oYX ZAAT HM17H M1s
Korean Energy Economic Review
Volume 17, Number 1, March 2018 : pp. 213~240

ofIX]9JA 7123 Alo]=2(Edgeworth Price Cycle)x}
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OIRIA 71 AtOIE (Maskin and Tirole, 1988)2 AMAIES0| OISl S Tt
XE =UHsloty| o0 SENN It dME & A OIFZURZE(Markov
Nash Equilibrium) AEHGIM LIEILIE 21 BISO| THEIS LEIUWE S22 JtA
SIEDIME 71401 MAFOZ Q=0 statstn It ASDI0l= S0k =2

A alsch= A2 Q0BT 2 AF0NME MEN F2t FRA K2 018
SHO1 A0H0HAQl BIS0I OIRIRIA J13 AIOIZ20IMCl JHd His EEIE == XA
£ ESAMOIACHL MEANOIMC SI&7 A0S MED12t & 1A s BIEED

2t &tet HISDL =10 JHHQ| Bigt =2 I Ao = LEL - AMSD)
SHEI0 HICHEAQ! 252 EACH HAIRA I3 AMOIZ0M GI=sdk= Jt
SHEHOI SElots ZUE LIEHWD ACH
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FR HO AR 714 AIOIZ, 22w J13 23, HIEA I B8
ZHEEEHSE FHER : Q41, D22, L1
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[.A &

LIS

7RI g e A Sule] vk EAEh 2 ugAe] &
Al AR5 AT TS Foa HEudA L] 1S sl g of
A vAgE e dol slek sie] A= v, 4=, Fd, 299 R

AAS dte 2 2 od77) =] Qi) Borenstein et al. (1997)-2 ml=1ol| A

Z(crude oil price)?] ¥W-go] LvjA el vt o8 FFFS F=
&= WAl e ole i Al AR o] EAfEly] wli
Aoz EAsc). v 79 Duffy-Deno (1996), Peltzman (2000) 5%
kR 7P ] vIAA S sk d=re] 735 Bacon (1991), Manning
991), 1213 Reilly and Witt (1998) 5ol 34 7HAe] sAldf7ht 34
ol vthAA wke-S Hole AL Wkt Kirchgassner and Kubler
(1992)= =dellA 19701 el] B Ado] vebg ot 1980 dell S0l
Hltj A o] Alepsivkar B uslksich Asplund et al. (2000)2 2gldloll A 3]qt
fr 7S Sl ditodss AR ukgeA dEvhA el W
ol distelA = vlAA o2 vkt FAekgich felvete] A fell=
AAlEe] ZHARIAAA S qtElr] A7 Aol AdEder F2 A
F7F 2 =A AAE 7P dEe] s ARAE 7P s A=
¥

