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ABSTRACT 

This dissertation is comprised of three empirical essays on linkage between 

international trade and the environment.  

The first essay is about currency exchange rate effects on economic growth and 

environment through energy consumption and pollution intensive industries trade. The 

main purpose of this paper is to investigate the impact of the USD exchange rate on real 

GDP and the     emissions in the United States. The analysis is based on quarterly 

country-level data on the real trade weighted US dollar index, petroleum consumption, 

renewable energy consumption, net imports of pollution intensive products, real GDP and 

    emissions from 1989 to 2015. The result of the Structural Vector Autoregressive 

(SVAR) model shows that the USD exchange rate is positively related to petroleum 

consumption, net imports by the United States with major U.S. trading partners in 

pollution intensive industries, real GDP and     emissions. However, the exchange rate 

does not have a contemporaneous effect on renewable energy consumption. Moreover, 

petroleum consumption increases real GDP and domestic     emission levels, while net 

imports of pollution intensive products decrease real GDP and do not significantly affect 

    emissions. 

The second essay is about the effects of stringency of environmental regulations 

on international trade among OECD member countries. I estimate a gravity equation for 

bilateral trade with the Heckman two-step model to investigate the impacts of the relative 

stringency of environmental regulations on bilateral trade flows of energy-intensive 

commodities and less energy-intensive commodities. Estimated results show that relative 

difference of environmental regulatory stringency between trading partners has a 



 

 iv 

significant influence on trade flows of energy-intensive commodities, but not on those of 

less energy-intensive commodities. In addition, we also found that countries import more 

energy-intensive products from trading partners when the partners’ environmental 

regulations become weaker.  

In the final essay, I employ the nested Constant Elasticity of Substitution (CES) 

model of consumer utility and study how the GMO labeling standards in Korea and Japan 

affect the trade flows of soybeans and social welfare in these two countries over time. 

The results show that GMO labeling regulations have a larger impact on GM soybean 

imports in the short run but, in the long run, the regulations have a greater impact on non-

GM soybean imports. We also find that both consumers and producers in these two 

countries are better off due to the implementation of the GMO labeling regulations.  

 



 

 v 

TABLE OF CONTENTS 

ACKNOWLEGEMENTS … … … … … … … … … … … … … … … … … … … .. i  

DEDICATION … … … … … … … … … … … … … … … … … … … … … … ... ii 

ABSTRACT … … … … … … … … … … … … … … … … … … … …… … …  . iii 

TABLE OF CONTENTS … … … … … … … … … … … … … … … … … … … .. v 

LIST OF TABLES … … … … … … … … … … … … … … … … … … … … … . vii 

LIST OF FIGURES … … … … … … … … … … … … … … … … … … … … …  ix 

GENERAL INTRODUCTION … … … … … … … … … … … … … … … … … ..  x 

 

CHAPTER 1. “Impacts of the U.S. Exchange Rate on Economic Growth and the  

Environment in the United States” 

                      1. Introduction … … … … … … … … … … … … … … … … … … … 1 

                      2. Methods … … … … … … … … … … … … … … … … … … … … 5 

                      3. Empirical Model … … … … … … … … … … … … … … … … … 15 

                      4. Empirical Results … … … … … … … … … … … … … … … … …19 

                      5. Conclusions … … … … … … … … … … … … … … … … … … .. 34 

 

CHAPTER 2. “ Impacts of Environmental regulatory stringency on International 

Trade” 

                       1. Introduction … … … … … … … … … … … … … … … … … … . 37 

                      2. Methods … … … … … … … … … … … … … … … … … … … ... 41 

                      3. Empirical Model … … … … … … … … … … … … … … … … … 46 

                      4. Empirical Results … … … … … … … … … … … … … … … … ... 48 



 

 vi 

                      5. Conclusions … … … … … … … … … … … … … … … … … … .. 55 

 

CHAPTER 3. “Impacts of GMO Labeling Regulations on International Trade and  

Social Welfare” 

                       1. Introduction … … … … … … … … … … … … … … … … … … . 58 

                      2. Empirical Model … … … … … … … … … … … … … … … …  ... 64 

                      3. Data Description … … … … … … … … … … … … … … … …  ... 70 

                      4. Empirical Results … … … … … … … … … … … … … … … … .. 73 

                      5. Conclusions … … … … … … … … … … … … … … … … … … . 79 

REFERENCES … … … … … … … … … … … … … … … … … … … … … … .. 82 

APPENDIX  … … … … … … … … … … … … … … … … … … … … … … … . 89 

 



 

 vii 

LIST OF TABLES 

 

Table 1.1  Augmented Dickey Fuller unit root test (Levels) … … … … … … … … …11 

 

Table 1.2  Augmented Dickey Fuller unit root test (First Differences) … … … … … .. 11 

 

Table 1.3  Engle-Granger multivariate co-integration test  … … … … … … … … …  12 

 

Table 1.4  Johansen multivariate co-integration test … … … … … … … … … … … .13 

 

Table 1.5  Engle-Granger Bivariate co-integration test … … … … … … … … … … . 14 

 

Table 1.6  Johansen Bivariate co-integration test … … … … … … … … … … … …  14 

 

Table 1.7  The Estimated Contemporaneous Effects among Variables  … … … … …  24 

 

Table 1.8  Structural Forecast Error Variance Decomposition (SFEVD) … … … … ... 32 

 

Table 2.1  List and groups of 20 commodities … … … … … … … … … … … … … 44  

 

Table 2.2  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Government Expenditure for Environmental Protection; 

dependent variable: imports from countries with stricter regulation stringency) … … .. 49 

 

Table 2.3  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Revenues from environmentally related taxes; dependent 

variable: imports from countries with stricter regulation stringency) … … … … … … 50 

 

Table 2.4  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Government Expenditure for Environmental Protection; 

dependent variable: imports from countries with weaker regulation stringency) … … . 51 

 

Table 2.5  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Revenues from environmentally related taxes; dependent 

variable: imports from countries with weaker regulation stringency) … … … … … … 52 

 

Table 3.1  Data Descriptions on the CES utility function  … … … … … … … … … .. 71 

 

Table 3.2  Estimated Parameters of the Nested CES Utility model (mean value) … … . 74 



 

 viii 

 

Table 3.3  Estimated Consumer Confidence Parameters … … … … … … … … … … 74 

 

Table 3.4  Estimated Results of the Elimination of the GMO labeling regulations …  .. 78 

 

Table A.1  Lagrange Multiplier test with lag 1,2,3,4  … … … … … … … … … … … 89 

 

Table A.2  Jarque-Bera Normality test   … … … … … … … … … … … … … … … 89 

 

Table A.3  Autoregressive Conditional Heteroskedasticity test  … … … … … … … .. 89 

 

 

 



 

 ix 

LIST OF FIGURES 

 

Figure 1.1  Trends in Exchange rate  … … … … … … … … … … … … … … … … . 9 

 

Figure 1.2  Trends in Net Imports in Pollution Intensive Industries  … … … … … … .. 9 

 

Figure 1.3  Trends in Petroleum Consumption  … … … … … … … … … … … … … 9 

 

Figure 1.4  Trends in Renewable Energy Consumption  … … … … … … … … … … 10 

 

Figure 1.5  Trends in Real GDP  … … … … … … … … … … …  … … … … … … 10 

 

Figure 1.6  Trends in Carbon Dioxide (   ) Emission levels  … … … … … … … … 10 

 

Figure 1.7  Structural Impulse Response Functions (Responses to Exchange Rate) … . 27 

 

Figure 1.8  Structural Impulse Response Functions  

(Responses to Net Imports in Pollution Intensive Industries) … … … … … 28 

 

Figure 1.9  Structural Impulse Response Functions  

(Responses to Petroleum Consumption) … … … … … … … … … … … .. 29 

 

 

 

 

 

 

 

 

 

 

 



 

 x 

GENERAL INTRODUCTION 

 Because of globalization and the proliferation of various environmental regulations, 

debates about the impacts of international trade on the environment and environmental 

regulations on trade flows have been growing since the early 1990s.  

