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Abstract

Stochastic weather generator is a commonly used tool to simulate daily weather time series. Recently,
a generalized linear model(GLM) has been proposed as a convenient approach to fitting these weather
generators. In the present paper, a stochastic weather generator is considered to model the time series of
daily temperatures for Seoul South Korea. As a covariate, precipitation occurrence is introduced to a relate
short-term predictor to short-term predictands. One of the limitations of stochastic weather generators is a
marked tendency to underestimate the observed interannual variance of monthly, seasonal, or annual total
precipitation. To reduce this phenomenon, we incorporate a time series of seasonal mean temperatures in

the GLM weather generator as a covariate.
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1. M2

Stochastic weather generator:= 2 FE22] 7|Atolu} 7|ZARE Atjzlog 2 FRo INARZ
downscalingdt= A 7Y 5 dhvtold, F2 dY FF7200u €Y ZAEHS FAX VERFEE &
£3to] A U= BAIF QA 2ot} (Wilkse} Wilby, 1999). AA| o] 23 & 3l EH G €44
Ba7l2olv €Y FA BeES dSshe A2 A9 Erbssith weEtA o] 232 B4R 94U X
S o] 83t ARE EAX FAF] AA FEH AZE E4A BAFS FARIESE TAE Y (Maraun

= 2010; Wilks, 2010).
2ol Awke}A g 12 & (Generlaized linear model; GLM)-& ©]-83F Stochastic weather generator 7}
ol ARgE =, o] 232 7139 AEA S-S AHIAY Akl T2 S 49 @ A
3to] Awsl=dl v)-$ &9ttt (McCullagh$} Nelder, 1989; Furrer®} Katz, 2007). 3-x] %k o]#] 3} 7]
Hel A EAIAL B¥E Bl o AZEH EAREY B4t AA AEH ARE EUEY &

(e}
bR Aod oz ZA A= Al ot (Buishand, 1978; Katz®} Parlange, 1998). ©]2 gt
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FARS “overdispersion” o] 2}1l 3H=H], GLM< ©]-83F weather generator7} 7|59 HES 2823 A
B gl 2ol g BAE s 2g Zlo] Al S23 ol 7t Heolsktt (Katz9k Zheng, 1999).

o] 213t overdispersion 4Z Eo]7] Y84, Kim 5 (2012)+= GLM weather generatorol| AZ2¥ &
A ARE B Ve FHTE ARG, ARA0 ARE SAFY AHew s wAE
4 9+ underdispersion A4S =7] 9 A] smoothing A 2E AZE FTAFES B thal A3}

Atk 7)o A= LOESS(locally weighted scatterplot smoothing; Cleveland, 1979; Hastie2} Tib-
shirani, 1990) 7|¥S ©]&3lo] AZE FA S smoothing A &|stAty. #F1Z 2 smoothing”]
WME 728 4 Aok Wilks (1989) 2 2530 B8 23E SalA €08 3oFS osaun
Hansen2} Mavromatis (2001)+= overdispersion A4S Z0]7] 934 GLM weather generator?] 7|
42 Q92 2R B =RolAE AeAclel AU BE7£E ZU5 517] A8 GLM weather
generatorg ©]-&3Fth. 23 A 9JsiA 1961 dHE 2011d71X] 510 54 ey 4 H
71 A5 7F AHEH Atk overdispersion A4S Eo|7] Al Al 274 B AR 71 o] AREH
gt H =2 v 2o A9k

273 4 HF7| 20 &3 GLM weather generators 7Hd3] 478kt 2|3 4L HH7]
22 wYska] AeIA Tde] 29 BAFEA FUSE ABERE 29 AL AT GLM weather
generator= 37 AHECE 3%oME AEX G ¢ B 4Y 77|22 GLM weather gen-
eratorol AR AA A7 BAol & AR AEAT ole] 11 SHLE o&sto] FrlssAT.
2813 47olA e R ol that 27} =817} o] fo] Ak,

2. Y2 HAJ|20] 2o GLM weather generator

Furrer2} Katz (2007)0] &J3iA 271E dukst AP R 3o| 7]%3t stochastic weather generator:
Richardson (1981)0] A-&2o2 A|tet By F 7P 7tdst Fejojty. 2 =FoAME o] Z¥E 7H
3] aistch o RIS W82 Furrer?}t Katz (2007)U YALO]E http://www.image.ucar.edu/
“eva/GLMwgen/ & #Z3shH ") Furrer®} Katz (2007)0] &3 278 729 A3 249 Fxo