%
Al rHE k111742002 434, 2004 AT0F-8]d, 2005 3]
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k8-
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FHZoll= vIAAAEA o] Bell ZA 5] ZHAR|AA o] YEhu= o]+
T 91 Al=Ee] vehtar 9lck Noel (2007a), Eckert (2002)
Lewis (2009) 52 33hf Avuj7bAe] 714 Alo]E(price cycle)o] Efstar
olzlgt 714 Alo]ZF2 XY~ 7FA Alo]E(Maskin and Tirole, 1988)e]2}
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A AR Agsa °] 73*33 7}7—101 A Gl ek w7 A
=] o] A ellx 7HAo] AAE ALY AN Gl HEA Hok w3 7pA o]
b ool S o2 A wWol olAHrelenting phase)¥| 3L 7FA o]
}2kst wj(undercutting period)oll= 224 A A3 slebels v A v
& 2otk HI7HA| A 7 AbelE W AFES FE ST vl
vl 3P A iAo R o] FolA shrh. 35k Avel A4 7HA
Aol S oFsA Wi 2 WAA Wikt dEe] Qlvke AT A3t sl
(Wang, 2009; Wang, 2008, Erutku and Hidelbrand, 2010). Eckert (2002)3}
Noel (2007b)> 714 AtelE eJej7} Ao =2 Fre] Ffisk o
Folzl Ayt EAA HIHEA AE . 9l5S sl Noel
(2007a)¢} Eckert and West (2004)+ 27} 2 7471 7PAASS 27}
2k Fgavt 7HAsete Frsle AL skl Eckert (2002)% 714
AbelZo] Bl A ]l 7PAA 7 Hpass-through)E
Lewis (2009)¢] 7-¢- 7H4 Ale]E2 FRFFaEoe] AFAHLE E¥dh= A
el Al vehdar vl-g—7H A7ke Frd avirbAe] oA Alel &5
25 AYox o wEA Jepds o2 Huskdrl Lewis and Noel
(2011) =3k 714 Afe]Fo] dolubz TAo A 7} AelA Amf7bA 02 1]
S7AKZPE o wE2A dehde ASR AT 3R 7 o] oA
2 7H AbelEs wE A 7RIS ARAbt i '3 A
Jeff wro] obzt 71950 e TP ALY AR vepd 5 gl |
FAES] A Ee] A~ 714
Abo] S5 R g AAFe] Fo] QlA| . 7|Ee A= FE
ARl A RS o] &3] n|hA &
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i
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o Fejutet R A AelA 7HE wEe] oA f 2 7HA Ao
= KMW AASHE 7HA AlelES mEeR] ASHoR HEsa 7P|
Aol PR S B As FEE gl £ dFelA = 20099 4
FE 20159 12974 AA] TR FE FEARE o] 8ate] IR
Ao AR S A gl 7HA Abe]Ee] HIIAA S EA s WS
Lewis (20090 = Doyle et al. (2010)e14] A% uv}e} 7o)
9] F7F F(median value)S ©]8-3k= #H 7} Noel (2007)o]v} Zimmerman et
al. (2013) SollA ARgE miz= Al A3t 23 (Markov regime switching
model) 5o ¢lon E JFME F vlHS Algsle] LA 71E Ak

o
719} 71A ahevlel A4 WEe AA 9 A1A wge] $E5 24e,

£

e

X

1. o2 ulA

IS AvfzEAe] Bl RAIAS BA18)7] 98Fe] Maskin and Tirole (1988)

2~ 7}4 Ao Z(Edgeworth Price Cycle) 28-S nlgto g AlZhA

RS w3t vk F 7]gde] Fgs] Al 7}245}1 ola& :Lﬂlﬁrﬁ}ﬂ

7AAE Frka 7pgskAk 71de] ALl v]8-E Al 7tel| whel W EEe

(time varying) 5% (uniform dlstrlbutlon)(ﬂl/ﬂ vl 7FAE) o]
735 7 71949 Aol vt 2o vehd 4 9lck

7y (pt>pisc,) = D(pt.p; )* (pf — ;) (D
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Z, whEZ(Markov) A4S w2
BAel )8k Abell (pay-off relevant state)= AehaF 71519 #17] 7143} A
714 sl 7191e] m]golrt o] A% 714 il 7Fx¥(Value function)+=
o33} 2t

Vipl 1) = E.(Maz,, [x; (p,pi - 1,¢0) + 6, W(p;)] 2)

v
&
N
s
flo
=)
&

A7V Wilp, 1) = E(E, [x, (pi_1:psc,) +6,(V(p,)])o]
olire] AA7IAE SHEelr] fate] 7S Al w3y 44
and Tirole (1988) & Eckert (1999)ol] 714 Fa AAlo
oF j7b siokar 7pgsiak. ARl Al Al
m; = m;°|th. F-3H(infinite horizon) °]4b A|7H(discrete time)
719 v &< AZHeven period)ell 7FAS AAS L 71y jv E5 A7t
R B i B A v e
e 5% ]X_—IIO] Astolw] AR F=2+= D(r)E Fo1A QL r2 ARl

Hel AR A Ao e, 71 9l Fa 710494 27 9 % 71939]

tlo
N
o
_(‘){_l‘
N
24

J
A AA L 85 Aot Ha 7 7ol F4E S l"i‘TJrf% 7d-F-oll =
A ie m R e He 7] 714 o] AR =5 A AR
F8= o] "ok m= 71 ol Y3te] 9FH T e THA
= 719 i8] ¥R iAo FE|e] Fviu]
H]-§-5 whadstar glew 7|4 ol AH R FoiH gt 7| UW]"

