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ABSTRACT

Greenhouse gas released into the environment since the industrial revolution in the 18th century is resulting in
global warming and is a critical issue with regard to climate change, which may result in problems such as influx
of invasive alien plant/animal species, outbreak of endangered species, and spread of disease. In some studies on
climate change and the ecosystem, average temperature and growing degree days (GDD) are basic and important
climatic factors that are closely related to the conditions suited for growth and survival of animals and plants.
When predicting climate change with average temperature and GDD, the Representative Concentration Pathway
(RCP) is the main available scenario for the future climate. However, the RCP scenario has some errors because
of its uncertainty caused by complex climate models, by inaccurate greenhouse gas emission, and by the physical
natural environment. Thus, it is necessary to compensate the climatic data of the RCP scenario. We developed a
simple program named RGI (RCP scenario-based Growing degree days Interpolation) for interpolating average
temperature and GDD per day calculated from the RCP scenario (resolution 1 km) as supported by the Korea
Meteorological Administration (KMA) in South Korea. Our program interpolates average temperature and GDD
from a set of RCP scenario data using a quadratic model and nonlinear models such as the self-starting logistic,
Gompertz, or/and Weibull functions. When we tested the RGI program against the actual temperatures in Seoul
and Buyeo, South Korea, RGI was close to the observed temperature and had significantly less residual standard
error in linear regression analysis than the RCP scenario (p-value < 0.05) and showed similar results for an
additional 10 sites. Based on these results, we expect that RGI can improve the uncertainty of the RCP scenario.
As RGI is coded using Perl script language and R open source, it can be easily used. The executive RGI source
is available at https://sourceforge.net/projects/rgi/.
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A 2d3tol o3t 7| $ kY] FAle 18417] A
o|% 4hedst 9 mAMPH o ® IRt St AR AMgow
ARt 2470 wiETe] FUtR sl 7S] £Hevt
7H58hE L Qle} (Kwak et al., 2008). A|5--2dslof] thgt =
Al ©<eo] 7129] st ti71ehd o] ¥sks 2dfist=
ok opde], 2] BE AEA W FAEA | F3E T
A|A| Fr} (Hong, 2008; Kim, 2010). 53] A|L-2d3lo] ofgh
AHAAYE} A o] WSt AR EAIR iRl Sl 591
7RSO R QR A A o] wsl, A HY 9 24
F F To= Qe AMF B [T 7t FoleL
Uow, BEL)] =2 AFE AEY ST 22 A &
AT AET ThY s Qlal 1%t 4Fe ®ish A &
d 52 2T 4= Stk (Hyesoon, 2013). ERF 7]5Risto]]
w2 AFAAYE A O] WSh= 7Pl SlojA] FsEde] o
S AZ1eE 1S o | A7l 71 o3tE QIR A
Ay, APE, Z1oF A So] dofd Zlo® Hal §lt} (Hong,
2008). weba] Q17H0] FEiskaL QPR Q] 4Ho) HARS fisliA
= A BAT FAIE fIe welrt Hash, A
A 0] 1Ee 24ske 715l et vl Al
3t RS 9IRE l=go] S| ZgjEofopt itk

