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ABSTRACT : The purpose of the research is to analyze damages of TYLCV (Tomato Yellow Leaf Curl Virus) in the context of
climate changes and to find the spatial distribution of the damages and characteristics of regions. A TYLCV is generally known for

a plant disease related to temperature. Its occurrence rate increases when temperature rises. This disease first occurred in 2008 and

rapidly spread nationwide. Due to the spread of a TYLCV, a number of Tomato farms in Korea were damaged severely. To analyze

damages of the pest in the context of climate changes, this research estimated production loss under the current situation and RCP

scenarios. Additionally, Hot Spot Analysis, LISA, and Cluster analysis were conducted to find spatial distribution and properties of

largely damaged regions under RCP scenarios. The results explained that additional production loss was estimated differently by

regions with the same temperature rising scenario. Also, largely damaged regions are spatially clustered and factors causing large

damages were different across regional cluster groups. It means that certain regions can be damaged more than others by diseases

and pests. Furthermore, pest management policy should reflect the properties of each region such as climate conditions, cultivate

environment and production technologies. The findings from this research can be utilized for developing rural management plans and

pest protection policies.
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Figure 1. Temperature Increase by region in 2040
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Applying Average Climate Change Scenario



Table 1. Top Regions of Estimation Bias in Production Loss due to Applying Average Climate Change Scenario
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_IR

¥ 7|5

Hstol w2 EutE @Eiusy vy

Rank Overestimation Underestimation

Si-Do Si-Gun-Gu Bias (kg) Si-Do Si-Gun-Gu Bias (kg)
1 Gangwon Chuncheon 51,611 Gyeongbuk Gyeongju - 33,245
2 Gangwon Cheorwon 32,831 Gyeongbuk Gunwi - 15,039
3 Chungnam Buyeo 24,379 Busan Gangseo - 14,137
4 Chungnam Chengyang 16,208 Gyeongbuk Pohang - 9,324
5 Gangwon Hwacheon 13,668 Gyeongnam Gimhae - 5,371
6 Gyeonggi Gwangju 12,255 Daegu Seogu - 4,766
7 Jeonnam Damyang 8,510 Jeonnam Boseong - 47763
8 Jeju Jeju 7,602 Jeonnam Goheung - 4,265
9 Jeonbuk Jangsu 7,006 Gyeongbuk Gumi - 2,546
10 Jeju Seogwipo 6,364 Daegu Dong-gu - 1,855

Z~) Top 10 overestimated regions and underestimated regions
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Table 2. Top 20 Regions of Production Loss by TYLCV

sz 23l Al

71 gl wE o]
AH9] &A= A 2|7t gloy, dA=F
2 6,136 S7FstH ol Az ALY

Rank Production Loss under Current temperature | Production Loss under RCP Scenario Production Loss Increases
Si-Do Si-Gun-Gu | Loss (ton) Si-Do Si-Gun-Gu | Loss (ton) Si-Do Si-Gun-Gu | Loss (ton)