Sdjsteta g sE 1o 7Pk AR JHAE J9E
nlzZZ AR Markov strategies) S AR 713} & 7|59 352
o]froll AAHA R JFS WX Wl st nt JeS Wl Aot

o

il
4
%0,
)
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O

o] BFol|A] o]fel & vX= W= A 7ol A7l AA 7F
Aolt} vtz = 9P 3 (Markov perfect equilibrium)S o]2]3l vz = #2k
(Markov strategies)o] ¥4 AY 2H4 13 (subgame perfect Nash equilibrium)
= 745 = é 5}71] gt o3 Aol = 7 7HA] o] 3ol
ZAEHA == 7 T8 3hellA A ()] olie] ExiEHAl =k A WA
g 23 714 33 (focal price equilibrium) 22 7]¢E°] #HAEE e}
Ay AR FdsA 7HAE AAse dolth m7t 1240 ke A
=4 7 sEellA 7He] A E = Aol AjEck mt FE3 & AT
23 74+ (focal price equilibrium)-2 AR = A %¥+=r} (Eckert,2002). t}
L 714 A}olZF ¥ (price cycle equilibrium)e]t}h. Ri(r)E= A
e 719e] 744 el A& 719 9] wHsE vebdich

—~

r iff>7“
r—k ifr=r>r
Ri(p)={Ww ifr=r>w 3
) w with prob p }ifrzw ®)
r+k withprob (1— )
w ifr<w

WA ke Al el o el W AR 1k

] ARARES Follurks AA) olkel AaF AestuA sHe)

4 S ARE 1 Al FEA ALk IS A A4t
%

[e)
7MAE w2 AAIAY r+ k2 TR AASHA "o olu] E3tEE
(mixing probability) p+ ARSI} ¢ 2 Qg § 5 +2 detree]

Folrh r2 7gEe] AAstaAtele A 7R SHAS LR
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ol XA 7+ Ato|2(Edgeworth Price Cycle)Tt HICHAH 714 gt3: ME 3eF A0f AF Al

}7&"1] 7?7}7*] AdAo] Eé Zeolck. 719e] 74 r+ kg AA3H
7118 73 A o] AlAHELh 71 5] oleldh A ”jr% 73 A7
S 2 FelE molA Hrk 7HA Alo]Ze] AA

Aol wf7lell kRt A SEEHAl Hol r+k/20 o]2A EHY (r—w)/2%

T 7140l skl "ok 7HAe] wE sEE A/dA] r+k/28 QAkE A
7HA18E 2R (war of attrition)®] EAdell & olrh. mmAle] e
A 7S well 3 717 ol wEA Fh Al 74A0]
r+k/22 AAEY HEE 7HH Ale]Fe] AlxbEI) 7HA Ale|F 717F F<t

1AL IAMIETE SA7HA olAbew FIEA Hrk o] 7hA Abe] 9] F
23 EAL AU 714 rell d&3te] sE 7192 w4 7HAS sk
v oEe PSS dEiAY 2Ela A 7HAS Eeleer] flsiA dAe
AATE S5 At ZHAE ARd = itk mebA 7 Afe]
F2 AAxR#}A F N9 F7Hregime) 22 WA A Hl)h shi= 7FA4Q
3} 77Hundercutting regime)ol®] o] FZtellA 75 AAHTES =
7] $J5te] 7HAQlEE AAS A "ol A 7FEedA FZHincreasing
regime) &2 A& FHE AT AL HWEF M FFS I53e
Trrelek 7FA s AL 7 0] ZejztA e FAEHA
A ot 79E2 AAA R 7S Qleketal A 7HA”AS 3
ol 744 Abel - HIAA RgS wA "ok w3k 7HE1EE TS

W 77 ASE A2 R R s El)h

o
+
>

\
[N
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>
>

44

of¢
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>

o4 w7 A%

H

ot 7HA <l e *1 P rEe E"H?ﬂﬂ HSP °]7] TLHT':"“ 7H4

L= H[g- ol & etk bR, vl8o] Asste] 714
Chn

A Flo] MASA 2 Aele.
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o A% FHAVE 2t WAl A A AelZ gAste] Azld] 29

