
The effect of Sanction Design on

Investment Decision and Compliance Level

in a Tradable Permit Market
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Method
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Experimental Design
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Treatment overview
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Key Market Design
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Result from Holt & Laury experiment
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Average permit price convergence path

11

Round 6

45

20

30

40

50

60

70

80

90

100

114

P
ri

c
e

s
 (

E
X

$
)

1 2 3 4 5 6 7 8 9 10 11 12

Period

Group Average Permit Price lowess Average Permit Price Period

Auction Fixed Penalty Rate Low Level (AFL) Treatment

Average Permit Prices

High Penalty Rate

Low Penalty Rate

Optimal Equilibrium

Auction Reserve Price

Round 1 Round 2 Round 3 Round 4 Round 5

35

45

20

30

40

50

60

70

80

90

100

114

P
ri

c
e

s
 (

E
X

$
)

1 2 3 4 5 6 7 8 9 10 11 12

Period

Group Average Permit Price lowess Average Permit Price Period

Auction Fixed Penalty Rate High Level (AFH ) Treatment

Average Permit Prices

High Penalty Rate

Low Penalty Rate

Optimal Equilibrium

Auction Reserve Price

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6

@#A(7&!(+%$*>&'%*(&=3(%*4(+*)

Average permit price convergence path

12

C%;(D-227&!328#)#2+&=3(%*4(+*)

Round 3 Round 4 Round 5 Round 6

20

30

40

50

60

70

80

90

100

114

140

P
ri

c
e

s
 (

E
X

$
)

1 2 3 4 5 6 7 8 9 10 11 12

Period

Group average permit price lowess Average Permit Price Period

Auction Make-Good Provision High Level (AMH) Treatment

Average Permit Prices

Auction Reverse Price

Optimal Equlibrium

Low penalty rate

High penalty rate

Marginal Revenue = max. penalty in sub period 2

Round 1 Round 2Round 2 Round 3 Round 4 Round 5 Round 6

20

30

40

50

60

70

80

90

100

114

140

P
ri

c
e

s
 (

E
X

$
)

1 2 3 4 5 6 7 8 9 10 11 12

Period

Group Average Permit Price lowess Average Permit Price Period

Auction Make-Good Provision Low Level (AML) Treatment

Average Permit Prices

Marginal Revenue=max. penalty in sub period 2

High penalty rate

Low penalty rate

Optimal equilibrium

Auction Reserve Price

Round 1



Average permit price convergence path
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Treatment Effects for all treatment cells
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Compliance over firm type across treatments
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Investment Decision over firm type across treatments
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Pairwise Comparison of treatment effects

K@,%C']'B#O)#D#:*),'G#,N'W*8*9%,8#:',%B,^''_'B#O)#D#:*),'G#,N'W*8*9%,8#:',%B,

19

Variable AFL vs AFH AML vs AMH Mix vs Low MGP Mix vs AFL

Auction Price AFL <  AFH AML >  AMH AFM < AML^ AFM > AFL

Mean trading price AFL <  AFH AML <  AMH ^^ AFM < AML^^ AFM > AFL

Std. dev. Trading price
AFL <  AFH AML >  AMH AFM ! AML AFM ! AFL

Average Permit Price
AFL <  AFH AML <  AMH AFM < AML^ AFM > AFL

Investment level AFL < AFH * AML > AMH ** AFM > AML AFM > AFL ** ^^

Compliant firms AFL < AFH ** ^^ AML > AMH AFM ! AML AFM > AFL ** ^^

Compliance level AFL <AFH ** AML > AMH**^ AFM >AML AFM > AFL ** ^^

Mean efficiency AFL > AFH * ^ AML > AMH AFM ! AML AFM < AFL **^
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Results: estimation models
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Auction Price
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953
LZ]JV] LZHLMM LZLPHL JZHLMP JZHLJH JZHLL]