1 Gangwon | Chuncheon 1,782 Gangwon | Chuncheon 2,424 Gangwon | Chuncheon 642
2 Chungnam | Buyeo 1,724 | Chungnam | Buyeo 2,100 Chungnam | Buyeo 376
3 Busan Gangseo 1,462 Busan Gangseo 1,739 Busan Gangseo 278
4 Jeonnam | Hwasun 806 Jeonnam | Hwasun 986 Gangwon | Hoengseong 230
5 Chungnam | Nonsan 735 | Gyeongbuk | Gyeongju 936 Gyeongbuk | Gyeongju 219
6 Gyeongbuk | Gyeongju 717 Chungnam | Nonsan 887 Jeonnam | Hwasun 180
7  |Gyeongnam| Gimhae 675 Jeonnam | Damyang 803 Gangwon | Cheorwon 169
8 Jeonnam | Damyang 668 |Gyeongnam| Gimhae 786 Chungnam | Nonsan 151
9 Jeonnam Naju 605 Gangwon | Hoengseong 758 Gyeongbuk | Gunwi 139
10 Daejeon Seogu 569 Jeonnam Naju 699 Jeonnam | Damyang 135
11 Daegu Seogu 569 Daejeon Seogu 697 Daejeon Seogu 127
12 Gangwon |Hoengseong 528 Daegu Seogu 631 Gyeongnam| Gimhae 111
13 |Gyeongbuk | Gunwi 479 Gangwon | Cheorwon 620 Chungnam | Chengyang 106
14 Jeonbuk Iksan 471 | Gyeongbuk| Gunwi 618 Chungnam | Gongju 100
15 Gangwon | Cheorwon 450 Jeonbuk Tksan 564 Jeonnam Naju 94
16 | Chungnam | Chengyang 429 Chungnam | Chengyang 535 Jeonbuk Tksan 93
17 Jeonnam | Boseong 411 Jeonnam | Boseong 500 Jeonnam | Boseong 89
18 | Chungnam | Gongju 363 Chungnam | Gongju 463 Gyeongbuk | Gimcheon 88
19 Jeonnam | Jangseong 329 Jeonnam | Jangseong 395 Jeonbuk Jangsu 87
20 |Gyeongnam| Jinju 319 | Gyeongbuk | Gimcheon 385 Chungbuk | Cheongwon 83

National Total 24,439 National Total 30,576 National Total 6,136
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Figure 3. Regional Distribution of Current Production
Loss
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Figure 4. Regional Distribution of Production Loss under
RCP Scenario (2040)
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Cultivate area of Unit Temperature rise Region
Cluster Tomato q
(ha) (kg/10a) (©) Si-Do Si-Gun-Gu
Busan Gangseo
Clusterl 328.5 6,544.9 1.37 Gangwon Chuncheon
Chungnam Buyeo
Daegu Seo
Cluster2 72.5 7,556.9 1.64 Jeonnam Goheung
Gyeongbuk Gyeongju, Pohang, Gunwi
Cluster3 55.8 10,724.4 1.45 Jeonnam Jangheung
Gyeongnam Gimhae
Cluster4 57.4 6,211.7 1.35 the Others (40 regions)
Avergael) 75.1 6,546.7 1.39

1) Average statistics of top 50 largely damaged regions

vol. 21, no. 4,2015 41



b EvhE Aol e o] uls) We
HE Usl WS B 915l 2

2

X0 o
(o
d
Hﬂ

I

O

N
o
fol g
_‘g

Z 12 o o X
o ok lo =
iz}
Hoxooy rr
o Ho
rr

ON

2

S
ko
-
i
)
O
o
my
i
i

o{t
22
i‘L"
rofu

hy2

ol
=

Hr} EJJrX* o= 1‘41~o}7l ﬁoHAt A
ool ZE A 543 7F=dE 1
nlAshs Aol Bags o 4 AUtk

2 L2 B 2 X > 4 El
r
o,

£ 8
o
&
N

z
)
filo

l T = *—Jﬁl!ﬂl Hokﬂ A]?L

%%«%% Z#%@‘}Oﬂ fﬂxﬂfl} Z14E71(2010-2040)
2 & AT SRE 4

S R, A AT
ANA 7} = gaf7b g, 71
do Al Al A 71 B Fsrt dAEHE Ao s
‘/]rEP/"E]' ol& H}E‘roi Shagk B

e N ]
o n&
o
ofy
>
lo
o}

i‘l
o,
=)
uic)
of,
L

ol
ol
bats
o}i oY
s
o =

ol

t o
AN
2
>,

N3} LISARAS %

8 JsF = X5 AuRgko ‘1] I Az
i S7PF 7P Bwd A =1A, T BT,
BA AATE AR ZEHA] EAEtE AR
vebgth g 27 A= wEY YEvde A9

o
rulo [‘4_1

E4e HunaA PREAS @ A%, EokE A
W3} YA, 71 FSE odstel FaF Ft B
49 5071 AGe 4l FREAY. 24 18 71
%% Aov} Evks AMEzo] We vk T4
1, # 28 71e4EF0] Ee Ao, 2H3E A
o] Fob ErfE Al4to] go| o]FojAt Aojolch
s 77 4t BNl acloz s HaF 2}
7]
l