7] Wl AL ErirhAS G B 4 olek o] mYow Y

ARG E thgsh ek A, 20i7bd Qe A 719 ZbrbAe] A4 A

0|29 AT Gesh mE Feslel Fejglon o A4S oA

of Gpoleh. B, £0I7HA 453t shete A4A Aol2e] A wet B

ehd 5 gieh 2ela 2olobA el stehict mlsbdel o g w
1

53+ Aot}

B oA Al A 23l 2 oA wlm = Al A3}t 23 (Two-regime
Markov switching regression model)S o]-8-3fe] AA s}t NH FH4 s

o] 3k AvrbA el WES vt o] vepdid)
Ar, = X!, 3'+€, 4)

AANA Ar, & 2rfzbA L] A7tel AR WE(Ar, =1, —r,, )= HE

Wel ¥, oleldh Wl FRe viAE A We g e dels

el WL 0013 FARE oPolek ARl X = Fha i 20zt
Aol 4 viAE AL THM, FAARAE A 5 2 T

3lchA] (undercutting  phase; U phase)ell 9l=A] Yelg= wWgolt)h A=
t—17] Ae(regime) i(i = R, U)NA t7] Al (regime) i(i = R, U)i Az
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XA 714 Ato|Z(Edgeworth Price Cycle)nt HICHEE 714 8t ME 3dh7 200 A AR

#% ghE(switching probabilities)& Wepl™ o]i= ZAIF-E(logit distribution)&
“}E‘: Aoz 7M.

. , exp (W, 6")
NE = Prob(l, = R, =i, W)= ——P2 57" _ poy,
1+exp(W,0")

iU _ 1 _ iR
/\st =1 Ast

a

A7 A, = 2x2 AF FF wjEHze)a N FAHLLe W, =
A e 34 gebulgelt), B e 4% delrgE o83t
of 7HA At Fkeke] Z7)) 7] 9 7AW Ee wAAS Hriske] A4
AAR A 2Estaat gk 7HA Agrleh 71 sElelA s
Ary)E A3 7HARA e wet FHartAe| ol2= A7t

2

1
L3 A7 SAse] 714 Aol 2] W]

B Aol ST B4 delell 2004 49 30 154 129 55
7R AEA] FH A7 Aa s ALY A e E28Eka 9l
4 27 Al552 Af-3Akeb 29 Jl(www.opinet.cokr)S E38le] g1

stk A TS AT TEHAL gtk

3. 23

lo
e

4

B Aol 3o 4 el diste] Aws sisich A%k (switching
model)< Goldfeld and Quant (1973,1976), Maddala (1986), Hamilton (1994),
Fruhwirth-Schnatter (2006) ol 9|3}l WA=}t gEHT ¢, 71 HEH
2 e AT s, ol oEde FEAA ol kb wkeF e rbsdt
A7t 2 s, =m, m=1,2,.., M2 2% 5 it Aznyge 7
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T8 ZAY BEE Mt<m>=xtgm+zﬁa} z‘s}u KdLE‘é—S— chg} 2

=X.6, +Z v+ o(m)e, ®6)

m

2ol 6, Aol w2t FepAle Algolv] 4= Aol Blshks A
5 dehdth 23l olm)e, = AElel wel deed & iid

(independently and identically distributed) EFAHFEEE WE= oz 7}
Agel TFRA] o(m) =0, Aol o3 ek 2 Aeje] Hegs
5 54 Aol o€ & vl Hone-step ahead) A FER 7 Ashd
s A "ok
& i, (m)
Ly (B:y,0,6) = mzla—qzﬁ(w) « P(s, =ml3,_,0) (7)

AN = (B BB, ) 0= (o1,mnoy) 2 A 8 ASS) olef
o BEAAE Jehle ot ANSES A4k Sepuleelel o(« )k &
FAFEES vehie 3, % 1-171¢] AR A%E vehieh seeg
0)E Tl 21 SEGSE FojselEs F4H,

5
2
)

1(B,7,0,8) = Y log E (%

t=1 m=107

) « P(s, =ml3,_,,0) ®)