715 Rstof| whE A A Q] Fakoll wRk Aol QlojA 7t
Al BEE= AEFTY shis 7202 7|29 Hsh=
&, T, 7he, st S 22 AAAsivr AEA
st} WSt} (Song et al., 2015; Wie et al., 2018). SHIT=
9] 7122 1R Bkl 2= A, s REE FEE Kol
7] wZell th Butrleowm ARkel 52 tfEslsto] ALE-
qhet aARE AR =2 vjfof thgt 719 WEkE o, 4,
A= Fatslsto] Blashy] 93t 7|eo g ANShe 5
7h ged|, Bl e R AERsE 48] E §t
o, 7]$Rstel Hste] AGh2dslEs Brkshe ARk
AREE)7| = B} (Lee et al., 2011). Hat7] 23} GASE 2| &
24 A 32 ST B A4k (Growing
degree days)7} AT} (Grigorieva et al., 2010). ZAL2 == A
A, Fasikedt E297|E shedl, AEtt s
AE Atk A= AeiEsel et 2EHAE 4k,
Al RIS A4, A Rt AEY AsHAE
oA&sk= Soll ARSE 4= STk (Lim et al, 2016). <& &
AU A eh A W (Lim et al, 2016), A&
A (W2} TR ofl$)<] W3} (Kim et al., 2013a) 53} 32
2 A oy}, FisollA Ao ARG} VS
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0] A 2 2H2A] tlet Aaekg Sof glolx HAke
L w851 ol-&=aL Itk (Kim and Yun, 2008). twh
epA] A Atell oA Bat7 |2} ALk AETet
A7) B4 e 7SSt wE AEAERA e 2
< AEA Aot A AEAAT Y] EERte = A7 A
Aloll 83k A|EE o] 8E7|% gt

2A7k2of| Tt 7]l whE AFAEA R AR - A
AF Q] HskE dAtetol QlofA wlE7] ol it Hat7],
Ak e s ALl fleiAle nE7 5 A5t 7leAtm
7b @7ty IPCC A|saF F7EEuAS SalA ARE I
A7 STl T 72 Al el EEEEE
(RCP, Representative Concentration Pathway)+= 2100d7}X]
O] 712 (YA, d2|a, Y S ASskied,
Z|T W2 AFollA RCP AUE| 5 o]gate] ulef7] 32
ke o] e gAY WskE 55kl Utk (Park et
al,, 2014). E3F =} 7] ol A= RCP AlU2| & FHite
Al2A el S 1 km 8] Ay s Aleskal
UolA FHIEEO] mjg 7] FHSto] whE Rt WIS o
Skl It} (Kim et al, 2012). whebA of2fjt Alue] & vt
Fom =53 Pt AL s FolA Al2E] aclat
A A= o] W A7 AETRd HEl A
0] gt 9 osshe Wk AAR S 22 4 59
njef| AejA| o] HalE clSsh= A7t 7k ey o]
gt Aol QlofA 7ol B Hatr 2 AR S b
A7 AU s Bger 54 A9e Ak, Addgw
Ao gt AR EE &S0l W ARE AT
T e A obd ol Al gL, i8] AR E g
Hof| Zj2jste] Ysk= AaE D717} ojFek E3F RCP
Al e 2| 9] 247 S ol e Sl QlofAl,
E¢PARE &) olal, At 58 59 dAIe B2 B
O Qe A Fho] 2t (no data) =AM, A1) 7120 H]
off BIdA o R AU W gh (oA, S Al &
QF Zol7}k QUt} (Han et al,, 2018). 7]/ 37olA Algshe E3t
AL (1 km)AbR =3 o] 23t FAIE sidskal, s =R
A7bs E AR, o315] Bl wE e EARIT
(Kim et al.,, 2013b). o]2]3t 7| A= 0] £ Bdt7]&
1 53] 7]28] FAAKl 7| Z2shes AL AlktolA
ekt 2aE 2 4= Q7] wiieoll, F7HA Q) HelH A
A=E AMEShe B57F Wt (Bak et al., 2016). Z12{u o]
ot HolH AL AAtol| A Qlof ols3t WhHo] ofuz}
A Ate] Zgge] Qlof ofHge 2T 4~ e, IvkE
AIZHA - AR S o7& 4= Qlrk whebA] i8]
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W71 Akl e 2 RE HEr|ea AHLES A B
b APk L2l Qlehe, Jelm 1 A AA)
BEAR0L GARE WEOE Ueidrtel slsustTe} o
7 71 eg TIzom B AA Aol B4 W AFNS
2 % 9 Zolch

