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Abstract This paper analyzes the optimal environmental policy under the new Keynesian 

environment. First, this paper conducts an empirical analysis using panel VAR. The results 

show that a 10% reduction in carbon dioxide is associated with a 2% reduction in GDP. To 

build a theoretical model, we next model the impact of the environment on economic activity in 

a small open economy and analyze the impact of environmental policies under a new Keynesian 

model. The results are as follows. First, optimized taxation should respond strongly to emissions 

and output since the emission is procyclical and firms’ abatement efforts are procyclical, 

dampening business cycle fluctuations. Second, environmental taxation should be levied on 

domestic emission flows, not the overall stock of emissions, since it is more efficient and likely 

to generate less macroeconomic volatility by inducing firms to reduce emissions and optimally 

adjust their activities over time. Finally, the simple optimized environmental taxations show 

that the environmental taxation policy should be aggressive and not tax-smoothing type since 

the so-called tax-smoothing policy is welfare detrimental. 
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Introduction

Climate change is the biggest challenge in economics today. Production requires energy obtained 

by burning fossil fuels, and large-scale pollution occurs. It causes unnatural environmental 

disasters by accumulating greenhouse gases in the atmosphere and increasing the global 

temperature. Such changes in global temperature negatively affect the economic production 

process, limiting economic activities in various fields such as production, consumption, and 

investment. In this way, environmental and economic activities mutually influence (Nordhaus 

1975, 1977).

Considering the environment from an economic point of view in the early days is the question 

of whether the economy can grow continuously without being restricted by natural resources or 

whether economic growth will shrink in the long run because economic growth causes irreversible 

environmental pollution. As economic activity increases, energy and resource consumption 

rapidly produce contaminants. Increased extraction of natural resources, accumulation of waste, 

and increased concentrations of pollutants may exceed the sustainable capacity of ecosystems, 

reducing environmental quality and long-term social well-being despite increased incomes. 

Against this background, to preserve the environment and sustain economic activity, it is 

important to restrain economic growth to some extent and maintain an appropriate economic 

growth process, including the environment (Stokey, 1998).

On the other hand, some argue that economic growth further expands awareness of the 

environment, making environmental preservation a more important issue. An increase in income 

raises concerns about resource depletion and awareness of environmental pollution control, 

thereby increasing the demand for factors of production with low resource consumption, improving 

the quality of the environment, and expanding environmental conservation measures.

However, such environmental and economic viewpoints have recently shifted away from 

the existing naive viewpoint to the position that environmental destruction threatens the entire 

economic system without extreme measures. In 2021, the IPCC urged a strong greenhouse gas 

reduction policy to keep the global temperature within 1.5 compared to the pre-industrial period. 

It is a policy to not cross the irreversible tipping point due to global warming. Accordingly, 

governments in developed countries and other countries have proposed reduction limits for 

carbon neutrality by 2050. Carbon neutrality is a state of net-zero carbon dioxide emissions. 

Korea also proposed a 40% carbon reduction plan by 2030 compared to 2018. Environmental 

measures like these will have a major impact on the economy. In the case of China, if the 

proposed target is implemented by 2030, economic growth is predicted to decrease by 1.7-2% 

per year. (Nordhaus 2019). Such changes in global environmental policy will act as a global 

shock to the entire economy.

Against this background, this paper aims to analyze the impact of such environmental policy 

changes on the economy. In particular, we will analyze how each environmental policy affects 

the macroeconomy under a new Keynesian model. The major contribution of the paper is to 

determine the most optimal policy for a small open economy. Studies on the combination of 

macroeconomic models and ecosystems have been continuously conducted. Using a neoclassical 

growth model, Nordhaus (1977) showed how the environment influences long-term economic 

growth. In particular, he modeled the pathways of how carbon emissions in the geophysical 

sector lead to the greenhouse effect and how this affects atmospheric temperature and thus 
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modeled the economic impacts. The case of modeling the relationship between long-term 

economic growth and the environment using the neoclassical growth model was continued by 

Seldon and Song (1995) and Stokey (1998). Heutel (2012) analyzed the impact of the environment 

on the economy by including pollution externality in a dynamic stochastic general equilibrium 

real business cycle model. Annicchiarico and Di Dio (2015) analyzed the impact of environmental 

policy in the presence of nominal and real uncertainty by grafting environmental factors into a 

new Keynesian model.