12t vtz A (the first-order Markov regime probabilities)< t7]
o B A g L i g o L ey
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P(s, = s,y =1i) =p;;(t) 9

pan (t) oo papa(t)

Py (£)-.. le(tW

Aol gHE-S v} 23l (multinomial logit)S wEtha 7Pgshd Z7ke] o

eXp(thl,aij)

M
Yiexp(G _'5,)

s=1

pz‘j(thhéi) =

7|14, j=1,...M, i=1,..M°|t} G,_ = & 7153t JAHTE e
ek folld 2= g A oF Akl EHE(one-step ahead transition
probability)8] P(s, = mlJ3,_ ;) && Uch t7]ol] E£5HSE 3 5= g)
o ol AEiEhE] F7HQl ARE Al ®loh o] AeEEe] FHdl
AR oJste] Julo|E == #AS ZEHfiltering)o]z} it wlo]=9] A
2o} 2719 SE Hel wet e IA S ok 2ol Ede] F 4 itk

f(yt‘st :m73t71) * P(St :m‘jtﬂ)
f(?/LDL—l)

P(s, =ml3,) = P(s, =mly,,J,_,) = (12)

o] & WX (density function)= ©]8-3te] el o} o}
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wril ) (G )
U(m) m t—1
P(s,=ml3,) = P(s, =mly,,J,_,) = . 1 G) (13)
2? A ) nG
RS2l Feprlee] FA42 AFA S E(recursively)o]Fo] %Ich,
A e AL A7]e] FE P(s,_, =ml3,_ )l Wig T FAHo=
SE Azbgloh 9REA AHrecursion) 3TAIE EEd 4 olch A &
oA oF Al ElE(one-step ahead regime probability) 74 3kch.
P(s,=mlJ,_,) EP =mls,_;=3) P(s,_,=34l3,_,) (14)
= _Elpjm(Gt 1’6j) * P(St—l :j|jt—1)
/=
t}S wA= 3F wA o Al EE(one-step ahead probability)S ©]-4-a}o]
gk oA oF ZA3hUd =35 (one-step ahead joint density probabilities)E ZAF
g},
Flyps, =ml3, )= — ¢(m) Pls,=ml3,_,) (15
Yir Sy t—1 N a(m) t t—1
S =

#8 mAEel Hte] Blgo s 7

Lt(ﬁa’YvUv(S):f yt|~’t 1 Zf Yi:8t = j|jt—1) (16)
opAe Al A= e RS o]8ate] & wA o AelEhE(one-step ahead
Ao E k= Aot

regime probability)& $
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Pls, = mig,) = L es =) a7

Zf Y-8t = j|jt71)

ji=1

olH¥ A= 7 7]7& t= 1,..,T°ﬂ ¢i}7ﬂ$’i HHEo] Frh o] FpA ellA
o

293 4

B
)
o
el
I
Ja
1l
2
:'i
é”
3_
L.
‘X
g
_}L
ol
2
=
>
>
o
i

= 2 vtax AdolgEe] AAMIH (steady state)%}?l o239 Fk(ergodic
value)s ARE3EH 2 QAT ® ofeldlt 7] 3he ARSERch flelA A=
FETTE (B, 7,0,0)°0 WA SHstslr] Q1A vk ow FAo] Hrk
ol ArHE nlel zro] g whA] ok Al EE(one-step ahead regime
probability)= 7] (t—17]) ¢ ARE o] &3l 7] AeFES oS35 =
ol Helg (filtering) A& 719 AHE o83t AejEEs Hulo|E
sk Zolct Wk, 2% (smoothing) 242 A HE7N(T) o Sle ARE
o]g3ted 7|9 AeEtEs FAFCEN Hr} U2 AE ARE o] 43}
AEUEES A5 etk &, e vHAd @ (s >0 &
ol &gowH 719 AHEE FAE o HusA o]t Kim (1994)
554 (backward recursion)®H-& o]-83h= 25d 7|HES A4

Shith. ¢715h ¢+ 1719] AR EE chest o] vehd 4 gie.

