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Abstract 
This paper analyzes finitely repeated policy games where the government and 
the private sector alternately revise their actions from the set of non-negative 
real numbers. Unlike previous studies on policy games, the one-shot ineffi-
cient Nash equilibrium, known as the Kydland-Prescott outcome, is avoided 
and only the optimal Ramsey outcome is established in subgame perfect equi-
libria. Therefore, the Ramsey policy is time-consistent in our model, whereas 
the Kydland-Prescott outcome is not. 
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1. Introduction 

In macroeconomic theory, the fundamental problem of implementing the op-
timal policy arises when the government does not have credible technology of 
commitment, and the private sector has rational expectations about the govern-
ment’s policy. To analyze this problem, policy games between the government 
and the private sector are considered. In policy games, it is known that only one 
inefficient Nash equilibrium exists, known as the Kydland-Prescott (KP) out-
come, because the government has a dominant myopic action, leading to the 
private sector’s inefficient response. This outcome is Pareto-dominated by the 
Ramsey outcome, which maximizes the government’s objective function by be-
having as the Stackelberg leader. 

Avoiding the KP outcome requires a long-run trustful relationship, which is 
often modeled by repeated games. Previous research in this field includes Chari 
and Kehoe (1990) and Stokey (1991). However, these studies only demonstrated 
the existence of efficient subgame perfect equilibria. In their models, the KP 
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outcome is also subgame perfect. Indeed, the folk theorem in infinitely repeated 
games guarantees that payoffs between the Ramsey and the KP outcomes can be 
obtained in equilibria; as Sargent (1999) points out, the pessimism of Kydland 
and Prescott (1977) was replaced with multiple equilibria. 

Many studies on repeated policy games, including the abovementioned, as-
sume the participants’ simultaneous decision-making. However, when we inves-
tigate the long-run relationship between the participants, it seems more natural 
to assume that they decide actions asynchronously (e.g., Lagunoff & Matsui, 
1997). For instance, the private sector needs a significant amount of time to up-
grade their production equipment, and the government requires years to revise 
the laws once decided upon, making their decisions alternate. 

We examine whether players change their behavior in repeated policy games 
when the repetition becomes finite and alternate, with the assumption that, sim-
ilar to the models of policy games in many other studies, the players’ action sets 
are in continuum (i.e., each player chooses one non-negative real number).1 We 
demonstrate that only the efficient result arises; when the number of repetitions 
is not too small, the government plays the Pareto-optimal action in every period, 
and the private sector responds to it in the best way. Thus, our results establish a 
version of anti-folk theorems. 

The proof requires backward induction. Suppose that the government moves 
in the terminal round.2 It is certain that the government plays a myopic action at 
this stage. Then, consider the private sector’s final move, dating back one period. 
When the government’s current action is myopic, the private sector chooses the 
best response, and the government’s total payoff is low. On the other hand, if the 
government’s current action is efficient, the private sector’s response becomes 
similar to the mean value of the Ramsey and KP outcomes, raising the govern-
ment’s total payoff for these two periods. Consequently, it is optimal for the 
government to choose an efficient action throughout the play, restoring the time 
consistency of the Ramsey outcome. 

In the models of macroeconomic dynamics, it has been observed by previous 
studies, especially Libich and Nguyen (2013), that the timing of participants’ 
opportunity to change actions, which determines the degree of their commit-
ment power, has a significant influence on which of them is better off. Our re-
search focuses on, in which dynamic decision-making structure, both partici-
pants can obtain relatively high payoffs that are Pareto-optimal. In research on 
repeated policy games, Cho and Matsui (1995) were the first to demonstrate that 
only the efficient result appears in equilibria. However, they assumed that the 
private sector is distributed over a unit interval and that it has limited rationality. 
Following this result, Cho and Matsui (2005) presented efficient results under 
full rationality of the private sector in alternately repeated games, which have 

 

 

1In the case where players have only a finite number of actions, see previous work by the author, 
Morooka (2020). There, it is shown that an efficient equilibrium exists in a specific 2 × 3 game with 
finite alternating repetition, which can be viewed as a repeated policy game. 
2Our result holds regardless of the player who moves in the first and last periods. 
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been typical models of asynchronous decision-making used in the extensive lite-
rature on repeated games since Maskin and Tirole (1988). However, in Cho and 
Matsui (2005), the continuum of the private sector was still assumed; with a fi-
nite number of private sectors, the stage game satisfies the full dimensionality 
condition and the folk theorem in asynchronously repeated games by Yoon 
(2001) holds. 