This paper is composed as follows. In section 2, We describe the empirical analysis. Section 

3 specifies a small open economy RANK model and derives an equilibrium. In section 4, we 

discuss the implications of the model with environmental policy and the quantitative implications 

of the model. Finally, we give concluding remarks in section 5.

Empirical Analysis

This chapter empirically analyzes the impact of carbon emissions on key macroeconomic 

factors. To this end, carbon intensity was first examined, which shows the relationship between 

economic production and pollution. Carbon intensity is the ratio of GDP to CO2 emissions. In 

other words, high carbon intensity means much pollution is emitted in production.

Figure 1 shows the global carbon intensity from 1960 to 2018. Since 1960, carbon intensity 

has decreased by an average of 1.2% annually. Although carbon emissions are continuously 

decreasing in the production process, it is a recent evaluation that it cannot reduce or eliminate 

unusual disasters (Nordhaus, 2019). In particular, the consensus is that past global environmental 

policies did not significantly contribute to curbing global warming. It is convincing that the 

Kyoto Protocol in 1997 or the Paris Accord in 2015 did not lead to a sharp decrease in carbon 

intensity.

In the case of developed countries, it is shown that carbon generated in the production 

process is relatively small. The scale of CO2 emissions in developed countries is 42% smaller 

than the global average. What is unusual is that the gap between these developed countries has 

remained the same since 1960.

Panel VAR Model Specification

The interactions between pollution and macroeconomic variables are analyzed using a panel 

VAR framework. It accounts for individual country heterogeneity while allowing for dynamic 

relationships between multiple endogenous variables. The model is expressed as follows:

                                            (1)

where  is a  vector of  number of endogenous variables, denotes 

the country, and  is the time.  is a matrix in the lag operator  is a vector of error 

terms. Two main restrictions characterize this specification. First, it assumes common slope 

coefficients. Second, it does not allow for interdependencies across countries. With these 
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restrictions, the interest is typically in estimating the average dynamics in response to shocks. 

The endogenous vector is composed of following variables where 

 consists of output ( ), consumption ( ), investment ( ), and CO2 

emission ( ).

Given a relatively small number of observations, we estimate the model via Bayesian panel 

VAR. The Bayesian allows us to estimate a model with a limited sample, avoiding over 

parameterization.

Source: World Development Indicator (World bank)

Fig. 1  Trend in Global Carbon Intensity

Results from Panel VAR Estimation

Impulse response functions (IRFs) derived from the estimation of (1) show the dynamic behavior 

of endogenous variables for various shocks. Figure 2 displays the IRFs for the whole panel. A 

positive GDP shock generates a positive response to consumption and investment. On the other 

hand, a GDP shock creates a negative response to government spending. Interestingly, the GDP 

shock acts as a permanent shock on carbon emissions. It means that temporary GDP shocks 

have permanent consequences for carbon emissions. A government spending shock produces a 

response similar to a GDP shock. A positive carbon emission shock induces a positive response 

to output, consumption, and investment. Of particular note, if a carbon emission shock of 10% 

occurs, GDP increases by 2%. Since the IRF is symmetrical, a 10% reduction in carbon 

emissions will result in a 2% reduction in GDP.
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Source: authors’ calculation

Fig. 2  Impulse Response Function

Model

Households

Households choose their consumption, asset holdings, and labor supply to maximize their 

expected lifetime utility function subject to a sequence of budget constraints:

                                    (2)

where  is the household’s discount factor, and 

 denotes the mathematical expectation operator over all possible states 

of nature on history . Here  denotes the history of events up to period .  

and represent domestic household’s consumption, total working hours in period  

respectively.  is a composite consumption index defined by

                             (3)
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Here  and  are indices of domestic and foreign consumption goods of asset holders, 

and  represents the share of imported goods in domestic household’s consumption. The 

indices are given by the following CES aggregator of the quantities consumed of each variety 

of good:

           (4)

Here  and  measure the elasticity of substitution between domestic and foreign goods, 

and the elasticity of substitution among goods within each category, respectively.