ok
fr
sl

Pls, =i,8,4,=jl37)=Pls, =ils,. 1 =5.37) « Pls,y,=4137) (18

P(St:i78t+1:j|jt)
= - — + Pl(s =34l3,)
P<3z+1:3|3t) (Hl ST

Aol vetll= AL s, 0] dEE A5 vl dolE)l y,.,  ye s,
o tsle] AR ABE ATaA f‘&u}L Aot 2~FE=3HE(smoothed
probability) = A& s, ol HW3te] H8le(marginalizing) 78 < 9l

Pls,=il3g)= D P(s, =i, s, = jl37) (19)
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Z7] el Plsp=jl3,)0] FoIA Adelelx 919 FA1L t=7—1,...17]
off Wht Agghown ~reAdEES 73 o 9ok
2 AdFelA gy, = Areld X, A719 2] (o)), A EeirbA
(w,) , 223 A7 w2t FA43 LvjrbAsiete] el A7)
o] Az uH S (tdum )& EFFSFL gl

1. A&

ASTA o ARSE Al #i 7P T Ak EA 20009 49 35
B 20159 1249 55744 % 3H1F 717k #4E sholnk o adE A2
AT arzbAR BRsPAGRAE 7)) SelE vEhieh AvizbA 2

W7bA e Wge hdsted Wsta glovt mvizbA Adrlet sl vl

e AR Belvh Zel7hA Adgrledl Lm7hA

wEA st glovt siEldle st St Hejvhe A fekoR

1l 5] A7 sFEA71el 20149 7Y ZTH =iz
HAE AR SEe ARska o AvivbAE 20154 24 15
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(H 1) MEA A007tH HEL| SHZ

Lo -0.341
SUU -1.599
Z|CHEL 42.399
=]zt -52.800

EZEHA} 12.714

T 351

& A A AN TR (AR S 7% SRS 7T
719k 74 SR vl EAEkIEh <& 2> <& 3>o] Yeple v
of zro] AA 717k F /M4 7] Heks 74 skErle] e w3 7HA

ks Ak A & 5 o

roo
o

b

P
H
N

N
N

M
0x

S71(Ar, > 0)

(sl <1/=]E)

#l5e = =y =7 2| A2k Z|CHZt
Ar, 146 105 78 0.3 42.3

(sl 1/e]E)

Hi 2~ === b =74 E B Z[CHZ
Ar, 205 -8.06 -5.8 0 -52.8
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@9, B 71 3 ErsbAS WakE AhA 44719 el ]
FAste] wRl b 53t sfete] MEgvt i bARE Aolrh v gk
Aush st 744 44716l wlate] sfebvlel AA) ekt glont

o AR} 24 ek webd, AP WES EerbAe] o Ao m ekt

(® 4) 7t 48&71(Aw, > 0)
(=91: d/2]E)

b =S g FUA| |2k gk
Aw, 163 2167 17.10 0.199 67.6
(® 5) 74 s27[(Aw, = 0
(=H1: <1/21e))
s gl gz SUA e =18
Aw, 188 -19.76 -14.75 85199 0

FANE & 4 gk (23 2 L)
el WES el sl Avirbge)
Aol W b ke S g
RS WE E3} NERE 1A A

n: Ny
P‘L
1B

b1
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(33 2] A047tA HE FO0I(M2)
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Edgeworth Price Cycle and Asymmetric Price
ABSTRACT

Responses

Dongh-Hun Kim" and Bongseok Choi™

This Paper explored whether the price pattern of gasoline prices in
Korea follows the Edgeworth price cycle. The Edgeworth price cycle
represents the pattern of price change in the Markov Nash
equilibrium of the dynamic price competition (Maskin and Tirole,
1988). Prices in the cycle decline gradually but increases very
rapidly. When the movements of gasoline retail prices in Seoul
were investigated, it was found that the frequency of price change
is higher in the periods of price decline than the those of price
increase but the magnitude of the change was greater during the
price hikes. The asymmetric price changes coincides with the price
behaviors predicted by the Edgeworth price cycle. A policy
implication is that the asymmetric behaviors of prices in price
upturns and downturns do not necessarily results from collusion
among competitors but they can be the outcome of price cutting
competition in the process of long-run profit maximization.

Key Words : Edgeworth Price Cyde, Asymmetric Price Response,
Gasoline Prices
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