&3k GLM weather generator: =422+ Sternd} Coe (1984)2] 233} 22 ZlQy] 252 23
9 B2t dd 718 7FAl+= chain-dependent processE ©]-83te] 4 Y 7ol I3 GLM B3-S

sl
ol A 7 AF T vkel o], downscaling 72 FEFF 7t ARSE = Hok dAAA IHXE A
s7] 915k B Y F shuolth. RV 2 71AE of9A FR7F Z2 GH e ARA 7=
of A o Fo] AZE the F A7 AL oldlske 713 E ATt olE £, downscaling 7]
e 71Fu g 22 2 AR Mg A54 A5 GXAE W] AAE T2 o§sH At
(Benestad %, 2008; Katz2} Parlange, 1998; Mehrotra 5, 2004). £3], 543 downscaling2 &
ko) 7]’“01‘/} 715 A 2L R ERAfolo] WA BATE ks 7HFelA Al & =2
A= AetH 23S Z3) A downscaling 7]'HS GLM weather generatoro]] AAAHA =312}
Eia=
Kim 5 (2012)-2 LOESS smoothing® A2
WeE nejgogn A9 g FAZ S
Skt o] HAEWe 2 R dudsE &
A& S0, 2 29 75Ty tR{ 4 5= Uehdl= 0434 72 A7t 4d AR oA ARETE
ARgHTE A9 o] GLM weather generatorof A= A E AR EAZ(EEHS)S 2 1R

[o
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N
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2|5 7]&29] GLM weather generatoro] 57}
42 47)5ke] “underdispersion” EAFS A A
o] F&ERgo] Addshe Aol F2E T ded,
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o] oY F(FEUT) 22 Foll(disaggregation) sh= &S vk F, AL F FFFolv ALY 3
T EEE o]83te] 4 Aol 4 7S A% By S e
GLM weather generatoroll smoothing= %] %2 AAE 7|1& EAZHE A THFE AT 3¢ ¢
g GHARY 28] WF F3 WE (S, underdispersion )] UERE & gloemg 2+
39 smoothing® AlEWE 7| SA4FE FHFE ARESth o] wf AMSE AFE 7$ B4
€ smoothingd}”7] $Ja]4] LOESS (Cleveland, 1979)7]}H& AF&3}3ict. LOESSE= déoﬂ 2o
A HaAFgHol 7HAE 2hdEa) A AREe] SaAXS A A o R, 71E] locally
weighted polynomial regression® @ AWE 7|% 3t} o] WYL 7HAstHA L |- F-ASHA AR
& Aol glon okl o3t JFE AHH & Ho] Robustdt smoothing ZAIHE Al-Fhrt.
3], LOESS Wi EAS 3-8 AT I O%iol smoothing E4wte g 2 Ho] 71s3sictt. Iu=E
B =RoAE= Abd BAL E5to] smoothing B4 0.30.8 3igitt. d2Aor L2t A2 499 g
4 7125 233et7] $1314 LOESS smoothingd A&E 543 (B27]2)= 71€% GLM weather
generatoro| FWHT 2 27T
Ao 7 ojr Fo 7|22 T Fo| FdA il uet 4 e
3t GLM weather generate®] 792 f-538 2H42 vEd 29
2y3}ol| ShA el g BYS AoJstuA} strh. WA S & oW
£ UetE ekl sHAF (5, ¢ v7F 21 J, = 1012 I8 A] koW J, = 0°]t}). o] uf, t'd w7}
£ FEL pk BYSA (&, pr = P{J, = 1}°]3L 1 —p, = P{J, = 0}o] AT}h). 282 F 7o &
BE 7R ou} Markov chainoll A&, 72 2] v|7t & &5 2 A v7} kA @A 3=A
of wet gebd 4 gtk IHEE 2] Al gt B2 o2 Zol 8T 4 9

