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1  Introduction

 For global problems, such as climate change, 
we have to rely on voluntary international environmental 
agreements.

 Which countries/regions can form a stable international 
coalition?

 Main research question for this paper:
What are the main drivers of stability?

 Approach: run hundreds of simulations, varying transfer 
rules, key assumptions on the game and key parameter 
values (more than 500.000 coalitions checked for stability)
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Part 2: 
The STACO 

model
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2 The STACO project

 Analysis of the stability of international climate 
agreements by exploring all possible coalitions

 Originated by Wageningen University (Ekko van Ierland, 
Hans-Peter Weikard, Rob Dellink) and Michael Finus 
(Hagen University/University of Exeter)

 Advanced through several PhD projects and staff 
research

 Information on ongoing research and available papers 
can be found on www.enr.wur.nl/uk/STACO
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2  Cartel formation game

 Cartel formation game with open membership, as 
introduced by d’Aspremont et al. (1983), Barrett (1994)

 Stability of a coalition
 internal stability: no member wants to leave the coalition
 external stability: no singleton wants to join the coalition

 Each stage (negotiation period) consists of 2 parts
 announcement game: join coalition or not
 mitigation game: choose path of mitigation

 Mitigation is a public good
 coalition members take impact of mitigation on other members’

benefits into account
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2 Characteristics of the STACO model
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 Payoffs equal regional benefits from mitigation minus 
regional mitigation costs

where q represents mitigation level, r is discount rate, t is 
time period (with T the time horizon) and i the region

 Incentive to change announcement (ITCA) for coalition 
structure K:

     -i i i i iICTA K v K K v K  

 
1

( ,..., )K K
i i Tv K q q



8

2 A short comment on modelling K

 Cartel games are relatively easy to denote: 
0 for singletons; 1 for coalition members

 Coalition structure K is then characterised by a vector of 
membership: e.g. K = [0,1,1,0,0,0,0,0,0,0,0,0]

 All possible coalition structures amount to 2^12=4096
(but the 12 one player coalitions are trivial)

 Simple Matlab routine to construct all possible K:
‘flip’ player 1 every time, ‘flip’ player 2 every 2 times, etc,...
identity-number of K = [1,2,4,8,...,2048]*K

(2*ones(size(K),1).^[0:(size(K)-1)]’)’ = [1,2,4,etc]
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2 Mitigation costs and benefits
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where  and  represent calibration parameters and 
 is the rate of autonomous technological change

 Global benefits of mitigation in period t are a discounted 
stream of future global avoided damages

 Mitigation costs are region- and time-specific

where ds represents the damage function in future period s
from mitigation in current period t
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2 Benefits of mitigation the STACO model
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 Damages are assessed through a linearised carbon-cycle

 Regional damages are constant share of global damages

 Linear benefit function assures dominant strategies 
(unique qK)
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2  Model calibration

 12 regions: USA, JPN, EU-15, OOE, EET, FSU, 
EEX, CHN, IND, DAE, BRA, ROW

 Discounting: Ramsey rule with prtp of 1.5%

 Mitigation costs, GDP and emission paths based on MIT-
EPPA projections

 Carbon cycle based on DICE model (but linearised)

 Global benefits based on Tol

 Regional benefit shares based on Tol & Fankhauser
 recent consistent estimates of regional damages are scarce
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2 The STACO model – regional benefits
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2 The STACO model – mitigation cost
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2 A short comment on modelling steps

1. Read in data

2. Go through all possible coalitions and calculate payoffs

3. In case of endogenous transfers: go through all coalitions 
again and calculate transfers

4. Go through all coalitions again and calculate ITCAs

5. Store info on equilibria

6. In case of multiple rounds of negotiations: for each 
equilibrium go through steps 3-5 for previous period; 
repeat step 6 for all negotiations periods

7. Report results
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Part 3: 
Simulation 

results
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3 STACO results – All-Singletons (Nash eq.)

