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Climate change, a result of increasing global warming, has been
receiving more public attention due to its serious impact upon
many industries. In this study we consider sustainable- (Green-)
Growth and Green-Finance, and in particular temperature derivatives,
as appropriately active responses to the world’s significant climate
change trends. We characterize the daily average temperatures in
Seoul, South Korea with their seasonal properties and cycles of
error terms. We form forecasting models and perform Monte
Carlo simulations, and find that the risk-neutral values for CDD
call-options and HDD put-options have risen since 1960s, which
implies that the trend of temperature increase can be quantified in
the financial markets. Contrary to the existing models, the Vasicek
model with the explicit consideration of cycles in the error terms
suggests that the significant option-values for the CDD call
-options above certain exercise prices, implying that there is the
possibility of explicit hedging against the considerable and stable
increase in temperature.

Keywords : Temperature forecasting model, Daily average temperatures,
CDD/HDD option, Vasicek model
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stz g 7)5Hstel tAshs Wt F skl wamEdE SAEgAE
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%3h=(market-based greenhouse gases mitigation) WxAH<l
o, dAAoR e 7|5 dSAES SanEd &8 =
7k~ ZF5(mitigation) ol Z4o] ‘%-ir‘ﬂ?q odtk. BARE 7] 5 ste] gk A
< (adaptation)® o758 oS :

A vl elitE e 715wt JJrTZuL eri} goll gk zpad - Q19A Al
g 24L& 3l ﬂ‘aﬂ% 3 7e eon, FeAlAelA 715w stel g

455 73 = gt (market-based climate change adaptation)

e B o o = B % [ (A, &53], 24 2010). olodl FEA%

o] W via, f7 SAlAE EH e AAE F5EE A &

= 5% ke 3 A %4 o7 |53t 71918 IRl aE 5]46}1
AR, IR IAFEAGE oFA] Tl =] A WAL 4

=it o] Fo|A 3L 9= @zgolu} I Al BYEHA] W2 F
F 3R, SR S5071E AR AE g $AA qlA]e] 4t
the AS 5 ok & AR didk FAA dAe] Shabe] s S5t
o AR o]olA, AEE FAE /i3 8o] folskA] o Wk
o7 ARAFe] MEE= AFRE 2Hssich. o] dNEe MR 7|2AME
S 43 AAEY =9 FASH wEs 8910 A8 Helh2) |
A IANEE 3TEe e R ERRFe] e g7l AR, B9
EXAF I 93-S A sks] glolsle] AlenAlelr]s dAA o7 dE MHoe] w
ot webd 54 G o] H—J*W 35 Ak Fde] AFEs IHIANE
A (AL Eol, AAFAVE TR IS Felsta 7] 5H )
A-gstet 7o & Al oR J&%%E}.

B dgellAes 01 d5RH ] AAS T RIS &
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2) WA E(2011) Fz2
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75ste] S1galA} 7l E

AR S B2, FEARN A2 Tl esaad B 3e4e stof
o Tbssta, ol ek AAFAZ] FEAGE BEste] AT 5

oz AT & 98e nolna ek ANNE, TANIAES Al
ERICEEESCE EYEEIEEEIEREERMEE EYD R RS
& AYATE FAD ANRAAE, A2 E4F71eA82 F4alo

AAA S AlA R

[ 247k 713stel Sslsee
- A ES I F Y

IR G AYAEL HDD (heating degree days), CDD(cooling degree
days), 7% A4(snowfall index), A8 A4(frost index), A<l
A4=(CHI; Carvill Hurricane index) 53 2 #|4:38t5 InHsias
o} dEgo] A MR- Fe9 Arrow-Debreu FHALE4]3) 7]4told
o8 Qg & I P I - AA"  ode ‘é’“]ﬁ]iﬂ He| e
ojch.4) N FAAEL] B2 7| FHistel] whE I el A AAFA

| SIS 7 S AEshe A7dAd 5448 Adok

4) CME + Adg %doﬂﬂ% 7HdeF A5 (snowfall index)7} 7]ZAMEC R o] 4t 73k
Agat Al AAdFE A Aol o] w) o A= F Feke B4 A9
2ty CME A7 A% - 342 A2l A4(frost index) & 7]Z2AHES

2] A5 Mol s AAE 27 F s o] AE 53 U

TAE e CME 01‘1]?%] ol A& - §A412 §2]Alel A|4~(CHI; Carvill hurricane

index) & H}% FAFES AAEH, ARl Ag= FeAedle] A= ZAlA
3k A 2A FeAQlY] &I WS SA k] A geststa lek(R17S 2010).
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A& g AATEE ATt 7] FHE AL gt 284 R
q&o] 7hgstrhe Aot

