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A Study on the Method of Producing the 1 km Resolution Seasonal Prediction
of Temperature Over South Korea for Boreal Winter Using Genetic Algorithm
and Global Elevation Data Based on Remote Sensing
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Abstract : This study suggests a new method not only to produce the 1 km-resolution seasonal
prediction but also to improve the seasonal prediction skill of temperature over South Korea. This method
consists of four stages of experiments. The first stage, EXP1, is a low-resolution seasonal prediction of
temperature obtained from Pusan National University Coupled General Circulation Model, and EXP2 is
to produce 1 km-resolution seasonal prediction of temperature over South Korea by applying statistical
downscaling to the results of EXP1. EXP3 is a seasonal prediction which considers the effect of
temperature changes according to the altitude on the result of EXP2. Here, we use altitude information
from ASTER GDEM, satellite observation. EXP4 is a bias corrected seasonal prediction using genetic
algorithm in EXP3. EXP1 and EXP2 show poorer prediction skill than other experiments because the
topographical characteristic of South Korea is not considered at all. Especially, the prediction skills of
two experiments are lower at the high altitude observation site. On the other hand, EXP3 and EXP4
applying the high resolution elevation data based on remote sensing have higher prediction skill than other
experiments by effectively reflecting the topographical characteristics such as temperature decrease as
altitude increases. In addition, EXP4 reduced the systematic bias of seasonal prediction using genetic
algorithm shows the superior performance for temporal variability such as temporal correlation, normalized
standard deviation, hit rate and false alarm rate. It means that the method proposed in this study can
produces high-resolution and high-quality seasonal prediction effectively.
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Independent Slope Model; Daly ¢z al., 1994; Kim et al., 2012;
Ahn etal, 2014) 5-0] QJT}. o] 9]l & kA E 2 & (jeong
et al., 2012), 013k B3| (Park ef al, 2008), 7§ AT T4
(Skourkease ¢z al, 2010) 52 FA & Ego| A=Y
7]/%)]—7(4 H3E /\H A] ﬁl—oﬂ o] 01 /\«] il—_Q_ﬂ [e3] r,]_
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2. 7= 9 9
)Xt 2

93 3Lof| A= PNU (Pusan National University) CGCM
ofl A Aite Aol EA RS AHE-SHATE PNU CGCM
2- APCC (Asia-Pacific Economic Cooperation Climate Center)
O A7 Y3t 2 E SAFE A2 E (Multi-model
ensemble sy stem)oﬂ Zojslal gl o uf B7)d 7)1 A
A AH3h= 71 A SAZ7He) ool e AL A1 S A=
£ AlF3skL 91 2 o] thSun and Ahn, 2011; Sun and
Ahn, 2015; Kim and Ahn, 2015). 0] 232 tfj 7|t <=3k
g (atmospheric general circulation model, AGCM) {1 CCM3
(Community Climate Model version 3, kiehl ef al, 1996)2}
Bl el <=2 & (oceanic general circulation model, OGCM)
¢l MOM3 (Modular Ocean Model version 3, Pacanowski
and Griffies, 1998), XX 91 T.SM (land surface model,
Bonan, 1998), ") =& ¢1 EVP (Elastic-Viscous-Plastic
Model, Ahn ez al, 2001)2 -4 =] ©] Q1 TH(Ahn and Lee,
2015; Kim and Ahn, 2015). PNU CGCM©]| tfj g+ Z}Af| gt
ATg2 Table 19 LrERA ST

& AolMe 27124 °ﬂ/\1 “é‘ﬂ—t— &9 =&

A& E017] Slsto] AIZHA] A (time-lag method) ]
A A E FAE E ATHE A6} T (Kharin ef al,
2001; Kim an Ahn, 2015). 27|27 9] A|7+e t274) &}

FdE WHE e AR A s A
RilHeE 271279 RIS Folk
(Brankovi¢ ez al,, 1990). 2 S TLof A AFE-5H %
119 64 K¢ 15U71%] & 107§, 1980 F-E 2015¢