  

Mitigation  
in 2011  

(% of BAU) 

Payoff  
net present value 

(bln$) 

ITCA  
net present value 

(bln$) 

Marg. benefits  
in 2011  
($/ton) 

USA  9.8  1,342  0  22.1 

JPN  2.5  1,119  210  16.9 
EU15  7.5  1,480  325  23.1 
OOE  5.4  217  ‐95  3.3 
EET  4.4  83  18  1.3 

FSU  6.9  450  246  6.9 
EEX  1.7  172  52  2.6 
CHN  13.9  315  154  5.6 
IND  9.2  258  ‐105  4.1 

DAE  1.7  144  43  2.2 
BRA  0.1  88  ‐21  1.3 
ROW  6.0  400  77  6.3 
Global  7.8  6,068  95.8 
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3  Financial transfers / permit allocation rules

 Financial transfers may overcome free-rider incentives

 Tradable emission permits: permit allocation rule 
disentangles where mitigation takes place and 
where financial burden is

 Static allocation versus dynamic allocation: taking the 
expected developments into account

 Incentive allocation (optimal sharing): provide each 
member at least their free-rider payoff

 addresses “potential” internal stability
 Carraro et al. (2006), McGinty (2007), Weikard (2009)
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3 STACO results – payoffs of stable coalitions

 
Coalition 

No  
trading 

Static  
allocation 

Updated  
allocation 

Incentive  
allocation 

All-Singletons 6,068 (0%) 6,068 (0%) 6,068 (0%) 6,068 (0%) 
Grand Coalition 
 
 

17,573 (100%) 17,080 (100%) 16,735 (100%) 17,016 (100%) 

JPN, EU15 
 
 

6,319 (2%)    

EU15, CHN 
 
 

  8,807 (26%)  

EU15, EET, EEX, 
CHN, IND 

   11,238 (47%) 

 # of equilibria: 1 1 1 179
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3 STACO results – free-rider incentives

 
Coalition 

No  
trading 

Static  
allocation 

Updated  
allocation 

Incentive  
allocation 

All-Singletons 6,068 (0%) 6,068 (0%) 6,068 (0%) 6,068 (0%) 
Grand Coalition 
 
 

17,573 (100%) 
All except 
JPN,EU15 

17,080 (100%) 
All except 
JPN,CHN 

16,735 (100%) 
All except  

CHN 

17,016 (100%) 
All 

JPN, EU15 
 
 

6,319 (2%) EU15,FSU EET,FSU,EEX,
CHN,IND,DAE,

ROW 

OOE,EET,FSU, 
EEX,IND,DAE, 

BRA,ROW 
EU15, CHN 
 
 

USA,JPN,CHN JPN,CHN 8,807 (26%) OOE,EET,FSU, 
EEX,IND,DAE, 

BRA,ROW 
EU15, EET, EEX, 
CHN, IND 

USA,JPN,EET,
EEX,CHN,IND 

JPN,EET, 
EEX,IND 

EET,EEX, 
IND 

11,238 (47%) 

 # of equilibria: 1 1 1 179
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3 STACO results – results BPE optimal transfers

 
NPV of payoff 
[Billion US$] 

NPV of 
transfer 

[Billion US$] 
ITCA 

[Billion US$] 

Mitigation in 
2011 [% of 
BaU emis.] 

Permit 
allocation* 
2050 [MtC] 

Permits 
bought 

2050 [MtC] 
USA 2,842 0 -311 9.8 3,159 0 
JPN 2,267 0 -240 2.5 551 0 

EU15 2,114 -862 -5 10.1 1,128 432 
OOE 439 0 -21 5.4 794 0 
EET 160 64 0 28.5 401 -35 
FSU 918 0 -69 6.9 1,331 0 
EEX 319 84 -1 14.8 793 -49 
CHN 430 510 -1 49.9 2,016 -291 
IND 462 86 -1 37.7 796 -56 
DAE 292 0 -11 1.7 613 0 
BRA 177 0 -4 0.1 267 0 
ROW 818 0 -64 6.0 1,214 0 
Global 11,238 -118 -728 13,062 0 
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3 STACO results – flows of emission permits
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Part 4: 
Alternative 

specifications
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4 STACO results – Designating essential players

