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This dissertation consists of two independent essays in macroeconomics. The 

first essay examined environmental policy and convexity of climate change damage 

functions while the second one analyzed the impact of Covid-19 pandemic on the Thai 

economy. 

Environmental Policy and Convexity of Climate Change Damage Functions: 

An Experiment with New Keynesian DSGE model. The paper seeks out to investigate 

how varying degree of convexity of climate change damage function affect economic 

output and the dynamic response of macroeconomic variables to shocks under different 

environmental policy regimes. In an economy featuring nominal rigidities and 

monopolistically competitive firms together with climate change mitigation policy and 

firm abatement effort, the results show that the choice of damage function affects long 

term growth of the economy and the performance of climate mitigation policy. A highly 

convex climate damage function has a significant contractionary effect on economic 

output and by extension consumption and private investment. This result stands 

irrespective of the environmental policy put in place. The impact of exogenous shocks 

on the macroeconomic variables is higher the higher the degree of convexity of the 

damage function. Cap-and-trade policy compresses the response of macroeconomic 

variables to these shocks, irrespective of curvature of the damage function. The results 

are robust to different calibration of the climate damage functions. 

Impact of Covid-19 On the Thai Economy and The Effectiveness of Monetary 

Policy: A Bayesian DSGE Model Approach. This study estimates a medium scale 

dynamic stochastic general equilibrium (DSGE) model for the Thai economy to 

evaluate the impact of the Covid-19 containment policy on the key macroeconomic 

aggregates. Shock to labor supply is considered the main transmission channel. We 
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discuss the role of monetary policy in the economic recovery and also identify dominant 

shocks driving the business cycle. Thai quarterly series from 2011Q1 to 2021Q2 is used 

for the Bayesian estimation of the model. Though the pandemic shock caused 

sharp decline in output, consumption and investment, the results suggest a fast recovery 

in growth rates of the variables in about 2.5 years. At the same time, the dominant 

shocks that account for output variation in the medium to long term are investment, 

labor supply, productivity and monetary policy shocks. This revealed the important role 

of monetary policy in the economic growth of Thailand. The key drivers of Thai 

household consumption in the long run are investment, labor supply, productivity and 

monetary policy shocks. On average, investment shock appears to be the key driver of 

the business cycle at all horizons. 
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CHAPTER 1 

 

INTRODUCTION 

 The impact of environmental policy on macroeconomic variables is thoroughly 

investigated in Real Business Cycle (RBC) models (Fischer & Springborn, 2011; 

Heutel, 2012). Recently, the New Keynesian Dynamic Stochastic General Equilibrium 

(NK DSGE) model is also employed to analyze how the presence of nominal rigidities 

and monopolistic competition affect the performance of environmental policy 

(Annicchiarico & Di Dio, 2015; Economides & Xepapadeas, 2018) .  

 However, the effect of the functional form of the damage function on the 

outcomes of the above-mentioned studies is ignored. For example, what is the influence 

of the functional form of climate change damage function (the above-mentioned studies 

used) on the results and the subsequent policy recommendations? Would the results 

change with higher degree convex functions or otherwise?  

 The first essay, which is one of two independent essays contain in this 

dissertation, investigates how the choice of the shape of climate damage function affects 

the outcome and subsequent policy recommendations of studies that analyzed 

environmental policy and the macro economy.  

 The contribution of first paper to the existing literature and climate policy 

formulation and analysis is significant. First, we shade light on how the choice of 

damage function affects the equilibrium output and other macro indicators. Second, the 

paper also analyzed the dynamic response of macroeconomic variables to exogenous 

shocks under varying severity of damages due to climate change. 

 The second essay examines the effect of the Covid-19 pandemic on the Thai 

economy and the effectiveness of monetary policy. Thailand is the first country to 

record a Covid-19 case outside of Wuhan-China where the pandemic was first 

documented in the last quarter of 2019. Three months after recording the first case of 

Covid-19, Thailand imposed strict nationwide lockdown and a border closure.  
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 Why study Thailand? The stringent confinement measures such as lockdown, 

business shutdowns and national border closures caused significant job losses, 

especially in the tourism sector and its related service providers. There are two main 

strand of studies that use macro models to examine the Covid-19 pandemic. One strand 

of literature looked into the dynamics of the disease as well as the effectiveness of 

control measures and the behavior of economic agents (Eichenbaum et al., 2020; Toda, 

2020).  

 The other strand of literature investigates how actual policies put in place to 

control the pandemic are impacting aggregate economic activity (Guerrieri et al., 2020; 

Mihailov, 2020). The macroeconomic and distributional effect of the Covid-19 

pandemic is evaluated in Kaplan et al. (2020) using a theoretical model with a pandemic 

possibility frontier.  

 This essay follows from the second strand of literature and examine the effect 

of the Covid-19 pandemic on the Thai economy and the effectiveness of the monetary 

policy in alleviating the severity of the impact. Evaluating the impact of government 

response to the Covid-19 pandemic is very important: it would enable policy makers to 

see how varying severity of control measures affect the aggregate economy in the short 

and long term. It would also help in the trade-off between saving lives and saving 

livelihoods. 

 In terms of the methodological approach, both papers are built on micro founded 

New Keynesian dynamic stochastic general equilibrium (NK DSGE) models. The NK 

DSGE models are used extensively in policy formulation and evaluation. These models 

are able to account for imperfect competition and nominal rigidities in the economy. 

They are also immune to the “Lucas Critique” due to the fact that they are based on 

sound micro foundations and rational expectation. Sound micro foundation in the sense 

that individual/firm behavior is obtained from the solution to their optimization 

problem. Chapter 2 contains the first essay while the second essay is in chapter 3. 

Chapter 4 contains the concluding remarks. 
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 The model setup in chapter 2 and 3 assumed representative agents. In this 

setting, households are assumed to be identical such that one agent represents others. 

The representative agent framework is used extensively in the DSGE literature. 

Additionally, in both models, following the new Keynesian tradition nominal rigidities 

in the economy is due to the presence of monopolistic competition. 

 Though both models are based on the NK DSGE framework, the model in 

chapter 2 is solved numerically and calibrated using the existing parameters established 

in the literature. In chapter 3, Bayesian estimation approach is used with the available 

Thai quarterly data to estimate the parameters of the model.  

 The superiority of Bayesian inference is estimating DSGE models emerged 

following the work of Smets and Wouters (2003). Markov Chain Monte Carlo (MCMC) 

methods are used to compute the inference, simulate the model and determine different 

moments. Another advantage of using Bayesian inference is that the observed data is 

used to update the prior-to-posterior distribution of parameters which improves the 

accuracy of the estimates. Using ordinary least square for instance requires restrictive 

assumption to ensure unbiased and efficient estimate of the parameter while generalized 

method of moments, unlike the Bayesian inferences, ignores the cross relationship 

between estimated parameters in general equilibrium.    I summarize each essay and the 

conclusions drawn from the results below.  

 Environmental Policy and Convexity of Climate Change Damage Functions: 

An Experiment with New Keynesian DSGE Model. In Chapter 2, I investigate the role 

of convexity of damage functions in the economic analysis of climate change.                

One thorny issue in Economics of Climate Change is the damage function. The damage 

function quantifies economic losses from climate change. There is no consensus on the 

appropriate functional form of the damage function that can mimic scientific 

predictions of the consequences of climate change on economic activity. The default 

quadratic form used extensively in the literature is heavily criticized as been unable to 

produce higher damages at significantly higher global temperature change. The first 

essay, therefore, explore the effect of different functional form of the damage function 

on the main aggregate variables under different environmental policies using the New 

Keynesian Dynamic Stochastic General Equilibrium model.  
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 The results indicate that the curvature of the climate change damage function 

has a considerable effect on the macroeconomic outcomes. A highly convex climate 

damage function has a significant contractionary effect on economic output and by 

extension, consumption and private investment. This result stands irrespective of the 

environmental policy put in place and the associated magnitude of emission tax. 

The dynamic response of macroeconomic variables to shocks increased with 

higher convexity of climate damage function. In other words, the magnitude of impact 

of shocks on the variables relative to the steady state is greater for a higher degree 

convex function as against moderate forms. Aggregate output expands proportionately 

higher in response to technology and public spending shock under tax and target policy 

relative to cap-and -trade policy irrespective of curvature of the damage function.  

Impact of Covid-19 on the Thai Economy and the Effectiveness of Monetary 

Policy: A Bayesian DSGE Model Approach. Chapter 3 provides some analysis of the 

possible effect of the ongoing Covid-19 pandemic on the Thai Economy. The essay 

estimates a medium scale dynamic stochastic general equilibrium (DSGE) model for 

the Thai economy to evaluate the impact of the Covid-19 confinement policy on the 

key macroeconomic aggregates. Shock to labor supply is considered the main 

transmission channel. We discuss the role of monetary policy in the economic recovery 

and also identify dominant shocks driving the business cycle. Thai quarterly series from 

2011Q1 to 2021Q1 is used for the Bayesian estimation of the model.  

Though the pandemic shock caused sharp decline in output, consumption and 

investment, the results suggest a fast recovery in growth rates of the variables in about 

2.5 years. At the same time, the dominant shocks that account for output variation in 

the medium to long term are investment, labor supply, productivity and monetary policy 

shocks. This revealed the important role of monetary policy in the economic growth of 

Thailand. The key drivers of Thai household consumption in the long run are 

investment, labor supply, productivity and monetary policy shocks. On average, 

investment shock appears to be the key driver of the business cycle at all horizons. 

 



CHAPTER 2 

 

ENVIRONMENTAL POLICY AND CONVEXITY OF CLIMATE 

CHANGE DAMAGE FUNCTIONS: AN EXPERIMENT WITH 

NEW KEYNESIAN DSGE MODEL 

 

Abstract  

The paper seeks out to investigate how varying degree of convexity of climate 

change damage function affect economic output and the dynamic response of 

macroeconomic variables to shocks under different environmental policy regimes. In 

an economy featuring nominal rigidities and monopolistically competitive firms 

together with climate change mitigation policy and firm abatement effort, the results 

show that the choice of damage function affects long term growth of the economy and 

the performance of climate mitigation policy. A highly convex climate damage function 

has a significant contractionary effect on economic output and by extension 

consumption and private investment. This result stands irrespective of the 

environmental policy put in place. The impact of exogenous shocks on the 

macroeconomic variables is higher the higher the degree of convexity of the damage 

function.  Cap-and-trade policy compresses the response of macroeconomic variables 

to these shocks, irrespective of curvature of the damage function. The results are robust 

to different calibration of the climate damage functions. 

 

Keywords Environmental policy; Convexity; Climate change; Damage function; New 

Keynesian  

JEL codes:  E50, O44, Q58 

 



 6 

2.1 Introduction  

 The dynamic interaction between environmental policy and macroeconomic 

variables is thoroughly investigated in Real Business Cycle (RBC) models (Fischer & 

Springborn, 2011; Heutel, 2012). Recently, the New Keynesian Dynamic Stochastic 

General Equilibrium (NK DSGE) model is also employed to analyze how the presence 

of nominal rigidities and monopolistic competition affect the performance of 

environmental policy  (Annicchiarico & Di Dio, 2015; Economides & Xepapadeas, 

2018).  

 While the above-mentioned studies have dealt with the interaction between 

environmental policy and macroeconomic variables thoroughly, the effect of the shape 

of the damage function is ignored. For instance, what is the influence of the functional 

form of climate change damage function (the above-mentioned studies used) on the 

results and the subsequent policy recommendations? Would the results change with 

higher degree convex functions or otherwise?   

 The macroeconomic implication of the curvature of climate damage functions 

is recently explored by Bretschger and Pattakou (2019) who used two-sector 

macromodel to evaluate how increasing convexity of the damage function affects social 

cost of carbon and the long run output.  We take up this particular issue again because 

of the significant role damage functions play in the formulation of climate policy. 

 Following suggestions in the literature that the degree of nominal rigidities 

affects the performance of environmental regulation policy, we therefore examine the 

issue in a larger NK DSGE framework. Unlike Bretschger and Pattakou (2019), we 

extend the analysis to include various environmental policy regimes. The NK DSGE 

framework also enabled us to see the dynamic response of the economy to shocks under 

varying degrees of convexity of the climate damage function. 

 The climate change damage function serves a crucial link in the economic 

impact analysis of climate change. The damage function quantifies the economic losses 

from climate change, essential for policy formulation and analysis.1 A misspecified 

 
1 Climate damages are expressed as a function of temperature or concentration 

of greenhouse gases in the atmosphere. 
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damage function has consequences for policy intervention. Similarly, the quest for 

optimal climate policy will ultimately depend on proper climate damage modelling.  

 Economic theory dictates that in correcting climate change externality, the 

social cost of the negative externality or the marginal damages must equal the tax. At 

the center of estimating the damages, among other things, is the functional form of the 

damage function employed. Underestimation of damages would elucidate suboptimal 

policy that is not capable of addressing the negative climate externality. Fortunately, in 

spite of uncertainty about climate damages, available scientific observation and 

evidence can serve as a guide in determining the degree of impact of climate change on 

economic growth. 

 Nordhaus and Boyer (2000) acknowledge the difficulties in estimating 

economic losses from global warming. Barros and Field (2014) also reechoed this 

sentiment. Uncertainty about the degree of climate change impact and the lack of 

sufficient data have hampered the attempt to quantify global damages due to climate 

change. There is therefore no consensus in the literature as which damage functional 

form is appropriate.  

 In DICE/RICE Integrated Assessment Model (IAM) (Nordhaus, 2007, 2014; 

Nordhaus, 1993, 1994), economic losses from climate change is formulated as a 

quadratic function of global mean temperature change relative to the pre-industrial era. 

It turned out the quadratic form failed to capture the full range of climate change 

devastations even at high temperature. Extrapolation of the quadratic form does not 

improve the results either.  

 Critics of the DICE/RICE and other IAMs with quadratic damages argued that 

low damages churned out even at extremely high temperature is not in line with the 

available scientific observation (Weitzman, 2010).  Climate scientists predict that 

damages to human society will be catastrophic at extremely high temperatures. 

Additionally, climate damage functions lack theoretical foundation, but it is generally 

accepted in the literature that they are convex functions. 

 In favor of the important role of climate damage functions in formulating 

climate policy and lack of generally agreed functional form and parametrization, this 

paper experiments with varying convexity of climate damage functions. The aim is to 

examine varying impacts of climate change on an economy with different 
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environmental policy regimes and firm abatement technology. The paper investigates 

specifically how the convexity of a damage function affects long run equilibrium output 

and the degree of impact of exogenous shock on the macroeconomic variables under 

three different policy regimes: tax, intensity target and cap-and-trade policy.2 

 The investigation of how varying impacts or increasing convexity of damage 

functions affects macroeconomic variables would deepen understanding and provide a 

broader perspective on climate policy. This study does not attempt to estimate how 

damages from climate change affects total factor productivity nor seeks for optimal 

climate damage function but rather to expand the analysis on the macroeconomic 

implications of varying convexity of the damage functions. To further analyze how the 

degree of convexity affects the dynamic response of the main macroeconomic variables 

to shock, the paper implemented three shocks often used in New Keynesian dynamic 

models; namely technology, government spending and monetary policy shocks.  

 In a nutshell, the paper seeks to answer the following questions: How do the 

curvature of the climate damage functions affect the long run economic output in the 

presence of environmental policy and firm abatement technology? What are the 

dynamics of macroeconomic variables to shocks under highly convex damages function 

compared to moderate convex functions? Specifically, does the curvature of the damage 

function affect the impact of shocks on the macroeconomic variables? 

 We use the richer dynamics of the New Keynesian Dynamic Stochastic General 

Equilibrium (NK DSGE) model featuring nominal rigidity and monopolistic 

competition to provide answers to the above questions. NK DSGE models are very 

helpful in understanding macroeconomics implication of environmental policy as 

indicated by Fischer and Heutel (2013). More so, harm from climate change is likely to 

reverberate throughout the entire economy directly or indirectly, as such the dynamic 

interactions between all sectors including the monetary policy must be examined in a 

 
2  For the tax policy, the regulator introduces a fix tax on emissions. The 

regulator imposes an emissions per unit of output and sells emissions permit for the 

intensity target policy. Finally, for a cap policy there is exogenously set limit on 

emissions and emission permits sold up to the fixed amount of emissions. 
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unified chassis. New Keynesian DSGE models have proved successful in handling such 

a complex task. 

 Decarbonization policy is likely to cause structural changes in the aggregate 

level which can negatively and positively affect economic agents directly or indirectly. 

For instance, extra cost of carbon emissions regulation, which depends on the damages, 

has implications for agent’s incentives and welfare. It is essential to investigate how the 

assumed degrees of climate damages affect long run economic outcomes taking into 

consideration dynamic interactions among various economic indicators.3 

 This study is methodologically similar to Annicchiarico and Di Dio (2015) who 

studied macroeconomics dynamics and environmental policy and Economides and 

Xepapadeas (2018) who looked at climate change impacts on productivity and its 

implications for the conduct of monetary policy, both using the NK DSGE model. In 

the former, damages are assumed to be a quadratic function of atmospheric carbon and 

modelled to affect the total factor productivity of the economy. Firms undertake 

abatement as the price of carbon emission is costly. A similar model is employed by 

the later but an exponential form of damage function is used instead, an approximation 

of the quadratic form as suggested by Golosov et al. (2014). Firm abatement effort is 

ignored in this setup.  