[

mlo

)
_|\I_‘
3o, U

In (1 ftl%) =p+adi—1 4+ B1Cr + B2St + 1 CeJe—1 + v2 St Je—1 + ﬂSItPts + Buw(l — It)PtW, (2.1)
A7l L= AZe Yeidle AZAFIH (5, $71(4€A 9897bA)d wie I = 1°]x
UORAA SUAAD e 4 = 00] . T DY S Sge 9] i
cos(2m(t — 181)/365) 9} Sy = sin(2n(t — 181)/365)S Rl F7}skda, P79 PV &= 742+ LOESS
smoothing® 7712} 2179} AEE += %‘-‘?—&O]E‘r. Fie, O] UES -?—7]9} A7)0l wet -2l A]
Z¥zf smoothing™| it oJ7]olA ¥ Ag axv 2 A 934 7ol wet 1 g el s
o) ol FALAE BT, fi3t fot 297 AT FEo] T F/1E LA SINE 24
o 983 A5e 2T 18 e olHT F7) &AL I A9 A AR ¥ HEF
S8 2o}

oAl 4 7]l thek GLM weather generates obizl. WA Xi 5 ofd 54T 142 dd 7]
2olgta 3AE 2 o] 7128 O Ao TR0 o&s= A9/t HerZ Richardson (1981)] 3
first-order autoregressive [AR(1)] 23& 1 &]3tch

Xe=pux +axJi+ X1+ Bx1C: +ﬂX25t+ﬂXSItTt Jrﬁxw(lfft) +ext, (2.2)

N

A TP 9} TV = LOESS smoothing® %7]9} 779 724z 7 7] Lo|th. 181 AFS et
T L 7 AR et 715 /714 223 4 712 A tE - YES S8t 2
eviE BT 0013 £} 02 AFEEE WETh RYAS axE o] Z9u 7o)
71&0] ojgA EEtA = AE BT, fx19} fxov BFEIZANMNAE ddF7]9] SINE =

Ak 2T e 99 7129 AVgE AEE vehdoh mHEe R By 59 fxwE
71/271) Bg71&el 44 712l mAE TS VERdh. Faug, 49 RS fsiA
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Figure 2.1. Optimal smoothed aggregated covariates of seasonal mean temperature during summer (left) and
winter (right) seasons. Dashed lines: corresponding observed values of the data series.

Table 3.1. Estimated coefficients(Coef.) and standard error(SE) values for all components of the stochastic
weather generators with aggregated climate statistics as covariates at Seoul.

Covariate Precipitation occurrence Daily mean temperature
category Term Coef. SE Term Coef. SE
Constant m —1.70 0.117 m 2.31 0.124
Precipitation - - - Jt —0.52 0.039
Wet LPS 0.07 0.022 LTS 0.048 0.007
Dry (1-I)PW 0.33 0.116 1-1)TV 0.21 0.025
Autocorrelation Ji_1 0.98 0.042 X1 0.74 0.006
Seasonality Ct —-0.17 0.064 Ct —-3.19 0.087
St —0.08 0.034 St —1.23 0.039
Interaction CiJi—1 —0.47 0.058 — — —
StJi—1 —0.15 0.059 - — —
AIC 15711.0 60774.9
BIC 15771.5 60835.4

Zerd 213 4Y 71e2Y (2.2) %o smoothing B4EA] 0.3 AMESATt =3 371 &
Ao A smoothing E4~2] W3}l ulg} overdispersion 37} robustdd-& &Q1s}ct. Figure 2.1
1961 ARE 2011d7k7] 519 549 A& G AZE 4 7|22 718 A7)l wet 42k LOESS
smoohthing3dt A¥}E Hol&E Zojt}.

3. MESAIY 2|2 ASA=0 BE

3= 7143 olA Algdt 196135 20113704 51359k Aexd 4d 7] A8 5 A|kH GLM
weather generatorol] 23 A|AKIT}E 7|2 259 AZF F7 o] Eo 17} T AL
HA7E 2L HEHA AT o Atk o] 717 A5EL ALY ASA flo] & ZARE ] Glo] BRE
5= ] —\v‘:_'-’—‘n"’ﬂ AREE QT o, B4 220 HYE HEiA 29 299 AsE AAl & ARSSE
Aot A el 2y A4S YA BY 71 ALA Y A AR E o] &3kt

Table 3-101]/‘1% 717470 Agd MEAE A8E o83t FRAY FFe 49 7126l uis
GLM weather generatordl] AMS-H B9 A A5 Zhzt BErh. Fa=E EAdE 374
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b
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Figure 3.1. Boxplots of simulated Sd of annual, summer and winter mean temperature based on the model without

aggregated covariates (left) and with smoothed aggregated covariates (right). Horizontal solid lines: corresponding
observed values of the data series.