Assume that there is a domestic currency-denominated bond market. When there is a 

complete asset market,  is the one-period nominal contingent home-currency bond purchased 

in period  and  is the corresponding stochastic discount factor in period . The riskless 

one-period nominal interest rate in period  is given by  The domestic 

household receives lump-sum transfers from the government, and wages, rents for capital, and 

dividends from each firm. Then the household’s budget at the beginning of the period  is 

given by

                    (5)

where  is the home currency price of goods in period . Here  denote the 

domestic household’s lump-sum transfer or tax, nominal dividends and wages from domestic 

firms, and nominal rental rates for capital stock given to the home residents, respectively.

Assume that a household in each country owns only its own country’s capital stock to rent 

to its country’s firm, and there is no firm-specific capital stock. Since we do not empirically 

observe large discrete capital stock adjustments, it is reasonable to introduce an adjustment cost 

in capital stock installments. If there are costs of installing capital, the capital stock will move 

more sluggishly. To preserve the simple model structure as far as possible, the Christiano et al. 

(2005) type investment adjustment cost is adopted as follows:

                                       (6)

where  is a positive function of changes in investment as in Christiano et al. (2005). 

In particular,  at the steady-state, and   is the composite investment of the 

home household at period , and  is the composite capital stock of the home household at 

period .

First Order Conditions

First order conditions for asset holders can be summarized as follows.

                                                     
(7)
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                                                            (8)

                                                         
(9)

                                  
(10)

                                     
(11)

(12)

and the budget constraint (5). Here is the Lagrange multiplier of the budget constraints and 

 Equation (7) is the first order conditions for consumption goods, and (8) 

relates the marginal disutility of labor hours to the marginal utility of the real wage rate. 

Equation (9) and (10) refer to the intertemporal decision of the domestic asset holder, that is, 

the decision of bond holdings and capital stock holdings, respectively. Equation (12) represents 

the relationship between the rent paid to a unit of capital in  and the expected return to 

holding a unit of capital from  to  and thus the evolution of Tobin’s  over time.

Under the assumption of complete asset markets, an optimal risk sharing condition implies 

that the marginal utility of consumption of foreign household is proportional to the marginal 

utility of domestic household, i.e.

                                                            

(13)

where  is the real exchange rate, and  is the nominal exchange rate in period  The 

foreign values of the corresponding domestic variables will be denoted by an asterisk (*). The 

real exchange rate given by (13) says that the real value of one unit of domestic currency in 

domestic market,  should be equal to the real value of the corresponding unit in foreign 

currency in foreign market, 

Firms

There are two types of firms in each country. A continuum of monopolistically competitive 

firms indexed by ,  each of which produces its differentiated intermediates  
and a distinct set of perfectly competitive firms, which combine all the intermediate goods into 

a single final good .
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Final-Good Firms

The final-good producing firms combine the differentiated domestic intermediate goods  

using the CES aggregator

                                       
(14)

to produce and then combine a composite of foreign intermediate goods  given by

                                             
(15)

to produce a composite good

                              (16)

The optimal allocation for each differentiated good yields the demand functions:

                           
(17)

for all  where  and  are the price 

indexes for domestic and foreign goods, both expressed in home currency.

The optimal allocation of expenditures between domestic and foreign goods implies:

                             
(18)

Here  is the price index of the final good given by

                                       
(19)

Intermediate-Good Firms

Each intermediate-goods firm  produces its differentiated output  with constant returns to 

scale, concave production technology.

                                               
(20)

where  is a transitory technology process at period  is an index of different types of 
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labor used by the firm , and  is a fixed cost. It is assumed that the total factor productivity 

includes a damage function  which decreases with the stock of atmospheric carbon  and 

the exogenous component of TFP  as follows:

                                                          
(21)

where  and  

and  is an i.i.d. .

Atmospheric carbon  is fueled by total domestic emissions  and exogenous 

rest of the world emissions 

                                                
(22)

Firm level emissions are an increasing and concave function of total production

                                           
(23)

where  is the fraction of emissions abated by firm .

Firm level abatement costs  are proportional to production

                                              (24)

Price Setting in Intermediate-Goods Sector

Intermediate good firms set prices in the currency of the seller and the Law of One Price holds 

for analytical simplicity. We assume that changing prices is subject to some cost as in 

Rotemberg (1982). The cost of adjusting prices for each domestic firm  equal to 

                                                   

(25)

where the parameter  measures the degree of price stickiness. The higher  the more sluggish 

is the adjustment of nominal prices. If  , prices are flexible.