 Along the same line of modelling climate change damages in dynamic macro 

models, Bretschger and Pattakou (2019) recently studied the convexity of damage 

functions and their effect on economic growth and social cost of carbon using a two-

sector macroeconomic growth model.  

 This study borrows the environmental NK DSGE framework of Annicchiarico 

and Di Dio (2015) and the damage modelling of Bretschger and Pattakou (2019) to 

investigate the economic consequences of varying degrees of convexity of damage 

functions on the long run economic output. In doing so contributes significantly to the 

limited literature on environmental policy and climate damage modelling using the NK 

DSGE framework. 

 
3 Decarbonization effects could lead to development of new technologies that 

generate less carbon emissions and at the same time increase production capacity of 

firms. 
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 Our results indicate that the choice of climate damage function affects economic 

output. In a model with a fourth-degree polynomial damage function, output contracts 

about six times lower compared to a linear damage function. We also observed that the 

impact of shocks on the macroeconomic variables is higher the higher the degree of 

convexity of the damage function. In terms of performance of climate change mitigation 

policy, output expands considerably in response to productivity shock under tax and 

intensity target policy while cap-and-trade policy compresses the response of 

macroeconomic variables to shocks irrespective of the curvature of the damage 

function. 

 

2.1.1 Related Literature and Contribution of the Study 

 Lack of appropriate economic theory to prop up climate damage modelling has 

made it not only a daunting task but also a heavily criticized part of integrated 

assessment models (IAMs). The default quadratic form used since the beginning of 

economic analysis of climate change falls short of expectations with respect to available 

scientist evidence.  

 Attempts to improve on climate damage modelling results in extrapolation and 

modification of the default quadratic form.4 Extrapolation of the quadratic form does 

not yield any distinctive results, about 50% of global output is lost at a global mean 

temperature change of 19℃ (Ackerman & Stanton, 2012). Evidently, the degree of 

convexity of the quadratic form is insufficient to induce higher damages at higher 

temperature. 

 Weitzman (2012) modifies the quadratic form to include an additional term in 

which temperature is raised to the power of 6.67. Using a calibration point of 50% of 

output loses at 6℃ and 99% output loses at 12℃, the paper asserts that the results are 

in line with findings from the climate science literature. The ‘Weitzman form’ is used 

in Dietz and Stern (2015) and Dafermos et al. (2018) to quantify economic damages 

from climate change. 

 
4  There is also suggestion of different functional forms which the authors 

believe could capture catastrophic damages at high temperature. Example is the 

exponential form proposed by Weitzman (2009). 
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 While the abovementioned studies used the enumerative approach, therefore 

ignoring the dynamic interaction between variables, Bretschger and Pattakou (2019) 

used polynomial functions of varying degree of convexity to explore thoroughly the 

effect of the curvature of damage functions on the social cost of carbon-SCC and 

economic growth in a two-sector macroeconomic growth model. Climate damages are 

modelled to affect the capital stock. The paper considers higher degree convex 

polynomial damage functions and conclude that the social cost of carbon rises with 

increasing impact of climate. The paper also recorded decline in the growth rate of the 

economy as marginal damages increase but remains positive even under a highly 

convex damage function. 

 The scope of the two-sector model is limited. As other sectors are neglected, the 

dynamic interlinkages between a wide range of macroeconomic variables are not 

considered. Unlike the two-sector model, a larger NK DSGE framework enables us to 

examine how varying convexity of the damage function affects not only output but also 

household consumption, investment, labor supply and other macroeconomic variables. 

We are also able to observe the dynamic response of the economy to shocks including 

monetary policy shocks under varying convexity of the damage function.   

 Additionally, (Annicchiarico & Di Dio, 2015) revealed that the degree of 

nominal rigities in the economy affects the performance of environemental policy. It is 

therefore imperative to factor in the degree of nominal rigidities since our analysis 

involves different environmental policy regimes.5 

 DSGE models are identified as useful tools in exploring economy-wide 

implications climate change and climate mitigation policies (Dafermos et al., 2018; 

Fischer & Heutel, 2013). In light of the above, the paper examines how the choice of 

functional form of the damage function affects the climate change analysis and 

mitigation policy in a dynamic setting.  

 This paper fills in the void in the literature by taking climate damage modelling 

to the NK DSGE framework with environmental policy and firm abatement effort. The 

 
5 Bhattarai et al. (2020) show that the effectiveness of capital and labor tax 

adjustments in the short term depends more importantly on the monetary policy 

reactions to the changes. 
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contribution of the paper is twofold, first we shade light on how the choice of damage 

function affects the equilibrium output and other macro indicators. The second 

contribution of the paper is that we examine the dynamic response of macroeconomic 

variables to exogenous shocks under varying severity of damages due to climate 

change. 

 The remaining part of the paper is structured as follows. Section 2 details the 

theoretical solution to the model including the linkage between climate change and 

productivity. Parameterization and calibration of the model is described in section 3. 

Section 4 discusses the simulation results and section 5 contains the concluding 

remarks. 

 

2.2 The Model 

 The economic environment is made up of households, final good producers, 

intermediate firms, monetary authority, and the government who in addition to fiscal 

policy also conducts environmental policies. Production activities of intermediate firms 

increase substantially the GHG emissions, specifically carbon dioxide emissions. 

Higher carbon emissions affect endogenously the total factor productivity of the 

economy which is decreasing as emissions climb up. 

 

2.2.1 Households 

 Households are assumed to be identical, as such one household represents 

others. The representative household faces the following utility maximization problem 

where 𝑐𝑡 is the selected level of consumption at time t,  ℎ𝑡 is hours of work and 𝛽 ∈

(0,1) is the discount factor. 

 

max
𝑐𝑡,ℎ𝑡, 𝑘𝑡,

𝑖𝑡,𝑏𝑡,

𝐸0 ∑ 𝛽𝑡∞
𝑡=0 (

𝑐𝑡
1−𝜎

1−𝜎
− 𝜅𝐿

ℎ𝑡
1+𝜑

1+𝜑
) , 𝜑 > 0, 𝜅𝐿 > 0, 𝜎 > 0,    (1) 

 

Subject to the budget constraints; 

In nominal terms, 
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  𝑝𝑡𝑐𝑡 +  𝑝𝑡𝑖𝑡 + 𝑏𝑡 =  𝑟𝑡
𝑘𝑝𝑡𝑘𝑡−1 + 𝑟𝑡−1𝑏𝑡−1 + 𝑝𝑡𝑤𝑡ℎ𝑡 − 𝑝𝑡𝑡𝑡 + 𝑝𝑡Π𝑡 (2)

   

In real terms,  

 

  𝑐𝑡 +  𝑖𝑡 +
𝑏𝑡

𝑝𝑡
=  𝑟𝑡

𝑘𝑘𝑡−1 − 𝑟𝑡−1
𝑏𝑡−1

𝑝𝑡
− 𝑝𝑡𝑤𝑡ℎ𝑡 +  𝑡𝑡 + Π𝑡  (3) 

 

Where 𝑖𝑡 is investment, 𝑏𝑡 bond holdings, 𝑤𝑡 is the hourly wage rate, 𝑡𝑡 is government 

transfer to households, Π𝑡 is profit from ownership of firm and 𝑟𝑡
𝑘 is the real return on 

capital. The real interest rate is  𝑟𝑡
𝑟 ≡

𝑟𝑡

𝐸𝑡(𝜋𝑡+1)
. 

 At any time, t, households have 𝑘𝑡−1 quantity of capital from the previous 

period and decide how much to invest 𝑖𝑡 taking into consideration the capital adjustment 

cost. The capital accumulation equation is given by  

 

   𝑘𝑡 = (1 − 𝛿)𝑘𝑡−1 + (1 −
𝜅𝐼

2
 (

𝑖𝑡

𝑖𝑡−1
− 1)

2
) 𝑖𝑡    𝜅𝐼 > 0,    (4) 

 

Where 𝛿 ∈ (0,1) is the capital depreciation rate. The following conditions hold at the 

optimum for the level of consumption, hours of work, capital, investment and bond 

holdings: 

  𝑐𝑡
−𝜎 = 𝜆𝑡         (6) 

 

  𝜅𝐿ℎ𝑡
𝜑

= 𝜆𝑡𝑤𝑡         (7) 

 

   𝑞𝑡 = 𝛽𝐸𝑡 (
𝜆𝑡+1

𝜆𝑡
[𝑟𝑡+1

𝑘 + (1 − 𝛿)𝑞𝑡+1])     (8) 

 

1 = 𝑞𝑡 {1 −
𝜅𝐼

2
 (

𝑖𝑡

𝑖𝑡−1
− 1)

2

− 𝜅𝐼 (
𝑖𝑡

𝑖𝑡−1
− 1) (

𝑖𝑡

𝑖𝑡−1
)} + 𝜅𝐼𝛽𝐸𝑡 {𝑞𝑡+1  [

𝜆𝑡+1

𝜆𝑡
(

𝑖𝑡

𝑖𝑡−1
)

2

(
𝑖𝑡

𝑖𝑡−1
−

1)]}            (9) 

 

   𝜆𝑡 = 𝛽𝐸𝑡 (𝜆𝑡+1
𝑟𝑡

𝜋𝑡+1
)      (10) 
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Combining equations (6) and (10), the Euler equation is then derived as 𝑟𝑡
−1 =

𝛽𝐸𝑡 (
𝑐𝑡

𝜎

𝑐𝑡+1
𝜎  

1

𝜋𝑡+1
) which determines the intertemporal tradeoff of consumption. The 𝑞𝑡 in 

equation (8) is the Tobin’s q which measures relative marginal value of available capital 

with respect to consumption. Equation (9) implies that the value of capital is equal to 

the sum of current rate of return and the future value of capital discounted by the 

depreciation rate. With no capital adjustment cost (𝜅𝐼 = 0), 𝑞𝑡 = 1. 

 

2.2.2 Final Good Producer 

 The representative competitive final good producer takes intermediate goods as 

input, 𝑦𝑡(𝑗), and transforms them into final goods 𝑦𝑡 for consumption. The production 

function, which is CES, is given by  

 

   𝑦𝑡 =  [∫ ( 𝑦𝑡(𝑗))
𝜖−1

𝜖
1

0
𝑑𝑖]

𝜖

𝜖−1
      (11) 

 

From the profit maximization of the final good producer, we obtain the demand for 

intermediate products and the price for the final good as a function of price of 

intermediate goods, 𝑝𝑡(𝑗). 

Demand for intermediate goods by the final good producer is  

 

  𝑦𝑡 (𝑗) =  𝑦𝑡  (
𝑝𝑡(𝑗)

𝑝𝑡
)

−𝜖

      (12) 

 

The price of final product 𝑝𝑡 is  

 

   𝑝𝑡 =  [∫ ( 𝑝𝑡(𝑗))1−𝜖1

0
𝑑𝑗]

1

1−𝜖
     (13) 

 

2.2.3 Intermediate Firms’ Production and Carbon Emissions 

 There is a large number of intermediate firms, indexed by j, that produce 

differentiated intermediate output in which carbon emission is a byproduct of output. 



 15 

The higher the output produced, the higher the carbon emissions released into the 

atmosphere. Production is through a Cobb-Douglas production function: 

 

     𝑦𝑡(𝑗) = 𝐴𝑡𝑘𝑡−1
𝛼 (𝑗)ℎ𝑡

1−𝛼(𝑗)     (14) 

 

Where 𝑦𝑡(𝑗) is output produced by the jth firm, 𝑘𝑡−1(𝑗) is capital input and ℎ𝑡(𝑗) is the 

labour input. Total factor productivity is represented by 𝐴𝑡. In this formulation, harm 

from climate change is modelled to reduce total factor productivity, 𝐴𝑡.  

 In order to determine how varying impacts from carbon emissions affect 

economic performance in the presence of environmental policy and firm abatement 

effort, we use damage functions of increasing convexity. It is generally accepted in the 

literature that climate damage functions are convex, but the extent of convexity is not 

well established. Following Bretschger and Pattakou (2019) we experimented with 

linear, quadratic, cubic and quartic polynomial functions to see the effect of higher 

marginal damages on the output and other macroeconomic variables. With a higher 

degree polynomial function, marginal damages from emissions rise more steeply when 

the stock of emissions increase. 

 For this purpose, damages from carbon emissions reduce productivity 𝐴𝑡 . 

 

   𝐴𝑡 = [1 − 𝐷(x𝑡)]𝑎𝑡      (15) 

 

Damages from climate change, D, is a function of the stock of carbon dioxide in the 

atmosphere x𝑡. 

𝑎𝑡 is exogenous and follows AR(1) process 

 

   log(𝑎𝑡) =  (1 − 𝜌𝑎) log(�̅�) +  𝜌𝑎 log(𝑎𝑡−1) + 휀𝑡
𝑎    (16) 

 

Where  𝜌𝑎  is the persistence parameter and  휀𝑡
𝑎  ~ 𝑁(0,   𝜎𝑎

2 ) is a technology shock. 

 Global stock of emissions, x𝑡, consists of domestic or own emissions e𝑡, which 

can be control by domestic policy and the rest-of -the world carbon emissions 𝑒_𝑟𝑜𝑤, 

which is exogenous. 
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 Total global stock of emissions, x𝑡, factoring in carbon decay rate 휂 is written 

as: 

 

    𝑥𝑡 = 휂𝑥𝑡−1 + 𝑒𝑡 + 𝑒_𝑟𝑜𝑤     (17) 

 

Where 𝑒𝑡 = ∫ 𝑒𝑡
1

0
(𝑗)𝑑𝑗  

 Intermediate firms undertake abatement to reduce carbon emissions by a 

fraction, 𝜇𝑡(𝑗). In the absence of abatement, firm emissions are directly proportional to 

total output. Emissions produced by firm j are decreasing in firm abatement and 

increasing in output. That is  

 

   𝑒𝑡(𝑗) = (1 − 𝜇𝑡(𝑗)𝛾1𝑦𝑡
1−𝛾2(𝑗))    (18) 

 

Where 𝛾1 is the shifter in the emission function and  𝛾2 measures the concavity of the 

emission function. The cost of emission reduction depends on output and on the 

abatement technology. The cost of abatement for the j firm, 𝑧𝑡(𝑗),  is formulated as: 

 

   𝑧𝑡(𝑗) = 𝑦𝑡(𝑗)휃1𝜇𝑡
𝜃2(𝑗)     (19) 

 

The parameters 휃1 and 휃2 are technology parameters associated with cost of emission 

reduction. 

 

Profit Maximization of Intermediate Firms 

 The monopolistic intermediate firm j maximizes profit subject to the demand of 

its product by the final good producer, its own production technology and emission 

constraint.6 Though firms are price setters, they face a quadratic adjustment cost of 

changing their prices as in Rotemberg (1982).  

 
6 The monopolistic firm assumption implies that intermediate firms have the 

power to set the price of their products compared to perfectly competitive firms which 

are price takers. 
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 The profit maximization of firm j is  

 

max
𝑦𝑡,𝑝𝑡,𝜇𝑡,ℎ𝑡, 𝑘𝑡,

𝑖𝑡,𝑒𝑡,

𝐸0 [∑ 𝛽𝑡∞
𝑡=0

𝜆𝑡

𝜆0
{

𝑝𝑡(𝑗)

𝑝𝑡
𝑦𝑡(𝑗) −  𝑟𝑡

𝑘𝑘𝑡−1(𝑗) − 𝑤𝑡ℎ𝑡(𝑗) − 𝜏𝑡𝑒𝑡(𝑗) −

𝑦𝑡(𝑗)휃1𝜇𝑡
𝜃2(𝑗) −

κp

2
 (

pt(i)

pt−1(i)
− π̅)

2

 𝑦𝑡}  ]        (20) 

 

Subject to the following constraints 

 

   𝑦𝑡 (𝑗) =  𝑦𝑡  (
𝑝𝑡(𝑗)

𝑝𝑡
)

−𝜖

      (21) 

 

   𝑦𝑡(𝑗) = 𝐴𝑡𝑘𝑡−1
𝛼 (𝑗)ℎ𝑡

1−𝛼(𝑗)     (22) 

 

   𝑒𝑡(𝑗) = (1 − 𝜇𝑡(𝑗)𝛾1𝑦𝑡
1−𝛾2(𝑗))    (23) 

 

Where 𝜏𝑡 in the firm profit maximization problem is the emission permit or the tax per 

unit of emissions and the last term is the quadratic cost of price adjustment faced by 

firms. 

 We breakdown the equations, (25)-(28) in Appendix A, characterizing the 

optimal conditions of intermediate firms by using the fact that intermediate firms 

choose the same output, inputs and price in the symmetric equilibrium. We now have: 

 

   𝑤𝑡 = 𝑚𝑐𝑡(1 − 𝛼)
𝑦𝑡

ℎ𝑡
      (29) 

 

   𝑟𝑡
𝑘 = 𝑚𝑐𝑡𝛼

𝑦𝑡

𝑘𝑡−1
      (30) 

 

   𝜇𝑡 = (
𝜏𝑡𝛾1

𝜃1𝜃2
𝑦𝑡

−𝛾2)

1

𝜃2−1
      (31) 

 

 Using equation (29), we obtain the nonlinear Phillips curve with environmental 

variables. 
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𝜋𝑡(𝜋𝑡 − �̅�) =  𝛽𝐸𝑡  [
𝜆𝑡+1

𝜆𝑡
 𝜋𝑡+1 (𝜋𝑡+1 − �̅�)2 𝑦𝑡+1

𝑦𝑡
] +

𝜖

𝜅𝑝
[{𝑚𝑐𝑡 +

     (1 − 𝛾2)𝛾1𝜏𝑡𝑦𝑡
−𝛾2 (1 − 𝜇𝑡) + 휃1𝜇𝑡

𝜃2} −
𝜖−1

𝜖
]   (32) 

 

 In the absence of environmental policy, that is no emission tax and abatement, 

the Philips curve is the standard one often used in the literature. 