 Globalization improves people’s living standards by increasing the opportunities 

for transferring knowledge and technology and foreign investments, but it could also 

harm the environment. For example, globalization accelerates the usage of fossil fuels 

and finite resources because of increased transportation and production for international 

trade, resulting in an increase of greenhouse gas emissions, which is a major cause of 

global warming.  

 In addition, the debate surrounding environmental regulations and international 

trade is still controversial. There are two hypotheses in this debate. The first is the 

pollution haven hypothesis. This hypothesis is that stringent environmental regulations 

will increase the production costs of domestic manufacturing and lead to a loss of 

comparative advantage in some industries. The second is the Porter hypothesis. This 

hypothesis is that stringent environmental regulations will give an incentive to firms to 

innovate technologies and make production processes more efficient, resulting in 

improvement of their commercial competitiveness.  

 The purpose of this thesis is to answer the following questions related to the 

linkages between international trade and environment: How does the currency exchange 

rate affect economic growth and the environment via the energy consumption and 

international trade? How do different stringencies of environment regulations between 

countries affect the trade flows of energy-intensive and less energy-intensive 
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commodities? And how do food safety regulations influence trade flows and social 

welfare? 

 In Chapter 1, I study the impacts of the USD exchange rate on Real GDP and     

emissions in the United States through energy consumption and international trade. The 

motivation of this study is to understand the impacts of the exchange rate on the economy 

and the environment. This research significantly differs from the past literature as it is the 

first study that considers both economic growth and the environment and provides 

comprehensive analysis about the effects of the exchange rate on economic growth and 

the environment.  

 In Chapter 2, I explore the impacts of environmental regulations across OECD 

member countries on bilateral trade of commodities which require different amounts of 

energy input to produce. The purpose of this chapter is to understand the actual impacts 

of environmental regulatory stringency on international trade. Even though previous 

studies have focused on investigating the relationships between environmental 

regulations and international trade for various commodities, they have not differentiated 

commodities depending on energy input levels. Considering this, this study provides new 

information about how environmental regulatory stringency affects trade flows of energy-

intensive and less energy-intensive commodities differently.   

 The purpose of the last chapter is to understand the influences of food safety 

regulations on trade flows and social welfare. Over the last two decades, genetically 

modified (GM) crops and foods have been widely adopted in the world. The emergence 

and development of various transgenic foods has generated GMO regulations in different 

countries. Therefore, the impacts of GM regulations on international trade have been 
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rapidly increasing and much research has been done on this. However, how GMO 

regulations affect the trade flows have not been empirically studied, because it is 

impossible to distinguish the trade flows of GM and non GM products using trade data. 

In addition, GM standards could lead to a change in consumers’ preference, resulting in a 

change in both trade flows and social welfare. In the last chapter of this dissertation, I 

quantify the effects of the GMO labeling regulations on trade flows and social welfare of 

soybeans using a nested constant elasticity of substitution (CES) utility function.  
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CHAPTER 1.  

 

Impacts of the US Dollar (USD) Exchange Rate on Economic Growth 

and the Environment in the United States 

1. Introduction 

Greenhouse gases are one of the main causes of climate change. The burning of 

fossil fuels accounted for 62 percent of global greenhouse gas emissions in 2008 (C2ES, 

2013). It is projected that global fossil fuel demands will increase by 56% in 2040 based 

on the demands in 2010 (EIA, 2013). Therefore, greenhouse gas emissions will also 

increase. According to the United States Environmental Protection Agency (EPA) 2013 

report, Carbon dioxide (   ), Methane (   ), Nitrous Oxide (  O), and Fluorinated 

gases (F-gases) are the four primary greenhouse gases emitted by human activities (EPA, 

2013). Among these four primary greenhouse gases, Carbon dioxide (   ), which 

comprises 77 percent of total greenhouse gas emissions, is most directly implicated in the 

climate change problem (IPCC, 2007).  

Many countries have attempted to reduce     emissions by using a direct and an 

indirect method because     emission may lead to climate changes. Climate change has 

many negative effects on economic growth. For example, one possible effect of climate 

change is extremely cold or hot temperatures. Severe temperatures can cause an increase 
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in energy consumption, frequent floods and droughts that can destroy industrial facilities 

and reduce crop production (EPA, 2013). 

With the direct method, countries reduce greenhouse gas emissions by reducing 

domestic energy consumption. Some studies (Ajmi et al ,2015; Amin et al, 2012; Tiwari, 

2011; Maslyuk and Dharmaratna, 2013) have investigated the impact of various energy 

factors on the environment. The energy factors include per capita energy consumption, 

renewable energy consumption, and the percentage of renewable energy consumption 

used for electricity generation.  

Ajmi et al (2015) studied the interdependencies between economic growth and 

the environment through energy consumption (per capita energy consumption) in the G7 

countries except Germany using the Granger causality test. They found different granger 

causal relationships among energy consumptions, GDP, and     emissions for each of 

the G7 countries, which all have economies with different degree of energy dependency. 

In addition, Amin et al (2012) studied the dynamic long run co-integrating relationships 

among energy consumption, economic growth, and     emissions in Bangladesh using 

the multivariate vector error correction model (VECM). They found that energy 

consumption has a positive effect on     emissions and GDP has a positive effect on 

energy consumption. Tiwari (2011) and Maslyuk and Dharmaratna (2013) used a 

structural VAR approach to investigate the dynamic relationships among renewable 

energy factor, economic growth, and     emissions. Tiwari (2011) showed that 

renewable energy consumption had a positive impact on economic growth and a negative 

effect on     emissions in India. Furthermore, the author showed that positive shock on 
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GDP increased     emission level. However, Maslyuk and Dharmaratna (2013) showed 

a renewable energy shares in electricity generation increases     emissions, and has 

negligible effect on GDP in middle-income Asian countries.  

Using the indirect method, countries shift domestic     emissions abatement 

burden to other countries through international trade. According to the pollution haven 

hypothesis (Cole and Elliott, 2003; Mongelli et al, 2006; Kellenberg 2009), countries’ 

relatively less strict environmental standards and policies are a source of competitiveness 

in pollution intensive industries, because the countries have a lower     emission 

abatement cost given that they have less pressure from the less stringent environmental 

regulations. Therefore, countries that have weaker environmental regulations become net 

exporters, while countries that have stricter environmental regulations become net 

importers of pollution intensive products. As a result, countries that have stricter 

environmental policies reduce     emission levels in their countries by importing 

pollution intensive products from countries that have weaker environmental policies or 

relocating pollution-intensive firms to the countries that have less carbon reduction 

pressure (Carbon leakage).  

The relationship between international trade and energy consumption on 

domestic environment and on economic growth has received little attention in the 

economic literature. Both economic growth and the environment have to be considered to 

achieve environmentally sustainable economic growth. If only one is pursued, the other 

one might be sacrificed: emphasis only on economic growth could hurt the environment 

with an indiscreet development, and emphasis only on the environment could hinder 
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economic growth through over-stringent environmental policies. To fill this knowledge 

gap in the literature, our study aims to investigate how international trade and the energy 

sector affect the environment (measured by     emission) and economic growth 

(measured by real GDP) by using structural vector autoregression (SVAR) model.  

Specifically, we investigate how the direction and magnitude of pollution 

intensive industries’ net import (Import value – Export value) affects real GDP and 

domestic     emission levels. We focus on pollution intensive industries, because they 

use more fossil fuels in the production process compared to other industries. Thus, 

pollution intensive industries emit more greenhouse gases than other industries, resulting 

in higher     emissions. In addition, the net import measures the net impact of trade flow 

on economic growth and the environment by offsetting the effect of the imports and the 

domestic production for exports on real GDP and     emissions.  

Furthermore, the exchange rate is included in our SVAR model and how the 

currency exchange rate affects economic growth and the environment is examined. Ćorić 

and Pugh (2010); Mukhrerjee and Pozo (2011) have found that the exchange rate 

volatility has a significant negative impact on trade volume. In addition, Fouquin et al 

(2001) show the energy sector is among the sectors that are most sensitive to the 

exchange rate volatility in the European manufacturing industry. This implies that the 

exchange rate plays an important role in international trade and the energy sector, and 

also in economic growth and environment.  