There is also a connection between our study and previous research on finitely 
repeated games with multiple one-shot Nash equilibria. In simultaneous move 
games, Benoit and Krishna (1982) proved the folk theorem with multiple one-shot 
equilibria yielding different payoffs. In finitely repeated common-interest games 
with asynchronous moves which possibly involve multiple Pareto-ranked Nash 
equilibria, Dutta (2012) proved that the Pareto-dominating Nash equilibrium is 
played in almost all periods in subgame perfect equilibria. Unlike these results, 
we focus on the stage game with only one Nash equilibrium yielding inefficient 
payoffs and show that the efficient actions are played in almost every period of 
its finite repetition. 

The remainder of this paper is organized as follows. In Section 2, we define 
the model and present the results. We present a discussion and concluding re-
marks in Section 3. 

2. Policy Games 

Let I = {the government, the private sector be the set of players. We define the 
one-shot payoff functions of the government ( gu ) and private sector ( pu ), as 
follows: 

( ) { }( ) { }, min , min ,2 ,e e e
gu π π π π α π π π βπ= + − −          (1) 

( ) ( )2
, .e e

pu π π π π= − −                     (2) 

Here, each action of π  and eπ  in [ )0,+∞  is the government’s inflation 
target and private sector’s expectation, respectively. The parameters, 0α > , 

0β > , and 0π >  are given exogenously with 0π α β+ − < . 
We briefly explain these functions. The private sector wants to set eπ  to the 

same rate as the government’s inflation rate π . The government receives a 
damage in proportion to the private sector’s rate of expectation but wants to set 
the inflation rate to a myopic value π . The government’s decision also has a 
positive correlation with the private sector’s expectation when the expectation is 
not too high. There is only one Nash equilibrium ( ) ( ), ,eπ π π π=  with the 
government’s payoff ( ) 0π α β π+ − < , while if ( ) ( ), 0,0eπ π =  is played, the 
government’s payoff is zero and Pareto-optimal.  

For i I∈  and T ∈ , the alternately repeated game ( ),G i T  with perfect 
monitoring is played in periods 0,1,2, ,t T=  . Player i can revise the action 
only in even periods, including period zero, while i’s opponent can revise the ac-
tion only in odd periods. Players receive one-shot payoffs without discounting at 
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the end of every period 1t ≥ , depending on the actions played in that period. In 
period zero, it is assumed that only i can move and that players receive no 
payoff. 

We prove the following theorem, which states that the Pareto-optimal actions 
are played throughout the repetition if the government’s damage from the pri-
vate sector’s high rate of expectation is relatively large. 

Theorem 1. If 2 2.5β α π> +  holds, then in every period 2t T≤ − , 

( ) ( ), 0,0eπ π =  is played on the path in any subgame perfect equilibrium of 
( ),G i T  with i I∈  and 3T ≥ . 
Proof. We use backward induction and consider only the case in which the 

government moves in period T.3 For { }1, , 1s T∈ + , the period 1T s− +  is 
referred to as “the s-th stage.” 

Step 1. In the first stage, the government always plays π π= . 
Proof of Step 1. This step holds because π  is the government’s strictly do-

minant action. 
Step 2. In the second stage, the private sector plays ( )30.5eπ π π= +  when 

the government’s current action is 3π . Therefore, the equilibrium path from 
this stage is ( )( ) ( )( )3 3 3,0.5 ,0.5π π π π π π+ → + . 

