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The Impacts of Decision Order and Uncertainty
on Emissions Trading

Jin-Young Moon*

ABSTRACT : Cap-and-trade policies that allow firms to trade emission allowances are designed to
reduce emissions at least cost and are shown to be efficient when there is no uncertainty over emissions.
This paper examines how uncertainty in emissions affects firms’ decisions about permit purchase and
abatement. The results show that whether firms abate more under uncertainty compared to a case with no
uncertainty depends on the expected penalty cost and marginal abatement cost. If the expected marginal
penalty cost is greater than the marginal abatement cost, the firm will choose to reduce emissions and
abate more under uncertainty. When the expected marginal penalty is greater than the marginal cost of
abatement, increases in uncertainty result in reduced emissions. This paper also examines whether the
order of abatement and permit trading and the realization of uncertainty affect firms’ decisions. The

results show that total expected emissions are the same regardless of the order of moves.
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3! QJtk. EU-ETS (European Union Emissions Trading System)+= &AI 7} A5 tjAt o &2
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Hi=dAH Ao Hofst= N8 7192 M= AHr2o] A 4= 1L, v St 2
of 27 g0l MR 71 AL olfiiel MBTHES /1K T ot ENe S
o4 QIS o 9l

Montgomery (1972)= W& A7 A S S8l 2] vl-§o2 27
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HH%?J Aol Al o FEf -2 ui & o] (banking) oLt Z}Q)(borrowing) of 4] TFF-o]

31 §) © H(Rubin, 1996; Schennach, 2000; Park 2012), vlj&3 #2je} AHE E3HA
A BA = tf4=9] = Fof| B4 H vl Qlt(Ben-David et al., 2000; Zhao, 2003; Gupta and
Maranas, 2003; Li 2016). &3 Aol o] 7199 oAFE S & Mrozek and
Keeler (2004)= HiEHAHAIE F 717 Fhe =2 thro] E42 shal Jlov viEw
ofu} Hij & FFafof] et A E Al ESsto] A 5HA] Rtk

A]

webA] £ Qi 2ol BT Ee o] 719 Al nlXE G BA
ol glof il Aol b 2] 2A1E Tefste] A MBS EETHE 7%
4% &4

wlzho] AW AL 71A 3 ik 2, & AdAlo] Zolsl= 713 2] oA}
Aol7h ol vlAl = G BlataL, 2 AgolA o] 7]le] e Bajsl gy, 1
AT U1 2o A RARFS st 342 7190] oA AA wAo] e ATE
RIAL, 4ol A AE02 B2k

L A== wiEske Y] 719G=1, 2, -+, n)o] kAl 7SR 719 i vl
(allowable emissions) .2 o, 5 &g o, o}t o ¢ B2 A5 o] S o] =
7] vl &2 (initial emissions)-& £ = A3} 7]1¢] i 9] 7K abatement) S2520] ¢ L 7
- g 714 o) HiE =S 27 HlE oA AR S AR ol "tk e, = B —q,. 7]
¢ i o] 7L &= O(q) = F H A4 n]&E 7Rs(twice continuously differentiable) s}
s, Agdel o) 7RIl R (Ci = 0 i)/ 94, >0) BESTHTL (¢, = 2 €/ g, >0)
7HA%ket 7 719 9] v & ) & £33 <o+1ull(net purchase)E b, 2t S o, 7] F-&
&S 0, > 0) AU (b, <0)3FH, 7] s EHAE Y] viEA 714
(P)2] 4~3RHprice takers) 2 7}4 St}

A0S vl Seat B U] TS i AT e 719 7}
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BHashEH(Z27) wiEtte et viEd o] ghol viEsk Rt S YA Y B 7
% (a;+b, = ¢;), 719 i= WiEHANA 85 £5(compliance)5te], o (penalty)S

2
i (e, —a;—b) g HgZ A& ofu] viESE 230 Theld a5 (¢) 2 THAIA]
7+H]-8{(marginal costs of abatement) .t} AT}l 7FYIICH O < ¢ for 0 < ¢, < E). HY
=W 7S S EAN A B oA WA A, 7SS A
Gol FLs| A W7HA] vlEdE A s, o5 3l vilEd 7HA ol Ak E A
o] A= = A& vl ) 9 Hae 2 aothol| 9le, 7] i & ]
&2 Tharat o] Ao Fk:

O,=C(E—e)+Pe+b+1L ¢+ (e;—a—b)

(]

where I =1, if e; —a,—b, = 0, otherwise Z =0.

AR GHterm)2 71 i o] vl SR T T Wol uijEet Z-p-ofl Hpositive) 2] <

7.

2. 718 AA

AA Wi E5F(e,) 2 7] (expected) ¥l & (m, ) I} H-5(stochastic) W& (e;) & T2
Z(e; =m,+e) 74T} ¢,= E-EH 4 (random variable) 2 4] H=i(# j) of] 1o] ¢, 2}

i

e, = (independent) o] 2}l 7} gttt 18] L ¢, i= Mrozek and Keeler (2004)2} vt

ZHAE [~ o,p] B oIA F5(uniformly)sHA] EE5HH, ¢ 0] H-2 002 7Pgeict
(E(e;) =0).