This study focuses on the energy market in the United States and pollution 

intensive industries trade between United States and their trade partners, because the 
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United States has significant influence on the global economy and the environment. The 

United States has the largest economy in the world. In addition, the United States was the 

second largest     emitter (5.19 billion tons) in the world in 2012 (British Petroleum 

Company, 2014; Olivier et al, 2013). In 2012, the United States ranked the first or second 

in fossil fuel consumption: the first for petroleum (817.0 million tonnes), second for coal 

(436.7 million tones oil equivalent), and first for natural gas consumption (657.3million 

tonnes oil equivalent). In particular, U.S. bilateral international trade with major trade 

partners in pollution intensive industries which are categorized under the SITC code 

(Harris et al, 2002) accounts for 19.76 % of total exports and 14.06 % of total imports in 

major U.S. trade partners in 2012
1
  

The remainder of this paper is organized as follows: Section 2 describes the data; 

Section 3 introduces econometric model; Section 4 estimates SVAR model and reports 

the empirical results of Impulse Response Functions (IRFs) and variance decompositions 

(VDs). Section 5 addresses conclusions and policy implications. 

2. Methods 

2.1. Data description 

This study uses quarterly data from 1989 to 2015 (1989/Q1 ~ 2015/Q1) that have 

105 observations over 27 years. Many macroeconomic data series were collected at 

                                                 
1 Calculated by Author using a trade data from the United States International Trade 

Commission (USITC)  
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different frequencies, namely, monthly, quarterly or annually. We converted monthly 

data to quarterly data for this analysis to match the quarterly GDP data. 

Monthly country-level data of carbon dioxide (   ) emissions explains the 

amount of     emissions from the energy consumption in the United States. The data 

were obtained from the U.S. Energy Information Administration (EIA).  

Real Gross Domestic Product (GDP) was generated by dividing nominal GDP by 

consumer price index (CPI). The United States’ nominal GDP and the CPI data were 

obtained from the Federal Reserve Bank (FRB) of St. Louis. 

 For the exchange rates, we employed the real trade weighted U.S. dollar index 

(broad) that is a weighted average of foreign exchange value of the U.S. dollar relative to 

currencies of group of major U.S. trading partners
2
: High (low) value of the index 

indicates an appreciation (depreciation) of the US dollar compared to other currencies of 

the trade partners. The quarterly data source of the real trade weighted U.S. dollar index 

are from the FRB of St. Louis.  

From the Unites States International Trade Commission (USITC), we obtained 

the bilateral monthly country-level export (Free Alongside Ship (FAS)) and imports 

(general C.I.F) value of pollution intensive industries between United States and their 

trade partners who have lower stringent scores of environmental regulations data. 

Countries with less stringency score of environmental regulations than the United States 

                                                 
2
 Canada, Japan, Mexico, China, United Kingdom, Taiwan, Korea, Singapore, Hong 

Kong, Malaysia, Brazil, Switzerland, Thailand, Philippines, Australia, Indonesia, India, 

Israel, Saudi Arabia, Russia, Sweden, Argentina, Venezuela, Chile and Colombia., and 

eleven original member countries for Euro Area (Austria, Belgium, Finland, France, 

Germany, Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain).  
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were selected based on the stringency score in 2013 World Economic Forum (2011-2012 

weighted average)
3
. We focused on trade value between the United States and countries 

who have less strict environmental regulations than United States, because this study 

attempts to investigate whether United States can decrease     emissions indirectly 

through pollution intensive industries trade (pollution haven). Based on SITC code, 

Harris et al (2002) classified pulp and waste paper (SITC 251), petroleum products (SITC 

334), residual petroleum products (SITC 335), organic chemicals (SITC 51), inorganic 

chemicals (SITC 52), fertilizers (SITC 562), chemical materials (SITC 59), veneers, 

plywood (SITC 634), wood manufactures (SITC 635), paper, paperboard (SITC 64), lime, 

cement, construction materials (SITC 661), iron and steel (SITC 67), non-ferrous metals 

(SITC 68) and metals manufactures (SITC 69) industries as pollution intensive industries. 

These values were also converted to real values by dividing CPI index.  

In addition, fossil fuel and renewable energy consumption were also included as 

endogenous variables. In this paper, petroleum consumption was used to represent non-

renewable energy consumption, since the consumption of petroleum made up the largest 

share at 43.29%
4
 of total fossil fuel consumption in 2014. Petroleum consumption data 

were converted from a thousand barrel per day to trillion BTU per month by multiplying 

by 0.0058 (conversion factor
5
) and 30 (days in a month).  

                                                 
3
 Canada, Mexico, China, Taiwan, Korea, Hong Kong, Malaysia, Brazil, Thailand, 

Philippines, Indonesia, India, Israel, Saudi Arabia, Russia, Argentina, Venezuela, Chile,  

Colombia, France, Italy, Portugal and Spain.   

 
4
 Calculated by author using energy consumption data obtained from EIA (EIA, 2015).  

5
 1 barrel = 5800000 BTU (based on US consumption, 2013) from EIA (EIA, 2014) 
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Renewable energy consumption was measured by aggregating Hydroelectric 

Power, Geothermal Energy, Solar/PV Energy, Wind Energy. We excluded bioenergy 

such as wood energy, waste energy, biofuels, and biomass energy in this study, because 

bioenergy is not sustainable (slow growth of energy crops and wood) and can emit more 

    than fossil fuels in the short run. (Marelli, 2013; Piroli et al, 2015). In addition, 

bioenergy has an additional fuel cost for usage that has different characteristics from 

other renewable energies. Petroleum and renewable energy consumption data were 

obtained from the EIA. 

 Augmented Dickey Fuller (ADF) unit root test and Johansen co-integration test 

were conducted to investigate the interdependencies among variables using STATA.  

 

2.2. Unit Root Tests  

The Augmented Dickey Fuller (ADF) unit root test is widely used to determine 

the order of integration in each time series data. The test was conducted on variables in 

levels first. First differences of the variables were also tested. ADF unit test can be 

specified in three cases: including a constant, both a constant and a trend, or neither of 

them. The specific case for each variable was selected based on the graphs of time series 

data in Figure 1, 2, 3, 4, 5 and 6: the left graphs illustrate the raw data results and the 

right graphs illustrate the first differences data results.  
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Figure 1.1  Exchange rate and first difference 

 

      
Figure 1.2  Net Import in Pollution Intensive industries and first difference 

 

      
Figure 1.3  Petroleum consumption and first difference 
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Figure 1.4  Renewable energy consumption and first difference 

 

     
Figure 1.5  Real GDP and first difference 

 

      
Figure 1.6      Emissions and first difference 
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the optimal lag length was chosen by a majority of the criteria among AIC, FPE, SIC and 

HQ. Table 1.1 and 1.2 show the results of the ADF test.  From the result, all the time 

series have the same order of integration, I(1): Raw data have unit root (non-stationary), 

but their first differences do not have unit root (stationary). 