Table 1. Description of PNU-CGCM

Component model Resolution Reference
Horizontal Spectral truncation T42 Community Climate Model
Atmosphere - e i
Vertical 18 hybrid sigma-pressure levels (top : 2.917mb) (CCM3, Kiehl et al., 1996)
Land Horizontal Spectral truncation T42 Land Surface Model
an
Vertical 6 levels (LSM, Bonan, 1998)
Horizontal 2.8125° longitude, ~0.7° (low lat.),
Ocean ~1.4° (mid lat) and ~2.8° (high lat) latitude Modular Ocean Model
- (MOM3, Pacanowski and Griffies, 1998)
Vertical 40 levels (top : 10m, bottom : 5258m)
Horizontal 2.8125° longitude, ~0.7° (low lat.), o .
Seasice ~1.4° (mid lat) and ~2.8° (high lat) latitude Elastic-Viscous-Plastic Model
- (EVP, Ahn et al., 2001)
Vertical 3 levels
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(simple composite method)E ©]-8-35}o] H4$H & 11 o
Z A5 0] 8312 th(o and Ahn, 2014; Ahn and Lee,
2016). 22 0] A £ lead time 3.57]| 2 November to
February) 0|, £-4]-2 1L 7127 (DJF, 1.5~3.5 month
lead time) 7]- 29| o]l 25 & ST
= Aol A= 71438 o A4 71/4d S (Automated
Surface Observing System, ASOS)¥} A} 5 7] A & =
(Automated Weather Station, AWS) 7| A7 & B A 9
A= sl ARS8t o714 AWS= 19901 FHER
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o} AFg 715at Az 2 7] ko] T2, ofof 2 el
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AESHTE ZF ARz o] A ol tiRh $12]+= Fig. 10 U
bk Qe ASOSS] P2 A o] TR TEs) e 2
ol 121517 W], & Aol A= A 0.2 5o 7]
25 BEH G GolE 25 o] Avke] 913
TAWS 217 528 400 B ALgsiic

L

o
=1t 2y A== 45§ (perturbation method)2
b

R

Fig. 1. Topography height (shaded, m) and location of ASOS
and AWS used in analysis of observation data.

QITH(Ahn ¢ al, 2012; Ahn and Lee, 2016).

M=M+M (1)
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information system interpolation, GIS)©.
LHVWEEN£$%WM%E‘§Jﬂﬂﬂﬂ
FA2 o] MAFhs oItk o] WS B3 B3
H A 7P Test A matao)7] wief de
A8 ¥ = W o] th(Szolgay ¢ al., 2009; Abn ¢t al, 2014;
Lee etal, 2016). &7 2] 7150 9] 5412 T}S3} 7k

Mo 7] 20 EAA

H (georaphic

,olu] &ar gl

SAIE Avlsi, d= Gﬂleﬁﬂr
A FAZA T AP E SjulRith o] A Y A
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QoA PNU CGOMOA el 55 719 2B 2%
ZE A7} e 314 kmol 7] o] 22 A2 27 o]
A AFE17) SIIA] AR S 250 k2 et o
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2) YA =AR 0]83t 221X A (bias correction)

2 Aol A= ALt of whE 7]-2-0] WSS arefsty]
9fste] e d= o] AAY $d L =A = Q] ASTER
(Advanced Spaceborne Thermal Emission and Reflection
Radiometer) GDEM (Global Digital Elevation Map)= A&
3} th(Frey and Paul, 2012; Choi, 2013). ASTERE 19994
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Space Administration, NASA)2] Z] L33 A]| A€ (Earth
& Q) A] ol Terrao] B H
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Rt EEg] Bl AT TEsol 45 3
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(Kug et al., 2008; Ahn ez al., 2012; Ahn and Lee, 2016). 19
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g murke 2 Al e st Hold
Q1 tH(Holland, 1975; Ahn and Lee, 2016). A} Lale] &
o] 8 A2k @ chromosomeolch. GAH = 44
AHgene) = T = o] 31oH, of 2 7] o] FAA| 7} BLod
A 7R A+ (population) ©] Tt At (Generation)+= 7] A<+
o &3 = X G A (parent chromosome) 7} AF4] ¢
skl o] Al
O 2 sk g et A Fare] S Al
7} M 8kshe g off ARE-E= AR A8 (selection),
A} (crossover), Bl 0] (mutation), ] A (replacement) 7} ATt
e 7P A A0 dite e iAo s 53¢
Moz Helaly] 9t goln, WAk 3
Ao A 24 AT SRS WA Slah AL
i} ol B4at - HH thE o] Slof Al

2 F32 Mg o] dojuf fEo AN = st &
+ HW3E gtttk 293 A v Al 2 7
skl AMAIEE AAsk= A& QulRith. 7ol H =
oo s AT HHEE S QlaL, o] H T 9
S AANE A L QU