Proof of Step 2. If the private sector plays eπ , its continuation payoff is 

( ) ( )2 2

3
e eπ π π π− − − − , which is maximized at ( )30.5eπ π π= + . 

Step 3. In the third stage, the government’s action π π>  is strictly domi-
nated by π π=  for any current action of the private sector. 

Proof of Step 3. For any 0k >  and the private sector’s current action 4
eπ , 

the government’s continuation payoff when it plays kπ +  is at most as follows: 

{ }( ) ( ) ( ) ( )
( ) ( )

4 4

2

min ,

0.5 0.5 .

e ek k k k

k k

π π π α π βπ π π α π

β π π απ β π

− + − − + − + −

− + + + − +
       (3) 

On the other hand, when the government plays π , its continuation payoff is 
as follows: 

{ } 2
4 4min , 3 2 2 .e eπ π π απ βπ π βπ+ − + −               (4) 

We can calculate that ( ) ( ) { }( )44 3 2 min , 0e kβ α π π π− = + + + > . 
Step 4. In the third stage, the government always plays 0π = . Therefore, for 

the private sector’s current action 4
eπ , the path is  

( ) ( ) ( )40, 0,0.5 ,0.5eπ π π π→ → . 
Proof of Step 4. If the government plays π π≤ , its continuation payoff is as 

follows: 

{ }( ) ( ) ( )
( ) ( )

4 4min , 0.5 0.5 0.5 0.5

0.5 0.5 0.5 0.5 .

e eπ π α π βπ π π α π β π π

π π α π β π π

+ − + + + − +

+ + + − +
     (5) 

This is a quadratic function of π , and the value is ( )4 0.5eβπ π β π α− + − + +  

 

 

3That is, in either case (i = the government, T is even) or (i = the private sector, T is odd). The proof 
is analogous in the other cases. 
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at 0π = , whereas it is { }( )4 42 2 min , 3e eβπ π β π π π α− + − + + +  at π π= . 
When 2 2.5β α π> +  holds, the value at 0π =  is greater than the value at 
π π=  independent of the private sector’s current action, which means that it is 
strictly optimal for the government to play 0π =  in this stage. 

Step 5. In the fourth stage, the private sector plays 50.5eπ π=  when the gov-
ernment’s current action is 5π . Therefore, the path is  
( ) ( ) ( ) ( )5 5 5,0.5 0,0.5 0,0.5 ,0.5π π π π π π→ → → . 

Step 6. In the fifth stage, the government always plays 0π = . Therefore, for 
the private sector’s current action 6

eπ , the path is  

( ) ( ) ( ) ( ) ( )60, 0,0 0,0 0,0.5 ,0.5eπ π π π→ → → → . 
We omit the proof of these steps because it uses the same logic as that of Steps 

2, 3, and 4. 
Step 7. In the s-th stage with 6s ≥ , the private sector plays 10.5e

sπ π +=  
when the government’s current action is 1sπ + , and the government always plays 

0π = . 
The proof of this step is given by a mathematical induction from the fourth 

stage, dating backward by one period, which ends at period zero. In the fourth 
and fifth stages, the corresponding actions above are optimal, as shown in Steps 
5 and 6. For the 2s-th stage with 3s ≥  (the private sector’s node), we can 
demonstrate that its action is optimal by the logic analogous to Step 2. For the 
2 1s + -th stage with 3s ≥  (the government’s node), the optimality is also 
shown by the analogous logic with Steps 3 and 4. Finally, in period zero, player i 
plays zero, completing the proof of Theorem 1. 

3. Discussion and Conclusion 

We analyzed policy games with finite alternating repetitions. In the model of 
dynamic policy games, no payoff-relevant links between periods result in the 
folk-like theorem. On the other hand, when repetition becomes alternate, policy 
games sometimes have a sharp prediction. We can eliminate the inefficient KP 
outcome from the set of equilibria. Thanks to a payoff-relevant link between pe-
riods, the government can commit to a lower inflation rate and influence the 
private sector’s response. In future research, we will generalize the structure of 
asynchronous decision-making processes to investigate the robustness of our 
results. 
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