun 0.15 0.92 0.86
F50 A HEA Y F 2 HsAY AES B
202098 7|0 2 2022 9] WA IS A5t
AYATE Sl 25 T 84E Tt A bSOl 87 A IR e 71E AEAE ol
WA Ao s Ala=2] 4hE4] o] o AR ol mlsf A FasiAy ST ks AR
of lglon Adekx| et i ¢ HekE o = Eon o|2H ujulgt Hato|xut A AE4E ol
Rals EAHS 7 2 ATl o2 neksl| 88 A4S 9a27hE ojujshs oFe] ghHelA Talaa
202045 20223 Afolo] msftAfol o] 9l 2 ofujshs 29 OO, EE 11 NI LR
WS} Fao] gold FHRE 267) A-FTE g g 4 e AL
AR WS E BAstel olg PAYIAS A A2 7120 AT g o WA
o 2§ 5 G AR J1ET ASS Bt A 40] Ffoliz mluet folglort o]t HAThAA 7}
Xl# WA ARSI oIS Pl AT A HARSE 75 A7F W2 vsied A, Aul Aol of
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