=

ol

AW | (offspting chromosome) &

CRE

—-665-



Korean Journal of Remote Sensing, Vol.33, No.5-2, 2017

2 7o) A AREE Q1A Y T2 30 PIKAIA
128h3 el fA4 delE 9714 L2 el
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oﬂ ]:}-O]:o = 9,] 2o E_Q_O]'EH\‘VLU{S,]Q'QS, Hagedorn 7]_.(:5H E:lel_ 6_]_(5\]:]_ Figures 33 4= 7_‘]_ /‘\__—]—‘—j% %_SH /%]/I\l_
et al,, 2005). 3 Aol A= T2 Q1 A A LAY g 7)o 2150 7|57k T o, Z2h & 364
(deterministic analysis)9] @ A}A| & (root mean square ( 1980-2015)3} 141 (2001-2015)2] 7| Z7HS LrebdT}. 7]
-
error, RMSE)@} A] ZFAF 3+ 7] 4= (temporal correlation ol5to] T2 A A ASOSSF AWSE] 7] FgHE 3
=2 = h=

coefficient, TCC), &2 7 & o]-&alo] A4fsle #&E
Hxnormalized standard deviation, NSTD)E A3}t
(Jolliffe and Stephenson, 2003). S}, M A2 2 H.4

77ﬂ L}ﬂ-LH {1t} Figures 37} 49] =S AF B H, ASOS
O AWS LI 71 5.940] 717h ThE AR 0 2 24
25/l YT, O R 142 S5 oAl TE
el B8 Hol 3 glck Ak ASOS] LHatelel)
WA g 7] 0] 7]57k0] 0.2°Ce] HIH, AWSE -0.3°C
Atk O]—E AW 57]' ASOSo| H|}o] &= I’_EW]*X] =3l
=
=3
s

1 (categorical deterministic analysis) Q) 7 H-& (hit rates,
HR)Z} 2 FH-E (false alarm rates, FAR) I -4 of] AF-&-3}
& Th(Wilks, 1995). ¢ 7] A HRY} FARS &A= 9} 4

359 oflehg] o] Hirof A Zh2h9] +0.430(standard
deviation) & 7|0 2 A5-5-81o] L3 THAhn and Lee,

2016). %%% ° U]ﬁ‘ t}. EXP1-& PNU CGC\IOﬂH A ALE]
Ao ie 712 AEA R0 7] wlZol Ert g 2ol thsto]

47119) ARFR of| tht 7)ol S A= 7F E A gt EXP2

4. A A7} = 9AY 7 o83t TAA RS Fe 1

km@] 184t 7] 2o SAt7 S THE QAR EXP1Y]

B Lo A | km TFAIE L] A - = 7] 279 470 AR ol A o A S AR RO 2 THEQL 7] el A
R A=s17| st 7|Tgka} ofate] HE o g At 7] &2 2= YERA] 83t AlTk7E EXP2= 5
U A A4S 5k ek B4 71712 ASOSE] A £ 36 AR RS A BS AT A S A H7HE] A
(1980-2015)0] 1, AWS E£= AWS+ASOSE 141 (2001- 2T 1 HE Q7] W&ol Fete] x| &2 EAJo] A Wt
2015)01™, BRI A& Ao £419) 25 Wk FEA| eFot Fete] 7] 5-gko] vl A ek Th(Figs.

3b3} 4b). WHHH, EXP33} EXP4+= H5Ho] FZ&of 2|3t
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a) ASOS 0.2°C b) EXP1 0.1°C c) EXP2 2.0°C

d) EXP3 -0.1°C e) EXP4 -0.1°C

Fig. 3. Climatology distribution of temperature over South Korea for boreal winter, averaged over 36 years (1980-2015) derived from
ASOS (a), EXP1 (b), EXP2 (c), EXP3 (d), and EXP4 (e).

a) AWS -0.3°C b) EXP1 0.2°C c) EXP2 2.1°C

d) EXP3 -0.0°C e) EXP4 -0.0°C

Fig. 4. Same with Fig. 3 but averaged over 14 years (2001-2015) derived from AWS (a), EXP1 (b), EXP2 (c), EXP3(d), and EXP4 (e).
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b) RMSE of ASOS+AWS according to altitude

Fig. 5. Root mean square errors of temperature climatologies between observation and each experiment.
The climatology periods of ASOS and AWS (ASOS+AWS) are 36 years (1980-2015) and 14 years

(2001-2015), respectively (unit: °C).

-669-



Korean Journal of Remote Sensing, Vol.33, No.5-2, 2017

7} ol o i B35} RMSE= 7F43817 4 244
T& AT 187] ol =7t ol of ket
TEof tE 7| ey} Zahy A St £alE| 2] o
2 AFE AFo] 9] RMSE= ti$- ARtk I&A] 3 2 11
57} 200mo]3}of| A= Ao whE 7] LW sy} Z3HE