T MR=
2 Aol vl 715 Aluel s Hige = Shike 1
24 Ad QIE € A4S ko sy 227 % 224

& =
g FEslol, BT AALES A
BABHA WS ol§ste] WatE Fy5He TEIYS RGI
(RCP scenario-based Growing degree days Interpolation
program)E 7HLSFRIL:. RGl 20382 Hat7]2of diste]
DAYHALE 0| g3 BFRFL T 42Z WL, M4
e U RS FeiA AE AuE =gtk
2AFE ¢1ojdl H (Perl)PolHeje]e} & 57 2lolHe
219l R& AREsto] Zsiolr] wizell, 2+ steluef=|7 A
8 BE A2l Aae] 7Mssta, 53] Wt RCP A
tele Hejzh golglh 2l (Linux) Ei FH2 (Unix) A
28y} o] thgwFel A7t kst Al'loA AR 4
UL}, 2 Aol A ZEE RGL 22032 v]e7] s} A
elo S o Aud BR7| o0 HALEE 55
Zlssto] w2 mlAAEAle) Wale] Ag3tomn Hrt
gestal A& 7hsd AANE mEshet 7o Aem
ek RGI ZRIHS B T2 ke Ae]£g)
2AEZ] (Sourceforge)ol|l Al T2 X7} 75ttt (https:/
sourceforge.net/projects/rgi/).

2. 87|12 H Hu2: 2

i

21 RGI Z23Y I

RGI ZZ 732 RCP AT L2 RE 7| 2A 73S
sl nel FEske] AR B 23 ALEE A
A% AR 9 Sojd ARE HEgte BAsH: B2
Wow ofefe] Aol ola) ARgshEC) (Fig 1). 54 A%
A} (Coordinates)?} RCP Alute] @ A}&7) 912 =H RGI =
2332 RCP AU 2 A7 *]8] (RCP Scenario Process),
71 (Bt # AARRE) ARE (AvgTemp & GDD
Calculation), 3] o83t 7] (B7] 2 A4ik2
) HEZF (Interpolation Regression Modeling)© &2 & 37}%]
WA= e Zzte] eAllA Ao duEe i
1} Q1 rep.txt, temperature.txt, interpolation.txt= &3 ==,
2% 99l interpolation.txtol| 4] ¥R W7HE 7| 2727}

A

+

Coordiates RCP Scenario

| |

RCP Scenario Process
(esri_ascii_grid.pl)

l rep.txt

Avglemp & GDD Calculation
(temperature.pl)

Base Temperature )
for GDD (1)

l temperature.txt
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(interpolation.R)

1

interpolation.txt

Fig. 1. Pipeline for RGI program.