 

2.2.4 Monetary Policy Authority 

 The central bank conducts monetary policy through a simple Taylor rule using 

nominal interest rate as a policy instrument. 

 

   
rt

r
= (

rt−1

r
)

pr

{(
πt

π̅
)

ϕπ

 (
yt

y
)

ϕy

}
1−pr

exp(vt
m)   (33) 

 

Where ρr is the degree of interest-rate smoothing, ϕπ and ϕy  policy parameters 

measuring weights on inflation and output growth respectively and vt
m is a monetary 

policy shock, iid with vt
m~𝑁(0,  𝜎𝑀

2 ). 

 

2.2.5 The Government 

 The Government sources revenue from lumpsum and emission taxes for its 

expenditure. Total expenditure must equal revenue. 

 

       𝑔𝑡 = 𝑡𝑡 + 𝜏𝑡𝑒𝑡      (34) 

 

𝑔𝑡  follows AR(1) process 

 

    log(𝑔𝑡) =  (1 − 𝜌𝑔) log(�̅�) +  𝜌𝑔 log(𝑔𝑡−1) + 𝑣𝑡
𝑔

  (35) 

 

Where 𝜌𝑎  is the persistence parameter and  𝑣𝑡
𝑔

 ~ 𝑁(0,   𝜎𝑔
2 ) is a government spending 

shock. 
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2.2.6 Market Clearing Conditions 

Goods market clear if  

 

     𝑦𝑡 = 𝑐𝑡 + 𝑖𝑡 + 𝑔𝑡 +  
κp

2
 (

pt(i)

pt−1(i)
− π̅)

2

𝑦𝑡 + 𝑦𝑡휃1𝜇𝑡
𝜃2  (36) 

 

Bond market clears if  

 

  𝑏𝑡 = 0        (37) 

 

2.2.7 The Final Equilibrium of the Model 

 The equilibrium characterizing equations consist of the equations (38) to (56) 

in the appendix. DYNARE software is used to solve the equations (Adjemian et al., 

2011). 

 

2.2.8 Environmental Policy Regimes 

 The tax rate under the cap-and-trade policy and the intensity target policy are 

endogenously determined. The cap policy implies that there is limit on total domestic 

emissions. 

 

   𝑒𝑡 = �̅�    (57) 

 

The intensity target policy focus on the emissions per unit of output. 

 

   𝑒𝑡 = 𝑣𝑦𝑡   (58) 

 

No environmental policy implies tax 𝜏 = 0 and for tax policy exogenously set 𝜏𝑡 = 𝜏 >

0. 

 The final equilibrium system comprises of 19 equations and 19 endogenous 

variables, [𝜆𝑡, 𝑐𝑡, 𝑤𝑡, ℎ𝑡,𝑦𝑡, 𝑟𝑟,
𝑟𝑟𝑡,

𝑘 𝑘𝑡, 𝑞𝑡, 𝑖𝑡, 𝑟𝑡,𝑚𝑐𝑡,𝜋𝑡, 𝐴𝑡 , 𝑥𝑡 , 𝑒𝑡,𝜇𝑡, 𝑔𝑡, 𝑎𝑡].  
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2.2.9 Exogenous Shocks 

 The economy described so far is exposed to three exogenous disturbances, 

namely, technology shock (vt
a), monetary policy shock (vt

m) and government spending 

shock (vt
g
) following from equations (16), (33) and (35) respectively. All the shocks 

follow an AR (1) process. 

 

2.2.10   Steady State                      

 The steady state of the model is the same for all environmental policy regimes. 

The steady state conditions are listed in the Appendix A. 

 

2.3 Parameterization  

 Common parameter values established in the DSGE literature are used. Time is 

in quarters.  The parameters and policy variables used in the calibration are shown in 

Table 2.1. The ratio of public consumption to GDP is 0.1022 so as to yield 70% of total 

output allocated to private consumption in steady state under business-as-usual 

scenario. The steady state value of labor disutility 𝜅𝐿 is 19.8413 similar to 

Annicchiarico and Di Dio (2015). Following Heutel (2012), we set pollution decay 휂 

equal to 0.9979 and emissions per unit of output as 0.45 in line with the US data. 

 With respect to cost incurred by firms in emission reduction effort, we used 

휃2 = 2.8 as in Nordhaus (2007) and  휃1 = 0.1850 in line with the value used in 

Annicchiarico and Di Dio (2015). The persistence parameters in innovations in 

productivity, public spending and monetary policy are set according to Smets and 

Wouters (2003). 

 The climate damage is a function of carbon emission. To investigate how 

increasing convexity affects output and other macro variables, we use higher order 

polynomial functions of the climate damage functions as in Bretschger and Pattakou 

(2019). We experimented with linear 𝐷(𝑥𝑡) = 𝑑0𝑥𝑡, quadratic 𝐷(𝑥𝑡) = 𝑑0𝑥𝑡 + 𝑑1𝑥𝑡
2 , 

cubic 𝐷(𝑥𝑡) = 𝑑0𝑥𝑡 + 𝑑1𝑥𝑡
2 + 𝑑2𝑥𝑡

3 and quartic 𝐷(𝑥𝑡) = 𝑑0𝑥𝑡 + 𝑑1𝑥𝑡
2 + 𝑑2𝑥𝑡

3 +

𝑑3𝑥𝑡
4 damage functions.  

 In DICE and RICE models (Nordhaus, 2007, 2014; Nordhaus, 1993, 1994; 

Nordhaus & Boyer, 2000), economic damages from climate change is assumed to be a 
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quadratic function of temperature. Critics of the quadratic damage function argue that 

it churns out relatively small damages to economic output at higher temperatures, an 

outcome that is not line with available evidence from climate science (Pindyck, 2013; 

Weitzman, 2010). For instance, in DICE about 18℃ change in global temperature leads 

to 50% reduction in economic output, a prediction that is at odd with available evidence 

from physical science.   

 It is generally agreed in the literature that climate damages are a convex function 

of global mean temperature.  However, due to the great deal of uncertainty regarding 

climate damages, the degree of convexity of climate damage function is not established 

in the literature.  In this study we explore moderate convex functions to highly convex 

polynomial damage functions up to the quartic. 

 Weitzman (2012) proposed a more convex function in which temperature is 

raised to the power 6.754 in the last term7. The aim is to come up with results that depict 

observations of climate scientists. In the calibration of the coefficient, it is assumed that 

50% of output is lost when global mean temperature reached 6℃. 

Dietz and Stern (2015) used the same functional form proposed by Weitzman (2012) 

but offer an alternative calibration. They assumed that harm from climate change 

amount to 50 % of economic output at temperature of 4℃. The above calibrations are 

an attempt to reconcile economic losses from a warming globe to the available scientific 

evidence. 

 Similarly, Moyer et al. (2014) experiment with increasing magnitude of climate 

change damages, setting loses at 2.5℃ to 15% and 30% of GDP instead of the default 

1.8% used in Nordhaus and Boyer (2000) with the objective of reexamining the 

persistent growth in DICE even at high temperatures. In their setup, a fraction of climate 

damages is modelled to affect total factor productivity (TFP) instead of level of output 

as in DICE. Contrary to ‘implicit assumption in DICE that climate change damages do 

not affect TFP’, their results indicate a negative effect of climate damages on 

productivity. 

 
7 Weitzman (2012) damage function is of the form 𝐷𝑡 = 1 −

1

1+ 𝑎𝑇𝑡+ 𝑏𝑇𝑡
2+ 𝑐𝑇𝑡

6.754 ,  
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 Using the fact that higher degree convex functions lead to greater losses at 

higher temperatures as in the Weitzman’s specification, we assign greater damages to 

more convex functions with the goal of capturing the effect of increasing convexity on 

economic growth in a dynamic model with environmental policy and abatement 

technology. We follow the literature in assigning varying magnitudes of climate 

damages to each damage function considered in this paper.  An output loss of 0.26% to 

the linear form8, 1.7% to the quadratic form9, 15% to the cubic form and 30% of output 

loss to the quartic form. 

 In the first segment of the analysis, we assumed that the tax rate increases as 

marginal damages rises. A note in the determination of the tax rates is in order. A survey 

of IAMs show that the estimated Social Cost of Carbon (SCC) in 2010 ranges from 

20 US$/tC  to 120 US$/tC as documented in Van den Bijgaart et al. (2016). At the 

optimum, the SCC which represents the climate damages must equal the tax. The 

carbon tax in real terms is then determined by dividing the SCC by the consumer price 

index. The paper assumes that, for expositional purpose, the tax rate is adjusted upward 

as climate damages become severe. In doing so, we assign a low tax rate to less convex 

functions and high rates to higher convex functions.  

 Following Bretschger and Pattakou (2019), when damages are assumed to be 

linear, cost of carbon emission is 20 US$/tC , 50 US$/tC for quadratic, 80 US$/tC for 

cubic and 120 US$/tC for quartic, giving a tax rate of 0.0971, 0.2293, 0.3669 and 

0.5503 respectively. In the second segment of the analysis, the tax rates (0.0971) is kept 

constant irrespective of the curvature of the damage function. 

 Note that depending on the environmental policy in place, the dynamics of the 

tax rate is different. For a tax policy, the carbon tax is exogenously determined and is 

fixed. In other words, the carbon tax does not change with the business cycle under a 

tax policy. That is not the case with cap-and-trade and intensity target policy. Under 

 
8  In Heutel (2012), an output loss of 0.26% is estimated for the quadratic 

damage function but since this value is less than Nordhaus calibration, we assign it to 

the linear specification. 

9 1.7% output loss is from Nordhaus (1993), 15% and 30% losses from calibration 

of Moyer et al (2014). 
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both policies, the tax rate, which is the permit price, is endogenously determine and 

varies with the business cycle. 

 

2.4  Results and Discussions 

 In the first setup, we consider the case in which price of emissions increases 

with convexity of climate damage function.  The tax rate increases as marginal damages 

from carbon emissions rise. In the second setup, however, tax rate is constant for all 

damage functions. The paper aims to identity and distinguish between the effect of 

various damage functional forms from the effect of taxes on the results.  A scenario of 

varying tax rates and constant taxes would be helpful to decipher the influence of the 

tax component on the outcomes. In other words, we are able to see that reduction in 

output is not caused by rising taxes alone but also due to the specific form of the damage 

function used. 

 Deviations of variables from the steady state is expressed in percentages over a 

total period of 40 quarters. The benchmark no policy values and the deterministic steady 

state values for each damage function for the first experiment is shown in Table 2. 

  

2.4.1 Convexity of Damage Functions and the Performance of the 

Economy Under Environmental Policy 

 As shown in Table 2.2 below, increasing convexity of the damage functions and 

environmental policy result in decline in economic output due to the negative effect of 

carbon emission on the economy-wide productivity. With a linear damage function 

output falls by 5.9%, 11.44% decline for the quadratic damage function, 24.46% for the 

cubic form and 33.67% for the quartic damage function. While contraction in output 

for the linear form can be considered modest, significant contraction is recorded for the 

higher degree convex functions.  

 For a quartic damage function, economic output contracts approximately six 

times lower relative to the linear case in two decades. In effect, the higher the convexity 

of the climate damage function, the greater the contraction in output. The fall in output 

could be attributed to additional cost firms face with the introduction of the 

environmental policy and the harm to productivity from pollutant emission. 
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Table 2.1  Steady State Values and Percentage Changes (in parenthesis) Relative to the 

Benchmark No Policy Scenario 

 

Variable  No policy         Environmental policy under different damage functions 

  linear quadratic cubic quartic 

      

 Consumption 0.5387 0.5132 

(-4.73%) 

0.4765 

(11.55%) 

0.3898 

(-27.64%) 

0.3224 

(-40.15%) 

 Output 0.7780 0.7329 

(-5.7969%) 

0.6890 

(-11.4395%) 

0.5877 

(-24.4602%) 

0.5160 

(-33.6709%) 

 Investment 0.1506 0.1372(-

8.8977%) 

0.1226 

(-18.5923%) 

0.1001 

(-33.5325%) 

0.0838 

(-44.3559%) 

 Labor supply 0.20 0.1960 

(-2.1956%) 

0.1923  

(-4.041%) 

0.1921(-%) 

(-4.1417%) 

0.1933 

(-3.5429%) 

Wage 2.1421 1.9959(-

6.8250%) 

1.8178 

(-15.1393%) 

1.4854 

(-30.6568%) 

1.2365 

(-42.2763%) 

 Productivity 1.2480 1.2449 

(-2484%) 

1.2304 

(-1.4103%) 

1.1233 

(-9.9919%) 

1.0410 

(-16.5865%) 

Damages 0.0026,0.017,0.15,0.30 0.0024 

(-0.02 p.p.) 

0.0141 

(-0.29 p.p.) 

0.0999 

(-5.01 p.p.) 

0.1659 

(-13.41 p.p.) 

Global emission 800 752.0942 

(-5.9882%) 

722.2010 

(-9.7249%) 

694.0242 

(-13.2469%) 

672.0028 

(-15.9997%) 

Marginal Cost 0.8333 0.7967 

(-4.3922%) 

0.7572 

(-9.1324%) 

0.7245 

(-13.0565%) 

0.6913 

(-17.0407%) 

Capital  6.0233 

 

5.4895 

(-8.8623%) 

4.9046 

(-18.5729%) 

4.0030 

(-33.5414%) 

3.3540 

(-44.3162%) 

Emission abated 0 0.2532 0.4081 0.5298 0.6636 

Τax 0 0.0971 0.2293 0.3669 0.5503 

 

 To see clearly the influence of increasing convexity on output, the paper 

separates decline in economic activity due to the consequences of climate change from 

the fraction of decline attributed to the introduction of environmental policy. The model 

is simulated for a scenario of climate damages without environmental policy and a 

second scenario of environmental policy in the absence of climate damages.  

 The simulated results indicate that with a lower climate damages quantified by 

the linear and the quadratic damage functions whether the loss of output caused by the 

environmental policy outweighs the loss due to climate damages depends crucially on 

the magnitude of the tax. The implication is that an ambitious climate mitigation policy 
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in a scenario where damages are quadratic function of emissions could be detrimental 

to economic activity. In other words, if the emission permit price is not optimally 

designed, environmental policy could generate greater contraction in economic output 

than reduction in output caused by climate change. 

 Conversely, a higher degree convex function induced significant contraction in 

output to the point that additional burden of climate mitigation policy on the economy 

is comparatively small assuming the magnitude of the tax ranges from more than zero 

to less or equal to one. It is still evident from the above breakdown that output decreases 

as the convexity of the damage function increases. 

 Private investment and consumption also fall in tandem with output. However, 

the decline in both variables is proportionately higher compared to output. The recorded 

decline in investment due to policy and climate damages are 8.9%, 18.9%, 33.53% and 

44.36% for the linear, quadratic, cubic and quartic damage functions respectively. This 

magnitude of decline in investment is also partly due to the presence of convex 

adjustment cost which makes investment decision costly to households in terms of 

consumption. The largest drop in consumption of 40.15% is recorded for the quartic 

form, a 4.21 percentage point difference compared to investment at the same degree of 

convexity of the damage function. 

 Labor supply follows the same downward trend together with other variables 

but increase slightly for a highly convex quartic form as shown in Table 2. The increase 

in hours of work in a scenario of severe climate damage is due to a decline in wages of 

about 42.28%. Households work additional hours to compensate for lost income 

because of low wages.  

 Another reason for the increase in hours of work when climate damages are 

severe can be attributed to the decline in productivity, as such more work hours are 

required to rise output to the desired level. Note that in this setup, damages reduce 

aggregate productivity. 

 We now turn to the performance of environmental policy under different 

degrees of climate damages. The aim of climate change mitigation policy is to reduce 

carbon emission which then translates into reduction in the negative effect of emissions 

on aggregate productivity. Introduction of environmental policy attenuate the negative 

effect of climate change on productivity by 0.02 percentage point in the case of linear 
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damage function, 0.29 percentage point for quadratic function, 5.01 percentage point 

for cubic form and 13.42 percentage point for quartic damage function in the long run.  

 The long-term benefit of the mitigation policy comes at a cost to firms in terms 

of increased abatement effort. The cost of emission abatement is about 0.395% and 

1.50% of firm output for the linear and the quadratic form respectively.  For third- and 

fourth-degree polynomial damage functions, abatement cost jumped up to 3.12% and 

5.87% of output respectively. Firm abatement cost increases with increasing marginal 

damages because of the associated increase in per unit cost of emissions and not 

necessarily because of the curvature of the damage function.  

 Cost of abatement depends on the firm abatement technology and the price of 

emissions. With a certain level of technology, abatement cost increases as unit cost of 

emissions rise. Assuming direct proportionality between firm level emissions and 

output implies emissions decline as economic activity falls. However, it does not 

translate into lower abatement cost because of higher unit cost of emissions at greater 

marginal damages from pollutant emission. In this setting, abatement cost rises with 

increasing convexity of the damage function because of the corresponding increase in 

tax. In the second setup where tax rate is constant for all damage functions, abatement 

cost remains the same irrespective of the convexity of the climate damage function.     

