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Abstract. This paper incorporates adaptive learning and heterogeneous expectations into the 

traditional rational expectation medium-scale DSGE model. In our model, some agents make 

mistakes when forecasting future macroeconomics variables, while other agents have rational 

expectations, so the expectations present heterogeneity. The estimation and simulation results of our 

model show that: (1) Public expectations in China are dominated by the adaptive learning behaviors; 

(2) Heterogeneous expectation behaviors reduce the responses of inflation and output to the money 

supply shock. Technology shock contributes most fluctuations in inflation, and investment shock 

plays an important role in explaining the output fluctuations. 

Introduction 

The micro-founded New Keynesian model is built under the hypothesis of rational expectations and 

is assumed to have a representative agent structure. Although adaptive learning has become 

increasingly important as an alternative approach for modeling private sector expectations, most of 

these models still assume the sector as one representative agent who is learning about the economy 

(see Evans and Honkapohja (2001) and Sargent (1999) for extensive overviews). The mainstream 

macro research usually constructs a dynamic stochastic general equilibrium model to simulate the 

impact of macroeconomic policies on the economy. The model assume that the expected behavior 

of the economic entity is completely rational, and the economic system achieves a rational 

expectation equilibrium. Rational expectation equilibrium hypothesis is that people have completely 

rational, of all available information (including the macro and micro level) full treatment, and thus 

the formation of expectations about future economic conditions. However, Carroll (2003), Mankiw 

et al. (2003), Branch (2004) and Pfajfar (2008) recently provided empirical evidence in support of 

heterogeneous expectations using survey data on inflation expectations. Adam (2007), Assenza et al. 

(2011), and Hommes (2011) found evidence for heterogeneity in learning to forecast laboratory 

experiments with human subjects. Evans and Honkapohja (2003, 2006), Berardi (2007), Tuinstra 

and Wagener (2007), Branch and McGough (2009), and De Grauwe (2010) have recently 

introduced examples of models with heterogeneous expectations in macroeconomics.  

Public expectations of the macroeconomic situation will directly affect individual 

decision-making, and micro level decisions will conversely affect the macroeconomic by 

aggregation. As a result, the public expectations play an important role in understanding 

macroeconomic fluctuations, especially macroeconomic effects of economic policies. So it is 

necessary to consider the process of public expectations in the construction of macro models. The 

primary task of this paper is to introduce the expected behavior with difference in the traditional 

New Keynesian model. We assume that some micro individuals use rational expectations, while 

others use boundedly rational expectations, and quantitatively analyze the effects of heterogeneous 

expected behavior on macroeconomic, especially inflation dynamics. 
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The Model with Heterogeneous Expectations 

Final Goods Producers 

 Final goods producers employ a Dixit-Stiglizt aggregator:  
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 , where j is an 

index for immediate good producer. 1p  is the elasticity of substitution between different 

immediate goods. The profit maximization problem of final goods producer which take the final 

good price tP and intermediate good  tP j as given by: 
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 . This will produce a downward sloping demand 

curve for variety j : 
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Intermediate Goods Producer 

The intermediate goods production technology is as:      
1
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 ,  in which the 

capital service is defined as:    t t tK j u K j . Firms could not freely adjust their price at each 

period. So they will choose input to minimize their cost:
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.  The first-order conditions are: 
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Following Calvo(1983), the optimal price set by the firm is decided by the optimization problem: 
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 . The first-order condition is given by: 

  
   

   
0 1

1
2

0
1 1

p

p

s

t t s t s t s t sp ps t
t t s

p p tt t s t s t s t ss

E u C mc P Y X
P P j

XE u C mc P Y





 

 



    

 

   


  

 




                          (3) 

 

Households 

Household chooses consumption, hours worked and bounds, so as to maximize the following 

objective function: 
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There sexists two costs. One is investment adjustment cost. The form of adjustment cost of 

investment as follows:  
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. The other one is capital utilization cost as 

showed by:     2
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     . The first-order conditions about consumption, 

utilization rate, bond, investment and capital as follows:  
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Intermediate Labour Unions and Labour Packers 

Households supply differentiated labor input and are index by  0,1l . Household labor is packed 

into a bundled labor that is sold to firms. Since household labor is imperfectly substituable, there is 

a downward-sloping demand for each variety of labor, which gives the household some 

wage-setting power. The final labor demand is  
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 . Where 1p   is the elasticity 

of substitution between differentiated labor inputs which populate the unit interval. The labor 

packer maximize its profit while taking the wages given by: 
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  . The first order condition with labor is the downward 

sloping demand curve as: 
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We still follow the assumption in Calvo(1983) for the household’s wage decision. Each period 

there is a fixed probability 1 w  that they can adjust their wage, or there is a fixed proportion 

1 w that household can optimally adjust their wage. For simplicity, we do not allow wage 

indexation. The household will choose the optimal wage   t tw w l  to maximize their utility.  