DeZHIHR DVZHM]V DeZJIM] DJZJMV] DJZHJHP DJZJMLP

!'%*(
JZJR]V JZJMPek JZJMeHk JZJJH] JZJJHPk JZJJHMk

DJZJeMR DJZJeHI DJZJeRL DJZJJJP DJZJJJM DJZJJJM

4-5
eZLPRI eZI]PR eZRP] JZJMJP JZJPV] JZJPJH

DeZML]V DLZVMLL DeZRMR DJZJMeL DJZJ]RR DJZJMHI

"#4-5
RZMJHH RZRMJP RZRPeH JZHVL JZHVHV JZHVHR

DVZHIPI D]ZPHRe DVZH]JV DJZJIJP DJZHHeI DJZJPIR

'26+7
DLZePJLkk DLZeM]Mkkk DLZeMM]&kkk DJZJ]LRkkk DJZJ]L]kkk DJZJ]LRkkk

DJZRMLM DJZ]LJ] DJZRRVP DJZJHeV DJZJHJL DJZJHeL

)5L
JZeI] JZ]VVI JZVPeI DJZJVIe DJZJVRL DJZJVML

DHZPPVP DHZIJMV DHZPP]R DJZJeII DJZJeR] DJZJV

*2*3#);
DJZeVIV DJZe]P DJZe]V] DJZJHHIk DJZJHLHk DJZJHLHk

DJZLJeM DJZLV]P DJZLJJ] DJZJJ]e DJZJJ]I DJZJJ]L

*2*#+12+)
LZVMILk LZVe LZV]JHk JZJeIe JZJePe JZJePR

DHZJPVH DHZRJ]] DHZJMHL DJZJLee DJZJLIV DJZJLe

l12+) ]MZRLHMkkk ]MZLIRVkkk ]MZVLPIkkk VZHIMLkkk VZHIJ]kkk VZHILMkkk

DHJZIMHH DHHZLL]P DHJZPVRe DJZLPHH DJZLVR] DJZLMMM

0*%*#)*#1)

T eRJ eRJ eRJ eRJ eRJ eRJ

3L JZJIR] JZHVR

3Ll% JZJM]I JZHLR

@ ]ZL]e RZeVR

34)( HMZP HMZLP JZeVV JZeLIM

3LlX JZJR]P JZJIeM

3Ll: JZLMHI JZeReM

3Ll2 JZJIRL JZHV]V

1"#L LIILZV]Re VVZPPHV eMRVVZI] ]VZVLe]

Results: estimation models
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LZ&C27($&29&W+8()*4(+*&7(1#)#2+

• =2&%))())&*"(&(99(1*)&29&263&*3(%*4(+*&8%3#%:$()B&X(&6)(&7644#()&923&CE!B&@!'B

"#-"&@!'B&%+7&*"(&3%*(&29&@!'&%)&3(-3())23)Z&&Y77#*#2+%$&7644>&29&+(*&:6>(3Z

• C27($)&%3(&()*#4%*(7&X#*"&1$6)*(3&32:6)*&!32:#*Nd2-#*&427($B&'<&532:#*N$2-#*

427($B&%+7&32:6)*&532:#*N$2-#*&427($

• j*"(3&3(-3())23)?&$2+-&52)#*#2+&G5(34#*)KB&Y61*#2+&!3#1(B&C(%+&*3%7#+-&53#1(

• ="(&)#-+#9#1%+*&8%3#%:$()&%132))&427($&%3(&8(3>&12+)#)*(+*Z

• CE!&*3(%*4(+*&,&Y61*#2+&!3#1(&#+13(%)(&*"(&532:%:#$#*>&29&)6:U(1*)c&1245$#%+1(&B

X"#$(&+(*:6>(3&,&$2+-&52)#*#2+&"%8(&+(-%*#8(&(99(1*)&2+&#+8()*4(+*&7(1#)#2+Z

• T(*:6>(3&%+7&CE!&*3(%*4(+*&"%8(&*"(&$%3-()*&4%3-#+%$&(99(1*)Z
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Investment Decision Model

Logit cluster Logit RE Logit RE  bootstr Probit cluster Probit RE Probit RE bootstr

Dummy FPR
-0.0442 -0.0534 -0.0534 -0.045 -0.0746 -0.0746

(0.468) (0.4992) (0.5008) (0.2573) (0.2711) (0.2573)

Penalty Rate
0.0054 0.0064 0.0064 0.0023 0.0031 0.0031

(0.0051) (0.0054) (0.0056) (0.0026) (0.0029) (0.0029)

Dummy MGP
0.9258* 1.0922** 1.0922** 0.5013* 0.5857** 0.5857**

(0.3614) (0.3619) (0.3596) (0.197) (0.1951) (0.2037)