 The paper observed that the choice of climate damage function affects the 

equilibrium values of output and correspondingly, consumption, investment and hours 

of work. In models with varying degrees of convexity of damage functions and tax 

rates, economic output contracts with increasing convexity with profound contractions 

recorded for higher degree convex functions.  However, environmental policy and firm 

abatement effort attenuate the magnitude of productivity loss in all the various forms 

of climate damage functions considered.  

 In the second setup, we keep the tax = 0.0971 constant for all damage functions. 

The deterministic steady state values of the main macroeconomic variables for each 

damage function are shown in Table 2.3. 

 The results indicate clearly how the choice of climate damage function affects 

macroeconomic variables and the performance of climate policy. In the model with 

linear and quadratic damage functions, the equilibrium values of output do not differ 

significantly. The implication is that a quadratic damage function, though moderately 
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convex, does not affect macroeconomic variables to a large extent. Output decline by 

5.797% and 7.46% in case of linear and quadratic damage functions respectively. 

 On the other hand, a fourth-degree polynomial function has introduced a higher 

degree of convexity in the model such that output falls significantly by 30.13% contrary 

to 7.46% fall in the case of second-degree polynomial function. The significant effect 

of a higher degree convex function on the macroeconomic variables is also manifested 

in the decline in consumption and investment. In effect, with the same tax rate across 

damage functions, the level of output and its growth rate decline with increasing 

convexity of the climate damage function. 

 Interestingly, the magnitude of decline is not very large as one would expect in 

the scenario where different higher tax rates are assigned to each damage function. For 

instance, in a model with quartic function with tax = 0.5503, output contracts 33.67% 

compared to a contraction of 30.13% with tax = 0.0971. Though the results corroborate 

the recent findings in Bretschger & Pattakou (2019), our estimated impact of the 

increasing convexity of the damage functions on the long run output is greater than their 

estimates.  

 It is also worth mentioning that keeping the tax rate constant as the severity of 

climate damages intensify caused hours of work to rise. This is probably due to the 

drastic reduction in the equilibrium wage with increasing magnitude of climate change 

impact. 

 In our model with linear damage function, introduction of environmental policy 

has greater contractionary effect on economic output than reduction in output cause by 

climate change. In this regard, linear damage functions are not helpful in climate 

formulation and analysis. This is because the negative effect of environmental policy 

on aggregate output is greater than the reduction due to climate change events. In 

contrast, quadratic form induces a greater damage to output compare to the carbon 

emission regulation policy, justifying the need for a mitigation policy. The results from 

the models with other functional forms such as the cubic and the quartic forms show a 

severe damage to output as carbon emissions rise. This finding from the models with 

cubic and quartic damage functions avoid the criticism of the quadratic form 

(Weitzman, 2010; Pindyck, 2012) of minimal damage to output at extremely high 

global temperature change. 
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2.4.2 Convexity of Damage Functions and Impact of Exogenous Shocks 

on Macroeconomic Variables. 

 This section answers the question, how does the degree of convexity of the 

climate damage function affects the dynamic response of the economy to shocks? To 

do this, the paper quantifies the impact of shocks to the main macroeconomic variables. 

Exogenous shocks to technology, government spending and monetary policy are 

implemented following equations (16), (33) and (35) respectively. As shown in Figure 

1 to 9, the curvature of the climate damage functions does not qualitatively affect the 

behavior of the variables to shocks. However, there are observed quantitative 

differences in terms of the impact of shocks on the main macroeconomic variables. 

 The diminishing effect of degree of convexity of damage functions on the 

equilibrium output means that the impact of shocks evaluated relative to the steady state 

will be quantitatively different under each functional form. A percentage positive shock 

to productivity and government spending increased output under all the three 

environmental policy regimes. At the same time, as the impact of climate change 

intensifies, the magnitude of impact of productivity shock on economic output 

increased. The implication is that after a severe disruptive climate event, a positive 

innovation to productivity increases output proportionately higher than a milder climate 

damage.  

 The paper observed similar phenomenon with respect to consumption and 

investment, both variables rise with increased productivity. The jump in consumption 

and investment on impact is higher with higher degree convex damage functions. 

Contrary to public spending and technology shocks, a sudden increase in the nominal 

interest rate depresses output on impact and subsequently consumption and investment. 

The magnitude of the contraction increases with higher degree convex damage 

functions. 
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Table 2.2  Constant Tax Rate Across Damage Functions. Steady State Values and 

Percentage Changes (in parenthesis) Relative to Benchmark No Policy 

Scenario 

 

Variable No policy  Environmental Policy under different damage functions 

  linear quadratic cubic quartic 

Consumption 0.5387 0.5132 

(-4.7336) 

0.5028 

(-6.6642%) 

0.4313 

(-19.9369%) 

0.3601 

(-33.1539%) 

Output  0.7780 0.7329 

(-5.7969%) 

0.7200 

(-7.4550%) 

0.6316 

(-18.8175%) 

0.5436 

(-30.1285%) 

Investment 0.1506 0.1372 

(-8.8977) 

0.1348 

(-10.4914 %) 

0.1183 

(-21.4475%) 

0.1018 

(-32.4037%) 

Wage 2.1421 1.9959 

(-6.8251%) 

1.9583 

(-8.5804%) 

1.6986 

(-20.704%) 

1.4399 

(-32.7809%) 

Labor supply 0.2004 0.1960 

(-2.1956%) 

0.1963 

(-2.0459%) 

0.1985 

(-0.9481%) 

0.20152 

(0.5489%) 

Productivity 1.2480 1.2449 

(-0.2484%) 

1.2292 

(-1.5064%) 

1.1174 

(-10.4647%) 

1.0003 

(-20.95%) 

Damages 0.0026,0.017,0.15,0.30 0.0024 

(-0.02 p.p.) 

0.0151 

(0.19 p.p.) 

0.1046 

(-4.54 p.p.) 

0.1985 

(-11.15 p.p.) 

Global 

Emission 

800 752.0942 

(-5.99%) 

750.0404 

(-6.24%) 

735.8864 

(-8.26%) 

720.1856 

(-9.98%) 

Capital  6.0233 5.4895 

(-8.8623%) 

5.3934 

(-10.4577%) 

4.7309 

(-22.9592%) 

4.0717 

(-33.6576%) 

Marginal 

cost 

0.8333 0.7967 0.7967 0.7967 0.7967 

Emission 

abated 

0 0.2532 0.2532 0.2532 0.2532 

Τax 0 0.0971 0.0971 0.0971 0.0971 

 

2.4.3 Dynamics of the Economy to Shocks Under the Three 

Environmental Policy Regimes 

  The interplay between environmental policy and the varying severity of climate 

change impacts and the dynamic behavior of the economy to three exogenous shocks, 

namely - technology, government spending and monetary policy shocks is explored. 
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2.4.3.1 Technology Shock 

Generally, across all models irrespective of the curvature of the damage 

function, one percentage increase in technological innovation increases output on 

impact. This is partly due to the fact that increased productivity depresses firm’s 

marginal cost of production. Firms respond to falling marginal cost by increasing their 

output up to period 10. This pattern is similar under all environmental policy regimes – 

tax, intensity target and cap-and-trade policies (see Figure 2.1, 2.4 and 2.7) 

Consumption and private investment rise with increased output. On the 

other hand, labor supply decline in response to the positive productivity shock. 

Negative response of labor supply to positive innovation to productivity could be 

attributed to price stickiness. Price rigidity prevents firms from changing prices at the 

initial stage and hence reduce demand for labor in response to increased productivity 

(Galí & Rabanal, 2004).   

As expected, carbon emissions follow the same pattern as output 

because emissions are modelled as directly proportional to output, implying increase in 

output leads to increase in emissions. Inflation dropped considerably but reverts to its 

initial equilibrium level at period 10 and thereafter decline slightly below the 

equilibrium value of zero. The real interest rate follows the same dynamics as inflation. 

With respect to the three environmental policy regimes, output 

increases proportionately higher under the tax and intensity target policy relative to the 

cap. Cap and trade policy tends to reduce the impact of productivity shocks on 

economic activity especially in a scenario of moderate climate damages. Consumption 

and investment increase with increased output. The jump in consumption on impact is 

lower under cap policy relative to tax. Consumption falls sharply within the first ten 

periods. In terms of persistence, output and consumption show higher degree of 

persistence under tax and target compared to cap.  

Investment rises in the same period as consumption falls because 

households anticipate that productivity gain will be short-lived and decide to increase 

their investment through capital accumulation. Also, the inflection point for investment 

is higher, about 0.025 in tax and target compared to 0.02 under cap policy. On impact, 

both consumption and investment increased by a higher margin under tax and target 

policy compared to cap policy. 
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As indicated earlier, initial rise in output in response to positive 

innovation in technology implies corresponding increase in carbon emissions. 

However, the cap policy requires that emissions be kept within the set limit. This is 

achieved at the firm level through increased abatement effort and at the government 

level by higher price on emissions. This explains the initial rise in both abatement effort 

and permit price as emissions rise with increasing output as shown in Figure 2.1. The 

remaining impulse response functions for quartic damage function (tax and intensity 

target) and those of quadratic damage function for all three policies can be found in 

Appendix C. 

 

 

Figure 2.1  Quartic Damage Function. Impulse Responses to a Productivity Shock 

(Cap-and-Trade Policy) 

 

2.4.3.2 Public Spending Shock. 

Figure 2.2 below displays the impulse response to public spending 

shock under cap-and-trade policy in the model with quartic damage function. In 

response to positive government spending shock, household consumption and private 
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investment fall due to crowding out effect of increased government spending. Output 

suddenly jumps up upon impact but declines shortly after with lower degree of 

persistent compared to technology shock. Labor supply rises in response to government 

spending shock partly because households must work more hours to smooth 

consumption. Also, the sudden rise in output explains the increase in hours of work on 

impact. Inflation and real interest rate escalate due to the expansionary government 

policy and fall gradually thereafter. 

A positive innovation to government spending increases output on 

impact which then culminates in higher levels of environmental pollution under the 

three policy regimes. Distinctively, higher emissions lead to a jump in abatement cost 

and permit price under the cap policy. 

 

 

 

 

 

 

Figure 2.2  Quartic Damage Function. Impulse Responses to a Public Spending Shock 

(Cap-and-Trade Policy) 
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2.4.3.3 Monetary Policy Shock 

A contractionary monetary policy shock lowers output, consumption 

and investment during the initial period. Labor supply and inflation decline on impact. 

In about two quarters, consumption, output, and labor supply return to equilibrium with 

investment slightly rising above its steady state level of zero. This is partly because 

agents divert a large chunk of their resources to capital accumulation in response to the 

higher return on capital. 

Environmental pollution decreases in response to contractionary 

monetary policy but recovers in the same period as output in all policy scenarios. 

Contrary to the observation in productivity and public spending shock under cap policy, 

abatement effort and permit price fall with declining output but reverts to the 

equilibrium position in about four quarters. The behavior of the various environmental 

policy regimes is consistent with results in Annicchiarico and Di Dio (2015).  

 

 

 

Figure 2.3  Quartic Damage Function. Impulse Responses to a Monetary Policy Shock 

(Cap-and-Trade Policy) 
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2.5 Conclusion 

 This paper aims to investigate how the curvature of climate damage functions 

affects the equilibrium output and other relevant macroeconomic variables. In an 

economy featuring nominal rigidities, monopolistic competition with environmental 

policy and firm abatement technology, the paper demonstrated that the choice of 

damage function affects long term growth of the economy and the performance of 

climate mitigation policy. In other words, the curvature of the climate change damage 

function has a considerable effect on the macroeconomic outcomes. A highly convex 

climate damage function has a significant contractionary effect on economic output and 

by extension, consumption and private investment. This result stands irrespective of the 

environmental policy put in place and the associated magnitude of emission tax. 

 The dynamic response of macroeconomic variables to shocks increased with 

higher convexity of climate damage function. In other words, the magnitude of impact 

of shocks on the variables relative to the steady state is greater for a higher degree 

convex function as against moderate forms. Aggregate output expands proportionately 

higher in response to technology and public spending shocks under tax and target policy 

relative to cap-and -trade policy irrespective of curvature of the damage function. 

However, private consumption and investment contract and show a delayed recovery 

in response to increased public spending.   

 From policy perspective, the greater and persistent impact of technology shock 

on output and consumption in a scenario of varying impact of climate change suggests 

that policies aimed at enhancing the innovative capacity of the economy will be more 

beneficial even when damages from climate change turn out to be severe. 

 This study assumed that climate damages affect only the total factor 

productivity of the economy thereby limiting the generality of our findings. Alternative 

speculation of the impact of climate change damages can be explore in future research. 

For instance, damages from climate change can be allowed to reduce the capital stock. 

Similarly, one can also explore the scenario where climate damages reduce the level of 

output directly as in DICE.  
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 The contribution of agricultural sector to economic output is very significant in 

most countries. In the US for example agriculture and its related industries contribute 

more than seven hundred and fifty billion dollars to the economy according to the 

Department of Agriculture. Despite its vast contribution, the sector is the most 

vulnerable to climate change. This is because crop and animal production as well as 

fisheries depend on climate. Frequent and severe climate events such as droughts and 

floods can significantly reduce yield and threaten food security. 

 In addition, warmer temperatures are likely to disrupt aquatic life and 

ecosystems. The negative effects of climate change are well documented in the 

literature at both macro and micro level. At the macro level for instance, Dell et al 

(2012) provides evidence using data from the last half century that higher temperatures 

reduce not only the level of output but growth rates as well and that poor countries are 

more exposed to climate change devastations compared to richer ones.  

 Notwithstanding the negative impact, climate change also has positive impact 

on the agriculture sector as documented in Kim et al (2009). Global warming may 

increase crop productivity due to fertilization effect caused by carbon dioxide 

concentration in the atmosphere. Additionally, areas available for production of tropical 

crops can also be expanded due to climate change. Expansion of two-crop framing due 

to increase cultivation period and reduction of damages of winter crops by low 

temperature are some of the positive effects of climate change on the agricultural sector. 

Future could explore the impact of climate change on the agricultural sector using a 

macro model.  

 



CHAPTER 3 

 

IMPACT OF COVID-19 ON THE THAI ECONOMY AND THE 

EFFECTIVENESS OF MONETARY POLICY: A BAYESIAN 

DSGE MODEL APPROACH 

Abstract  

 This study estimates a medium scale dynamic stochastic general equilibrium 

(DSGE) model for the Thai economy to evaluate the impact of the Covid-19 

containment policy on the key macroeconomic aggregates. Shock to labor supply is 

considered the main transmission channel. We discuss the role of monetary policy in 

the economic recovery and also identify dominant shocks driving the business cycle. 

Thai quarterly series from 2011Q1 to 2021Q2 is used for the Bayesian estimation of 

the model. Though the pandemic shock caused sharp decline in output, consumption 

and investment, the results suggest a fast recovery in growth rates of the variables in 

about 2.5 years. At the same time, the dominant shocks that account for output variation 

in the medium to long term are investment, labor supply, productivity and monetary 

policy shocks. This revealed the important role of monetary policy in the economic 

growth of Thailand. The key drivers of Thai household consumption in the long run are 

investment, labor supply, productivity and monetary policy shocks. On average, 

investment shock appears to be the key driver of the business cycle at all horizons. 

 

Keywords: DSGE model, Bayesian estimation, monetary policy, Covid-19, Thai 

economy. 

JEL Codes:  C63, D58, E24, E27, E32, E37  
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3.1 Introduction  

 Thailand was the first country to record a Covid-19 case outside of Wuhan-

China where the pandemic was first documented in the last quarter of 2019. 10The 

pandemic has since spread to nearly all corners of the globe curtailing lives and slowing 

down economic activity. The focus of the paper is not to examine the dynamics of 

spread of the pandemic in Thailand but rather to assess how government policies aimed 

at controlling the spread and saving lives have impacted economic activity. 

 Three months after recording the first case of Covid-19, Thailand imposed strict 

nationwide lockdown and a border closure.11 While these measures proved successful 

in controlling the outbreak, they came at a huge cost to the economy. In spite of the 

initial success in curbing the spread of the pandemic, the virus reemerges again in the 

last quarter of 2020. As at the time of writing this paper (October 2021), the daily case 

load hovers around ten thousand. At the same time lockdown measures are being eased.  

 The negative effect of the Covid-19 pandemic on the economy encompasses 

both the supply and demand side. Confinement policy forcing workers to stay at home 

without supplying labor amounts to temporary labor supply shock which in turn triggers 

a downturn in aggregate private consumption and investment. The Covid-19 shock can 

also be regarded as a permanent labor supply shock due to the death of a fraction of the 

workforce. 

 

 
10 Thailand reported the first case of Covid-19 on January 13, 2020 (Ministry of 

Public Health, Thailand) 

11 Thailand” population of about 66.65 million was on lockdown with only 

essential workers allowed to go to work. National border closures and flight bans were 

also enforced. The pre-Covid economy was stable with unemployment relatively low 

and a recorded gross domestic product (GDP) growth at 1.6% as at the fourth quarter 

of 2019. By the third quarter of 2020, gross domestic product declined by 6.4%, 

unemployment increased by 1.9% and debt accumulated by households to GDP 

ballooned to 86.6%. 
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 According to the International Monetary Fund (IMF), the spread of the Covid-

19 could lead to severe contraction of the global output including Thailand.  The Bank 

of Thailand (BOT) revised its growth forecast from 1.8% to 0.7% in 2021 due to 

expansion of lockdown measures. 