Under the assumption that government levies environmental taxes  on pollution , 

the firm ’s maximization problem can be written as follows:

    

                   

(26)
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subject to

                                                         

                                                       

                                                   

represents the choice variables by firm  

at time . Firm’s first order conditions are given by

                                       
(27)

                                              

                                              

                                              

                      

where where  is firm ’s marginal cost.

The symmetric equilibrium can be written as

  

                                

(28)

                                                  (29)

where  is the domestic price index (DPI hereafter) inflation rate at time .

Substituting  into (28) yields the following New Keynesian Phillips 

curve (NKPC)

                             

(30)
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Government

Suppose that the monetary authority sets its nominal interest rate  according to a generalized 

Taylor rule as in Clarida, Gali, and Gertler (1999, Clarida et al.):

                                         
(31)

where 
 
is the CPI inflation rate at time , and  is an i.i.d. .

It is assumed that the fiscal authority levies lump taxes and emission by maintaining a 

balanced budget, , where the (log) government spending  follows an 

AR (1) process:

                                                  
(32)

where  is an i.i.d. .

In this paper, we consider four environmental policy regimes. First one is a laissez-faire. 

Government does not implement any environmental policy, i.e.  implying  

Second one is a cap regime wherein government imposes a fixed amount of emission . 

In this case  can be interpreted as the price of emission permits sold by the government, 

determined endogenously. Third one is targeting the amount of emission. Government imposes 

an emission target per unit of output , and it sells emission permits as in cap regime. 

Finally, we consider the taxation of government on emissions, .

Equilibrium

The equilibrium condition is given by

                (33)

Because we focus on the symmetric equilibrium in which all agents in the same country 

make the same decisions, we need to define a symmetric equilibrium. The symmetric equilibrium 

conditions consist of (i) the efficiency conditions and the budget constraints of the domestic 

households and firms, (ii) the corresponding conditions of foreign countries, (iii) the risk-sharing 

condition, and (iv) market clearing conditions of each goods market, capital rental market, labor 

market, money, and bond market in each country, given the policies of monetary and fiscal 

authorities
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Quantitative Evaluation of the Model

Parameter Values

All parameter values used in this paper are reported in Table 1. Most of them are taken from 

Annicchiarico and Di Dio (2015) and King and Watson (1996). The baseline model of this 

paper takes the intertemporal elasticity of consumption and the intratemporal elasticity of labor 

supply equal to 0.5 and 1. With this temporal utility function, the parameter values which will 

be used in the simulation can be determined. The serial correlation parameters for productivity, 

government spending, and markup shocks,   and  are assumed to be 0.9 as in Faia 

and Monacelli (2008), and Gal  and Monacelli (2005).

As an interest rate smoothing rule, Clarida, Gali, and Gertler (1999)’s estimate for the Fed’s 

monetary reaction function during Volcker-Greenspan era, as shown in the simulation below, is 

utilized.

                             (34)

where  i.i.d. . The parameter values concerning the investment adjustment 

cost are also taken from Smets and Wouters (2002). The investment adjustment cost function, 

 is restricted to satisfy  and  as in CEE (2001). The value of 

elasticity of  with respect to Tobin’s   which reflects the volatility of investment is 

set to 4 in the baseline model as in Smets and Wouters (2002). Finally, we set  to 6 so that the 

benchmark average sizes of price markup equal 1.2.

Turning to the calibration regarding emissions, we set the depreciation rate of emission  

to 0.0021 as in Heutel (2012), implying that the emissions stock is depreciating at a rate of 

0.8% per year. Foreign CO2 emission  is assumed to be 1.33. Next, the coefficient  

measuring emissions per unit of output when there is no abatement effort  is set at 

0.45 at in Annicchiarico and Di Dio (2015). The parameters in the damage function  i.e. 

 are set as ( ). The initial stock of 

carbon dioxide in the atmosphere  is set at 800 which is consistent with the carbon mass of 

about 800 gigatons in 2005 as in Annicchiarico and Di Dio (2015).