 Base model: single deviations

 Alternative: entire coalition falls apart when one player 
leaves (gamma-core idea)

     i i i iICTA K v K K v K   

 Generalisation: only some players are essential in this 
sense (but which ones?)
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4 STACO results – Designating essential players
 No  

trading 
Static  

allocation 
Updated 
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN  
(26%) 

EU15,EET,EEX, 
CHN,IND (47%) 

Key players (γ-characteristic) 
 USA,CHN EEX,CHN,DAE 

(12%) 
USA,FSU,CHN 

(35%) 
EU15,CHN  

(26%) 
All except JPN,BRA  

(96%) 
 EU15,CHN EEX,CHN,DAE 

(12%) 
USA,CHN  

(25%) 
EU15,CHN  

(26%) 
All except JPN 

(97%) 
 USA,EU15, 

CHN 
EEX,CHN,DAE 

(12%) 
USA,FSU,CHN  

(35%) 
EU15,CHN  

(26%) 
Grand Coalition  

(100%) 
 OECD EEX,CHN 

(6%) 
USA,FSU,CHN  

(35%) 
JPN,EU15,CHN 

(36%) 
Grand Coalition  

(100%) 
 Annex I EET,EEX,CHN 

(10%) 
USA,EU15,EET, 
FSU,CHN (55%) 

USA,EET,FSU, 
CHN (40%) 

Grand Coalition  
(100%) 

 All OOE,EET,FSU, 
EEX,IND,DAE, 

ROW (26%) 

All except 
OOE,BRA 

(95%) 

All except 
JPN,EU15 

(86%) 

Grand Coalition  
(100%) 
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4 STACO results – Accepting a cooperation loss

 Base model: all positive ITCA imply instability

 Alternative: allow for a Willingness-to-Pay to join the 
coalition, even if ITCA is positive

       i i i i i iICTA K v K K v K WTP K    

 Empirical information on value of WTP is weak, so try 
different values; relate WTP to GDP
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4 STACO results – Accepting a cooperation loss
 No  

trading 
Static  

allocation 
Updated 
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(26%) 

EU15,EET,EEX, 
CHN,IND (47%) 

Acceptable loss from cooperation – Annex I coalition members only 
 2% of 

GDP 
Annex 1 
(24%) 

Annex 1 + CHN
(66%) 

Annex 1 + CHN
(66%) 

Grand Coalition  
(100%) 

 5% of 
GDP 

Annex 1 
(24%) 

Annex 1 + CHN
(66%) 

Annex 1 + CHN
(66%) 

Grand Coalition  
(100%) 

Acceptable loss from cooperation – all coalition members 
 1% of 

GDP 
All except  

CHN (57%) 
All except  
IND (89%) 

All except FSU 
(94%) 

Grand Coalition  
(100%) 

 2% of 
GDP 

Grand Coalition 
(100%) 

Grand Coalition 
(100%) 

Grand Coalition 
(100%) 

Grand Coalition  
(100%) 
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4 STACO results – Other model specifications
 No  

trading 
Static  

allocation 
Updated 
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN, 
IND (47%) 

Exclusive membership (unanimity rule) 
 EEX,CHN 

(6%) 
USA,CHN 

(25%) 
EU15,CHN 

(26%) 
EU15,EET,EEX,CHN, 

IND (47%) 
Myopia 
 None  

(0%) 
None  
(0%) 

EU15,CHN 
(25%) 

USA,EET,EEX,CHN, 
IND (48%) 

BaU for outsiders 
 USA,JPN, 

EU15 (18%) 
JPN,EU15, 
CHN (40%) 

EU15,CHN 
(33%) 

USA,EEX,CHN,IND, 
ROW (62%) 
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4 STACO results – Sensitivity Analysis
 Parameter 

levels 
No  

trading 
Static  

allocation 
Updated  
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN,IND 
(47%) 

Global damages 
 Low JPN,EU15 

(2%) 
JPN,FSU 

(3%) 
EU15,CHN 

(26%) 
EU15,EET,EEX,CHN,IND 

(47%) 
 High JPN,EU15 

(2%) 
None  
(0%) 

EU15,CHN 
(27%) 

EU15,EET,EEX,CHN,IND 
(49%) 

Regional damage shares 
 STACO 

calib. II  
JPN,ROW 

(2%) 
None  
(0%) 

None  
(0%) 

USA,EET,CHN,ROW 
(46%) 

 RICE 
shares 

None  
(0%) 

EU15,FSU 
(7%) 

EU15,CHN 
(31%) 

JPN,EU15,OOE,EET,FSU, 
EEX,CHN,IND (70%) 
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4  Conclusions

So what are the main drivers of stability?