 Past pandemics such as the 1968 Hong Kong influenza and the 2002 SARS have 

negatively affected economic activity, but output quickly returned to its pre-pandemic 

level, often referred as V-shape recovery Carlsson-Szlezak et al. (2020). However, the 

Covid-19 pandemic is unlikely to follow the similar pattern due to significant supply 

disruptions. Gourinchas et al. (2020) estimated that about 50 percent of workforce will 

be unable to find work in the short term. 

 Why study Thailand? The stringent confinement measures such as lockdown, 

business shutdowns and national border closures caused significant job losses, 

especially in the tourism sector and its related service providers. Figure 1 below shows 

the trend of unemployment rate up to December 2020, nine months after the first 

lockdown policy was implemented. It can be seen from the figure the sudden jump in 

unemployment from the end of the first quarter of 2020 (where the lockdown policy 

was implemented) to the beginning of the third quarter where restrictions are being 

eased.   Not only job losses, bankruptcy among firms is likely to rise forcing some firms 

to permanently close down operations. Additionally, government revenue would also 

dwindle. The Thai financial sector is under considerable stress and becoming 

increasingly vulnerable because of the weak balance sheet of firms and their inability 

to service debt (BOT Monetary Policy Report June 2021).12 

 Studies that use macro models to examine how the Covid-19 pandemic are 

involving as the pandemic spreads and more data becomes available. One strand of 

literature looked into the dynamics of the disease as well as the effectiveness of control 

measures and the behavior of economic agents (Eichenbaum et al., 2020; Toda, 2020). 

 

 
12  The BOT current framework is the flexible inflation targeting. Flexible 

inflation targeting (FIT) means that the central bank maintains the price level within a 

certain range. Additionally, it gives central banks the freedom to consider the dynamics 

between changes in inflation and other objectives such as output and financial stability. 
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 Another strand of literature investigates how actual policies put in place to 

control the pandemic are impacting aggregate economic activity (Guerrieri et al., 2020; 

Mihailov, 2020). The macroeconomic and distributional effect of the Covid-19 

pandemic is evaluated in Kaplan et al. (2020) using a theoretical model with a pandemic 

possibility frontier. 

 Evaluating the impact of government response to the Covid-19 pandemic is very 

important: it would enable policy makers to see how varying severity of control 

measures affect the aggregate economy in the short and long term. It would also help 

in the trade-off between saving lives and saving livelihoods. 

The objective of this paper is to investigate the economic impact of Covid-19 

due to the labor supply shock. In this light, our study intends to provide answers to the 

following questions: 1. What is the economic impact of COVID-19 confinement due to 

labor supply shock on the main macro indicators? 2. How long will the economic 

recovery last? 3. What are the main drivers of the Thai business cycle in the pandemic 
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period and beyond? 4. How effective is monetary policy in speeding up the economic 

recovery?  

 In our attempt to answer the above questions, we use a modified version of the 

Smets and Wouters (2007) model with financial sector as in Gertler and Karadi (2011) 

and Gelain and Ilbas (2017). We introduced labor supply shock to capture the 

exogenous disturbance to the labor market due to the containment policy. Guerrieri et 

al (2020) argue that economic shocks associated with the Covid-19 pandemic 

shutdowns, layoffs and firm exits may have a feature of “Keynesian supply shocks- a 

supply shock that triggers changes in aggregate demand shocks larger than the shock 

itself. The paper asserts that incomplete markets make the conditions for Keynesian 

labor supply shocks more likely to be met. 

 Lockdown policy is also modelled as supply shock in Mihailov (2020) for the 

EU economies due to the fact that more than 50% of work cannot be done at home. 

Dingel and Newman (2020) provide further evidence for the US economy. Classifying 

the visibility of working at home for all occupations, the paper reports that only about 

34% of US jobs, accounting for 44% of overall wages can be done at home.  

 We argue base on this finding for the US economy that the proportion of work 

that can be done at home for emerging economies is likely larger due to the labor-

intensive natures of the jobs in these economies. This paper follows Guerrieri et al 

(2020) and Mihailov (2020) and use adverse labor supply shock as the main 

transmission channels in the analysis of the impact of the lockdowns on the Thai 

economy. 

 First, the model is estimated using the Bayesian approach with data for the Thai 

economy. We then carry out a series of simulations covering the pandemic data 

enabling us to determine the impact of the Covid-19 containment policy on the 

economy and the duration of the recovery. 

 To be more specific, the paper pays considerable attention to the following 

channels through which Covid-19 affects the economy. First, confinement measures 

such as lockdowns amount to labor supply shocks as workers are forced to stay home 

and are unable to supply labor. This disruption negatively affects output and firm 

revenue. Short fall in firm revenue implies inability to pay loans to financial institutions 

and slowdown in private investment. 
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 The supply disruption then triggers aggregate demand shocks, the second 

channel of the effect of confinement policy on the economy. Private consumption and 

investment fall as firms’ revenue falls and unemployment rises. Guerrieri et al. (2020) 

argues that the supply shock leads to an aggregate supply shock that is far greater than 

the supply shock itself. The paper referred to this phenomenon as “Keynesian supply 

shock”. The third channel is the financial sector. The rise in bankruptcy among firms 

due to inability to pay loans to financial institutions in addition to rapidly increasing 

Thai household debt could generate a financial stress that is likely to cause instability 

in the financial sector. This event could also lead to bank loss and lower value of assets.  

 

3.1.1 Related literature and contribution of the paper. 

  Various ways and frameworks are used to evaluate economic impact of the 

Covid-19 pandemic. On the empirical front, estimates using historical pandemic data 

indicate a negative effect of pandemics on the real interest rate in the long term Jordà 

et al. (2020). Similarly, Nan and Coppo (2020) also found that past severe pandemics 

have contractionary effect on output lasting for more than a decade. Barro et al. (2020) 

estimate 6% decline in per-capita output and 8% decline in consumption during the 

“Great Influenza Pandemic” from 1918-1921. These estimates provide the upper bound 

for the impact of the Covid-19 pandemic.   

 Other studies looked at optimal lockdown policy by incorporating the 

Susceptible-Infected-Recovery (SIR) model into existing macroeconomic frameworks. 

Eichenbaum et al. (2020) used the Susceptible-Infected-Recovery (SIR) model to 

evaluate the interaction between people’s decision making and the dynamics of the 

pandemic. The severity of the pandemic in their model is measured by total deaths.  

Results indicate that agents’ decision to reduce consumption and labor supply attenuate 

the severity of the Covid-19 pandemic but increases the harm to economic output. In a 

related paper, Toda (2020) used the SIR model of the Covid-19 disease and conclude 

that though the transmission rate varied across countries, it is higher than the recovery 

rate. The paper asserts that the optimal containment policy reduces the peak infections 

to 5.6% compared to the benchmark scenario of 24.4%. Our paper is different from the 

above-mentioned studies in that we do not consider epidemiology of the pandemic but 

share the same general equilibrium framework.  
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 Another strand of literature considers the pandemic and its containment policy 

as a structural shock that can be linked to standard macroeconomic shocks. Some of 

these studies modelled the Covid-19 pandemic as a negative shock to productivity 

growth as in Fornaro and Wolf (2020) and as a shock to the utility of consumption as 

in Faria-e-Castro (2021). Guerrieri et al. (2020) consider the Covid-19 containment 

policies through lockdowns and business shutdowns as negative labor supply shock. 

 A similar modelling framework can also be found in Mihailov (2020) for the 

major economies in the Euro area.13 The paper considered three scenarios of duration 

of lockdown: one, two or three quarters. The negative labor supply shock is either 

temporary or permanent. For temporary adverse labor supply shocks, there is no 

significant loss of the work force from Covid-19 related deaths, while massive deaths 

and slow rate of replenishing of the labor force is considered a permanent shock. The 

lower bound of temporary negative shock is set at to match ¼ of the work force 

unemployed and an upper bound of ¾ of the work force unable to work due to the 

lockdown. A permanent labor supply shock is designed to match 1% loss of the working 

age population.  

 The above design of pandemic shock is incorporated into the Galí et al. (2012) 

model. The simulations recorded a per-capita output loss of 3-4% and 6-7% loss of per-

capita consumption for a lockdown lasting for 1 quarter and ¼ of the labor force unable 

to work. However, the economy would be able to recover in 1-2 years. A permanent 

labor supply shock would lead to 1.5 percentage point loss in real per capita 

consumption and output according to the simulated results. García Bernal (2020) used 

data covering the 19 Euro zone countries in a model including financial sector to 

estimate the impact of Covid-19 confinement policy. Confinement policy is also 

modelled as a negative shock to labor supply. 

 Turning to the Thai economy, Panyagometh (2020) investigates the impact of 

the Covid-19 pandemic on the stock market using the GARCH model while 

Gongkhonkwa  (2021) examines its effect on the Thai Baht exchange rate. To our 

understanding, studies evaluating the impact of the pandemic on the Thai economy at 

the macro level are virtually non-existent.  

 
13 The four economies considered are Germany, Italy, France and Spain. 
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 We contribute to the existing literature by exploring the macroeconomic 

implications of the Covid-19 containment policy on key macroeconomic aggregates 

using a dynamic general equilibrium model. Additional contribution of the paper is that 

we investigated how the central bank’s policy is helping in the recovery of the economy.  

 We used the Bayesian estimation procedure which has not been used in other 

studies that investigate the impact of Covid-19 on the Thai economy. A major 

advantage of using Bayesian inference is that the observed data is used to update the 

prior-to-posterior distribution of parameters which improves the accuracy of the 

estimates. Using ordinary least square for instance requires restrictive assumption to 

ensure unbiased and efficient estimate of the parameter while generalized method of 

moments, unlike the Bayesian inferences, ignores the cross relationship between 

estimated parameters in general equilibrium.   

 The estimation results that the pandemic shock leads to a sharp decline in 

output, consumption and investment with investment being the worst affected. Despite 

the sharp decline, the economy is poised to a fast recovery in growth rates. The growth 

rate of per capita output and consumption are keen to rebound to the pre-crisis level in 

about 2.5 years. The situation is quite different in terms of the levels of the variables. It 

will take much longer time for the levels of the variables to return to the pre-pandemic 

state. The delay recovery of the levels of output and consumption will likely persist 

beyond 10 years. Monetary policy still has an important role in the recovery as it has a 

greater and prolong impact on investment. 

 The remaining part of the paper is organized as follows: section two provides 

the solution to the model. Section three outlines the estimation and data transformation 

while section four discusses the results. Section five concludes. 

 

3.2 Model 

 The economy consists of households, intermediate and final good producers, 

financial intermediaries (commercial and investment banks), capital good producers, 

capital service firms, labor supply intermediaries, central bank and the fiscal authority. 
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3.2.1 Households 

 A household consists of two types of members: a worker and a banker. An 

individual member can switch his type the next period but at a particular period, the 

fraction of each type is constant. Workers earn wages through supplying their labor and 

the bankers earn by managing financial intermediary.  

A representative household 𝑖 chooses its level of consumption 𝐶𝑡 and supply 

labor 𝐿𝑡, earning wage 𝑊𝑡. The household seeks to maximize the utility function of the 

form 

 

max
[𝐶𝑡 (𝑖),𝐿𝑡 (𝑖),   𝐵𝑡(𝑖)]

𝐸𝑡 ∑ 𝛽𝑘∞
𝑘=0 (

1

1−𝜎𝑐
(𝐶𝑡+𝑘(𝑖) −

𝜆𝐶𝑡+𝑘−1)1−𝜎𝑐) 𝑒𝑥𝑝 (
𝜎𝑐−1

1+𝜎𝑙
 휀𝑡

𝑙(𝐿𝑡+𝑘(𝑖))
1+𝜎𝑙

)                 (1) 

 

where  𝛽 is the discount factor, 𝜎𝑐 is the intertemporal elasticity of substitution and 𝜆 is 

the external habit formation to study consumption dynamics, with  0 < 𝛽 < 1 and 0 <

𝜆 < 1. The labor supply shock is represented by 휀𝑡
𝑙, which is of supreme importance to 

this study. The labor supply shock is introduced to capture the effect of the Covid-19 

confinement policy. 

 The optimization in (1) is subject to the budget constraint 

 

   𝐶𝑡+𝑘(𝑖) +
𝐵𝑡+𝑘(𝑖)

𝜀𝑡
𝑏𝑅𝑡+𝑘𝑃𝑡+𝑘

− 𝑇𝑡+𝑘 =  
𝐵𝑡+𝑘−1(𝑖)

𝑃𝑡+𝑘
+

𝑊𝑡+𝑘
ℎ (𝑖)𝐿𝑡+𝑘(𝑖)

𝑃𝑡+𝑘
+

𝐷𝑖𝑣𝑡+𝑘(𝑖)

𝑃𝑡+𝑘
  (2) 

 

Where 𝐵𝑡(𝑖) is bond holding, 𝑇𝑡 is transfer from the government and 𝐷𝑖𝑣𝑡(𝑖) is profit 

from the ownership of financial and non-financial companies. 

Optimality conditions for consumption 𝐶𝑡(𝑖), Labor supply 𝐿𝑡(𝑖), and bond 

holding 𝐵𝑡(𝑖) respectively are: 

 

  Λ𝑡 =  (𝐶𝑡+𝑘(𝑖) − 𝜆𝐶𝑡+𝑘−1)−𝜎𝑐  𝑒𝑥𝑝 (
𝜎𝑐−1

1+𝜎𝑙
 휀𝑡

𝑙(𝐿𝑡+𝑘(𝑖))
1+𝜎𝑙

)  (4) 
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(
1

1−𝜎𝑐
(𝐶𝑡+𝑘(𝑖) − 𝜆𝐶𝑡+𝑘−1)1−𝜎𝑐) 𝑒𝑥𝑝 (

𝜎𝑐−1

1+𝜎𝑙
 휀𝑡

𝑙(𝐿𝑡+𝑘(𝑖))
1+𝜎𝑙

) (𝜎𝑐 − 1)휀𝑡
𝑙(𝐿𝑡(𝑖))

𝜎𝑙
+

Λ𝑡𝑊𝑡
ℎ(𝑖).

𝑃𝑡
= 0          (5) 

 

   Λ𝑡 = 𝛽휀𝑡
𝑏𝑅𝑡𝑃𝑡𝐸𝑡 [

Λ𝑡+1

𝜋𝑡+1
]      (6) 

 

3.2.2 Final Goods Firms 

 Intermediate goods serve as inputs to the production of final goods which are 

supplied to consumers. Final goods firms buy intermediate goods 𝑌𝑡(𝑖) at the price 𝑃𝑡(𝑖) 

for each good i and produce final output 𝑌𝑡 at a selling price of 𝑃𝑡. Assuming a 

composite final good, the profit maximization of the final goods firm is given by; 

 

   max
[ 𝑌𝑡(𝑖),𝑌𝑡 ]

 𝑃𝑡𝑌𝑡 − ∫ 𝑃𝑡(𝑖)
1

0
 𝑌𝑡(𝑖)𝑑𝑖    (7) 

 

subject to  

 

   [∫ 𝐺 (
𝑌𝑡(𝑖)

𝑌𝑡
;  휀𝑡

𝑝) 𝑑𝑖
1

0
] = 1     (8) 

 

 In (8), 휀𝑡
𝑝
 is taken as a shock to the aggregator function and by extension the 

price mark-up which is assumed to be ARMA (1,1) process. G is an aggregator which 

is a strictly concave and increasing function.          

 

3.2.3 Intermediate Goods Producers 

 Intermediate firm 𝑖 hire capital 𝑘�̇�(𝑖) and labor 𝐿𝑡(𝑖) to produce intermediate 

goods 𝑌𝑡(𝑖) according to the production function 

 

   𝑌𝑡(𝑖) =   휀𝑡
𝑎(𝑘�̇�(𝑖))

𝛼
(𝛾𝑡𝐿𝑡(𝑖))1−𝛼 − 𝛾𝑡Φ   (9) 

 

where 휀𝑡
𝑎 is the productivity shock and 𝛾𝑡 is the labor-augmenting deterministic growth 

of the economy. Φ represents the fixed cost associated with production. 
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The real profits of an intermediate firm are given by 

 

  𝑌𝑡(𝑖) − (𝑊𝑡𝐿𝑡(𝑖) + 𝑅𝑡−1
𝑘 𝑘�̇�(𝑖))    (10) 

 

The following conditions hold at the optimum: 

 

   𝑊𝑡 =  Λ𝑡
3(1 − 𝛼)휀𝑡

𝑎(𝑘�̇�(𝑖))
𝛼

(𝛾𝑡)1−𝛼(𝐿𝑡(𝑖))−𝛼  (11) 

 

   𝑅𝑡−1
𝑘 =  Λ𝑡

3𝛼휀𝑡
𝑎(𝑘�̇�(𝑖))

𝛼−1
(𝛾𝑡𝐿𝑡(𝑖))1−𝛼   (12) 

 

We derive the optimal inputs equation by combining (11) and (12) to get 

 

   𝑘�̇� =  
𝛼

1−𝛼

𝑊𝑡 

𝑅𝑡−1
𝑘 𝐿𝑡       (13) 

 

Note that intermediate firm total cost is given by 

 

   Ξ𝑡 =  𝑊𝑡𝐿𝑡 + 𝑅𝑡−1
𝑘 𝑘�̇�      (14) 

 

Using (13) and the total cost relation, we obtain  

 

   Ξ𝑡 =  
𝑊𝑡𝐿𝑡

1−𝛼
       (15) 

 

With a constant return to scale production function, we find the amount of labor and 

capital employed in the production of one unit of intermediate output as: 

 

   1 = 휀𝑡
𝑎 (

𝛼

1−𝛼

𝑊𝑡 

𝑅𝑡−1
𝑘 𝐿𝑡 )

𝛼
(𝛾𝑡𝐿𝑡)1−𝛼    (16) 

 

To get the real marginal cost, we then solve for 𝐿𝑡 in (16) and substitute into (14).   The 

resulting formulation for the real marginal costs is given by 
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   𝑀𝐶𝑡 =  𝛼−𝛼(1 − 𝛼)−(1−𝛼)𝑊𝑡
1−𝛼(𝑅𝑡−1

𝑘 )
𝛼

𝛾−(1−𝛼)𝑡(휀𝑡
𝑎)−1 (17) 

 

Firms real marginal cost depend on the real wage and the real rental rate of capital. 