A EEXP3L} EXP4) Y} 32 3HE| 2] 513t fj_ 3 5 (EXPI
I} EXP2)7F2] RMSE 2}o] 7} F 0.5°C%
1200m o] &= A 5ol A o] EXP13 EXP294 RMSEs
7} Z-7F 11.5°C8} 10.6°C) of ¥Hal|, EXP39} EXP42)
RMSEsE 2H2} 1.7°CT} 1,62 F 10°C ©]4¢] RMSE 2}
o] Hlth o) whE 7] W3t 23 A A
o]0 A= EXP42] RMSE7} oH T A& 714 vho
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2} 7123} AFR I (scatter plot) S 18] A 02, o] I1F
2 1E O] Hsto| whE 7|2 HIE ATttt HE5AE
0] ASOS+AWSE= 17} Z7}a2~2 7] Q0] Lrolx] =
A BAE & HE L T (Fig 6a). R A
HH W EXP1I} EXP2o| A= 1o k7] eH sl

a) ASOS+AWS b) EXP1

A8 A 99kt 56 EXPLe 4719 He 5
A= 7] d ol o] gho] aLteof uhet Z 2fo) 7}
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AT A 22

%A 540] AT

o

>

ol o552 Bl 271 flsted,
A1 RMSEE Fig. 70]) YER it oble
3t 2z} A3 9 RMSE= 7] 5-gkoll B|sto] 27

¢) EXP2

d) EXP3

¢) EXP4

Fig. 6. Scatter plots of altitudes against temperature over South Korea for boreal winter, averaged over 14 years (2001-2015) derived
from ASOS+AWS(a), EXP1(b), EXP2(c), EXP3(d), and EXP4(e). Here, all panels include the distribution of ASOS+AWS and

its regression line for reference.

-670-



YRtz ot RTAL Y

a) RMSE of ASOS and AWS

7129 1 km ZXFE A ZAtE Mot 7| A7

b) RMSE of ASOS+AWS according to altitude

1.40

=
1]
o

g

o
g

.

=
g

Root mean sgare error {unit: C)
o
]

=
]
=

Py
2 AT -G

=]
g

- i
= Y
2 AT

=N

o
NN

W
%&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\%

i
%\\\\\\\\\\\\\\\\‘\\\\\\\\W

T
A

if

-800 800-1000

® EXP1 % EXP2 = EXP3 = EXP4

Fig. 7. Root mean square errors of temperature anomalies between observation and each experiment.
The data period of ASOS and AWS (ASOS+AWS) are 36 years (1980-2015) and 14 years (2001-

2015), respectively (unit: °C).

UERA] Rttt a1 & 501 7154k A9 2+
RMSE H 9|7} 1~3°C gduhd | o} - uhg] = 7}
RMSE ®9]7}0.6~0.9°Co| 3} 2 ZHA| Uebsith &
o] wha} A8l 7e] RMSE 2o 7} uj]< tko] Le}
ks g ople o Mz ko] wheh 2 ;‘(}o]

EOW "’}OPE}(F ig. 7h). 0]= Ao W 7] 21 sl
kol PR T, oped ] o] 72 ;_Eoﬂ
Were oufRith S o
A} | S 23 o] Aol

SORATH AL B
XP49] RMSEZ} 71 WA Urebgeh. EXP4E A
o] %] A3 5] RMSE: 2 2}o| §lo] 9-A}5}7

{127
oot

f
it
r-O'LuE?L
rmlm.&}ﬂﬁﬁ

e

o2 H
o ook
> o ~{ot
W
)
L o
A

f
&
T
-,
)

_|_

o

o

Jo
U
N

e
=

o

o 8 8
o M oox ol Jx

<

o

o 2o
o 1

N

%

o

Urebyet
RMSEZ} #&3) 18 of| = ZA71710] AgFA 2po]=
LFER B4 0] QLrkr, A17bo] w2 wisle} g4l

2717} Guht W&} AR AT R7] $j8] TCCot
NSTDE Fig, 89| LEFU] $1T}. ©17] A Fig. 8a (8b)= 36\
(141d)7] 7bo]] Tl ASOS(AWS) 9] &2 4 7] L7k}
ZF A7 9] 7] o Sgk3e] TCC 9 NSTDE 5
ot TCCO| 7% BAIH 2.2 95% Al 2| F7ko]| §-2]%t
HARE JEY =2 5190 T}. TCCTL 170 77k &
BEI-FARE AP A 71 & o] u|ste], NSTD:
VL o]-8sto] At et = 7] w2l “17of 77k
2 P23 WEA o] 97)7F SARFS ou]atch WA,

p

5 A

-671-



Korean Journal of Remote Sensing, Vol.33, No.5-2, 2017

a) ASOS

b) AWS

Fig. 8. Temporal correlation coefficient (TCC, left axis) and normalized standard deviation (NSTD,
right axis) of temperature anomalies between observation and each experiment

ASOS(AWS)9] - EXP19] TCC7} 0.345(0.681)2 7}
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3Hh(Ahn and Lee, 2016).
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Fig. 9. Hit rate (HR, left axis) and False alarm rate (FAR, right axis) of temperature anomalies

between observation and each experiment
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