 Main driver of instability: large free-rider incentives

 Main driver of stability: incentive transfer schemes

 Main driver of the game: stability rule
 Designating key players

 Accepting a loss from cooperation

 Main driver of membership: regional damage shares
 mitigation costs and global damage levels are much less important
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Part 5: 
A model with 

renegotiations
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5  Renegotiations (Weikard et al., 2009, ERE)
 Replace one negotiation period of 100 years with R 

negotiations of 100/R years each

 Because of linear benefits, mitigation in current period are 
independent of stock of GHGs

 Thus, model can be solved backwards –
for each stage r find the Renegotiation Proof Equilibria 
(stable & Pareto undominated)

 Last period is essentially the same as one-shot game

 If there are multiple equilibria in next period, use worst 
equilibrium to threaten players in current period

1 1 1 1( \{ }) ( ) ( ) ( )r r r r r r r r
i i i i iv K i v K V V w      
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5  Renegotiations affect stability considerations

 ITCA compares change in payoff in current period (given by 
current valuation) with potential change in future payoff:

 What results is a sequence of possible combinations of RPE 
over time

  1 1 1 1( \{ }) ( ) ( ) ( )r r r r r r r r
i i i i iv K i v K V V w      

  1 1 1 1( { }) ( ) ( ) ( )r r r r r r r r
i i i i iv K i v K V V w       
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5  Calibration

 Older version of the model used: fixed discount rate of 2%, 
simpler climate module, several small changes

 This implies that numerical results are different, but 
underlying incentive structure is very similar

 Transfers follow a surplus sharing rule: distribution of 
coalitional surplus according to exogenous rule (in our case 
historical emissions)
coalitional surplus: sum of payoffs of all coalition members 
minus sum of their payoffs in Nash equilibrium
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5  Results
One-shot game    

 Mitigation in 2011 Payoff 
Countries with positive 

ITCA 
All-Singletons 8.0% 5,238 All 

Grand Coalition 36.6% 15,211 
All except  

EET, EEX, CHN 
RPE of {USA,China} 12.6% 7,700 none 

 2 rounds of negotiations     
renegotiation after 20 years 40 years 50 years 60 years 80 years 

Coalition 1st stage 
(Payoff) 

USA/China 
(1710 bln $) 

USA/China 
(3413 bln $) 

USA/China 
(4229 bln $) 

USA/China 
(5010 bln $) 

USA/China 
(6447 bln $) 

Coalition 2nd stage 
(Payoff) 

USA/China 
(5990 bln $) 

USA/China 
(4287 bln $) 

USA/China 
(3471 bln $) 

USA/China 
(2690 bln $) 

USA/China 
(1253 bln $) 

Total Payoff 7700 bln $ 7700 bln $ 7700 bln $ 7700 bln $ 7700 bln $ 
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5  Multiple rounds of renegotiations
 Coalition  

members 
1st stage 

Coalition 
members 
2nd stage 

Coalition 
 members 
3rd stage 

Coalition 
members 
4th stage 

Coalition 
members 
5th stage 

Payoff 
Billion 
US $ 

3-rounds of negotiations t(r) = 1, 34, 67 
 EU15/EET/EEX/CHN USA/CHN USA/CHN - - 8100 
 USA/EET/CHN EU15/EET/CHN USA/CHN - - 8020 
 {40 RPE sequences in total} 

4-rounds of negotiations t(r) = 1, 26, 51, 76 
 EU15/EET/EEX/CHN USA/CHN USA/CHN USA/CHN - 8004 
 {42 RPE sequences in total} 

5-rounds of negotiations t(r) = 1, 21, 41, 61, 81 
 USA/EET/FSU/EEX/ 

CHN/DAE/ROW 
EU15/EEX/CHN EU15/EET/CHN USA/CHN USA/CHN 8824 

 {1542 RPE sequences in total} 
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5  Optimal transfers with renegotiations
Based on Weikard & Dellink, under review.