 

Optimal Price Setting 

Price setting is according to Calvo (1983). For intermediate firms, a Calvo 

friction and partial indexation implies that price-setting decision presents the following 

optimization problem 

 

   max
�́�𝑡

 𝐸𝑡 ∑ (𝛽휁𝑝)
𝑘∞

𝑘=0
𝜆𝑡+𝑘

1

𝜆𝑡
1 [(𝑋𝑡,𝑡+𝑘

𝑝 �́�𝑡 − 𝑀𝐶𝑡+𝑘)𝑌𝑡+𝑘(𝑖)] (18) 

 

subject to 

 

  𝑌𝑡+𝑘(𝑖) = 𝑌𝑡+𝑘𝐺΄−1 (𝑋𝑡,𝑡+𝑘
𝑝 �́�𝑡𝜏𝑡,𝑡+𝑘

𝑝 )    

 (19) 𝑋𝑡,𝑡+𝑘
𝑝 = {

1 for k = 0

Π𝑛=1
𝑘 Π𝑡−1,𝑡+𝑛−1

𝑙𝑝
Π𝑡

1−𝑙𝑝

Π𝑡,𝑡+𝑛
 for 𝑘 = 1, … , ∞

}  (19) 

  

Optimality condition with respect to �́�𝑡 yields 

 

𝐸𝑡 ∑ [(𝛽휁𝑝)
𝑘 𝜆𝑡+𝑘

1

𝜆𝑡
1 (𝑋𝑡,𝑡+𝑘

𝑝 𝑌𝑡+𝑘𝐺΄−1 (𝑋𝑡,𝑡+𝑘
𝑝 �́�𝑡𝜏𝑡,𝑡+𝑘

𝑝 ) +∞
𝑘=0

𝑋𝑡,𝑡+𝑘
𝑝 𝑌𝑡+𝑘𝐺΄−1΄ (𝑋𝑡,𝑡+𝑘

𝑝 �́�𝑡𝜏𝑡,𝑡+𝑘
𝑝 )𝑋𝑡,𝑡+𝑘

𝑝 𝜏𝑡,𝑡+𝑘
𝑝 −

𝑀𝐶𝑡+𝑘𝑌𝑡+𝑘𝐺΄−1΄ (𝑋𝑡,𝑡+𝑘
𝑝 �́�𝑡𝜏𝑡,𝑡+𝑘

𝑝 )𝑋𝑡,𝑡+𝑘
𝑝 𝜏𝑡,𝑡+𝑘

𝑝 )] = 0            (20) 

 

Rearranging (20) under the assumption of a Calvo friction and inflation indexation 

gives the aggregate price index as  

 

  1 = (1 − 휁𝑝)�́�𝑡𝐺΄−1 (�́�𝑡𝜏𝑡
𝑝) + 휁𝑝𝑋𝑡,𝑡−1

𝑝 𝐺΄−1 (𝑋𝑡,𝑡−1
𝑝 𝜏𝑡

𝑝)  (21) 
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3.2.4 Financial Intermediaries 

 Financial intermediaries here refer to the banks in the economy. The financial 

intermediaries accept deposits from households and lend to non-financial companies. 

An intermediary funds long term asset with short term liabilities. 

Consider an intermediary/banker 𝑖 with net worth or wealth 𝑁𝑡(𝑖) at the end of 

period 𝑡 and gets 𝐵𝑡(𝑖) amount of deposits from households. Note that 𝐵𝑡 here denotes 

household deposits with the financial intermediary and not bond holding as often use 

in the literature. Consider also that the quantity of financial claims the banker holds on 

non-financial firms  is 𝑆𝑡(𝑖) and that the relative price of each claim is 𝑄𝑡. The balance 

sheet of the intermediary 𝑖 can be represented by 

  

   𝑄𝑡𝑆𝑡(𝑖) =  𝑁𝑡(𝑖) + 𝐵𝑡(𝑖)     (22) 

 

 In the above formulation, 𝐵𝑡(𝑖) can be also be regarded as the intermediary’s 

debt (liabilities) and 𝑁𝑡(𝑖) as its equity capital. At time 𝑡 + 1, the intermediary’s assets 

holding in the non-financial companies earns a stochastic rate of return 𝑅𝑘𝑡+1. 

However, the intermediary pays households a non-contingent real gross return of  𝑅𝑡+1 

at time 𝑡 + 1. The difference 𝑅𝑘𝑡+1 − 𝑅𝑡+1 is the risk premium. A positive value of the 

risk premium implies profitability for the banker. 

 

 The evolution of the banker’s equity capital is represented by 

 

   𝑁𝑡+1(𝑖) = 𝑅𝑘𝑡+1𝑄𝑡𝑆𝑡(𝑖) − 𝑅𝑡+1𝐵𝑡(𝑖)   (23) 

 

Using (22), the evolution of banker’s equity capital is written as  

 

    𝑁𝑡+1(𝑖) = (𝑅𝑘𝑡+1 − 𝑅𝑡+1)𝑄𝑡𝑆𝑡(𝑖) + 𝑅𝑡+1𝑁𝑡(𝑖) (24) 

 

Equation (24) implies that the growth of the banker’s net worth depends not only on 

the total quantity of assets but more importantly on the premium the banker earns on 

his assets holding in non-financial firms. A banker aims to maximize expected terminal 

wealth formulated as: 
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   max
�́�𝑡+𝑖(𝑖)

 𝑉𝑡(𝑖) =  𝐸𝑡 ∑ (1 − 휃)∞
𝑖=0 휃𝑖𝛽𝑗+1 𝑈𝑡+𝑗+1

𝑐

𝑈𝑡
𝑐 𝑁𝑡+𝑗+1(𝑖) (25) 

 

From (24) the maximization problem becomes 

 

max
�́�𝑡+𝑖(𝑖)

 𝑉𝑡(𝑖) =  𝐸𝑡 ∑ (1 − 휃)∞
𝑖=0 휃𝑖𝛽𝑗+1 𝑈𝑡+𝑗+1

𝑐

𝑈𝑡
𝑐 {(𝑅𝑘𝑡+𝑗+1 − 𝑅𝑡+𝑗+1)𝑄𝑡𝑆𝑡+𝑗(𝑖) +

𝑅𝑡+𝑗+1𝑁𝑡+𝑗(𝑖)}        (26) 

 

If discounted risk adjusted premium in any period  𝛽𝑗+1 𝑈𝑡+𝑗+1
𝑐

𝑈𝑡
𝑐 (𝑅𝑘𝑡+𝑗+1 − 𝑅𝑡+𝑗+1) is 

positive implies that the banker can increase its assets indefinitely by borrowing more 

funds from households. Gertler and Karadi (2011) introduced a moral hazard/costly 

enforcement problem to limit its ability to borrow indefinitely. In this setting,                             

a banker can opt to divert a fraction Γ𝑡 of available funds back to the household he 

belongs to. It is vey costly for the depositors to recover the diverted fund Γ𝑡 but they 

can force the banker to go bankrupt and recover the remaining fraction 1 − Γ𝑡. 

 The following incentive constraint must be met for households to depositor their 

funds with the banker. 

 

   𝑉𝑡(𝑖) ≥  Γ𝑡𝑄𝑡𝑆𝑡(𝑖)      (27) 

 

Equation (27) implies that the banker’s potential loss from diverting funds 𝑉𝑡(𝑖) must 

exceed what he would gain from doing so Γ𝑡𝑄𝑡𝑆𝑡(𝑖). In Gertler and Karadi (2011), it is 

assumed that Γ𝑡 is constant but we follow Gelain and Ilbas (2017) and  modelled it as 

an AR(1) process which can be interpreted as a financial shock. 

 The evolution of banker’s net worth is formulated as: 

 

    𝑁𝑡+1(𝑖) = {(𝑅𝑘𝑡+1 − 𝑅𝑡+1)𝜙𝑡 +  𝑅𝑡+1}𝑁𝑡(𝑖)  (28) 

 

Total bankers’ net worth 𝑁𝑡 is the sum of net worth of old bankers 𝑁𝑒,𝑡 and net worth 

of new bankers 𝑁𝑛,𝑡 as shown below. 
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   𝑁𝑡 =  𝑁𝑒,𝑡 + 𝑁𝑛,𝑡 + 𝑁∗휀𝑡
𝑛𝑤     (29) 

 

 휀𝑡
𝑛𝑤 is introduced to as an exogenous disturbance to the aggregate bankers’ capital and 

𝑁∗ is the steady state total net worth. 

 Net worth of old bankers who did not change their state is given by: 

 

   𝑁𝑒,𝑡 =  휃{(𝑅𝑘𝑡 − 𝑅𝑡)𝜙𝑡−1 +  𝑅𝑡}𝑁𝑡−1   (30) 

 

3.2.5 Capital Producing Firms 

 Capital producers are owned by households and manufacture new capital or 

repair depreciated capital from intermediate goods firms. The newly produced capital 

and the refurbished capital are sold to capital service firms. It is assumed that the 

replacement cost of depreciated capital is unity. Additionally, the value of new capital 

and that of repaired capital is 𝑄𝑡. Assuming a flow adjustment cost of producing new 

capital, the profit maximization of capital producers is given by 

 

   max  
�́�𝑛,𝜏

𝐸𝑡 ∑ 𝛽𝑇−𝜏∞
𝜏=𝑡

𝑈𝑡+𝑖
𝑐

𝑈𝑡
𝑐 {(𝑄𝑡 − 1)𝐼𝑛,𝜏 − 𝑓 (

𝐼𝑛,𝜏+𝐼𝑠𝑠

𝐼𝑛,𝜏−1+𝐼𝑠𝑠
) (𝐼𝑛,𝜏 + 𝐼𝑠𝑠)}  (31) 

 

 𝐼𝑡 being the gross capital, 𝐼𝑛,𝜏 is the net capital, 𝐼𝑠𝑠 the steady state investment and  

 𝑓(1) = 𝑓΄(1) = 0, 𝑓΄΄(1) > 0. Also 𝐼𝑛,𝜏 ≡ 𝐼𝑡 − 𝛿(𝑈𝑡)𝜉𝑡𝐾𝑡 with 𝛿(𝑈𝑡)𝜉𝑡𝐾𝑡 being the 

quantity of capital repaired. 

 The evolution of capital follows from 

 

    𝐾𝑡(𝑖) = (1 − 𝛿)𝐾𝑡−1(𝑖) + 휀𝑡
𝑖 [1 − 𝑆 (

𝐼𝑡(𝑖)

𝐼𝑡−1(𝑖)
) 𝐼𝑡(𝑖)]  (32) 

 

The last term is the quadratic adjustment cost such that 𝑆(1) = 𝑆΄(1) = 0, 𝑆΄΄(1) > 0. 

The exogenous shock to investment is represented by 휀𝑡
𝑖 and 𝛿 is the depreciation rate 

of capital. 
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3.2.6 Capital Service Firm 

 Capital service firms buy capital from capital producers, rent to intermediate 

firms and also determine the capital utilization rate. To finance the purchase of capital 

from the capital producers, the capital service providers borrow from intermediaries. 

At the equilibrium, the value of capital owned by the service providers must equal the 

claim on them, implying 𝑄𝑡𝐾𝑡+1 = 𝑄𝑡𝑆𝑡. 

  Let 𝑍𝑡 be the capital utilization rate, then the revenue from renting capital is 

𝑅𝑡
𝑘𝑍𝑡𝐾𝑡−1. Adjusting the overall level of available effective capital through changes in 

the utilization rate comes at a cost of 𝛼(𝑍𝑡)𝐾𝑡−1. The problem facing capital service 

providers is to maximize the following: 

 

   max  
𝑍𝑡

{𝑅𝑡
𝑘𝑍𝑡 − 𝛼(𝑍𝑡)}𝐾𝑡−1     (33) 

 

 Note that to acquire capital, a capital service firm must borrow from financial 

intermediaries. At equilibrium 𝑄𝑡𝐾𝑡+1 =  𝑄𝑡𝑆𝑡. The equilibrium condition implies that 

the amount of each claim is the same as a unit of capital. 

 

3.2.7 Labor Supply Intermediaries 

 We take it that there is a wage rigidity under a Calvo scheme in the economy. 

To capture this phenomenon, we introduce two intermediaries between labor supply 

and demand: labor unions and labor packers. The role of labor unions is to acquire and 

differentiate homogenous labor supplied by households so as to meet the task of 

intermediate firms.. The differentiated labor is then packaged by competitive labor 

packers as 𝐿𝑡 which is supplied to intermediate goods firms. 

 Let the wage the unions charge for differentiated labor be 𝑊𝑡 and the wage 

intermediate good firms pay for the labor packages be 𝑊𝑡(𝑖). Note that 𝑊𝑡 ≠ 𝑊𝑡(𝑖). 

The problem facing a packer can be formulated as  

   max
[𝐿𝑡,   𝐿𝑡(𝑖)]

𝑊𝑡𝐿𝑡 − ∫ 𝑊𝑡(𝑖)𝐿𝑡(𝑖)
1

0
𝑑𝑖    (34) 

 

subject to the constraint 
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  [∫ 𝐻 (
𝐿𝑡(𝑖)

𝐿𝑡
; 휀𝑡

𝑤) 𝑑𝑖
1

0
] = 1     (35) 

 

where 𝐻 is the Kimball aggregator and 휀𝑡
𝑤 is an exogenous shock to the wage mark-up 

transmitted through demand elasticity. The constraint in (35) implies that the amount 

of labor hired from the unions must equal the amount supplied by the packer to the 

intermediate goods producers. 

 Wage setting in the economy is the prerogative of labor unions through a Calvo 

scheme with partial indexation.  

 

3.2.8 The Central Bank 

 The central banker commits to a monetary policy that follows the Taylor rule as 

 

    
𝑅𝑡

𝑅∗ =    (
𝑅𝑡−1

𝑅∗ )
𝜌

[(
𝜋𝑡

𝜋∗)
𝑟𝜋

(
𝑌𝑡

𝑌∗)
𝑟𝑦

]
1−𝜌

(
𝑌𝑡 𝑌𝑡−1⁄

𝑌𝑡
∗ 𝑌𝑡−1

𝑚⁄
)

𝑟∆𝑦

 휀𝑡
𝑟   (36) 

 

The steady state nominal interest rate is 𝑅∗ and steady state output is 𝑌∗. Monetary 

policy shock is represented by 휀𝑡
𝑟 while 𝜌 is the degree of interest rate smoothing. 

 

3.2.9 The Fiscal Authority 

 Public spending is financed by lump-sum taxes and bonds. Following the 

literature, government spending is assumed to follow an AR (1) process. More 

specifically, the exogenous public spending shock is 휀𝑡
𝑔

=
𝐺𝑡

𝑌𝛾𝑡. 

 

3.2.10 Aggregate Resource Constraint 

 Considering a closed economy, aggregate output must equal the sum of private 

consumption, private investment, government spending and capital adjustment costs. 

The constraint facing the economy can be formulated as  

 

    𝐶𝑡 + 𝐼𝑡 + 𝐺𝑡 + 𝛼(𝑍𝑡)𝐾𝑡−1  = 𝑌𝑡   (37) 
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3.2.11 Shock Processes 

 There are nine identified shock processes in our model. The details of how these 

shocks are modelled can be found in Appendix B2. 

 

3.3 Bayesian Estimation and Data Transformation 

3.3.1 Bayesian Estimation. 

 The model is estimated using the Bayesian approach. First, we estimate the 

model parameters by Bayesian inference using the information from the observed data 

and the priors to obtain the posterior distribution of the parameters of the model. Then 

a series of simulations are conducted to examine how the pandemic shock is impacting 

the main macroeconomic variables.   

 We follow the related literature and fixed some parameters in advance for lack 

of identification. These parameters and the assigned values are based on calibrations 

and the assumed prior mean and distribution documented in the standard literature, 

some of which can be found in Smets and Wouters (2007) and Gelain and Ilbas (2017). 

Specifically, for the Thai Economy we set the discount factor to 0.9926 as in Tanboon 

(2007).  The fixed parameters and values are shown in Table 3.1 below. The remaining 

parameters in our model are estimated using the observed data. 