a2 FA Z2IHA R ‘glm”# “Im” FeE ARSSITh BARAA UEhd ukel o] AgE B
T Wesc] FAACE foe & 5 Aok PR, S FUsE AR dd 7R 2y
%A ok RYPHTE AICS BIC 7|04 o £2 2P0 F g} o] uf, t}E wol gt A
T FAFES FTEAe] FFl BA o] 2 HEF il

Add 2o FRAS Bkt Sl Y BN A4 gES o8 o /A AEE 5A
54218 AA B51 AREY SARES vwsilth ol AslA AA 57103 FIT 519X 9
dY 7125 Ry iy gAstet, olye A4S 5003 whEEgith FuE dd 7] Aol 2
23 99 A8 7+ GLM weather generatoro| Al FAJo| B/4dste] 44 7|22y Mgz o
et

Figure 3.1 9<Y 7] 2o LOESS smoothing® AE¥E 7 7|12 AFR3 Ego] 18 42
2y Hc}t Aol overdispersion WA A AE=AE AFE == A7 HA 7

B3P A7 AP A3 2kt overdispersion dAto] ol =] o] Ao g AV o
ZHAEE 25 H37) 270l visl] AR kol SRS WES B FI1EHR] Bt o] fE A4 5

Atk A 71&2] 2ol v w3 A overdispersion FAFo] A =SS FAdd 4 Y9} Fu=z

BAADEL FAARE B WY HAE e AL Al 58 REH AFH R vwshe &

A WY 5 SR o7 S8R okollAl wol ARRE I Stk kel A 7k AF 3 uie)} o] o] 7)ol A

AHEE smoothing B47EE Aol o} RZASIA| & kon g Adsl fEoA 2

th 28] smoothings A7 1 T45 Y W ¥Fo] Byl M A 23]

o] A 4 Jomg A3 smoothing B43he Fohe 22 Bk=A] sttt

F73" GLM weather generators 37}sl7] fsiA & th& 2n| Sle 44 7|20 #dd SAAE

Hlas) 22} Figure 3.2 R3S 53 42 4 7|@ES 1d F7I12 sl 7F o] Fa3d 2
Iy

95% A= Fh2 AA 51d3e] A5 A vE Rlaskgith tiAlAd e Yol Al 4 7
HASHEY 1d F71€ vud & xdda & 5 ok o9k I, Al B ‘%" 4741@ e
mygo] A AAno 4AE FEFgS FATHES Fl vwstled o7 el ol 23

£ 4S5 AU} (Figure 3.3 7).
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Figure 3.2. 95% confidence intervals (dotted lines) and mean temperatures (solid line) based on model outputs.
Dots: observed temperatures on each day of the year.
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Figure 3.3. Boxplots of observed seasonal mean temperatures (O) and simulated seasonal mean temperatures
(M): Sp(March-May), Su(June-August), Au(September-November), Wi(December-February).

H =R $2]= GLM weather generatorE 196131 E 2011 3d7}4] 51 d7ke] €A <dd 7]
off HE3tdrt olF B3 €Y A olEe @] /43 smoothingd AZE F#7|2 gk 7]
Aol Y 72olghe @] A4 o2 A IS nX =X LolR YA, o] B gtdez GLM
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o] FolX AU (FE AZE Fw7]& 5)ol Wt €L X7 oBA WA E o] E o]&3) Al
A BEAgko] ofgA HS=AE EFAHORE Yol F YO B E oHdt HITHL o3| F&e
olgtal & 4 itk ALX QG dY 7|20 48H BYP2 AA ASFT FARSE AlEE SA S4AE
HAZE 783 2348 AT
At o7 FAZ downscaling> Bt & FEO 7|5 /714 4E
2 FRY NGIHNE Lot 7] 8] AME T, 53] AtE By 7 717 7|5 E o] 8ot &

9
B
12
1o
b
Ao
B
2
o
f
i
)
ofo
ok
2



A Modeling of Daily Temperature in Seoul using GLM Weather Generator 419

2 717t RN E FFA R FHF= temporal downscalingS Aty 8|3 S X]Fo] ofz}

oy Yol #Ast oz 3Asl=t|= GLM weather generator= Atz oz {83t} 3A| T o
7o) % F o thd Avt FrhHes Fe sttt
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