Dummy High MGP
-0.4299 -0.5245 -0.5245 -0.3369 -0.3787 -0.3787

(0.3284) (0.3974) (0.34) (0.1775) (0.2142) (0.2152)

Dummy Net buyer -1.5147*** -1.6401*** -1.6401*** -0.8266*** -0.9084*** -0.9084***

(0.1838) (0.2083) (0.2509) (0.097) (0.1112) (0.1296)

Auction Price
0.0202*** 0.0247** 0.0247*** 0.0121*** 0.0142** 0.0142***

(0.0059) (0.008) (0.0063) (0.0034) (0.0044) (0.0032)

Mean trading

price

0.0004 0.0000 0.0000 0 -0.0002 -0.0002

(0.0024) (0.0032) (0.0036) (0.0014) (0.0018) (0.0019)

Long position of

permits
-0.2224*** -0.2623*** -0.2623*** -0.1191*** -0.1393*** -0.1393***

(0.0153) (0.0162) (0.0194) (0.008) (0.0076) (0.0113)

_cons -1.9933*** -2.5122*** -2.5122*** -1.0329*** -1.2810*** -1.2810***

(0.5591) (0.5971) (0.5691) (0.3073) (0.3167) (0.2813)

N 1440 1440 1440 1440 1440 1440

ll -438.88 -422.93 -422.93 -448.63 -431.01 -431.01

‘r2’ 0.5331 0.5433

chi2 259.9135 307.9514 229.7005 303.1957 1013.7609 227.3476

% Corr. pred. 88.47 88.75

Results: estimation models
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eZ&C27($&29&1245$#%+1(&7(1#)#2+&:>&"2$7#+-&5(34#*)

• h(&6)(&*"(&)%4(&3(-3())23)&%)&#+&W+8()*4(+*&427($&5$6)&7644>&)6:&5(3#27&LB&:6*

X(&3(428(&+(*&:6>(3&%+7&5(34#*)&)"23*9%$$Z

• 0#-+#9#1%+*&3(-3())23)&3(4%#+&*"(&)%4(&%132))&263&532:#*&%+7&$2-#*&427($)Z

• O#-"&9#A(7&5(+%$*>&3%*(&%+7&CE!&*3(%*4(+*&#+13(%)(&*"(&532:%:#$#*>&29&)6:U(1*)c

1245$#%+1(&B&X"#$(&"#-"(3&Y61*#2+&!3#1(&"%)&+(-%*#8(&(99(1*)&2+&1245$#%+1(&)*%*6)Z

• d(%3+#+-&1638(&923&1245$#%+1(&7(1#)#2+&#)&%55%3(+*&%)&'26+7&#)&%&)#-+#9#1%+*

8%3#%:$(Z

• CE!&-(+(3%*()&*"(&$%3-()*&4%3-#+%$&(99(1*Z

• @23&C#A(7&5(+%$*>&7()#-+B&X(&2:)(38(&*"(&"#-"()*&1245$#%+1(&$(8($)&1245%3(7&*2

2*"(3&*3(%*4(+*)&D"4#A(7&5(+%$*>&)(38()&%)&%&726:$(&5(+%$*>&4(1"%+#)4&X"#1"

#+13(%)()&1245$#%+1(&$(8($Z
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Regressors for

compliance

1 2 3 4 5 6

Probit cluster

robust

Probit RE

bootstrap

Probit RE

bootstrap

Logit cluster

robust

Logit RE

bootstrap

Logit RE

bootstrap

Dummy FPR
-0.0872 -0.1416 -0.1397 -0.1357 -0.2640 -0.2593

(0.1653) (0.1911) (0.2206) (0.2869) (0.3404) (0.3500)

Penalty Rate
0.0087*** 0.0089** 0.0088*** 0.0148*** 0.0153*** 0.0152***

(0.0021) (0.0028) (0.0024) (0.0035) (0.0039) (0.0046)

Dummy MGP
0.9548*** 0.9796*** 0.9776*** 1.6195*** 1.6872*** 1.6834***

(0.2019) (0.2354) (0.2383) (0.3464) (0.4300) (0.4696)

Dummy High MGP
0.0779 0.1307 0.1306 0.1320 0.1959 0.1954

(0.1801) (0.1870) (0.1796) (0.3160) (0.3246) (0.3814)