 

Table 3.1  Fixed Parameters and Values 

 

Fixed parameters Value                  Description 

𝛿 0.025 Depreciation rate (quarterly) 

𝜙𝑤 1.5  Steady state wage mark-up 

𝑔𝑦 0.18 The share of exogenous spending in total production 

휀𝑝 10 Curvature of Kimball aggregator -goods market 

휀𝑤 10 Curvature of Kimball aggregator-labor market 

𝛽 0.9926 Discount factor 

𝜔 0.002 Transfers to new bankers 

�̅� 0.4 Common trend growth of real variables 

𝑐𝑟𝑘̅̅ ̅̅̅ 1.29 Steady state return to capital 
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Fixed parameters Value                  Description 

𝑐𝑛̅̅ ̅ 2.27 Growth rate of net worth at the steady state  

𝑐�̅� 0.48 Net premium at steady state 

 

3.3.2 Sources of Data and Data Transformation 

 The paper used quarterly Thai data from the first quarter of 2011 (2011Q1) to 

the first quarter of 2021 (2021Q1). The starting point of the data is purely based on the 

availability of all the macroeconomic series. The set of observable variables considered 

are the growth rate of real GDP, real private consumption growth rate, real investment 

growth rate, real wage, nominal interest rate, price growth rate, bankers net worth and 

interest rate spread.  

 In the process of transforming the variables, we obtained the real variables in 

per capita terms by dividing by the working age population and log differenced. The 

nominal interest rate and the interest rate spread are divided by 4 to have them in 

quarterly returns. The GDP deflator, a measure of the general price level, is log-

differenced to have it in growth rate. 

 Additionally, all the variables used in the estimation are demeaned instead of 

estimating the steady state values. We then multiplied the variables by 100 to express 

them in percentages except the policy rate and the interest rate spread. 

 We obtain the dataset from the following sources: National Economic and 

Social Development Board (NESD), the Bank of Thailand (BOT) and the National 

Statistical Office (NSO).  Figure 1 below shows the plot of the observed variables. 

Details of data description and transformation are in Appendix A.    

 It can be seen from Figure 2 that the drastic Covid-19 containment measures 

through lockdowns and national border closures caused a sharp decline in output and 

hours of work remained low from the first to the second quarter of 2020.  At the same 

period, private consumption, investment, and real wage declined as well.  

 Labor supply slightly increased as output growth rebounds back in the third and 

fourth quarter of the same year. As monthly earnings fall and lockdown ease in the 

fourth quarter of 2020, households increase hours worked in the next quarter. The 

decline in the general price level outweighs the fall in aggregate salaries, hence the 
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increase in the real wage. The red line in the plot of the observed series indicate the 

recorded values of the variables for the first quarter of 2021. 

 

 

 

 

 

Figure 3.2  The Observed Series Used in the Estimation 
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3.3.3 Priors 

 The assumption on the prior mean and standard deviation follows from the 

literature. In particular we used the calibrated values of some parameters from Smets 

and Wouters (2007) and Gelain and Ilbas (2017) as the prior mean and standard 

deviation. For other parameters we used values suggested in the standard literature. 

More specifically, external habitat formation is assumed to follow a Beta distribution 

with mean 0.70 and standard deviation 0.10. 

 A Beta distribution is assumed for all innovations with mean 0.50 and standard 

deviation 0.20. The degree of interest rate smoothing follows a Beta distribution with 

mean 0.75 and standard deviation 0.10. The parameter governing the degree of response 

of the central bank to deviations of output growth and inflation are both assumed to be 

normally distributed with means 0.13 and 1.50 and an assumed standard deviation of 

0.05 and 0.25, respectively. Details of the prior distribution can be found in the first, 

second and third columns of Table 3.  

 

3.4 Results and Discussions 

3.4.1 Posterior Estimates 

 Table 3 and 4 show the result of the posterior estimates of the model’s parameter 

and the exogenous shocks, respectively while Figure 5 displays the prior and posterior 

graphs. We use the Metropolis-Hasting algorithm to estimate the posterior distribution 

of the model’s parameters given the priors. In the process of estimating the parameters, 

we used two Markov chains with eight hundred and eighty-five thousand six hundred 

(885600) draws per chain. The Brooks and Gelman (1998) convergence diagnostics 

(see Figure 3) for multivariate convergence prove that the two independent chains have 

converged. Note that convergence is indicated by both blue and red lines stabilizing 

and being close to each other.  

 Also, it can be seen from Figure 4 that there is a good fit between the forecasted 

series and the actual series, an indication that our estimated model matches with the 

observed data fairly well. Notable exceptions are the hours of work and the nominal 

interest rate where the forecasted series one quarter in advance failed to mimic observed 

values.  Our parameter estimates are generally consistent with the ones estimated in the 
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literature and for the Thai economy (Gertler & Karadi, 2011; Phrommin, 2018; Smets 

& Wouters, 2003). 

 With respect to the parameters governing the persistence of exogenous shock 

process, a few observations are worth mentioning. Labor supply, risk premium and 

technology shock processes are the most persistent in our estimated model with AR (1) 

coefficients of 0.9910, 0.9747 and 0.9689, respectively. The least persistent shock 

processes are the price markup, wage markup and monetary policy shock processes. 

The estimated persistence of monetary policy shock is 0.23 while that of price markup 

shock process is 0.16. 

 Turning to the structural parameters, the estimated Calvo price and wages are 

0.87 and 0.91, respectively. This indicates a considerable degree of price and wage 

rigidities with the latter being significantly higher. The external consumption habit 

formation parameter is estimated at 0.46 which is lower than the value obtained in 

Phrommin (2018) for the Thai economy but similar to Smets and Wouters (2003) 

recorded value for the Euro area. The estimated value of the Frisch elasticity of labor 

supply is 2.49. This implies that a percentage change in the real wage leads to a small 

change (about 0.4%) in household labor supply. Changes in wages is not likely to have 

profound effect on hours of work in this pandemic period. 

 Considering monetary policy rule, the estimated inflation coefficient value is 

1.5135 with 95% credible range of (1.1 – 1.9). This implies that for a percentage point 

increase in inflation, BOT respond by adjusting the nominal interest rate up by 0.134 

percentage point.14 The modest response to increase in inflation is unexpected as BOT 

operates under inflation targeting framework. With respect to the output gap response, 

the estimated parameter value is 0.1061. That is for every percentage point increase in 

output growth, BOT increase nominal interest rate by 0.0094 percentage point. The 

inertia in response to the output gap leads credence to the expansionary nature of 

monetary policy.  

 

 
14 We multiplied the inflation coefficient in the Taylor rule by 1 − 𝜌𝑟 as in 

equation (70). 
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Figure 3.3  Multivariate Convergence Diagnostic (Brookes and Gelman, 1998) 
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Figure 3.4  One-Step Ahead Forecast of the Series 

 

3.4.2 Bayesian Impulse Response Analysis 

 As already mentioned, we associated the Covid-19 confinement policy to an 

adverse labor supply shock due to stay-at-home orders, lockdowns and closure of at-

risk businesses. In this section, we consider a range of shocks to labor supply due to the 

lockdowns. We also imposed shocks to productivity and shocks to investment.  

 Additionally, the paper included shocks to the risk premium and banker’s net 

worth to capture the disturbances in the financial sector. Shocks to government 

spending in order to capture the impact of government stimulus are also implemented. 

Finally, we imposed monetary policy shock to evaluate the response of the economy to 

changes in policy rate. The dark lines show the mean impulse responses and the gray 

zones represent the 90% posterior probability. Deviations from the steady state are in 

percentages. 
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3.4.2.1 Labor Supply Shock 

 The dynamic response of the main macroeconomic variables to 

negative labor supply shock is displayed in Figure 3.6.  The growth rate of output and 

private consumptions declines sharply in response to the labor supply shock but follows 

a square-root type of recovery. Output reverts to its steady state in about two and half 

years with a shorter recovery recorded for consumption. Interestingly, investment 

which is the hardest hit recovers but fail to reach its initial steady state.  The level of 

employment is severely affected and shows a long and persistence recovery. 

Concerning the financial sector, banker’s net worth falls in response to the labor supply 

shock and will take about five years to recover. The risk premium will return to the 

steady state in about six hours after rising sharply on impact. The slow recovery of the 

financial variables in our models supports the increasing vulnerability of the Thai 

financial sector as reported in the BOT Monetary Policy Report June 2021. Inflation is 

predicted to increase and remains stable over a long time period. 

 Figure 3.7 shows the response of the variables in levels to the adverse 

labor supply shock. Note that here the variables are in levels and not growth rates as in 

Figure 4. Notice the persistence of the levels of the series to the shock. This suggests a 

delay recovery of the variables to their pre-pandemic level. The economy will probably 

take a longer time to recovery in terms of the levels of output, consumption, investment 

and employment unless new exogenous expansionary policies are introduced. The 

delayed recovery is also an indication of the severely of the labor supply shock on the 

economy. This result closely aligned with suggestions in Guerrieri et al. (2020). The 

supply shock due to containment policies triggers demand shocks larger than the supply 

shock itself, prolonging the recovery process.  Similarly, Mihailov (2020) also 

predicted a recovery beyond 10-15 years for the four major Euro zone economies in a 

worst-case scenario where the pandemic shock is highly persistent. Recovery will be 

quicker, in about 1-2 years in his optimistic scenario. 
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Figure 3.5  Response of Macroeconomic Variables to Negative Labor Supply Shock 
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Figure 3.6  Response of the Variables in Levels to Negative Labor Supply Shock 

 

3.4.2.2 Monetary Policy Shock 

This section evaluates the effectiveness of monetary policy. Figure 3.8 

displays the Bayesian impulse response function of the main macroeconomic variables 

to an expansionary monetary policy shock. A cut in the policy rate caused a rise in 

inflation, output. consumption and investment. However, the effectiveness of the 

expansionary shock is short-lived as output and consumption reverts sharply to the 

initial state. Hours of work increases as output expands.  

Monetary policy appears to have greater and prolong impact on 

investment relative to output and consumption. This revealed the important role of 

monetary policy in promoting economic growth in Thailand. Investment expands to 

about 0.38 percentage point in response to the expansionary monetary policy whereas 

output and consumption to increase to 0.14 and 0.13 percentage point, respectively.  
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It is also worth mentioning that the accompanying rise in inflation is 

likely to negative the gains, and that explains why consumption falls shortly after the 

initial rise in response to the rate cut. 

 

 

Figure 3.7  Response of the Variables to Expansionary Monetary Policy Shock 

 

3.4.2.3 Monetary Policy and Labor Supply Shock. 

 We now examine in details the effectiveness of expansionary monetary 

policy. It can be seen from Figure 9 that the adverse labor supply reduces output by 

0.22% relative to the steady state. However, monetary policy attenuates this negative 

effect by about 0.12% resulting in output falling by only 0.10% (see Figure 3.9) 

 The expansionary effect of monetary policy on consumption and 

investment is also profound. Without monetary policy intervention, household 

consumption would decline by more than 0.25% relative to the equilibrium value. With 

the policy intervention, consumption recorded only 0.14% decline. Interestingly, 

investment is not likely to recover to its steady state even in ten years without monetary 

policy involvement. As shown in Figure 9, investment would return to its initial state 

in about five years due to monetary policy intervention.  



 64 

 Another effectiveness of the expansionary monetary policy is clearly 

seen in the inflation outlook. The negative labor supply shock has a sharp and persistent 

rise inflation even beyond ten years. Initially, the expansionary nature of the policy 

triggers a rise in inflation however, inflation begins to fall after about three years and 

eventually returns to its steady state in about ten years. 

 

 

 

 

Figure 3.8  Monetary Policy Shock and Labor Supply Shock  

 

3.4.3 Forecast Error Variance Decomposition 

 To understand the contribution of the exogenous shocks to the variations in our 

variables, we analyzed the variance decomposition from the estimated model (see Table 

3.4). In doing so, we defined the short term as between 1-4 quarters, 10 quarters as the 

medium term and 100 quarters as the long term according to Smets and Wouters (2003). 

 The main drivers of the level of output in the very short term are investment, 

government spending, productivity and labor supply shocks. Investment shocks is the 

key driver of output in the very short term, accounting for about 34% of the variation 

in output. Next is public expenditure accounting for 31% followed by labor supply and 

productivity shocks, each explaining about 13% variability in output. Price markup 

shock is the least in explaining the variations in output in the first quarter. At the end 
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of the fourth quarter however, the percentage of output variability explained by 

investment increased to 62%. At the same time, labor supply becomes the second most 

important driver of output, contributing to about 14% variation in output.  

 In the medium and long term, investment continues to be the key driver of 

output in the Thai economy. It contributes to about 71% and 67% variability in output 

in the medium and long term, respectively. This is followed by labor supply accounting 

for about 15% in the medium term and 20% in the long run Our finding that investment 

shock is the main determinant of output variability contradicts Pham et al. (2020) who 

assert that risk premium is the key driver of Thailand business cycle. However, our 

results confirm their finding that productivity shock accounts for about ¼ of output 

growth variation. The contribution of total factor productivity shock to variation in 

output remains virtually the same in both the medium and long term. Government 

spending is less important in driving output, accounting for about 1.4% of the variation 

in output in the long run. 

 The drivers of household consumption in the short term are labor supply, the 

risk premium, total factor productivity and monetary policy shocks. It is observed that 

labor supply shock is the single most important driver of private consumption 

accounting for about 43% variation in aggregate Thai household consumption. This is 

not particularly surprising. Disposal income declines as workers are unable to supply 

labor and earn wages due to the Covid-19 containment policy. 

 With respect to the medium term (2.5 years), labor supply (39%) remains the 

key driver of private consumption in the Thai economy, followed by risk premium 

(25%) and investment (21%).  In the long run, however, investment becomes the key 

determinant of fluctuations in aggregate consumption, accounting for the about 43% of 

the fluctuations. 

 Investment-specific technology shock dominates as the driver of investment, 

net worth of bankers and labor supply at all horizons. A key driver of inflation is the 

price markup shock, followed by risk premium and investment shocks in the short, 

medium and long terms. The role of monetary policy shock in explaining variations in 

inflation is limited in our estimated model. Monetary policy shock accounts for about 

0.13% and 0.3% of the variation in inflation in the short and medium terms, 

respectively. 
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Table 3.2  Forecast Error Variance Decomposition (in percent) 

 

Shocks Output Consumption Investment Labor 

supply 

Net worth Inflation Policy 

rate 

                                                                Forecast horizon: 1st Quarter  

Labor supply  12.61 40.86 1.40 13.20 1.17 0.12 12.62 

Productivity   13.09 9.10 0.55 9.58 0.37 0.33 5.16 

Investment  33.91 0.41 94.40 35.24 94.34 0.56 14.16 

Public spending 30.56 0.19 0.30 31.95 0.54 0.01 13.43 

Risk premium  5.20 40.73 0.71 5.40 0.19 1.09 37.00 

Monetary policy 3.92 8.42 1.25 4.08 1.39 0.03 11.69 

Price markup 0.37 0.23 0.26 0.24 0.08 97.51 5.44 

                                                                Forecast horizon: 4th Quarter  

Labor supply 14.32 43.05 1.63 18.57 0.84 0.52 3.86 

Productivity  7.85 9.77 0.66 2.75 0.23 1.17 2.24 

Investment  62.25 1.65 93.80 58.32 96.25 2.43 48.80 

Public spending 6.59 0.15 0.24 8.96 0.34 0.06 5.58 

Risk premium 3.26 36.59 1.08 4.54 0.40 4.50 34.16 

Monetary policy 4.19 7.36 1.31 5.25 1.01 0.13 2.83 

Price markup 1.02 1.37 0.35 1.06 0.06 90.01 1.44 

                                                              Forecast horizon: 10th Quarter  

Labor supply 14.50 38.84 2.31 24.67 0.45 1.29 1.53 

Productivity  5.73 8.69 0.93 1.70 0.11 2.11 1.35 

Investment  71.34 20.90 91.98 58.74 97.28 5.93 62.91 

Public spending 2.05 0.06 0.17 4.13 0.17 0.11 2.39 

Risk premium 1.56 25.16 2.02 3.72 0.59 10.12 28.81 

Monetary policy 3.50 5.10 1.50 5.37 0.56 0.25 1.07 

Price markup 0.94 1.08 0.44 1.24 0.04 78.23 0.63 

                                                              Forecast horizon: 100th Quarter 

Labor supply 19.86 32.84 3.39 33.30 0.30 2.38 1.73 

Productivity  6.03 6.62 1.24 2.42 0.12 2.62 1.95 

Investment  67.01 42.95 88.59 50.01 96.33 9.37 54.72 

Public spending  1.38 0.02 0.16 3.20 0.11 0.16 1.93 

Risk premium 1.20 13.57 3.60 4.66 0.79 16.10 36.78 

Monetary policy  3.35 3.21 1.66 4.79 0.37 0.33 0.85 

Price markup 0.88 0.62 0.51 1.06 0.03 66.93 0.59 
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3.5 Conclusions 

 The objective of this study is to evaluate the impact of Covid-19 pandemic 

containment policies on the Thai economy. We consider labor supply shock as the main 

channel through which the pandemic is affecting the economy. We then analyze the 

impact of this shock on key macroeconomic variables. The role of monetary policy in 

the recovery of the economic is discussed. In addition, the study also evaluates the 

relative importance of domestic shocks in explaining the Thai business cycle. 

 In achieving our objective, we use the New Keynesian DSGE model augmented 

with a financial sector. We use the Bayesian estimation technique to estimate the model 

for the Thai economy. Eight macroeconomic variables are employed: output growth, 

consumption growth, investment growth, real wage, hours of work, inflation, interest 

rate spread and nominal interest rate. The quarterly data series is from 2011Q1 to 

2021Q2. 