The Lagrangian is:  
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And the first-order condition is given by: 
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Where 
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   is the cumulative gross price inflation between period t and t s . We 

replace  tw l  with tw
  since all households who optimally adjust their wages will choose the same 

wage. We define      1 1 1
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Government 

The Government consumption is just time-variant share of output g

t t tG w Y ,  where 

  11g g g g

t g g t tw w w      . Assume that government consumption balances each period and 
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financed by the lump sum taxes 
t tG T . If there are capitals in the model, it is almost impossible to 

have closed form solution for the flexible output and hence, it is impossible to have the flexible 

output in Taylor rule. We close the model by setting the Taylor rule as the monetary policy as:  

        1 11 1 log log i

t i i t i t y t t ti i i Y Y                                       (7) 

Learning Setup 

Assume the ratio u  of the public have adaptive learning expectations for inflation and output gap. 

And the relation is as: 

     1 1 1
ˆ ˆ ˆ ˆa a a
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In which,  0,1g  depicts the correction of the expected error by the public.
 

Estimation and Simulation 

Estimation Results  

In this section, we apply the Bayesian method to estimate the medium-scale model during the 

period of 1992-2016 in China, and the estimation results are shown in Table 1. 

Table 1. Model estimation results 

Parameters       b        w  p  w  p  g  

Estimation results 0.33 0.99 0.03 0.65 2.00 1.00 0.20 10.03 10.00 0.75 0.75 0.79 

Parameters   y  i  a  z  g  i  a  z  g  u   

Estimation results 1.50  0.51 0.76 0.94 0.60 0.90 0.01 0.01 0.01 0.01 0.80  

 

Impulse Response 

We will investigate the impulse responses to various structural shocks and the contribution of those 

shocks to output and inflation of Chinese economy in this subsection. Fig.1 depicts the real output 

and inflation rate to one unit structural shocks. 

First of all, in response to a positive government shock, the output fall immediately, and the 

inflation has a positive effect. An improvement of the investment (a positive shock) increases the 

output and inflation. After a one standard deviation positive technology shock, the output gap 

declines along with an increase in the inflation. Turning to the monetary policy shock, it is clear that 

the output gap rise and the inflation fall after the shock appeared.  
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(a) Government shock (b) Investment shock (c) Technology shock (d) Monetary policy 

Fig 1. Impulse responses 

Variance Decomposition 

In order to gauge the importance of individual shocks, we compute variance decompositions in this 

subsection. Table.2 presents the variance decompositions for real output and inflation. According to 

posterior estimates, the variance decompositions can be summarized as follows. First, technology 

shock contributes most fluctuations in inflation (99%), and investment shock plays an important 

role to explain output swings (51%). 

Table 2. Variance decomposition (%) 

 
Technology 

shock 
Investment shock 

Monetary policy 

Shock 

Government 

shock 

 Inflation   0.9969 0.0023 7.8602e-05 0.0007 

Output 

gap 
0.4637 0.5144 0.0035 0.0183 

Summary and Concluding Remarks 

This paper has derived a general micro-founded version of the New-Keynesian model for the 

analysis of output and inflation dynamics in the presence of heterogeneous expectations and 

adaptive learning. We have modeled the individual behavior as being optimal by adaptive learning 

and have derived a law of motion for the output and inflation by explicitly aggregating individual 

decision rules. The economic model has been designed such that some agents have rational 

expectations while others forecast macroeconomic variables by adaptive learning. Our central 

findings are as follows: (1) we estimated the degree of rationality in the economy for a model with 

heterogeneous bounded rationality and adaptive learning. The percentage of perfectly rational 

agents is 80%. (2)Heterogeneous expectation behaviors reduce the responses of inflation and output 

to the money supply shock. Technology shock contributes most fluctuations in inflation, and 

investment shock plays an important role to explain output swings. 
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