Round
0.051 0.0749* 0.0750* 0.0837 0.1262* 0.1263*

(0.0291) (0.0334) (0.0331) (0.0494) (0.0553) (0.0514)

Auction Price
-0.0088*** -0.0103*** -0.0102*** -0.0147*** -0.0176** -0.0175***

(0.0025) (0.0028) (0.0026) (0.0044) (0.0061) (0.0043)

Dummy Sub

Period 2

-0.0094 -0.0225

(0.0762) (0.1396)

_cons
0.0802 0.1508 0.1559 0.1002 0.2700 0.2811

(0.2639) (0.3028) (0.2984) (0.4535) (0.4953) (0.5910)

Statistics

N 1114 1114 1114 1114 1114 1114

ll -592.4348 -572.8482 -572.8431 -592.5244 -572.3567 -572.347

ll_0 -632.4116 -600.5278 -600.5278 -632.4116 -599.6696 -599.6696

r2 0.0632 0.0461^ 0.0461^ 0.0631 0.0455^ 0.0456^

chi2 41.7655 45.5528 62.4192 40.8994 38.0885 60.0678

Conclusions

! W+&-(+(3%$B&*"(&)%+1*#2+&*>5(&%+7&$(8($&"%8(&%+&)#-+#9#1%+*&(99(1*&2+&*"(

1245$#%+1(&)*3%*(->&923&:2*"&#+8()*#+-&9#34)&%+7&5(34#*&:6>#+-&9#34)

! h#*"&5%#3DX#)(&1245%3#)2+B&*"(&)%+1*#2+&$(8($&"%)&)#-+#9#1%+*&(99(1*&2+&(#*"(3

(99#1#(+1>&G@!'K&23&*3%7#+-&53#1()&GCE!K

! Y&9#34&29&*"(&T(*D)($$(3&*>5(&"%)&423(&%78%+*%-(&*"%+&%&T(*&.6>(3&X"(+&53#1()

%3(&"#-"(3&*"%+&*"(&25*#4%$&(_6#$#:3#64&#+&*(34)&29&4%;#+-&#+8()*4(+*&%+7

1245$#%+1(&7(1#)#2+B&%+7&*"6)&*"(&3()6$*#+-&(99#1#(+1>

! h(&2:)(38(&%&*3%7(D299&:(*X((+&(99#1#(+1>&%+7&1245$#%+1(&$(8($&#+&*"(&@!'

*3(%*4(+*&:6*&+2*&#+&*"(&CE!&*3(%*4(+*

! O#-"(3&)%+1*#2+&$(8($)&#+761(&"#-"(3&Y61*#2+&53#1()B&#+8()*4(+*&%+7&1245$#%+1(Z

! Y&C#A(7&!(+%$*>&7()#-+&>#($7)&%+&Y61*#2+&!3#1(&%$42)*&%)&$2X&%)&Y@d&:6*&X#*"

461"&"#-"(3&1245$#%+1(&$(8($B&12+9#34#+-&*"(&(99(1*&29&726:$(D5(+%$*>Z&C23(

12+)#)*(+*&53#1(&)#-+%$)&%3(&%$)2&2:)(38(7&#+&C#A(7&!(+%$*>Z

! Y&$(%3+#+-&(99(1*&#)&)"2X+&X#*"&3(-%37&*2&*"(&Y61*#2+&!3#1(&%+7&Q245$#%+1(

7(1#)#2+&:>&5(34#*&:6>#+-&9#34)&#+&3(-3())#2+&427($)
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Many of our publications are available at:

www.ceem.unsw.edu.au  

Thank you

49*#+C'W28%B,#*)#`B,6&%),26)BG2%&62*6

'()6$*)?&0*%*#)*#1)&)644%3>

! H"FL'H6:,#@)'"#$%&'(%)*+,-'.*,%'F@G'F%A%+

! H"ML'H6:,#@)'"#$%&'(%)*+,-'.*,%'N#ON'F%A%+

! H<FL'H6:,#@)'<*=%>?@@&'(8@A#B#@)'F@G'F%A%+

! H<ML'H6:,#@)'<*=%>?@@&'(8@A#B#@)'M#ON'F%A%+

! H"<'LH6:,#@)'<#$'@D'"(.'E'<?(
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