_B:

o

Aoz siHH.
Ao wel F7ishe Fspdadg e

Ay Ao E #3 BEXE Hol= A
= UrE]r‘;’a\]":]'. =3 ] Hg g Iy A=7F g=2A
Year, o]k A Hlg) ztol= A 543 I3t
Z By xde] EntE Au] o] 7|Usk=s Ho=z
et ol 7]15HE AuEle st B A9
ZIZHstE Ig Walls ol o HFSE 4 daL o]
of Mg &do] AY Al ¢ eA d&Fe vl

]
=
% Qee guFh 718 Aol Wi Aol Fa

l_.

o

42  SEAE H212A M43, 20154

=

ol

GG HAE Gkl gHABYEL vl
oS T B ) 4T A g
TGk A1FEE AT )L A A ol
o olst Ssl7k Z7ke S lof ool Bl & 9
47 o] Wasith ol BHNN B A7
st Qs sk B9 WalEe tlssi A
w9le] 33 £l Qo] /1% AR B§D F Yok
B AT @ARE EvkE AMA Folr} o
= 5UT A0 AP W3t ErkE A 7% wR
o QA% YWY PHEF T HHE nPstA 2

]_
i
1

ol

B
rr
12 rr o o ok

r
o

¢

P

e B % ek ol EvkE A BHe] 20004 o)
WE Zo| zlon], Ame| WAZ B4 A veE E

d

1= Az 34 (73S Frse= o ool
AN7] W o)t TS, o)l AFellA HEgk 7] WS
AUl 29l RCP 8.59)01= F712Q1 71533 Auele
vt WallF HaE ST oAy 4] 7]
21 3} &5k ) 9lo] B} B XAAS o ;7(4_ ES
dL Aoz AR} o)} HEo|, r|TMa= 2
AAA] F Ay E AT P3RS nxe BE, 34
ATelA o] e Hedste 7]3WE} stolxe) ErkE
AR o] FAGE AL By Fgg 224 o] 7t
g Aow AdEn

o

1) RCP(Representative Concentration Pathways, TIEFE=HZ) Al
U2l & IPCC 531 7R IA oA ALEE 2471~ A%
712X RCP 4.5 % 85/ oA wg 247k~ F71
7} 210047 ATANF Azl 27k 45, 85 W/me] 24
4 SAENE VYT SBENE V15 e
A, 7183).

B A7E wEAEAY ATAYEFAMZ: PI009561)
o ojs) A== ATvlel olste] FPHAE.

References

1. Heo, I. H., 2006, The Distribution of Regional
Unusual Temperature in Korea, Journal of the Korean
Association of Regional Geographers, 12(4), 461-474.

2. Howden, S. M., Soussana, J. F., Tubiello, F. N.,
Chhetri, N., Dunlop, M., and Meinke, H., 2007,
Adapting agriculture to climate change, Proceedings of
the National 104(50),

Academy of Sciences,



10.

11.

12.

13.

19691-19696.

Intergovernmental Panel on Climate Change, 2014,
Climate Change 2013-The Physical
(Fifth Assessment Report).

Jeong, H. K., Kim, C. G., and Moon, D. H., 2014,
An Analysis of Impacts of Climate Change on Rice

Science Basis

Damage Occurrence by Insect Pests and Disease, The
Korean Society of Environmental Agriculture, 33(1),
52-56.