Table 1.1  Augmented Dickey Fuller unit root test (Level) 

Variables 
Deterministic 

terms 
Lags Statistics 

Critical Values Stationary 

1% 5% 1% 5% 

Exchange Rate 
Constant,  

No Trend 
2 -1.474 -3.509 -2.890 

Non 

Stationary 
Non Stationary 

Net Import  

Energy-intensive 

Industries 

Constant,  

No Trend 
4 -1.679 -3.510 -2.890 

Non 

Stationary 
Non Stationary 

Petroleum Consumption 
Constant,  

No Trend 
3 -1.237 -3.510 -2.890 

Non 

Stationary 
Non Stationary 

Renewable Energy 

Consumption 

Constant,  

No Trend 
4 -0.857 -3.510 -2.890 

Non 

Stationary 
Non Stationary 

Real GDP 
Constant,  

Trend 
2 -1.88 -4.039 -3.450 

Non 

Stationary 
Non Stationary 

    Emissions 
Constant,  

No Trend 
4 -1.928 -3.510 -2.890 

Non 

Stationary 
Non Stationary 

 

Table 1.2  Augmented Dickey Fuller unit root test (First Difference)  

Variables 
Deterministic 

terms 
Lags Statistics 

Critical Values Stationary 

1% 5% 1% 5% 

D_Exchange Rate 
No Constant,  

No Trend 
1 -6.863 -2.600 -1.950 Stationary Stationary 

D_Net Import  

Energy-intensive  

Industries 

No Constant,  

No Trend 
3 -4.463 -2.600 -1.950 Stationary Stationary 

D_Petroleum Consumption 
No Constant,  

No Trend 
4 -3.474 -2.600 -1.950 Stationary Stationary 

D_Renewable Energy 

Consumption 

No Constant,  

No Trend 
4 -4.546 -2.600 -1.950 Stationary Stationary 

D_Real GDP 
No Constant,  

No Trend 
1 -3.595 -2.600 -1.950 Stationary Stationary 

 D_    Emissions No Constant,  

No Trend 
4 -4.766 -2.600 -1.950 Stationary Stationary 
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2.3. Co-integration Tests  

The Engle-Granger (EG-ADF test) and Johansen co-integration tests were 

conducted to check the existence of co-integration among variables. The null hypothesis 

of both tests is   : there is no co-integration among variables. The alternative hypothesis 

is   : there is co-integration among variables.   

The Engle-Granger co-integration test is a two-step residual based test; in the first 

step, we estimated the long run equation (co-integrating regression) by using the 

Ordinary Least Squares (OLS) to obtain the residual and, in the second step, we applied 

unit root test to the obtained residual.   

Table 1.3 shows the result of the Engle-Granter multivariate test. We performed 

the test six times, changing the dependent variable each time so all six variables in this 

study operated as the dependent variable once. In the results, we found that there is the 

evidence of co-integration only when we use petroleum consumption as the dependent 

variable and     emission as the dependent variable.  

Table 1.3  Engle-Granger multivariate co-integration 

Multivariate Co-integration (GDP as dependent variable) 

Dependent variable Statistics 
Critical Values 

Results 
1% 5% 10% 

EX -2.562 -3.510 -2.890 -2.580 No co-integration 

NET_IM -2.516 -3.510 -2.890 -2.580 No co-integration 

OIL_C -3.729 -3.510 -2.890 -2.580 Co-integration 

RE_C -3.229 -3.510 -2.890 -2.580 No co-integration 

GDP  -2.316 -3.509 -2.890 -2.580 No co-integration 

    -4.798 -3.510 -2.890 -2.580 Co-integration 
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Although the Engle–Granger approach has the advantage of being very easy to 

use, the test has two major shortcomings:  if the data set contains two or more time series, 

it is sensitive to the choice of dependent variable in the co-integrating regression, and   

 it is difficult to identify more than one co-integrating relationship among variables. 

Since the Johansen method treats all variables as endogenous variables, the test 

result does not depend on the choice of dependent variables and it allows testing more 

than one co-integrating relationships among variables. Therefore, Johansen method has 

been widely used for checking the multivariate co-integrating relationships. Table 1.4 

shows the result of Johansen multivariate trace test.  There are five possible models in 

this test:  

Model 1: without restrictions on the trend parameters;  

Model 2: with only linear trends in the undifferentiated data;  

Model 3: with unrestricted constant. This is the default case; 

Model 4: without all linear time trends (linear and quadratic) in the differentiated data; 

Model 5: without all trends and constant in the model.  

Table 1.4  Johansen multivariate co-integration 

Multivariate Co-integration 

Rank   Trace statistic 5% Critical value 

0    89.6394* 94.15 

1   54.1231 68.52 

2   34.8020 47.21 

3   17.8222 29.68 

4   7.0105 15.41 

5   2.3119 3.76 
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Among these five models, model 3 was employed for this test. In the results, we 

found that a set of variables have zero integrating vector.  

However, some studies have shown that energy commodities are commonly co-

integrated (Serletis and Herbert, 1999; Theodore and Emilie, 2007). Therefore, we also 

checked the bivariate co-integrations between the petroleum consumption and renewable 

energy consumption variables for obtaining more robust results. Table 1.5 and 1.6 show 

the results of the Engle-Granter and Johansen bivariate co-integration tests. From the 

results, we could not find co-integrating relationship between energy consumption 

variables. Therefore, VAR model is more appropriate than VECM to analyze our data 

and the variables do not have long run causality. 

In sum, from the result of unit root test and Johansen co-integration test, we 

could find that the first differences of the variables do not have unit roots and they are not 

co-integrated.  

Table 1.5 Engle-Granger Bivariate co-integration 

Multivariate Co-integration  

Pair Indices Statistics 
Critical Values 

Results 
1% 5% 10% 

Petroleum - Renewable -1.591 -3.509 -2.890 -2.580 No co-integration 

Renewable  -Petroleum -0.801 -3.510 -2.890 -2.580 No co-integration 

 

Table 1.6  Johansen Bivariate co-integration 

Bivariate Co-integration (petroleum and renewable energy) 

Rank Trace statistic 5% Critical value 

0 2.1971* 15.41 

1 0.0823 3.76 
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3. Empirical Model 

The Vector Autoregressive (VAR) approach has been widely used to investigate 

the dynamic effects of shocks on variables in the model as it takes into consideration 

interactions among variables and treats all variables as endogenous. However, since the 

reduced form VAR does not assume specific identification restrictions, we could not 

estimate the effects of specific changes on the particular variables in this system (Tiwari, 

2011).   

The Structural Vector Auto Regressive (SVAR) model has an advantage to 

analyze the effects of economic policy and shocks on the particular macroeconomic 

factors (Narayan et al, 2008; Silva et al, 2012). The SVAR model identifies structural 

shocks by imposing contemporaneous restrictions. Thus, the dynamic relationships in the 

economy can be modeled as relationships between each shock in the SVAR model.  

Our SVAR model consists of six endogenous variables: real trade weighted US 

dollar index (EX), net imports of United States in pollution intensive goods with major 

U.S. trading partners (NET_IM), consumptions of non-renewable energy (OIL_C) and 

renewable energy (RE_C), real GDP (RGDP), and     emissions (CO2).  

The structural form of VAR model as follows: 

      = ∑         
 
    +    + B                                                                  (Eq1) 

where p denotes the maximum lag length,    is a (6 x 1) vector of endogenous variables, 

     is a (6 x 1) vector of lagged values of endogenous variables,    is (6 x 1) 

deterministic variables such as Constant, linear trend, seasonal dummies, and impulse 

dummies. We added one crisis dummy variable to account for the effects of the global 
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crisis on the United States (2008Q1-2009Q1)
6
; it takes the value of 1 for the 

corresponding quarters and the value of 0 otherwise.  In addition,    is a (6 x 6) 

autoregressive coefficients matrix,   indicates the instantaneous relationships between 

the observed elements of    , and    is a (6 x 1) vector of random error of the 

disturbance terms (orthogonalized shocks).  

Before analyzing the structural VAR, we need to estimate the reduced form VAR. 

The reduced form VAR can be obtained by multiplying     to both side of (Eq1)  

    = ∑         
 
    +                                                                                (Eq2)    

where     is a (6 x 1) vector of endogenous variables,    is a (6 x 6) coefficient matrix and 

is generated by       (i = 0,1, …, 6), and    is a (6 x 1) vector of error terms in reduced 

form VAR and equals    B   . Matrix A is a lower triangular matrix with ones on the 

diagonal and matrix B is a diagonal matrix. Matrix A and matrix B are presented below: 
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6
 The recession due to the Global Financial Crisis (See. Figure 5)  
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From the    =    B   , we could find the relationship between reduced form 

disturbances and the structural form shocks.   
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In this paper, we used a recursive identification scheme through the Cholesky 

decomposition as proposed by Sims (1980) to restrict contemporaneous structural shocks 

in the VAR model for analyzing the impact of economic variables. Under this scheme, 

the order of variables was carefully decided based on reasonable assumptions because 

contemporaneous responses to endogenous variable shocks are undertaken depending on 

an order of variables the Cholesky decomposition identifies the contemporaneous 

interdependences among all endogenous variables in the VAR model by imposing zero 

restrictions on the impact matrix: zero conditions were imposed on an impact matrix as a 

lower triangular matrix to enforce the instantaneous effect of one variable on other 

variables in the matrix. This means a variable placed at the top is the most exogenous 

(only contemporaneously affected by its own shock), and a variable placed at the bottom 

is the least exogenous (affected by its own and other variables’ simultaneous shocks). 