2.2 7148 Het &M 7123} AlLtE|R X2

IPCC AJ5a} Harxofa AMEE 247k vjEol wE
71 35E ST HEEEFE = (RCP) AlUR|es 247}
2 o) uhet & 4714 (2.6, 4.5, 6.0, 8.5)= A|lF3laL ATk
71 FollA] RCP 4.59} 8.57} th=o] Atof| A o] 8511 Q=
o] RCP 4.5= 247k A7t g3 o] 4Fgs] Adiw= -4
o3t Alube] 2olw, RCP 8.5% 2A17k40] #|7to] glo] i
g djo] Ay o]t} (Lim et al., 2016). RCP A|Ug] 2=
A AmEA ZF yehe] A o] gt S aLeshA|
7] wioll, #1214 gH4, Q1FRe] WA, ofvf x| 4H] &
2 Qs AA| 7ek= 2pol7t Jlom, SA7EA0] HlETk
AT FAE 725k Asith S 7Vl = =
o) Bol xejal a7l W TAH 99l 5L eisiel ke
(Fghe] o] 9w =z]& (PRISM, Parameter-elevation
Regression on Independent Slopes Model) 2&-2- %831
RCP Alupeloel AAAkRE AFsk itk (Kim et al,
2012). 12.5 km 714 9] 2| 7|52 o] AFt 7], L2/
A=A 719, AT P4E | km PAOR HRHFY]
ol Hot 2 =R AAekE 7|5 HE} A o]
SOtk 71dolA Algdhe AR RS o
/7158t Aleg 2et 9l A 5, e Wk g
ofol| A Z-g-E|al QlojA], RGI L2 1o = 7|42 = 0
|E Aetsto] "yl Al 715t AU e s deRER
AREBHEE 7 E SIck RGE 2213 0] RCP AU 2 AFR
] A A ARE-Sh= EeE AR 7| ESRI-ASCII-
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GRID 4] sjlg ALgaler), of Tjale Bt de) 7
(ncols, nrows)2} A|ZFx|A 9] #3E (xllcorner, yllcorner), ~LE]
37} 7RO o] A] Z7bEl B9 (cellsize)2} NULLZH
(nodata_value)¥} 22 7|24 H el 3 dH= UAH 7 =}
ol sk Amghom TAEo] itk (Fig 2. ¥ 221
-2 ESRI-ASCI-GRID g4]2] 5S4 A5t &, Y=gt
Aol 7V 2 NG 78RS AE AR BE
st sfigaze] et kel Auele A=t Qe B
RGI Z2 7982 e ZA82E Atk
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Fig. 2. A Matrix converted from lining values (gray
arrow) for ESRI-ASCII-GRID file format.
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A 3R o R Ty & a7yt A7|9ke] 1 A7)
9 o] sfgehs TR wid IR E wetsty] fls)
of AAE B TS B2 Azl AA|Sh= AV
O 72, 7|2, e vk, 71 B GALE x5 15719 7]
Ta4s mii WS @A A= 10270 x4 BS5E
Aa2E 7A=Y EEE  (hitps://data.kma.go.kr)ol| A A|&-5}

L W
N

ol

T glow, ¥ Aol A u Folxat 3 RGI
2I9] 28 FFsAel iRt B 9dste] 4%, 44, 2

A5 AR 107) APe ke BAsl,

aj

N
Ok
ET]
rto

7|

1A
rx

[

=

3
Hat7]

ot

o
L

e

71 FF HEE 7120 tiet Hdgke

r

Journal of Climate Change Research 2020, Vol. 11, No. 2

2, duAoR ATl YU, FL Aug| ool Al
o] Akl Ba/leg ol olgakad], 71ee A7

ol7] wel, QIHEQl ATolAE ol Ao
) eo] thak B 919l

A Z2IOox= 717 Al |1t A (1 km) Al
el oo Atk et 712 o83tk
ti (tmaz + tmin)
Ta'l,'g(tl’ “.7tu) = EE or f (1)

AL (GDDy= A=0] A, A 712ue] A=
B o) W] AMgEl, HEo] A% wololaRE A,
BF EE, fIlelA AArRe] BAR A o,
QUxere] A (712)0] BasTRe 4ol 2je Ame A}
L=t} (Kim et al., 2015b; Shim et al., 2019). AL L= o}
o] Ap o] AHAL 712 (tue) Tt DEA 71 (twin) {2
SEONA el A = Qe HA2ES 7E2E (1)
2 A Yoix 71egke Aol 1dRIR ofgjet Pol
AFSHCF (McMaster and Wilhelm, 1997). 7|52 52 73-2-0f
mpoleh 453 4 U HALETH Zfol7} gLt 714
PiRs e o) A4k die Aol nen o
PR 02 A 2of|A Alehe AE9] 9= 5°C, 20 A9
B AELS 10°C, BES UARSE B 15°CE 48
Sh=tll, AEFritt sigehs 7eEe Aol7t itk

q
wojo

tmaav + tmi n
GDD(tmax’ tmin’ tb) = Z( 2 - tb) (2)