IR IR 19999 99 AFtuAFEARA(CME: Chicago Mercantile
Exchange)dld HDD/CDD %9 7]23#= AE3 A9 ez Hx=2
AAANEGEeH, 20051 o] F A, A% T X Bt ok @A
W HeES 712l R she A aAEE] AE A gicky) =7 Al
A 3W FAANE AL F Pl EurexolME X I Fol A=l 7]
T S 3 Al S5 AHEE oo R S8H T gl
el BF AL A e gl IHNEPLS BYE aR 2 AFE H8 &9
%" (prove damage)dliok sht, IRAAEE] A5 At A Adal =
z719] I A (weather event)o] HAJE 75l Aok A A F
A FeEE gk AgolmnE wYA gjo] A7} Ao HAEkA] o, &
Al AA o] A8t 18y INIANES F o A9 EH e
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A IANE T A 7P E] AYE L gl AL SEEERS 44
3+ HDD, CDD 7]4%E ¥ F4°Z HDDE ALl st 719 A
wob Wik A2 Yehle A$o]a CDDE 5 A AEE Yehje A5
o[t}, CME®IM A2g HDD (d#=5) ¢t CDD (WHAF) &,

T,
HDD= Y, max[18 —w,, 0] (1)
t=T,
T2
CDD= Y, max[w, — 18, 0] (2)
t=T,

ZA, ol W 1 Ty @ Rolut AR ARt # Aol w,E tAA ]
dgg7)elct. D &, HDD, CDDASE 44717 &t dHHd7]2ol
A 7123 655, A 18%)F WAV (AF) e Hd7Rs

W(AE) 55 TASSH of& Aeshdt Ae K3

713 AEA Sl AWFAARZA AUA 7Y, eluA At &
B4, st Bl 1, A 2 5= = o kY @A HDD,
CDD shdsel 7 &ks] Fofsia sl 7192 oA A 7|glez,
plEA A A= oA i fAISEEER Qe ofufA]e] Aakelst wiiteie] e

F

7| Z2At &80 7Fsebr] witell AT AAE Sl gk AlEA Ao 2gle] ¢l

7) AW )0 SE00~244]) F 3AER FA=3 83 W=FH03, 06, 09, 12, 15, 18,
21, 24A)& e 7|02 Ao}

8) HDD, CDDA5% 47| $18F 715ews vl29] A% 65°F, w39 4% 18TE A4
33 lch CMECA 71& 255 65F= AAsh= j—% 257} 65°F olstE ulesbd
22 997 Axtaledd eo®l el A wEE Aotk +a 2001a).

9) A AR wpegt Ag, A(EE oFdl vWiEde] AT & 9, anAbe FEY
700 Wl go] A4S et SEA = ouR A Z}% uh7 PR 2 St
Ag, A8l A5 BA4E sl & vk wab e Ve 7] W) Eteke
7“ Y AuirFeEEe] WakE AT 4 9le] r]lstel A" 7129 e 59

o7} 253 EAgt
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7Fedtths %}7‘1:01 adet EE"?}, 7%@*@%%% ? 3l ‘(quantlty hedgmg)
of o]&¥= whH, adubdel FgIAES 7P A (price hedging)el ©]
5} &, 7] eI Akl SRS B3 e aa 3]
chab wobdel FAE 7P I el sl ek s AR Ao}, 7]
£9] FIgE wol W AH3A A9E AHEHE AL 7|o] N} =
A =AY ot agch o foE i AYIAb £AE <
Azt AR, AL IR IGAPFES o] &5HA =R (o] 4§, CDD ¥

4 P9, oleldk AHRe Aol F101% 4 uA] Thsslet.
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T gleh. ol &l 01, 7 SR AdEw e BASALE o
¥2 sk gl AFel 71 oz WSl HDD, CDDA% A

B gA0l] WEOh10) ole], B ERelE sl AL wE AYAT
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Campbell and Diebold(2005)= EarthSat(Earth Satellite corporation)
oA Alggt 1960 19 1948 20014 119 54714 Atlanta, Chicago,
Las Vegas, Philadelphia 5 470 #|9<] dHg#7]S 243 AAA
71 &SRS F53la o) B3 7|2l Sl 2AE 25 ook o] w=wel
A 7Sl FE5E 2de 719 FA(trend), AEA (seasonality),
714 <34 (cyclical variation), A& (autocorrelation)® 54
S kgt oHd AAGA AL ol Aellx] A AEd A E
Alge b ofde}, o5 B oig AFAl AsE 7bsEA sk
xS E {83 1 o® WA it

Cao and Wei(2004)+= 7|23 AFFAA o] AAstaL
bid/ask 2x#er} ofds] ke AHelx EpA<l 7|23 8dE 7P AR
gto] FFr|ojobghs HAsta gt o] F S8 d5He] w2 /&
ol A== Ao| ofF Fasirta FARC 1D o] = 7| 2T E
3t #3714 44 23 (equilibrium valuation model)& o448}, 7]&
gl2~30] 7t o] IR I AAE THAAA ] F83 8407 ofdAE SiF
gt #7AAA R dgtor AAle] FEA <l EF44 (fundamental
uncertainties in the economy)e] Fw(aggregate dividend)¥} 7]

Z70 % YuxEE A (state variable)® FAE7] 9 FIk~ o

‘GE‘Gé(Lucas(l978) equilibrium asset-pricing model)S &As}lo]
gasi) o] 2y EAL s iu|dolelZ A (calibrate)=E ™, o]%