In the environmental policy scenarios, we assume that government targets to reduce 

greenhouse gases by 20%. The parameters in the abatement cost function  and  are set to 

0.1850 and 2.8 so as to have an abatement cost to output ratio equal to 0.15%.
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Table 1  The Calibrated Parameters

Parameter Values Description and definitions 

   0.5  Intertemporal elasticity of substitution 

   0.58  Steady state labor share 

   0.025  Rate of depreciation of capital stock 

   0.016  Steady state rate of return 

   0.4  Steady state share of imported consumption goods 

   2/3  Fraction of firms that do not change their prices in a given period 

   6  Elasticity of demand for a good with respect to its own price 

   1  Inverse of elasticity of labor supply 

  1, 2, 4  Elasticity of  to Tobin’s  

   0.9  First-order serial correlation of technology shock 

   0.9  First-order serial correlation of government shock 

  0.9  First-order serial correlation of markup shock 

   0.01  Standard Deviation of technology shock 

  0.01  Standard Deviation of markup shock 

   0.0025  Standard Deviation of monetary shock 

   0.01  Standard Deviation of government expenditure shock 

Note: Country subscripts  are suppressed. The same parameter values are used in the home country 
and the foreign country.

Domestic productivity shock

In this subsection, we will discuss the dynamics of some selected variables to a favorable 

domestic productivity shock. To a favorable domestic productivity shock, households work less 

work, and firms increase their investments, yielding higher output and consumption and 

worsening trade balances. The real exchange rate deprecates to the domestic productivity shock 

as output expands to the shock. Prices fall to the domestic productivity shock, which calls for 

monetary policy authority to raise the interest rate to stabilize prices as in Figure 3A. In Figure, 

the solid lines (‘-’), star lines (‘-*’), circled lines (‘-o’), and long-dashed lines (‘-’) represent no 

environmental policy, cap, taxation, and intensity target regimes, respectively. There is little 

difference between no policy regime , target , and taxation  

regimes as in Figure 3B: Emission increases with output expansion, and constant abatement 

efforts.

Under the emissions cap wherein the taxation rate varies endogenously, there is no emission 

variation, but abatement effort increases with a higher taxation rate to control the emission. The 

response of relevant variables to the domestic productivity shock is more muted under an 

emission cap regime since higher costs occur to firms with convex abatement technology who 

have to keep the target emission levels fully. The more resources devoted to pollutant abatement, 

the more aggregate variables such as output, consumption, investment, and labor hours are muted.
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Fig. 3A  Impulse Resposne Funciton to a Domestic Productivity Shock

Fig. 3B  Impulse Resposne Funciton to a Domestic Productivity Shock
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Government spending shock

The government spending expansion crowds out consumption and investment in the representative 

agent New Keynesian model. The rise in government spending induces households to work 

more because of the negative wealth effect. Since the aggregate demand contracts to the 

positive government spending shock, domestic price falls with a rise in government spending. 

The terms of trade appreciate a contraction of domestic consumption, which deteriorates trade 

balances as households divert their demand for goods toward foreign goods. Under this 

circumstance, the monetary authority lowers its policy rate to stabilize prices and boost the 

economy, as in Figure 4A.

Turning to the response of the environment-related variables displayed, domestic output 

increases with the rise in government spending, which translates into higher pollution emissions 

in all regimes except a cap regime. Figure 4B shows little difference between no policy regime, 

target, and taxation regimes. However, under the cap wherein the taxation rate varies endogenously, 

the emission is constant, and abatement varies with the taxation rate.

Monetary policy shock

If the monetary authority lowers its policy rate, aggregate variables such as output, consumption, 

and investment expand, and prices rise. Under optimal risk-sharing, the increase in domestic 

consumption entails a real exchange rate depreciation, which improves trade balances in all 

regimes, as in Figure 5A. The expansion of aggregate output is translated into higher pollution 

emissions in all regimes except a cap regime.

Figure 5B shows little difference between no policy regime, target, and taxation regimes: 

Emission decreases with output contraction but constant abatement. Under the cap wherein the 

taxation rate varies endogenously, the emission is constant, and abatement varies with the 

taxation rate.