2.4 RGI2| 7|2 H HM2E H7t

ot

o &

RGI 221318 RCP AlUj2] @2 Sa) Aukel Hat7)e
RS B TEu RCP Aluel2.0) B3kl
Ak 7]2.0] Yol QA AR o EES A
Sajof 517] ol 7leAgo] jgt xuzto] Waslch o
o] BP7| e S710} sP4o] Fel et 789 Aol
of Ha7|ee Hol| wlge, ofel Be 2% BY wEl
(quadratic model)& o834 olo] Alz} Zo] mElYS B
4 L R (S B B2 5 ek

o Mo
2=

¢

z) = ax’ta,x+PBte 3)
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curve) FE|Z 7]20] FolA|7] ARlSh= &, FHoll= A
AT} FASH 2715 71eo] Wolrl AL RS %
s\o] haslol, AL AT 7leT} YA 7)) Aol
7F NNEE ()T R Aol F7HEo] §ick ol#gt
Fejo] Arkee FAS SR = A2t A=
A3 24 (nonlinear model)S ©]-&3lo] AJFS HAsloa
H L2} (day)oll Thek ARt Ahk e St =5 5
ek, ol SHEEIT G UMY ReEA R 2fojHejelo]
A= SSlogis, SSgompertz, SSweibull, SSfpl I S
(Nematollahi et al., 2016)2 A5} QJon, ZF ghpof of
3t 82 offjel Z}h (R project).

SSlogis (Self-Starting Nls Logistic Model)+= 7]-22] W3},
Ago] PHIA 5, AJefste] A et ngsts] 9
3 A = (Kim et al,, 2015a), AYejsHEgt ofue} S
A SAde Uetlls 23zof tieh thefet dtofollA o]
S5]31 e} (Jungers et al., 2018).

. _ Asym
SSlogis(z) = (14+exp((zmid —x)/scale)) “)
X = day
Asym = a numeric vector of values at which to evalutate
the model

xmid = the value of SSlogis will be Asym /2 at xmid

scale = a numeric scale parameter on the input axis

SSgompertz (Self-Starting Nls Gompertz Growth Model) $+
4= Benjamin Gompertzo]] 2J3] 7j¥tE =@ (Gompertz,
1825) 24 AFES RSP Sla) AAE Foln, 44
& thea 2

SSgompertz(x) = Asym X exp(—by X b} ) 5)

x = day

Asym = a numeric parameter representing the asymptote

b, = a numeric parameter related to the value of the
function at =0

by = a numeric parameter related to the scale the =

axis

SSweibull (Self-Starting Nls Weibull Growth Curve Model)
== Waloddi Weibullef] 23jj 7tte myoz, Adad

RCP AlLZ|R7[2F EH7 |2, M2 S8y B2t

;

2 117

o419 BFol =& Fgsl=t] ARS-ET}F (Weibull, 1951).
2lo]E E3E (Weibull distribution)o]] 7]%3t Self-Starting H]
Ay BdE oo} T2 4=2]of osf| ZlggErt.

SSweibull (z) = Asym — Drop X exp(—exp(lre) X ")
(©)

T = day

Asym = a numeric vector of values at which to evalutate
the model

Drop = a numeric parameter representing the change from
Asym to the y intercept

Ilrc = a numeric parameter representing the natural
logarithm of the rate constant

pwr = a numeric parameter representing the power to

which z is raised

ol 58 n: AI ~ElE] Sh: (selfstarting function)ZA]
Z7] W7t Q=R Al S-S (ORESR AREo] 7Hs
st} B 2 a0l A= SSlogis, SSgompertz, SSweibull T+
5 AlFsto] Apmol At FE AYE o~ &S 5t

