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ABSTRACT

The potential change of the cultivation area of main citrus cultivars, satsuma mandarin
(Citrus unshiu Marc.) and ‘Shiranuhi’ mandarin hybrid [(Citrus wunshiu x C. sinensis) x C.
reticulata]l were determined with base year (1981 to 2010) to 2090. The meteorological data
provided by the Korea Meteorological Administration (KMA), and the digital agricultural
climate map of 30m-solution based on the Representative Concentration Pathways (RCP) 8.5
was used for projection of potential cultivation area. As a result, the potential suitable region
of satsuma mandarin included almost Jeju region during base year. At the 2030s, the
potential suitable region of satsuma mandarin increased and the cultivable region also
increased focused on the coast region of Jeonnam province. From the 2060s, the suitable
area spread out to mountain area of Jeju, Jeonnam, Gyeongnam, and the coast region of
Kangwon, and the cultivable region expanded to the area of Gyeongbuk, Chungnam, and
Jeonbuk. In the case of ‘Shiranuhi’ mandarin hybrid, the suitable region included only the
partial coast area of Jeju, and cultivable area covered Jeju region and the partial southern
coast of Jeonnam during the standard period. At the 2030s, the suitable region of ‘Shiranuhi’
included the current cultivation area of satsuma mandarin, and the cultivable region moved to
northward by the partial southern coast region. At the 2090s, the slightly increased suitable
region covered all Jeju regions, Jeonnam, Gyeongnam, and the coast area of Kangwon, and
the cultivable region proceeded northward focusing on the coastline. In conclusion, the
prediction of the potential land for citrus cultivation based on the RCP 8.5 showed that the
suitable region of satsuma mandarin decreased, whereas that of cultivation of ‘Shiranuhi’
increased. Moreover, it was forecasted that citrus cultivation area would extend to Kangwon
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region at the end of the 21* century.

Key words: Digital climate map, Freezing, Peel coloring, Acid content

LM E

Zr=(Citrus Linn)2 ZAAIAZ OS2 A7t 29=0] A}
AbElo] T4 FolAhz AlkEo] BES: TolAIk 910
oFst7] ujEol AR o - 9] 40°Afolol] 917]3k
L oA HA7)L -7C o]l Aol HetE|1
¢lojA|(Davies and Albrigo, 1994) $-2|ueloll A= 2
el AlFoA F= AAbEAL ik

ATl 90% A= AuiEe 25HHCitrus
unshiu Marc.)-& AP #7]e0] 15C~18TC2l x]o]
AR dEged AT AT
15.6~16.7C AZR(KMA, 2015) @Z=azro] juf
A2 7F A e@X], £, #lE 52 Auish ol
& Aol g o] 73S ALt thE EF5E
o aukxoR sheAclA AuE Tt 277k
2B A 2517t ol 3 7Sk e R|eE 2
BAZZE molAlw sk Asksie Aol 9ol
(Kitazono et al., 2012) 7 a7} o {R]+= ArgH
olc}. @A ‘greli 0@ oreixl <RAsY[Shiranuhi,
(Citrus unshiu x C. sinensis) x C. reticulata]®] A5
of Yk 2= AW 7120 16.5C oo & o
it Shp-ofl A Al o] otk (Kawase, 1999), A
7 edslEEA Az 2|oe] g Un xoe
oz =X A u7F A=A Qlok ARl 1924
FE 200997H4] H7]2E 1.6 C7F A58t gltl,
At 3097t 7] A0 Wskr Ak Al A
A PEARE BT AR ele] 1973
~20104 717 WSEAIE B B ee 0320
/1098, Fa17]e 0.29C/10d, 2A7]Le 05C7 =
7hsto] Ak 3897 AN A& AR st
= A°] UHERA=TI(KMA, 2011), ol= F9{of vt
= F529 =AAHEE 7HssHA sk agle] Hal
sick

71510 st AH7F mlid (IPCC, Intergovernmental
Panel on Climate Change)oj|A] RJA|3t 7] S H3FA L}
2] 2(RCP, Representative Concentration Pathway)o|
ufeh G7|H 082 7L A S A2 71dEEo] 9
AF=EICHIPCC, 2014). 1]E7]& A A2 RCP 8.5

2 Jjzoz B AT A= 20462E 2065d71%]
2.0C, 2081¥XE 210087HA]= 3.7C =713t
3}3(Riahi ef al., 2011) == 2046 %€ 20657}
2] 3.0C, 2081 dXE 2100872 = 5.9C Z7)5+o
2% 571 Fol § & ZA0R &AL e, Al
7% 2000t o] H]3) 2040 0= oF 1.6TC, 20704
o= ©F 3.4°C, 2100 dtolli= oF 5.5C7F 53 Ao
2 =53 QrHKMA, 2011). AHHF-SE7} AFsst
W oldty 7| FfE BAkste] 7 A Aee 27t
3 4 QAN 7hE, Bol Sl ARl et 5
SIEUSDA, 2013). 7 Aol A& A&o] 2
Al F85HA 2-8-35ko{(Huang, 1993), A&4d 2&=7}
ol Fafo] fol e s A9 4 A9
AleJstar A4 A7t ek 2L FASP 7
bt WEAS A WellA AujElar oledl o=
s3] HF8S uiAsl] gt HA 7o) 7] v
ol.