Under this scheme, contemporaneous responses to endogenous variable shocks are 

undertaken depending on the order of variables, and thus the order of variables should be 

set based on reasonable assumptions.  
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The following assumptions are employed to analyze the contemporaneous effect 

of shocks on these endogenous variables by itself and onto other variables:  

First, since foreign factors are more exogenous than domestic factors, we 

assumed that foreign factors are not affected by fluctuations of domestic factors.  In 

addition, we also assume that international trade variables are affected by exchange rate 

shocks. Therefore, exchange rates and net imports in pollution intensive industries are 

placed in the first and the second rows.  

Second, non-renewable energy (petroleum) consumption is more dominant than 

renewable energy consumption in U.S. energy market in 2012.
7
 In addition, the crude oil 

market is more sensitive to international shocks than the renewable energy market, 

because United States imports large amount of crude oil from abroad. Therefore, we 

placed petroleum consumption before the renewable energy consumption.  

Last, since real GDP and     emissions are our research topic, we assume that 

real GDP and     emissions do not affect other endogenous variables, but they are 

contemporaneously affected by other shocks. Therefore, we place real GDP and     

emission levels in the fifth and the sixth row.  

 This variable ordering, from the most exogenous to less exogenous is based on 

our assumptions, and it is consistent with other studies that have employed similar 

variables (energy variables, GDP, and     emissions). For example, Silva et al (2012) 

ordered the variables in the following order.  weight of renewable energy sources on total 

                                                 
7 Author’s calculations based on EIA data.  

   Non-renewable energy : 27371.34 (petroleum consumption: 12869.2) million btu 

   Renewable energy: 4388.40 million btu 
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electricity generation, GDP, and     emissions. Tiwari (2011) ordered the variables as 

follows: renewable energy consumption, GDP, and     emissions. 

Under this scheme, the SVAR model is exactly identified; in our model, we have 

      )

 
 = 15 restrictions ( 

      )

 
 where k is number of endogenous variables). Exactly 

identifying the model allows us to compute the SVAR parameter estimates through the 

transformation of reduced form VAR (simple VAR). Therefore, we did not need to be 

concerned about cases of over-identified and under-identified restrictions when we 

estimated the SVAR model.  

4. Empirical Results  

4.1. Analyses   

Before estimating the structural VAR model , we performed the over-

identification J test to check the significance of restrictions on the structural VAR model.  

LR = 2(       −       ) ~   (q)                                                                                 (Eq3) 

where  LR is the test statistic against the null hypothesis that the all over-identifying 

restrictions are valid;  

      is the log likelihood from the VAR model;  

       is the log likelihood from the structural VAR model; and  

q is # of over-identifying restrictions.  

The test statistic is asymptotically distributed as a chi-square. The value of the test 

statistic is 0.0008. The value of q in this study is zero because the structural VAR model 

in this study is exactly identified. The critical value of chi-square is 0.0004. Thus, we 
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cannot reject the null hypothesis. This means that all restrictions in the structural VAR 

model are valid.  

By using the STATA program, the estimated contemporaneous structural 

parameters (   B) were obtained. The results are presented in Table 1.7.  The second 

column presents the effects of first differences of USD exchange rate on other variables.  

A one unit increase in the real trade weighted US dollar index (appreciation of 

the US dollar) will lead to an increase of 58.97 million USD of net imports in pollution 

intensive industries. An appreciation of the USD makes imported products cheaper in the 

United States. Then the demand for imported products will increase in the United States. 

In addition, this appreciation of USD increases petroleum consumption by 8.13 trillion 

BTU. Since the USD is used as the invoicing currency for crude oil trade, when the USD 

appreciates, U.S. petroleum consumers have more purchasing power, which leads to an 

increase in the consumption of petroleum. Also, there is no contemporaneous correlation 

between the exchange rate and renewable energy consumption.   

Renewable energy is a domestic energy source (Ozturk, 2014): Sources of 

renewable energy such as sunlight, water, heat, and wind are not imported. Thus, 

renewable energy consumption is not affected by exchange rate fluctuation.  

Looking at the sixth and seventh rows in the second column of Table 1.7, an 

increase of one unit of real trade weighted USD index leads to an increase of real GDP by 

5.14 billion USD and     emissions by 2.30 trillion BTU. According to the J-Curve term, 

currency depreciation worsens the trade balance in the short run but improves it in the 

long run, because the value effect dominates in the short run, whereas the volume effect 
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prevails in the long run (Bahmani-Oskooee, 1985; Bahmani-Oskooee and Ratha, 2004). 

Based on the volume effect, the trade balance improves when currency depreciates, 

because higher domestic currency discourages imports and encourages exports. 

Additionally, based on the value effect, the trade deficit increases when currency 

depreciates, because an increase of the import unit value makes people pay more in real 

terms. In this study, since we are focusing on the short run effects among endogenous 

variables, currency depreciation increases trade deficit and aggravate real GDP. In 

addition, an appreciation of US dollar leads to an increase of real wage of people who 

live in the United States which in turn increases their electricity consumption generated 

from combusting fossil fuels and in turn, the domestic     emission levels.  

Focusing on the third column of Table 1.7, we expected that domestic petroleum 

consumption and     emissions will decrease as the net imports of pollution intensive 

products increases. However, our results show net imports in pollution intensive 

industries have no contemporaneous effect on petroleum consumption and domestic     

emission level.  

Petroleum consumption accounted for 25.92% of total energy consumption in the 

industry sector in the United States in 2014
8
. In addition, exports and imports in pollution 

intensive industries (Harris classification) reported 18.91% and 13.41% among total 

exports and imports of the United States in 2014
9
. It means pollution intensive industry 

trade only can account for less than 5% of total energy consumption in the United States: 

                                                 
8 Calculated by author using energy consumption data from the U.S. Energy Information 

Administration (EIA).  
9
 Calculated by author using a trade data from the United States International Trade 

Commission (USITC) 
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export as 4.91% and imports as 3.48%. Thus, the impacts of pollution intensive industries 

trade have insignificant effects on reduction of petroleum consumption and also on 

reduction of     emissions in the United States. This result is consistent with findings by 

Levinson (2009), who shows that net imports in pollution intensive industries cannot 

account for reduction of pollutions in the United States manufacturing sector. He argues 

that most of the pollution decline in U.S. manufacturers comes from the change of 

technology not from the international trade of pollution intensive industries (Levinson, 

2009).  

However, net imports in pollution intensive industries significantly affect real 

GDP. An increase in net imports of pollution intensive products increases the trade deficit 

and decreases economic growth (-5.15 billion USD Real GDP).  

As presented in the fourth column, an increase of 1 unit of petroleum 

consumption will increase the real GDP by 10.17 billion USD and     emissions by 4.51 

trillion BTU. This is because petroleum is one of the main drivers of economic growth, 

and it releases relatively large amount of     into the atmosphere when it is combusted. 