 Basic idea of Renegotiation Proof Equilibrium further 
elaborated to ‘generalised stability’ in the paper

 In contrast to exogenous rules, optimal transfer rule is not 
readily extendible to renegotiations setting

 Future distribution of the gains of cooperation can in principle
be used to persuade countries to join in this period

 Carrots: lasting members of coalition share all surplus

 Sticks: temporary members are threatened with worst 
future equilibrium
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5  Optimal transfers with renegotiations
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Part 6: 
Concluding 

remarks
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6  Selected other recent & ongoing STACO research

 Technology spillovers (Nagashima & Dellink)

 Endogenous technology (Nagashima & Weikard)

 Uncertainty and learning (Dellink & Finus)

 Minimum participation rules (Weikard, Wangler & Freytag)

 Farsighted stability (Weikard, Osmani & Dellink)

 Adaptation (De Bruin, Dellink & Weikard)

 Renegotiations with essential players (Bussen, Dellink & 
Withagen)
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Thank you!

More info on STACO: 
www.enr.wur.nl/UK/staco/ 
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4 STACO results – Sensitivity Analysis (I)
 Parameter 

levels 
No  

trading 
Static  

allocation 
Updated  
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN,IND
(47%) 

Global damages 
 Very low None  

(0%) 
None  
(0%) 

EU15,CHN 
(25%) 

USA,EET,CHN,IND,DAE
(47%) 

 Low JPN,EU15 
(2%) 

JPN,FSU 
(3%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN,IND
(47%) 

 High JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(27%) 

EU15,EET,EEX,CHN,IND
(49%) 

 Very high JPN,EU15 
(3%) 

EU15,CHN 
(28%) 

EU15,CHN 
(29%) 

EU15,EET,CHN,IND,DAE
(50%) 

Radiative forcing 
 Low JPN,EU15 

(2%) 
JPN,FSU 

(3%) 
EU15,CHN 

(26%) 
EU15,EET,EEX,CHN,IND

(47%) 
 High JPN,EU15 

(2%) 
None  
(0%) 

EU15,CHN 
(27%) 

EU15,EET,EEX,CHN,IND
(49%) 
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4 STACO results – Sensitivity Analysis (II)
 Parameter 

levels 
No  

trading 
Static  

allocation 
Updated  
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN,IND 
(47%) 

Marginal abatement costs 
 Low  JPN,EU15 

(2%) 
None  
(0%) 

EU15,CHN 
(27%) 

EU15,EET,EEX,CHN,IND 
(49%) 

 High JPN,EU15 
(2%) 

JPN,FSU 
(3%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN,IND 
(47%) 

Technological change 
 Low  JPN,EU15 

(2%) 
None  
(0%) 

EU15,CHN 
(25%) 

USA,EET,CHN,IND,DAE 
(47%) 

 High  JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(28%) 

EU15,EET,EEX,CHN,IND 
(50%) 
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4 STACO results – Sensitivity Analysis (III)
 Parameter 

levels 
No  

trading 
Static  

allocation 
Updated  
allocation 

Incentive  
allocation 

Base 
specification 

JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(26%) 

EU15,EET,EEX,CHN,IND 
(47%) 

Time horizon 
 Short JPN,EU15 

(2%) 
None  
(0%) 

EU15,CHN 
(26%) 

USA,EET,EEX,CHN,IND 
(48%) 

 Long  JPN,EU15 
(2%) 

None  
(0%) 

EU15,CHN 
(27%) 

EU15,EET,CHN,IND,DAE 
(48%) 

Discounting 
 Stern  JPN,EU15 

(3%) 
EU15,CHN 

(29%) 
EU15,CHN 

(29%) 
EU15,EET,CHN,IND,DAE 

(50%) 
 Nordhaus  None  

(0%) 
None  
(0%) 

EU15,CHN 
(26%) 

USA,EET,EEX,CHN,IND 
(48%) 

 