71eeaze) ARbAE $Asa Austehd ol 8tk Heltt,

tZ

0

ol oA, ohgF 22 7129 EAE sty B3l Hbedsla 9t
AR, 28L& AHA 43 Hel(seasonal cyclical patterns)S HF3staL gl 0]: ?fh:} A,
°

7]0 dHMEe HPr|es FAoT BxEe] gleo} st} AR, 719 27|FHH
EAE whdsfol gich A, WEHYE d5H ALddM A Jepd) wA ez
7] &0 &8 e X213} 24| (global warming trend)S w3 sjof g}

- 473 -



r

%_

oty
a2
ofl
e

N
oo
e

o] (2002)-= 196148 20007H419] A& 7|2 ASAE EY
2 H3F39 %% (mean-reverting model)¥ Cao-Wei(2000) =¥S 7]
oS i3 FERygor AASA ot} o]F 7| XASRF | ZHIER

S A43 As AAA L A7|3AK 2 o] 34K (heteroske-
dasticity) &3 22 7|29 A& B3 £33 3l= Cao-Wei(2000)
BHS 53 FHIER Aol AN}t ¢4 HoE vepydth o
2}A o] =rellA = Cao-Wei(2000) 23S nlgte2 HDD9 CDDAG
Aol 7HAE A Ask e 12)

A5, ZAA(2004)- 1961 149 145 20034 6% 30974 $¢
et FoEA9 7Rt EE G488t RS AE8ta giek G5
2y AR A¥3EAES uredsta ¢)= Alton, Djehicle, Stilberger
(2002)9] 71elSRdel 54 FIus A48t HAsa olvh. =3t
olf &3l FHIIER AEdelds AASt] INIAANE F 3
HDD ¥ CDDAs| #47HAE& Axtetalet. o]of B, 7A4anet oF
WA JAE EAEkaL ook 244, W9 ARy 2 fEsiEe EA
g WAL, FedTs AY WA AREA gecla AAEka gk olegt
A Al i A RS i) o9 Al vl AdA (seasonality)
I A7)1FA (time trend) S HFedste] IHE oSt w2l IR AT}
Aol Wgd & olch. g, v, AA13](2009)= 1977 19 145
20064 124 31971719 A& Ao dHHA7]E dlo|HE |43l Richards,
Manfredo, and Sanders(2004)¢} FAFHA 7|25 2dS AAsta &
L ZRAA Bl Z838ta glct

o

12) o] =R §471x971 o F Burn-rate W R Al B o)A WS
53 HDD¢} CDDA|% $417H44 FA43kas gleh. Burn-rate W& #4A9] EAF3o
plgo = vepdoles 7B stell, £ widAbe] d" $4 B 7HHE A EE A
T2 B3elxe] g ze|uql Ao AP oz o] T} ATt FHA IH }EA
A7) 7kl e} 7EA 7L A ohEA »}EME} ol <l AAAY A&
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(F DolA= 713304 Algshe A 713l gt 7| 25A% S
HolZr} (£ 1)olA vehbe Jarque-Bera A4S Es4, 7144 oA
At sle 7142459 HDD 2 CDDAIRY 2x8e] AFH2E ups
the AF7HE B 7145k Slvks As o & sivh webd 7125 Ry
& FAs o olelA, oleld 7]ed] v E s

7]
w3 Ao JHHET|E AR 4

CE 1) M9 7I:Rt=0l| thst 7|ZSAHR1960 13 124~2009H 128 31)15)

- - - ey = , Jarque-Bera
s =it | gt | ZEFRHR | = = 27
H7lE | 12229 331 -164 | 1040013 | -0.286283 | 1.94773 | 1085.776
HA7]E | 82739 | 288 -20.2 | 1047127 | -0.193793 | 1.946557| 953.269
7] | 16886 38.4 -13.6 10.65614 | -0.333221 | 1.956662| 1159.614
AR 37226 | 3328 0 14.34071 | 8194012 | 103.9481 7913168
JFFE | 23719 7.8 0.1 0.973198| 1.126486| 4.860702| 6459.782
ASE | 66318 9 19 14.12089 | -0.155571 | 2512378 253.1405
AZXAZE | 56918 136 0 3.748174| -0.211401 |  1.735302| 1345.373
- 5.0744 10 0 3.269997| -0.037275 | 1.732781| 1219.16
HDD 280857 - - 21518 |-0.01 2.09 622.07
CDD 693.26 - - 8691 | 0.02 2.60 122.88
14) Jarque-Bera A& Y EEE o] &3t 4F9 R R AFEE A ukeltelt} %41 OLS

2 . 2
AL Bk o5 sk FEE A ofF ol EO

15) 7143) ATl E Shsjel AZEATE At 7 3]
Aol B WAA qlol ol% 022 tAlsteleh, UL Wi AFHA, 57
Q

# T olE dxAZke] 002 yehte A7t EAslen, dxAldA g
AR HEE 2 AFe] HA A9 Azt st )57 L FEeln
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