In sum, an appreciation of the USD increases real GDP and     emissions both 

directly and indirectly. A one unit increase of real trade weighted USD index 

(appreciation of USD) will increase real GDP by 5.13 billion US and domestic     

emissions by 2.30 trillion BTU directly. This implies that an appreciation of the USD 

improves economic development, but worsens the domestic environment. On the contrary, 

a depreciation of USD slows down economic growth, but improves domestic 

environment. 
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In addition, the exchange rate shock affects real GDP and     emissions 

indirectly through the energy consumption and international trade. The appreciation of 

USD increases the demand for foreign goods including crude oil and pollution intensive 

products. An increased domestic consumption of petroleum will lead to an increase in 

economic growth (10.17 billion USD Real GDP), but worse environment (4.51 trillion 

BTU     emissions) in the United States. The increase of net imports of pollution 

intensive industries hinders economic growth (-5.15 billion USD Real GDP), but it did 

not decrease domestic     emission levels. 

As presented in the fifth column, renewable energy consumption does not have 

any direct effect on real GDP and     emissions in the United States. Even though 

renewable energy consumption in the United States has increased, the share of renewable 

energy is much smaller than that of fossil fuel in total energy consumption. Thus, it is 

expected that the impact of renewable energy consumption on economic growth is not 

large. In addition, renewable energy consumption does not aggravate the environmental 

situation, because renewable energy releases a small amount of    . Therefore, the 

impacts of renewable energy consumption on real GDP and     emissions are 

insignificant.  

Furthermore, as shown in the sixth column in the seventh row, there is a negative 

contemporaneous effect of real GDP on domestic     emissions (-2.70). Since people 

need higher level of environmental quality as their real income increases (Goodwin et al, 

2015)
10

, generally, environmental quality is considered as normal good. This means 

                                                 
10 Income Effects for environmental quality  
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people who live in more developed countries have a higher demand for a clean 

environment than people who live in less developed countries. Therefore, the U.S. 

government regulates and decreases domestic     emission levels through more stringent 

environmental regulations as real GDP increases. This result also supports the 

Environmental Kuznets Curve (EKC) hypothesis
11

.  

Table 1.7  The Estimated Contemporaneous Effects among Variables 

Note : P-values are in parentheses. 

 

After estimating the model, we performed diagnostic tests to check the 

robustness of the SVAR estimation result.  Results are presented in Appendix A (Tables  

A.1,  A.2, and A.3).  

                                                 
11 Environmental Kuznets Curve (EKC) : The EKC hypothesis suggests that increase in 

pollution will develop a country’s industry initially and then it will be decreased after a 

certain level of economic development is reached.  
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First, we performed Lagrange multiplier test to check the residual autocorrelation.  

From the result, we could not reject the null hypothesis of no autocorrelation at 1%, 5%, 

and 10% levels.  In addition, multivariate Jarque-Bera (JB) non-normality test and 

multivariate ARCH LM test were employed to check the non-normality and 

heteroskedasticity in the model.  From the results, there is no ARCH in the residuals and 

no evidence of multivariate normality at 1%, 5%, and 10% levels.  

In addition, since the ordering of the variables in the system defines the recursive 

causal chain in the Cholesky decomposition, we performed additional robustness check 

for the variable ordering; if the correlation between the errors is low, then changing the 

variable order does not provide a different results.  

We compared the results obtained from the structural VAR model with original 

variable ordering and the results with variable ordering based on the Granger causality 

test results. The variable order based on the Granger causality test is exchange rate, net 

imports in pollution intensive industries, real GDP, petroleum consumption,     

emissions, and renewable energy consumption. We found that findings are consistent 

with our results obtained from the structural VAR model with the original variable 

ordering; the exchange rate significantly affects real GDP and     emissions in the 

United States. This implies that the estimates are robust to variable ordering.  

 

4.2. Impulse Response Functions  

When we look at the impulse response functions (IRFs) obtained from the SVAR 

estimation, we find that endogenous variables react to certain structural shocks over time. 
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Impulse responses are reported within a 10-quarter period with 95% confidence intervals. 

For all figures, the shaded area represents a 95% confidence interval for the IRFs.  

Figure 1.7a) –1.7f) illustrate the structural IRFs of the endogenous variables to 

the exchange rate shock.  

As shown in Figure 1.7b), a structural shock of one standard deviation in the real 

trade weighted USD index increases net imports in pollution intensive industries in the 

initial quarter. After the first quarter, the impact of the shock becomes negative. However, 

the effect of the exchange rate shock on net imports dies out after the seventh quarter.  

Looking at Figure 1.7c), petroleum consumption initially reacts positively 

against a structural exchange rate shocks. It becomes negative in the third quarter, the 

reaction becomes positive after the fifth quarter, and then, the effect approaches zero after 

the seventh quarter.  

 The IRF illustrated in Figure 1.7d) demonstrates that the initial value of the IRF is 

close to zero and the IRF fluctuates around zero. This implies that renewable energy 

consumption does not react to the structural shock of exchange rates in period 0. 

Furthermore, as shown in Figure 1.7e) and 1.7f), the initial value of the IRF are positive. 

This implies that real GDP and     emission levels react positively against a structural 

shock of exchange rate.  
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1.7a) Responses of exchange rate              1.7b) Responses of net import 

       
1.7c) Responses of petroleum           1.7d) Responses of renewable energy 

       
1.7e) Responses of real GDP                  1.7f) Responses of     emissions 

Figure 1.7 Responses to exchange rate 
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Figures 1.8a) –1.8f) and 1.9a) – 1.9f) illustrate the structural IRFs of the endogenous 

variables to shocks in net import in pollution intensive industries and in petroleum 

consumption, respectively.  

The initial values of the IRFs are negative at Figure 1.8e). However, the initial 

values of the IRFs are close to zero and the IRF fluctuates around zero at Figure 1.8f). As 

seen in Table 4 in the Empirical Results section, one positive standard deviation shock in 

net imports in pollution intensive industries led to an initial decrease of 5.15 units of the 

real GDP. This implies that IRFs are well matched with the estimated SVAR results. 

In addition, as shown in Figure 1.9e) and 1.9f), real GDP and     emissions 

react positively given a structural shock of petroleum consumption. This result is 

consistent with estimated SVAR results. Real GDP responds to the shock of petroleum 

consumption positively until the four quarter after the zero period. However, the response 

of     emissions to a petroleum shock is positive in the initial period, but become 

negative after the first quarter. This implies that the positive reaction of real GDP is 

bigger than the reaction of     emissions.  
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1.8c) Responses of petroleum                   1.8d) Responses of renewable energy 

         

1.8e) Responses of real GDP                   1.8f) Responses of     emissions 

Figure 1.8  Responses to net imports in pollution intensive industries 
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1.9c) Responses of petroleum                    1.9d) Responses of renewable energy 

         
1.9e) Responses of real GDP                 1.9f) Responses of     emissions 

Figure 1.9  Responses to petroleum consumptions  

 

4.3. Structural Variance Decompositions  

The consistency of the results obtained from IRF is checked by observing the 

results of the forecast error variance decompositions (FEVDs). Table 8 illustrates the 

analysis results for what proportion of the forecast error change in an endogenous 

variable can be explained by its own shock or other exogenous shocks.  

Looking at Table 1.8b) and Table 1.8c), the share of exchange rates explains the 
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partners and petroleum consumption by 6.41% and 4.53%, respectively. This implies that 
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exchange rates play an important role in the forecast error variation of petroleum 

consumption and net imports of pollution intensive goods. These shares increases 

gradually and reach 9.96% and 4.79% in the tenth quarter.  

The result of the variance decomposition analysis for real GDP is shown in the 

Table 1.8e). The share of exchange rate explains the change of real GDP by 2.74 %. This 

implies that exchange rate shocks are the important source of fluctuation in the real GDP, 

but less important source than net imports of pollution intensive products (2.76%) and 

petroleum consumption (0.76%)
12

. However, the share of renewable energy consumption 

explains the fluctuation of real GDP as only 0.11%. It means renewable energy 

consumption does not have significant power to explain the variation of real GDP.  