Foreign productivity shock

The demand for domestic goods increases due to the favorable foreign productivity shock, 

which shifts the foreign aggregate demand. As a result, domestic production expands, which 

entails expanding domestic consumption and investment. Since foreign consumption rises more 

than domestic consumption due to the positive foreign productivity shock, the real exchange 

rate and the terms of trade appreciate, which diverts the demand for goods toward foreign 

goods, deteriorating trade balances as in Figure 6A.

The pollution emission dynamics resemble the aggregate output dynamics in all regimes 

except a cap regime. Figure 6B shows little difference between no policy regime, target, and 

taxation regimes: Emission increases with domestic output expansion but constant abatement. 

Under the cap wherein the taxation rate varies endogenously, the emission is constant, and 

abatement varies with the taxation rate.
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Fig. 4A  Impulse Resposne Funciton to a Domestic Government Spending Shock

Fig. 4B  Impulse Resposne Funciton to a Domestic Government Spending Shock
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Fig. 5A  Impulse Resposne Funciton to a Domestic Monetary Policy Shock

Fig. 5B  Impulse Resposne Funciton to a Domestic Monetary Policy Shock
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Fig. 6A  Impulse Resposne Funciton to a Foreign Productivity Shock

Fig. 6B  Impulse Resposne Funciton to a Foreign Productivity Shock
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Markup shock

Due to the unfavorable markup shock, the production cost of domestic firms increases. Hence, 

domestic output contracts, but prices increase, which entails a fall in domestic consumption, 

investment, and hours. The risk-sharing condition translates to an appreciation of the real 

exchange rate and the terms of trade. However, the domestic monetary authority increases its 

policy rate to stabilize prices, as in Figure 7A.

The contraction of aggregate output is translated into lower pollution emissions in all regimes 

except a cap regime. Figure 7B shows little difference between no policy regime, target, and 

taxation regimes: Emission decreases with output contraction but constant abatement. Under 

the cap wherein the taxation rate varies endogenously, emission is constant, but efforts of 

abatement decrease with a lower taxation rate.

Optimal Progressive Taxations on Emission

In this subsection, we will consider a simple, implementable, optimal carbon tax rule as the 

Taylor interest rate rule. Suppose that taxations on emission (relative to the steady-state level) 

 
are proportional to emissions as follows: 

where  is tax smoothing parameter and  and  are the elasticity of taxations to emissions 

and output and so on. Here  is the steady-state value of  The parameters  

and  are assumed to be positive since it is desirable to increase the tax rate on emissions to 

restore the target level of emission when the actual emission exceeds its target ( ) or the 

steady-state output. In an extreme situation,  the macroeconomic consequences are 

expected to coincide with the capacity policy that is studied in the literature (Fischer and 

Springborn (2011)). In addition, if , then the government simply implements a constant 

tax rate as in the previous subsection.

Table 2A - 2C presents welfare and policy coefficients associated with the optimized simple 

environmental taxation rules. It shows that the government should levy taxes on emissions, 

considering the effect of emission taxation on output. Since the emission stock in the economy 

is composed of controllable domestic pollution and uncontrollable foreign sources of emission, 
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the environmental taxation on domestic emission is far better than the environmental taxation 

based on the stock of total pollution. Furthermore, Table 2A - 2C displays that tax smoothing is 

not desirable to reduce emissions efficiently over time.

Table 2A  Optimized Rule and Welfare

  

Welfare -103.9637 -103.9594

0.5 0

2.4 3
 

Table 2B  Optimized Rule and Welfare

Welfare -103.9637 -103.9637

0.5 0.4

2.4 0
 

Table 2C  Optimized Rule and Welfare

Welfare -103.9543 -103.9571

0 0

3 3

3 3
 

Figures 8A - 12B present the impulse response of some selected variables to each shock, 

when the government implements an optimized simple taxation rule for emissions  

 
and for  and  

 The dynamics of some selected variables to each specified shock under the optimized 

environmental taxation rule are similar to the ones under a taxation rule in previous section. 