Kim, C. S., Lee, K. S., Choi, H. S., Lee, K. Y., Lee,
S. C, Kim, J. K., Lee, J. H.,, Goh, H. G, Lee, J. R,
and Lee, I. Y., 2012, Weed Host for Propagation of
the Bemisia tabaci infected with TYLCV and Its
TYLCV Infection, The Korean Journal of Weed
Science, 32(2), 247-248.

Kim, J. S., Lee, S. H, Choi, H. S., Kim, M. K.,
Kwak, H. R, Nam, M., Kim, J. S., Choi, G. S.,
Cho, J. D, Cho, I. S., and Chung, B. N., 2011,
Occurrence of Virus Diseases on Major Crops in
2010, Research in Plant Disease, 17(3), 334-341.

Kim, M. H,, Bang, H. S., Na, Y. E, Kim, M. R,
Oh, Y. J, Kang, K. K, and Cho, K. J, 2013,
Vulnerability Assessment of Rice Production by Main
Disease and Pest of Rice Plant to Climate Change,
Journal of the Korea Society of Environmental
Restoration Technology, 16(1), 147-157.

Ko, S. I, Choi, D. S., Ma, K. C, Kim, D. L, Kim,
M. K., Choi, H. S., and Kim, H. W., 2014, Pattern

of the Occurrence of Tomato yellow leaf curl virus

on Cultivation, Research in Plant Disease, 20(4),
303-306.
Korea Meteorological Administration, 2012, Korea

Climate Change Report.
Lee, S. H, Kim, S. Y., 2008, Impacts of Climate
Taeback
Mountainous Region, The Geographical Journal of
Korea, 42(4), 621-633.
Ministry of Environment, 2011, Economic Analysis of

change on Highland Agriculture over

Climate Change in Korea.
Ministry of Environment, and National Institute of
Environment Research, 2014, Korean Climate Change
Assessment Report 2014.
Park, K. W., Kwon, O. S., and Kim, K. S., 2015,

14.

15.

16.

17.

18.

19.

20.

The Regional Impacts of Climate Change on Korean

Agriculture: A Positive Mathematical Programming
Approach, The Korean Economic Review, 63(1),
61-91.

Porter, J. H., Parry, M. L., and Carter, T. R., 1991,
The potential effects of climatic change on
agricultural insect pests, Agricultural and Forest

Meteorology, 57(1), 221-240.
Rahman A. H. M. A.,, Akanda, A. M., and Alam, A.
A. ,2006, Relationship of Whitefly Population Build
up with the Spread of TYLCV on Eight Tomato
Varieties, Journal of  Agriculture &  Rural
Development, 4(1&2), 67-74.

Rosenzweig, C., Iglesias, A., Yang, X. B., Epstein, P.
R., and Chivian, E., 2001,

extreme implications  for

Climate change and
food
production, plant diseases, and pests., Global Change
& Human Health, 2(2), 90-104.

Shim, H. S., Myung, 1. S., Hong, S. G., Lee, Y. G,
Lee, S. G., Lee, G. S., Park, H. H., Choi, H. S,
Goh, H. G, 2012, Outbreak

Crop(Viral)Disease and insects occurrence and damage

weather  events;

Species  of

by climate changes, 2012 Annual Meeting on The
Korean Society Of Pesticide Science, 2012(11), 11-18.
Scherm, H., 2004, Climate change: can we predict the
impacts on plant pathology and pest management?,
Canadian Journal of Plant Pathology, 26(3), 267-273.

Won, D. Y. 2012, Occurrence and damage of
Tomato yellow leaf curl virus disease, Master's
Dissertation.

Xu, Z. X, Gong, T. L., and Li, J. Y., 2008, Decadal

trend of climate in the Tibetan Plateau—regional
temperature and precipitation, Hydrological Processes,
22(16), 3056-3065.

¢ Finally
e Accepted 2 December 2015

* Received 4 November 2015
¢ First Revised 21 November 2015

Revised 2 December 2015

vol. 21, no. 4,2015 43