At Table 1.8f), the variance decomposition of     emissions suggests that 

petroleum consumption shock is the most important factor for explaining the variance of 

    emissions after the shock from     emissions itself.  The impact is 31.01% in the 

first quarter, and decreases to 21.32% in the tenth quarter.  In addition, USD exchange 

rate is also significant in accounting for the fluctuation in     emissions by 8.07% in the 

first period
13

. However, the share of net imports in pollution intensive industries from 

abroad and renewable energy consumption explained the fluctuation of domestic     

emission level by just 1.87% and 0.89%, respectively. It means that net imports in 

pollution intensive industries and renewable energy consumption have no impact on the 

variance of domestic     emissions.  

                                                 
12 direct effect of exchange rate on real GDP < indirect effect of exchange rate on real 

GDP 
13 Direct effect of exchange rate on     emissions < indirect effect of exchange rate on 

    emissions.  



 

 ３２ 

Table 1.8 Structural Forecast Error Variance Decomposition (SFEVD)   

Table 1.8a) SFEVD of Exchange rate 

Periods Ex_rate Net import Petroleum Renewable Real GDP     

1 1 0 0 0 0 0 

2 .960685 .017344 .008873 .003455 .008668 .000975 

3 .935902 .032457 .011707 .003963 .014872 .001099 

4 .935265 .032560 .011795 .003980 .015288 .001112 

5 .931727 .035007 .012674 .004009 .015399 .001185 

6 .929429 .035385 .012642 .004192 .017162 .001189 

7 .926312 .038302 .012609 .004402 .017164 .001211 

8 .926219 .038347 .012608 .004451 .017162 .001214 

9 .925284 .039160 .012650 .004448 .017228 .001229 

10 .925170 .039155 .012653 .004504 .017254 .001263 

 

Table 1.8b) SFEVD of Net import in Pollution intensive industries 

Periods Ex_rate Net import Petroleum Renewable Real GDP     

1 .064146 .935854 0 0 0 0 

2 .058638 .862927 8.4e-07 .009574 .066455 .002404 

3 .096171 .786467 .006484 .018776 .089883 .002219 

4 .093226 .759467 .035289 .018263 .091614 .002140 

5 .096971 .762159 .032948 .019724 .085119 .003079 

6 .097037 .755650 .033692 .024848 .084768 .004004 

7 .099481 .754621 .033041 .024607 .082951 .005300 

8 .099795 .753200 .033730 .025019 .082698 .005558 

9 .099772 .754409 .033494 .024812 .081994 .005518 

10 .099582 .753580 .033492 .025172 .082137 .006038 

 

Table 1.8c) SFEVD of Petroleum consumption 

Periods Ex_rate Net import Petroleum Renewable Real GDP     

1 .045359 .00721 .947431 0 0 0 

2 .039067 .005974 .885154 .001902 .067794 .000109 

3 .038341 .015043 .858762 .005627 .081393 .000834 

4 .044725 .015251 .830467 .008026 .091960 .009571 
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5 .045129 .023378 .816417 .008063 .092516 .014497 

6 .046847 .024168 .812722 .008289 .093064 .014909 

7 .047924 .024583 .811416 .008277 .092905 .014895 

8 .047977 .024735 .811049 .008396 .092918 .014926 

9 .047934 .025250 .810473 .008402 .092910 .015031 

10 .047924 .025333 .810278 .008474 .092958 .015033 

 

Table 1.8d) SFEVD of Renewable energy consumption  

Periods Ex_rate Net import Petroleum Renewable Real GDP     

1 .007511 .009627 .002617 .980245 0 0 

2 .021994 .018928 .005555 .952575 .000941 7.0e-06 

3 .020989 .050607 .010274 .898436 .016947 .002748 

4 .047873 .057295 .017708 .822113 .015042 .039969 

5 .045304 .059702 .032393 .795410 .015777 .051413 

6 .044812 .060463 .032158 .788749 .021637 .052180 

7 .043790 .073904 .032372 .770388 .021370 .058176 

8 .043009 .077571 .032645 .757776 .022054 .066945 

9 .043004 .078262 .032484 .753757 .022644 .069849 

10 .042891 .078025 .032894 .752135 .023024 .071031 

 

Table 1.8e) SFEVD of Real GDP 

Periods Ex_rate Net import Petroleum Renewable Real GDP     

1 .027430 .027573 .107613 .001088 .836296 0 

2 .045384 .165152 .089984 .010833 .687785 .000863 

3 .043424 .191082 .085102 .025361 .653640 .001392 

4 .043170 .189054 .088712 .027738 .649954 .001372 

5 .042597 .195568 .089798 .027331 .643334 .001371 

6 .042562 .197788 .089343 .027457 .641173 .001677 

7 .042201 .203945 .088532 .028234 .635370 .001718 

8 .042599 .203856 .088454 .028261 .635113 .001717 

9 .042785 .206255 .088343 .028193 .632703 .001721 

10 .042772 .206271 .088363 .028267 .632485 .001841 

 

Table 1.8f) SFEVD of CO2 Emission 

Periods Ex_rate Net import Petroleum Renewable Real GDP     
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1 .080735 .018701 .310092 .008895 .110683 .470894 

2 .092267 .030411 .244206 .029337 .165716 .438063 

3 .084425 .040612 .226165 .027056 .221405 .400337 

4 .088018 .049308 .219624 .028106 .224197 .390746 

5 .086390 .048400 .216568 .029075 .225674 .393894 

6 .087382 .050331 .215388 .032604 .223589 .390706 

7 .087399 .050331 .215443 .033322 .224527 .388978 

8 .088205 .053919 .214051 .033108 .223091 .387625 

9 .088034 .053828 .213511 .033668 .222721 .388239 

10 .088135 .054053 .213174 .034234 .222279 .388125 

 

In sum, the consistency between FEVDs and IRFs is as follows: exchange rate 

shocks significantly affect petroleum consumption and net imports of United States in 

pollution intensive industries with major trade partners contemporaneously. Additionally, 

the fluctuation of real GDP is explained by the structural shocks of exchange rate, 

petroleum consumption and net imports, while that of     emissions is explained by the 

structural shocks of exchange rate and petroleum consumption, not net imports.  

5. Conclusions 

The objective of this paper is to study the effect of US dollar exchange rate 

fluctuations on United States’ economic growth and the environment by using the SVAR 

model. We estimated the relationship between the real trade weighted US dollar index, 

net import in pollution intensive industries, petroleum consumption, renewable energy 

consumption, real GDP, and     emissions.   

The empirical findings demonstrate that the USD exchange rate relative to the 

other currencies has a significant positive effect on economy (an increase of real GDP) 

and a negative effect on environment (an increase of     emissions). In addition, an 
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appreciation of the USD increases petroleum consumption and net imports in pollution 

intensive industries. Furthermore, a positive shock of petroleum consumption leads to an 

increase in real GDP and     emission level, but a positive shock in net imports 

decreases real GDP. The Impulse Response Functions (IRFs) and the Forecast Error 

Variance Decompositions (FEVDs) analysis suggest that USD exchange rates and 

petroleum consumptions are key factors of fluctuations for both real GDP and     

emissions in the United States, while net imports of pollution intensive products plays an 

important role in the variation of real GDP, not     emission levels.  

The findings of this study have important policy implications for the United 

States economy and environment.  

When the US dollar is appreciated, real GDP and     emission level increase. 

Additionally, increased petroleum consumption due to an appreciation of USD deepens 

pollution problems. The energy policy that induces a reduction of petroleum consumption 

might decrease domestic     emissions level, but could worsen the economic growth. 

When the USD depreciates, real GDP and the     emission level decrease. Decreased 

petroleum consumption due to a depreciation of USD accelerates the economic 

slowdown. The energy policy that stimulates petroleum consumption might improve 

economic growth, but increase     emissions.  

In addition, when the USD depreciates, the international trade policy that 

enforces the net imports reduction (import decrease and/or export increase) in pollution 

intensive industries can have a positive effect on real GDP. However, the international 
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trade policy of pollution intensive industries does not have significant effects on lowering 

the U.S. domestic     emission level.  

Thus, policy makers should consider increasing renewable energy consumption 

for environmentally sustainable economic growth. Renewable energy can allow the 

United States to satisfy the domestic energy demand constantly over time without 

unexpected foreign energy shocks because of its stability in the exchange rate fluctuation. 