Figures 8A - 12B show that the relevant variables show more muted impulse response to 

exogenous shocks under the optimized taxations on domestic emission flows than under the 

optimized taxations on total emission stock, which mirrors the welfare difference in Table 

2A-2C.
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Fig. 7A  Impulse Resposne Funciton to a Domestic Markup Shock

Fig. 7B  Impulse Resposne Funciton to a Domestic Markup Shock
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Fig. 8A  Impulse Resposne Funciton to a Domestic Productivity Shock

Fig. 8B  Impulse Resposne Funciton to a Domestic Productivity Shock
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Fig. 9A  Impulse Resposne Funciton to a Domestic Government Spending Shock

Fig. 9B  Impulse Resposne Funciton to a Domestic Government Spending Shock
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Fig. 10A  Impulse Resposne Funciton to a Domestic Monetary Policty Shock

Fig. 10B  Impulse Resposne Funciton to a Domestic Monetary Policty Shock
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Fig. 11A  Impulse Resposne Funciton to a Foreign Productivity Shock

Fig. 11B  Impulse Resposne Funciton to a Foreign Productivity Shock
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Fig. 12A  Impulse Resposne Funciton to a Domestic Markup Shock

Fig. 12B  Impulse Resposne Funciton to a Domestic Markup Shock
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Conclusion

This paper analyzed the impact of various environmental policies on the economy by including 

pollution emissions in the macroeconomic model. We have set up a canonical small open 

economy New Keynesian model embodying pollutant emissions and environmental policy. We 

have analyzed the performance of alternative environmental policy rules and found the optimal 

policy response to emissions. First, the simple optimized taxations should respond strongly to 

emissions and output since the emission is procyclical and firms’ abatement efforts are procyclical, 

dampening business cycle fluctuations. Second, environmental taxation should be levied on 

domestic emission flows, not the overall stock of emissions, since it is more efficient and likely 

to generate less macroeconomic volatility by inducing firms to reduce emissions and optimally 

adjust their activities over time. Finally, the simple optimized environmental taxations show 

that the environmental taxation policy should be aggressive and not tax-smoothing type since 

the so-called tax-smoothing policy is welfare detrimental.

References

Annicchiarico, Barbara, Fabio Di Dio (2015). “GHG Emissions Control and Monetary Policy.” Environmental 
and Resource Economics, 67 (4), 823-851.

Annicchiarico, Barbara, Fabio Di Dio (2017). “Environmental Policy and Macroeconomic Dynamics in a 
New Keynesian Model.” Journal of Environmental Economics and Management, 69(1), 1-21.

Christiano, Lawrence J., Martin S. Eichenbaum, and Charles L. Evans. (2005) “Nominal Rigidities and the 
Dynamic Effects of a Shock to Monetary Policy.” Journal of Political Economy, 115, 1-45.

Christiano, Lawrence J., Martin Eichenbaum, and Charles L. Evans (1999), “Monetary Policy Shocks: 
What Have We Learned and to What End?”, in Taylor, J. B., and Woodford, M., ed., Handbook of 
Macroeconomics, Vol. 1, Ch. 2, pp. 65-148., Elsevier, Amsterdam.

Clarida, Richard, Jodri Gali, and Mark Gertler (1999), “The Science of Monetary Policy : A New Keynesian 
Perspective”, Journal of Economic Literature, 37, 16-61.

Fischer, Carolyn and Michael Springborn (2011). “Emissions Targets and the Real Business Cycle: Intensity 
Targets versus Caps or Taxes.” Journal of Environmental Economics and Management, 62(3), 352- 
366.

Heutel, Garth. (2012). How should environmental policy respond to business cycles? Optimal policy under 
persistent productivity shocks. Review of Economic Dynamics, 15(2), 244-264.

Nordhaus, William D. (2008). A Question of Balance: Weighing the Options on Global Warming Policies. 
New Haven and London: Yale University Press.

Nordhaus, William D. (2000). Warming the World: Economic Models of Global Warming, Boston: MIT 
press.

Nordhaus, William (2019), “Climate Change: The Ultimate Challenge for Economics,” American Economic 
Review 109 (6), 1991-2014.

Nordhaus, William (1975), “Can we Control Carbon Dioxide?,” IIASA Working Paper WP 75-63.
Nordhaus, William (1977) “Economic Growth and Climate,” American Economic Review 67 (1), 341-346.
Seldon, Thomas M.; Song, Daqing (1995), Neoclassical growth, the J curve for abatement, and the inverted 

U curve for pollution. Journal of Environmental Economics and management, 29.2: 162-168.
Stokey, Nancy. L. (1998). Are there limits to growth?. International economic review, 1-31. 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