et

3. gd+&1t

2 Z2IH9] dee Ads] fiste] 717l Al
&= Esri-ASCII 2} 3 419] RCP 4.5 F3F A4 (1 km) ALt
29 7R, A% (126.9658°E, 37.5714'N)1} o] (1267614
'E, 36.0053'N)o]| that 2018 AU+, U|A, YL 7]
A& AtmE v e R 7|2 AAeES oS 9 Byt
St ZF = A o] disto] RGI Z2g0 2 3|7EAR
= ul, Hat72 Arkeeo] disiA 37HA] el B 95%
AlEoll A pvalueZ} WL 72l (< 0.05)e Hof, ARSH
S| go] AHEsIal & 4 Qlrt (Table 1). A2 2=
H| 2 ZA2}LHEZFQ 2} (residual standard error)7} Hat7]-29] 7
S A&a} o B 4°C HEo] Zjo|7} glom, HAker=
3714] melo] giaiA] 30~69°C Awo] 9217} Lhelt). whet
A Bt7]2-0] 79- Wdo] ot Bt Amel F 2jo|7} et
LA 4L, Akt A7) Beat7]2of Hls)
A YERFARE Ao whE expe] HA oz HojXinh 4
AR H7tof| QlojA] & = Iglof A ARG 371A] mEll
7R AR ARE Vo R Ay o] 7HE At 2
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A0 SSweibull EEZ UeRdTh 18U ®|2]F SRS 118
3 uf, HALET} 2jol7} QLS 2= gloms 7R mElS
A2 vlusle] AA-st nEle ALEs|E EASH.

=2 9l8ll AM88k= RCP ALt
Sot earkas) 5ol ahe Al Ales Aow ZFgel
AL QU whEbA RGL 2254 34 ot ®akdrt
ISl Aot A AP leh, 3

ofo] TV FESAIHNA AR SAHE LdBt, LHA,
L1 7|2 A= (71 ABrE o183k R Mﬂi—"ﬂ

H7E Avte} vlaskgiet (Fig. 33} 4). %%7134 735 A
718 (o) RCP AlUe] 8. (2540)2} 7] 2fo]7} Kol
31, RGlL Z2 7Y (F24)2 2|517] 20| A= Zol7} QA
T AAA o2 vt e o= vehd dA7]23 RCP A
Ueleehs 2 A7 gle AXY EAv (Fig. 3). E3 A
AR A= BEARR] Hiske] RCP AlLtE] 2.2} RGE 22
a7e) At A9 Al UeRg AR 7120l Sk

FHRY - HSTI

3~4U7IA| 9} 7129 A1 9U~12Y oA = A7t
Zpo)7F et T Aol A= Zole] Jhiko] fA|7) ¢kt
5 #7200 FARH eIt (Fig. 4).

I8y 9z =7 23)9] Zjpo|E FHHfo= §]-o]§1i.0_
o, SHt7] o)A AL AA7|2HH] RCP AU 2=
I+ 3.90°C, Kol 3.39°C, RGI= A& 3.57°C, ol 3.33°C
S8 AA7|2ol 77k A7t eyt on, HAR ol =
A€-0] - RGI Z&THO| SSweibull 2, Fol= SSlogis
Ldlo] &7 21ko] Zjolof| A A sHA Ukttt (Table 2).
TS Aol whEba] AARREO] Blaxfol7} ALe] 7
SSweibull, F-619] 739 SSlogis7} F-2 Afo|2 YE= 2
& o], 2o wpebr] g T8 Agste] AMgshe Flo]
H}%Wﬂt}i 2 53

W54 7)ol gk RCP Alu2]29f RGI 2213 1}9]
ALA G Z}OI% wsl7] fJste], Aol wet -4

H] 12
(t-test) T2 L=< 993 HA (Wilcoxon rank sum test) 2

Table 1. A regression model test using RCP 4.5 scenario of Seoul and Buyeo, Korea

Temp. Model Site p-value Residual standard error
Seoul 1.71E-156 4.11255
TAVG Quadratic
Buyeo 1.03E-150 3.98582
Seoul 1.04E-06 63.93170
SSlogis
Buyeo 5.64E-07 57.31117
Seoul 1.33E-06 69.16922
GDD SSgompertz
Buyeo 2.98E-06 65.34650
Seoul 4.09E-07 37.80906
SSweibull
Buyeo 2.94E-07 30.86342
Seoul

o

@

2

g

@

Average £
temperature
>

&

g

<<

Average Temperature (°C)

5 07
Date (Month)

-] 07
Date (Month)

Fig. 3. A test for average temperature in Seoul and Buyeo, Korea (observed temperature, black; RCP scenario,

green; RGI, red).
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Fig. 4. A test for growing degree days in Seoul and Buyeo, Korea (observed temperature, black; RCP scenario,
green; SSlogis, blue; SSgompertz, yellow; SSweibull, red).