719 2 HjEo] B vled Hu Ae A v <o +b) , S-S E B8
© e, HA iEFo] B vied Hoh @ = Hee

}‘% 78]‘?‘(77%_1/’ = aﬂLbz‘)a 7]
WA Het. o] T 7HA|= ¢, 9 HE B9 ol A EAsHA 28 €l
au 7199 AE e viERe] Vil HiERY] o AR ¥MEdtd

(m; = <a;+b <m;+¢) 714 WiEHAHA AR =] 247 vlEds 23) o
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=sf

a; +b;—m;

[vareifaifbi)(i)]dsi

o) 4] B ote] Bl S MBS 25t wE ol o, FulA) B2 ¢ o] 5
S X (probability density)o]tt. 7]o] vj&E3t=E F3H HH%‘:‘JE m; +&)< a;+b
Solay] o] QR SR o, b, —m,olch. wh2iA] 7| A E-E T3 2o A
=

E(E-):(i)(wmfafw (1)

AT RS X QWA 712 292 FUT WA 7|01 2B
I _?_ AX

32 =
RS A A2, ol F A e TR, %, W E)o] 43
517] Aol vlE UL A2 817 Ucase2), B lETFo] A o] Fol WEUS AT
F32 2ol ool 7]910] 758 AHstn, ol 7)o wEs

= t}.

A 7FA] 5= = A o] QXA A aehbslod, 5= 7l 9] HE A Q(subgame) o] T E I
B Dl FE A Y o] Ao et = Fof ek KA Y 2hd Ho] 4]
oF Wit ollA 719 Aefo] e BaAolA Wl 3ol ol2=% a5}
(Selten, 1965), F-ZAIY &= 271918l S 'd(backward induction)& 4]-8-7Ht}.

1) pure strategy subgame perfect Bayesian Nash equilibrium
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1. 71990l HiE&AS AWt AZFsh= 73-F(casel)

7121] 2.5 W& o] WiE 7H5 3 22 Yol A WS HE Am, — b < 0, +5, < m, +1)
71942 o)X A 2] 5 A 7 (second stage)oll A 7 H] 83} 7| djEEe) e 2
2 51 7|l Eakn )& AT

min

m;

Ci(E;-—TTL,L-)'i‘( )(1/}+771/£_(L£—b£)2

£le

FEUG TE ) =

Lo & A, 17 203 7 o] Sk

1

a,(E—m;) = ( (fl))(z/ri-ml*al*bi),
= 2O @

a2z ol A A THA|(first stage) ol A 7] Fo] & il & 2D, 4] (2)°l1A
EEd m,E ol§3tk

E(CE m;))+ P+ b+(%)(¢+mfafbi)2

| vl&H9] <7t ull(net purchase of

ol

24 4 QF Yt 14 24

o

=
o

permits), b, & =&3I}

©)
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p— Zinzl(Ei"'i/’*ai)

Z n ( 2’(/)OCL + (b (4)
i=1 ai¢
A (4E 4 )l tidshd, BiEH =71l 9] Sli(solution) 7} -2l 7l T}
. = (B4y—a) ) 2¢a;+ 0
bi_E;+¢_ai_( 2wa1/-}+¢ J( wa_q) ) 5)
=[5 )

Y =F9 IedkE Sl B ol tidl o, =1019, e 7149 ¢7t Fdsitt
(= =nap)2L 7} 31, 27| il &5 (total expected emissions), M(=X7_ m;) < 4]

()2 53 fHck

& N2 —a,—b) g E—¢np+ oA
MmN ke e ©

A (6)S FE3l A(=Z0 0,) 2 HE T = ZH| &35 (total expected emissions)2}
Z7|op &S Hmak Aol ZRseltk

V(24— 2E+¢n)

A—M= %+ o

(M
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2. H|EF WA olA9| HlEAL AW F$(case2)
7192 A1) ) AN AR e 8T} A RS A e 2

Aol A Hi & il E 2RIk

min 10
b P bi+(4—¢)(¢+mi —a;—b,)”.

b, =v—a;,+m;— %) )

A O £ b, =02 2851, Wi 120 4] (10)7} o] fek

P P(np— 27 0, + 27 m;)

B iy (10)
4 (102 ThA] 4] )l Telahel, Fasaol o) & - 7o)S 13 4 glck
* 1

bi:mi_awgz(%_mi)- (11)

i=1

7k 7192 oarE g o] A A oA T3 2 HA A 7 &S 245)
A Eck:

min

m;

E(C(E—m;)+P e bi)+(%)(¢+mi*ai*bi)2. (12)
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min 1 Y dlnmp— 2010, + 27 ym;) LS,
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1A 2702 4] (13)3} 2t

_ _ 9 A-—M ¢(nw—A+]tf)( 7l) ¢>( _A-M
o, (E mi)+2m/) m; —a; + - + ST 1 P

27| el E M) W2 7)o ol EUTH o, (—1) 9} 2 7PYEI L 4] (13) & BE
719 il o) garale S g

20 E— pnip +pA

M= T+ s ) (14)

A (14)= caselof| 4 o] F7| &% ELolr] tiZol SHiEed=set S7 |0

ke BAE A (DT FLSIh 4] (1492 4 (13)0] ISP 7] hulk &2 m,) o] 5
o

n—1)(24—2F+¢n)

_ n(2¢+¢)
i = M+ : (15)

2np B+ ¢a; — pyyn+ du(

A1 (14)= 4] (10~11)°f 3, 5L3 o, (=1) 2 v & 715 A] casel ] v =H
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