e E300 vjel A8 Heo] ket S4L A
Ui Al Hede] Flastgel uet s E5E
A=l 27U 204 7hRE o= A4
o] &=o] ZAo] X|HE|of(Kitazono et al., 2012;
Utsunomiya et al., 1982) AAEw#7]20] 20T oJAF =
7hehA ATl A 273 Al =8 2= o
ZHAjo] B 2] kol Auj7} of 2l A wAo] Fad A
o7 odEgr}. diRox= A A-85te] A
et Zh2o] AfufA] WHEo et HK(Sugiura and
Yokozawa, 2004)9} I<rof gt 243} A2 Sof
FAEAL Qo) fRluetolss hEolA Ayt
sto] FaFmnt ofyel AlgtA o= 2 AufA] ¥
& a5l tiet At A= A Jiek v 71 dE
oflA ZHe] AR MBS dSehe A = At
dol HubAQl =S dlSshet sast adlew
28k A om Helth & dts 7|FHIA U
oA Algsh= 7123} dERES AR 25U
¥ FASP o] vl A A AR HekE oS
sto] e AT ARkS wAsh] il 48

=ik



Young-Eel Moon ef al.: Projection of Potential Cultivation Region of Satsuma Mandarin and ‘Shiranuhi’ --- 217

IL 7 3 Wy

o] vl A ARANE wHs] e &
Sueoll g 7P ol AaE L5zt 19904
R4 EQlEe] 2 thZo g W AuiH
A2 AT Gk RANE P FEOR o
o} AR MEA = 717 3081981 ~20109) 7]
FARE 7|0 sto] 2010 HE 20907}
A 271FRYE Aeate] FW/|TES] HeES
AR AAE XY A FES o] g5te]
2= Q). A= 135km =S 71
HadGEM2-Ao HAT o] Bl o] §3fo] yh=
12.5km HadGEM3-RA A|97|swnd& 7|glo =z
30m PAAER TSR FHEHXTIELE(RDA,
2012)0]5, A 9| FAARE 2757 A
oA A AR, 71 FHBA LR 22 7))
JHEAE oA A|FsH= RCP 8.5A U] 25 o] &
skt

o] A AR HE oAS52 ffsl AHuiA A,
A7 Al 9 FAA R 2 gE & AuiA] E 7=
A< Han and Kwon(1983), Iwahori and Kadoya
(1999), Kawase(1999), Moon et al.(2015), Sugiura
and Yokozawa(2004)7} A|A|St A= AR AS 2
Blo] AASIH T Table 1). 2010 | 5-E 2090 oj 7}
A 30m Azt A2 FHEAA|SEE TR R
Sjof 27U RAS | ABEr| et FHA)
22 ArcGIS(ESRI, Redlands, USA) 37+ AR HA
=2 1300 whefslo] BAISISIT). ko] EEEL o
P71 SR s YAg $AHHos TR}
I o5 Hige® SHA7]ge 285t FlojolE
e F 5AANE RS 5 U EAv et

A AATES wgete] kgt

III. 23} ¥ ost

RCP 8.5 7|SHIA U 25 o]8-5to] =] A
XS oS53 An 297 A Al A=
2040 AT 71A] S7FskekrE Ak Zhasskar, A7 A
= 2080 th7HA] STkttt 2090d o= 23]
sl Ao® YePdthFig 2). A 301 71981
|~2010) 2543 AufA|E Table 13} -2 2H4
o Ag5HS W A QA= AT 5
oF AR A AlQfet 2|9 o dAA 25t Aful
e FARRSE iR dAEHAAL, AR AlF AR,
A7 FFA AT A delieh A dF7F Azt 7hs
o Ao YeRgthFig. 1). @A A5 A1) Az
A 9@ AQulj7 A= Moon et al.(2015)0] HEIIst vie}
ol ABF =7F 14.5C oiolal FHA7]0]
-10C ol xdo] o= 145C o|akel x|
= 10% F&= Aui=ar ek 2030 o= 2541t
A A= @A} FFsto] AlSs sfebx] o] thiE
I efiol A PR thiato] g E e AuirA]
T A A ool g A 7] SeE Sl
20609 th= YF ARES AQlskar Al sligh A1 o
o] 23 Azt Ak ks e g
A Jolieh AR sliokt Aol AuAR = HE
Row, Au7beAe At Ad s A5 9 7
A Fat A7 A3 FefE e 2090 A= A
T AR 3 7H FRA S AlQlskar g2yt
A 2703 AR dashe Ao Uehd=
ol AlF= ARgre] ghehit S Weks e argst
H AR AlFollxls 250 Al A7 7155t
I A7 ks A9 vt sigkrt tiEE A oR
g Aoy o=5Qltl Sugiura and Yokozawa
(2004)%= 10km ©99] YR AFRAL 15~
18T Aoe ez 2 shol AEar 23k 20604
oz Arfe] ezuzt Al e A} TEoiAl

NFIFX

Table 1. Establishment of climatic factors for predicting of cultivation region in citrus

Cultivation region classifications

Cultivar Climatic factors - - - - - -
Suitable region Cultivable region Unsuitable region
o o 140C~15.0C o o
Satsum.a Annual mean temperature 15.0C~18.0C 18.0°C ~20.0C <14 0T, 20.0C<
mandarin — - - .
Minimum temperature -7C< 9.0~ -7.0C <9.0C
.  Annual mean temperature -16.5C< 15C ~16.5C <15 .0C
‘Shiranuhi’ — - D D
Minimum temperature -5C< -7.0~ -5.0C <-7.0C
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Fig. 1. Change of potential cultivation region of satsuma mandarin projected by the RCP 8.5 emission

scenario in Korea. Base year indicates 1981-2010.
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Fig. 2. Change of potential cultivation area of satsuma
mandarin under the RCP 8.5 scenario in Korea. Base
year indicates 1981-2010.
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Fig. 3. Change of potential cultivation region of ‘Shiranuhi’ mandarin hybrid projected by the RCP 8.5
emission scenario in Korea. Base year indicates 1981-2010.
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Fig. 4. Change of potential cultivation area of
‘Shiranuhi’ mandarin hybrid under the RCP 8.5 scenario
in Korea. Base year indicates 1981-2010.
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