Table 2. Average temperature difference of RCP and
RGI against observed temperature

Site Method Seoul Buyeo
RCP 3.90 3.39
TAVG
RGI 3.57 3.33
RCP 49.04 49.62
SSlogis 57.00 44.06
GDD
SSgompertz 68.77 61.31
SSweibull 43.85 61.11
X3 YA (linear regression analysis)S 3§35}
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ol A HR7| LT FlREAA 2A Aol g
Ao UEhE (pvalue > 005), B2 A 7|27} RCP
Aufele. 9 RG] A 713t o)t glo] RCPe}
RGIS}S] Z3prt 2 Holr} ghe Ao Wekg 4 ok &
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Table 3. Statistic test for average temperature and growing degree days

Site Analysis TAVG obb
RCP RGI RCP SSlogis SSgompertz SSweibull
Homoscedasticity 0.4479717 0.0299678 0.6334404 0.4652739 0.6540554 0.6276117
t-test 0.4172708 0.844363*  2.35147E-13  1.44358E-17  5.08878E-09  0.07853077
Seoul Linear regression analysis 4.7969E-137 3.4654E-147 <2E-16 <2E-16 <2E-16 <2E-16
Residual standard error 4.698452 4.090956 47.22472 30.51097 79.04871 36.40944
Homoscedasticity 0.9213639 0.1522657 0.6425041 0.8180667 0.609942 0.6467084
Buyeo t-test 0.5308424 0.5211443  2.71246E-47  5.84666E-73  7.26434E-20 1.40357E-89
Linear regression analysis 3.553E-144  4.486E-144 <2E-16 <2E-16 <2E-16 <2E-16
Residual standard error 4.19531 3.874087 37.39245 27.90216 70.8247 25.72911
*Wilcoxon rank sum
Table 4. Residual standard errors for average temperature and growing degree days
Site TAVG GDD
RCP RGI RCP SSlogis SSgompertz SSweibull
Gangneung 4.792819 4.235769 27.87386 32.67443 56.91178 21.34058
Suwon 4.545261 4.059671 45.21065 29.98378 79.26622 34.16096
cheongju 4.490016 4.046794 35.78253 33.05774 71.44763 25.71146
Dagjeon 4.423598 3.947019 42.64085 32.69701 75.81912 32.48128
Pohang 4.473529 3.804932 31.24129 42.95025 62.37051 28.23623
Jeonju 4.462982 3.939807 34.656 35.71385 71.77117 25.35345
Ulsan 4.35004 3.776408 27.54804 39.83073 60.05716 24.64086
Gwangju 4.085986 3.673606 37.45692 48.9017 67.45774 29.68643
Busan 4.039811 3.498263 31.32574 35.49227 59.82768 26.40412
Gimhae 4.089597 3.53454 31.8461 41.90942 63.67167 28.03659

gk ojefe 59 AR Aol QlolAle] Hto] HA| &
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Q= I AtRopolA mie- -85 ARgEle] mjE7]¢H
Slof| W2 F theld Wak T A4 #91Y] §is), BE917]
T 7S 5 AQYEIAIY WSS Bt eat Ak
= EoliA ol A7t Har Qivk ™ 7lewd AwE
ol-g3te] HeA EFI 7152k BAE olsfighal A6
7] 9Jte] 71 e BmE S8HoR & <= 9lojof slA|L
A Aa)e] Bz dieF 2k2 o] A 5o of#o & I3
Aol lolAl Aol & 4= Sirk ALkt RCP Al
Qo tigh Bt o Qg 7] 2AkR 9] eatm Aol 9l
oA ARde] RCP Alue] 2.5 Hekslof sFA|g T10f] wh A]
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