 The estimation results point to some key findings. The pandemic shock leads to 

a sharp decline in output, consumption and investment with investment being the worst 

affected. Despite the sharp decline, the economy is poised to a fast recovery in growth 

rates. The growth rate of per-capita output and consumption are keen to rebound to the 

pre-crisis level in about 2.5 years. 

 The situation is quite different in terms of the levels of the variables. It will take 

much longer time for the levels of the variables to return to the pre-pandemic state. The 

delay recovery of the levels of output and consumption will likely persist beyond 10 

years. 

 Concerning the drivers of business cycle in Thailand; Investment, labor supply, 

productivity and monetary policy shocks are the important shocks for output variation 

in the Thai economy in both the medium and the long terms. With respect to 

consumption, labor supply shock is the most important shock explaining the 

fluctuations in consumption followed by risk premium, investment and monetary shock 

in the medium term. In the long run, however, investment shock becomes the key driver 

of household consumption. At all forecast horizons, investment shock accounts for 

close to 90% of the fluctuations in investment.  



 68 

From the policy perspective, while monetary appears to have positive and long 

lasting effect on investment, fiscal instruments that are deliberately design to promote 

investment will also contribute to shortening the duration of the economic recovery due 

to the fact that investment surfaced to be a major driver of output in the medium and 

long terms. 

 The Covid-19 pandemic has inflicted damage to the global economy in an 

unimaginable scale. The economic fallouts are multifaceted but mostly comes from the 

containment policies put in place to control the spread of the virus. There is the supply 

constraint as result of lockdowns and social distancing which led to contraction in 

aggregate demand.  

 The severity of the pandemic shock on output varies across countries. National 

border closures generated severe economic contraction in countries where tourism 

contributes significantly to aggregate output. In Thailand, tourism accounts for about 

21% of gross domestic product. As can be seen the Figure below, tourism receipts 

plummeted sharply with the enforcement of the lockdowns and border closures. 

Employment in the tourism and its related industries also fell sharply.  According to 

International Labor Organization, job losses in tourism-related sectors were four times 

greater than non-tourism sectors. 

 The nature of the pandemic posed a dilemma for policy makers who are faced 

with the trade between economic cost and the need to save lives. Eichenbaum et al 

(2020) contend that the containment policy increases the severity of the recession (the 

economic cost) but has huge health benefits in reducing the infection rate and saving 

lives. 
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Figure 3.9  Tourism Receipts in Total Exports 

Source:  World Development Indicators. 

 

 Apart from the reduction in the policy rates, BOT also initiated financial 

rehabilitation measures with the aim of sustaining businesses to remain open and to 

maintain employment. The soft loan facility for businesses and debt restructuring 

through asset warehousing with Buy-Back options are some measures put in place. The 

soft loan facility increased the existing credit limit, loan tenor and offers low funding 

rate. The severity of Covid-19 impact on businesses varies across sectors. While some 

businesses are likely to recover in the short-term others may face prolong recovery. The 

debt restructuring policy is aimed at supporting businesses severely affected and likely 

to experience delayed recovery. Businesses under this policy are given the first rights 

to repurchase their collaterals at an agreed price thereby preventing fire sale of assets. 

Future research could examine the above measures. 
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CHAPTER 4 

 

CONCLUSIONS 

 This dissertation explores two key issues in macroeconomics. First, we bring 

into attention to environmental policymakers the important role of functional forms of 

the climate damage functions in climate policy formulation. Second, we examine 

macroeconomic impact of the ongoing Covid-19 pandemic in Thailand. This exercise 

provides some insights helpful for policy making. 

 In the first paper, we specified environmental DSGE model similar to 

Annicchiarico and Di Dio (2015). The model is calibrated using parameters from the 

literature. We conduct simulations using different functional forms of the damage 

function to see their effect on the main macro aggregate indicators and the dynamic 

response of the economy to shocks under different environmental policy regimes.  

 We explored various functional forms of the damage functions ranging from 

linear to quartic forms. Climate change damages due to increasing carbon emissions are 

assumed to affect aggregate productivity of the economy. Firms undertake abatement 

due to higher cost of emissions. Carbon emissions produced by firms in the economy 

are decreasing in abatement effort and increasing in output. 

 There are three environmental policy regimes considered-the intensity target 

policy, cap-and-trade and the tax policies. The target policy is focus on carbon 

emissions per unit of output while under cap policy, there is a limit on aggregate 

domestic carbon emissions. The tax policy implies an exogenously set tax rate on 

emissions.  

 The results show that the shape of the damage functions does affect the 

outcomes. Economic output tends to decline rapidly with more convex damage 

functions. Irrespective of the functional form of the damage function, output expands 

proportionately higher in response to technology and public spending shocks under tax 

and intensity target policies compared to cap-and-trade. The implication is that policies 
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that enhance the innovative capacity of the economy will be helpful even when damages 

from climate change is severe. 

 The current study calibrates the parameters of the damage function using 

scientific projections, future research could consider estimating the parameters of the 

damage function using observed data. Additionally, future research can also look at 

various modelling of the climate change damages. For example, while this study 

assumed damages affect productivity, future research could consider cases where 

damages affect only economic output, the aggregate capital stock or a modelling a 

framework that combines both output and capital stock simultaneously.  

 With respective to the macroeconomic implications of the ongoing Covid-19 

pandemic, we use Bayesian inference on Thai quarterly data. In doing so, we use labor 

supply shock as the main transmission mechanism of the pandemic shock. Due to the 

Covid-19 confinement policy a large chunk of workers is forced to stay at home and 

not supplying labor to the market. It is argued that even in the absence of the 

confinement policy, rational economic agents are likely to reduce hours of work or stay 

home for the fear of catching the virus. The labor supply shock therefore captures both 

instances. The effectiveness of monetary policy in alleviating the consequences of the 

pandemic shock is also examined. Finally, we analyze the drivers of the Thai business 

cycle.  

 The main result is that though the pandemic shock caused a sharp contraction 

in output, consumption and investment, the economy is likely to return to its pre-

pandemic growth rates in less than three years. Expansionary monetary policy is shown 

to be effective in alleviating the severity of the downturn. Regarding drivers of the 

business cycle, investment shocks appears to be the main driver of the business cycle 

at all horizons. This suggest that policies that promote private investment would speed 

up the recovery process despite the suppressive nature of the pandemic on investment 

demand. 

 The current analysis used labor supply shock as the main transmission 

mechanism of the Covid-19 pandemic shock. Further research could consider other 

transmission mechanisms such as demand shocks. Specifically, one could analyze the 

case of adverse consumption shock or investment shock. In addition, this study is in the 

context of a closed economy. Further research could look at international trade and 
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tourism sector. More specifically, one could examine how opening the economy to 

international tourist could speed up the recovery of the economy to the pre-pandemic 

level. 

 

 



BIBLIOGRA PHY 
 

BIBLIOGRAPHY 
 

 

 

Ackerman, F., & Stanton, E. (2012). Climate risks and carbon prices: Revising the social 

cost of carbon. Economics: The Open-Access, Open-Assessment E-Journal, 6, 10.  

Adjemian, S., Bastani, H., Juillard, M., Mihoubi, F., Perendia, G., Ratto, M., & Villemot, 

S. (2011). Dynare: Reference manual, version 4.  

Annicchiarico, B., & Di Dio, F. (2015). Environmental policy and macroeconomic 

dynamics in a new Keynesian model. Journal of Environmental Economics and 

Management, 69, 1-21.  

Barro, R. J., Ursúa, J. F., & Weng, J. (2020). The coronavirus and the great influenza 

pandemic: Lessons from the “spanish flu” for the coronavirus’s potential effects 

on mortality and economic activity.  

Bretschger, L., & Pattakou, A. (2019). As bad as it gets: how climate damage functions 

affect growth and the social cost of carbon. Environmental and Resource 

Economics, 72(1), 5-26.  

Brooks, S. P., & Gelman, A. (1998). General methods for monitoring convergence of 

iterative simulations. Journal of computational and graphical statistics, 7(4), 434-

455.  

Carlsson-Szlezak, P., Reeves, M., & Swartz, P. (2020). What coronavirus could mean for 

the global economy. Harvard Business Review, 3(10), 1-10.  

Dafermos, Y., Nikolaidi, M., & Galanis, G. (2018). Climate change, financial stability 

and monetary policy. Ecological Economics, 152, 219-234.  

Dietz, S., & Stern, N. (2015). Endogenous growth, convexity of damage and climate risk: 

how Nordhaus' framework supports deep cuts in carbon emissions. The Economic 

Journal, 125(583), 574-620.  

Economides, G., & Xepapadeas, A. (2018). Monetary policy under climate change.  

Eichenbaum, M. S., Rebelo, S., & Trabandt, M. (2020). The macroeconomics of 

epidemics.  

Faria-e-Castro, M. (2021). Fiscal policy during a pandemic. Journal of Economic 

Dynamics and Control, 125, 104088.  

 



 74 

 

Fischer, C., & Heutel, G. (2013). Environmental macroeconomics: Environmental policy, 

business cycles, and directed technical change. Annu. Rev. Resour. Econ., 5(1), 

197-210.  

Fischer, C., & Springborn, M. (2011). Emissions targets and the real business cycle: 

Intensity targets versus caps or taxes. Journal of Environmental Economics and 

Management, 62(3), 352-366.  

Fornaro, L., & Wolf, M. (2020). Covid-19 coronavirus and macroeconomic policy: Some 

analytical notes. CREI/UPF and University of Vienna.  

Galí, J., & Rabanal, P. (2004). Technology shocks and aggregate fluctuations: How well 

does the real business cycle model fit postwar US data? NBER macroeconomics 

annual, 19, 225-288.  

Galí, J., Smets, F., & Wouters, R. (2012). Unemployment in an estimated New Keynesian 

model. NBER macroeconomics annual, 26(1), 329-360.  

Gelain, P., & Ilbas, P. (2017). Monetary and macroprudential policies in an estimated 

model with financial intermediation. Journal of Economic Dynamics and Control, 

78, 164-189.  

Gertler, M., & Karadi, P. (2011). A model of unconventional monetary policy. Journal of 

monetary Economics, 58(1), 17-34.  

Golosov, M., Hassler, J., Krusell, P., & Tsyvinski, A. (2014). Optimal taxes on fossil fuel 

in general equilibrium. Econometrica, 82(1), 41-88.  

Gourinchas, P.-O., Kalemli-Özcan, Ṣ., Penciakova, V., & Sander, N. (2020). Covid-19 

and SME failures.  

Guerrieri, V., Lorenzoni, G., Straub, L., & Werning, I. (2020). Macroeconomic 

implications of COVID-19: Can negative supply shocks cause demand shortages?  

Heutel, G. (2012). How should environmental policy respond to business cycles? Optimal 

policy under persistent productivity shocks. Review of Economic Dynamics, 15(2), 

244-264.  

Jordà, Ò., Singh, S. R., & Taylor, A. M. (2020). Longer-run economic consequences of 

pandemics? The Review of Economics and Statistics, 1-29.  

 

 



 75 

 

Kaplan, G., Moll, B., & Violante, G. L. (2020). The great lockdown and the big stimulus: 

Tracing the pandemic possibility frontier for the US.  

Mihailov, A. (2020). Quantifying the Macroeconomic Effects of the COVID 19 

Lockdown: Comparative Simulations of the Estimated Galí Smets Wouters 

Model. Univ. Read. Discuss. Pap, 7, 1-32.  

Moyer, E. J., Woolley, M. D., Matteson, N. J., Glotter, M. J., & Weisbach, D. A. (2014). 

Climate impacts on economic growth as drivers of uncertainty in the social cost 

of carbon. The Journal of Legal Studies, 43(2), 401-425.  

Nan, L., & Coppo, M. (2020). Severe Epidemics in Modern History: Growth, Debt and 

Civil Unrest. IMF’s Special Series on COVID-19.  

Nordhaus, W. (2007). Accompanying Notes and Documentation on Development of 

DICE-2007 Model: Notes on DICE-2007. delta. v8 as of September 21, 2007. 

Miscellaneous publication, Yale University, New Haven, NE.  

Nordhaus, W. (2014). A question of balance: Weighing the options on global warming 

policies. Yale University Press.  

Nordhaus, W. D. (1993). Rolling the ‘DICE’: an optimal transition path for controlling 

greenhouse gases. Resource and Energy Economics, 15(1), 27-50.  

Nordhaus, W. D. (1994). Managing the global commons: the economics of climate 

change (Vol. 31). MIT press Cambridge, MA.  

Nordhaus, W. D., & Boyer, J. (2000). Warming the world: economic models of global 

warming. MIT press.  

Panyagometh, K. (2020). The effects of pandemic event on the stock exchange of 

Thailand. Economies, 8(4), 90.  

Phrommin, K. (2018). Monetary policy analysis under headline and core inflation 

targeting in Thailand. Thailand and The World Economy, 36(2), 1-31.  

Pindyck, R. S. (2013). Climate change policy: What do the models tell us? Journal of 

Economic Literature, 51(3), 860-872.  

Smets, F., & Wouters, R. (2003). An estimated dynamic stochastic general equilibrium 

model of the euro area. Journal of the European economic association, 1(5), 1123-

1175.  

 

 



 76 

 

Smets, F., & Wouters, R. (2007). Shocks and frictions in US business cycles: A Bayesian 

DSGE approach. American economic review, 97(3), 586-606.  

Tanboon, S. (2007). Stylized facts of the Thai economy. Unpublished manuscript, Bank 

of Thailand.  

Toda, A. A. (2020). Susceptible-infected-recovered (sir) dynamics of covid-19 and 

economic impact. arXiv preprint arXiv:2003.11221.  

Van den Bijgaart, I., Gerlagh, R., & Liski, M. (2016). A simple formula for the social cost 

of carbon. Journal of Environmental Economics and Management, 77, 75-94.  

Weitzman, M. L. (2010). What Is The" Damages Function" For Global Warming—And 

What Difference Might It Make? Climate Change Economics, 1(01), 57-69.  

Weitzman, M. L. (2012). GHG targets as insurance against catastrophic climate damages. 

Journal of Public Economic Theory, 14(2), 221-244.  

 
 

 



BIOGRA PHY 
 

BIOGRAPHY 
 

Name-Surname Mr.Samuel Kwesi Dunyo 

Academic Background From 2015 to 2017  

Institution: University of the Thai Chamber of Commerce  

Degree: Master of Economics (International Business 

Economics)  

 

From 2003 to 2007  

Institution: University of Cape Coast  

Degree: Bachelor of Science (Entomology and Wildlife) 

Experience From May 2022 to present  

Position: Lecturer  

Faculty of Humanities and Social Science  

Nakhon Sawan Rajabhat University  

Nakhon Sawan, Thailand.  

        

From April 2022 to present  

Position: Consulting Researcher (DSGE Modelling)  

Faculty of Management Science  

Pibulsongkram Rajabhat University  

Phisanulok, Thailand 
  

 

 


	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1   INTRODUCTION
	CHAPTER 2   ENVIRONMENTAL POLICY AND CONVEXITY OF CLIMATE CHANGE DAMAGE FUNCTIONS: AN EXPERIMENT WITH NEW KEYNESIAN DSGE MODEL
	2.1 Introduction
	2.1.1 Related Literature and Contribution of the Study

	2.2 The Model
	2.2.1 Households
	2.2.2 Final Good Producer
	2.2.3 Intermediate Firms’ Production and Carbon Emissions
	2.2.4 Monetary Policy Authority
	2.2.5 The Government
	2.2.6 Market Clearing Conditions
	2.2.7 The Final Equilibrium of the Model
	2.2.8 Environmental Policy Regimes
	2.2.9 Exogenous Shocks
	2.2.10   Steady State

	2.3 Parameterization
	2.4  Results and Discussions
	2.4.1 Convexity of Damage Functions and the Performance of the Economy Under Environmental Policy
	2.4.2 Convexity of Damage Functions and Impact of Exogenous Shocks on Macroeconomic Variables.
	2.4.3 Dynamics of the Economy to Shocks Under the Three Environmental Policy Regimes
	2.4.3.1 Technology Shock
	2.4.3.2 Public Spending Shock.
	2.4.3.3 Monetary Policy Shock


	2.5 Conclusion

	CHAPTER 3   IMPACT OF COVID-19 ON THE THAI ECONOMY AND THE EFFECTIVENESS OF MONETARY POLICY: A BAYESIAN DSGE MODEL APPROACH
	3.1 Introduction
	3.1.1 Related literature and contribution of the paper.

	3.2 Model
	3.2.1 Households
	3.2.2 Final Goods Firms
	3.2.3 Intermediate Goods Producers
	3.2.4 Financial Intermediaries
	3.2.5 Capital Producing Firms
	3.2.6 Capital Service Firm
	3.2.7 Labor Supply Intermediaries
	3.2.8 The Central Bank
	3.2.9 The Fiscal Authority
	3.2.10 Aggregate Resource Constraint
	3.2.11 Shock Processes

	3.3 Bayesian Estimation and Data Transformation
	3.4 Results and Discussions
	3.4.1 Posterior Estimates
	3.4.2 Bayesian Impulse Response Analysis
	3.4.2.1 Labor Supply Shock
	3.4.2.2 Monetary Policy Shock
	3.4.2.3 Monetary Policy and Labor Supply Shock.

	3.4.3 Forecast Error Variance Decomposition

	3.5 Conclusions

	CHAPTER 4   CONCLUSIONS
	BIBLIOGRAPHY
	BIOGRAPHY