In addition, it is expected that an increase of renewable energy share will make 

significant contribution to stable and permanent energy supply and economic growth. 

Furthermore, since renewable energy does not negatively influence the environment, it is 

the one of the best options for United States to archive both economic growth and clean 

environment. .  

This study can generalize to other countries where one country has their domestic 

currency and the other countries (trade partners) have different currencies: For example, 

the frameworks presented in this study allow us to analyze how euro currency exchange 

rate affects economic growth and environment for European countries through trade and 

energy sectors. However, countries that are less dependent in energy supply and/or 

international trade would have relative small exchange rate effects in economy and 

environment than countries that are more dependent.   
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CHAPTER 2.  

 

Impacts of Environmental Regulations on International Trade 

1. Introduction 

One of the most important debates regarding the international trade regulations 

and restrictions forward how environmental regulations impact trade. The recent 

literature shows two opposite points of view on this issue: the pollution haven hypothesis 

and the porter hypothesis.  

The pollution haven hypothesis states that the environmental regulation could 

reduce the productivity and international competitiveness of domestic products due to the 

additional cost related to pollution control (Van Beers and Van Den Bergh, 1997; Kim 

and Koo, 2011; Aichele and Felbermayr, 2013). Therefore, under the pollution haven 

hypothesis, stringent environmental regimes might increase the production cost of 

commodities. This leads to an increase in the price of the products and thus decreases 

their competitiveness in the market, resulting in reduction of international trade.  

On the contrary, the Porter hypothesis claims that stringent environmental 

regulation might stimulate international trade (Porter, 1991; Porter and Van der Linde, 

1995). When the government imposes stringent environment regulations, firms attempt to 

improve technologies to meet the regulations; this results in reduction of various costs 

(through an increase of energy efficiency and/or a decrease of resource inputs) and an 
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improvement of product quality. In addition, strict environmental regulations can increase 

environmental awareness and lead to an increase in consumer preference for clean 

products. Some research have found positive effects of environmental regulation on trade 

patterns (Porter and Van der Linde, 1995; Costantini and Crespi, 2008) 

Because of the absence of direct measures indicating stringency of environmental 

regulations, one of the most challenging issues in research on environmental regulations’ 

impact on international trade is finding an appropriate proxy for the stringency of 

environmental regulations (Hilton and Levinson, 2001). The inconclusive results of the 

effects of environmental regulations on trade may be related to inaccurate proxies. 

Therefore, many researchers have attempted to determine and apply more accurate proxy 

variables for stringency of environmental regulation to obtain more robust relationships 

between environmental regimes/standards and trade flows. There are two different kinds 

of proxies for stringency of environmental regulations: input-oriented indicators and 

output-oriented indicators.  

Input-oriented indicators measure a country’s efforts in environmental 

protection-tax revenue percentage of GDP (Ben Kheder and Zugravu, 2012), expenditure 

for environmental protection activities (Caporale et al, 2010), and pollution abatement 

costs (Levinson and Taylor, 2008) can be input-oriented indicators. However, not all 

countries have data on input-oriented indicators.  

In contrast, output-oriented indicators measure the effects of the environmental 

regulations – Carbon dioxide (   ), Sulfur dioxide (   ), Methane (   ), emission 

levels or intensities can be output-oriented indicators (Van Beers and Van Den Bergh, 
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1997; Costantini and Crespi, 2008). Output-oriented indicators reflect the results of 

environmental regulations. However, they may depend on not only environmental 

regulations but also other unrelated factors. 

Using these proxies, many researchers have investigated the impacts of the 

environmental regulatory stringency of exporting countries and importing countries on 

trade flows in terms of comparative advantage. However, the comparative advantage 

created by different environmental regulations between trading partners is better 

explained by the relative stringency of environmental regulations between trading 

partners rather than by each country’s absolute stringency of environmental regulations.  

Past literature investigates the impacts of differences in environmental 

regulations between exporters and importers on trade flows by using absolute differences 

or the similarity index. Vigani et al (2012) created GMO regulation similarity index 

based on the information on laws and acts regulating GMO cultivation and 

commercialization for sixty countries and explored the trade effect of a dissimilarity of 

GMO regulations between countries. Drogué and DeMaria (2012) measured the 

similarity of Maximum Residue Levels between trading partners using Pearson’s 

correlation coefficients and investigated how similarity of the Maximum Residue Levels 

affect the trade of apples and pears.  Furthermore, Mangee and Elmslie (2010) employed 

the absolute values differences of the Environmental Regulatory Regime Index (ERRI) 

for 39 countries to explore the relationships between differences in environmental 

regulations and bilateral trade volumes. However, these studies only showed how 

similarity or dissimilarity in environmental regulations between trading partners affects 
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trade flows. They did not present the effects of relative strictness of environmental 

regulations between trading partners on trade flows.  

In addition, there are no studies separating the impacts of environmental 

regulations on trade flows of energy-intensive foods and less energy-intensive foods. 

Since energy-intensive commodities may require more fossil fuel energy to produce, they 

would be more strongly influenced by environmental regulations than less energy-

intensive commodities. Therefore, environmental regulations should affect the trade flow 

of energy-intensive foods and less energy-intensive foods in different ways.  

This study contributes to the literature of the effect of environmental regulations 

on international trade in two ways. In contrast with previous studies, we investigate the 

impacts of relative stringency of environmental regulations on bilateral trade flows 

between countries by separating trading partners into two groups: trading partners with 

stricter environmental regulations and those with weaker environmental regulations. 

Furthermore, we explore the effects of environmental regulatory stringency on trade 

flows of high, medium, and low energy-intensive commodities to identify how 

environmental regulations affect the trade flows of commodities with different level of 

energy input differently.  

The empirical models used are gravity models which are widely used in the 

literature to study the effects of environmental regulations on international trade. This 

study focuses on trade between 34 OECD countries because the OECD member counties 

have significant influence on the global economy and trade. In 2011, OECD countries 
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accounted for approximately 65.5% and 62.09% of the world Gross Domestic Product 

(GDP) and world merchandise imports values, respectively (World Databank, 2015) 
14

 

The rest of the paper is organized as follows. In section 2, we describe the gravity 

model and dataset. In section 3, we present the gravity models using the Heckman two-

step model. In section 4, we discuss the gravity model estimation results. Section 5 

concludes this study and makes policy implications.  

2. Methods (The Gravity Model and Data) 

2.1. The Gravity Model 

In this study, the gravity model is employed to evaluate how the stringency of 

environmental standards influenced the bilateral trade flow of agricultural commodities. 

The gravity model applies the physical principles of Newton’s law of universal 

gravitation. The law states that the gravitational force between particles is proportional to 

the product of their masses and inversely related to the square of the distance between 

them. Based on this idea, Tinbergen first applied the gravity model to analyze the 

international trade flows among European countries in 1962 (Tinbergen, 1962). From 

then on, the gravity model has been widely used as a model for exploring patterns of the 

bilateral international trade flow between countries. The gravity model relates the volume 

of trade between country i and j to factors such as economic sizes and bilateral distance.   

A general form of gravity equation is as follows:   

                                                 
14 Author’s calculations based on World Bank data. 
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        =     
    

         
    

 
   
  

                                                                                                (Eq1) 

Where         is bilateral trade flow between country i and country j at time t.      and      

are the economic size (mass) of country i and j at time t, respectively. In addition,      is 

the bilateral distance between country i and j.    is a gravitational constant term.   ,    

and    are parameters to be estimated.   

 By taking logarithms of both sides of (Eq1) and adding an error term        , we 

can obtain,  

ln        =    +   ln     +   ln     -   ln     +                                                        (Eq2) 

Since the 1960s, the traditional gravity model has been developed by the 

inclusion of new explanatory variables. These new explanatory variables include gross 

domestic products (GDP) and dummy variables such as common language, colonial 

history, and contiguity. Since we focus on the impacts of environmental regulations on 

international trade, we additionally include the environmental stringency variables in the 

model. Thus, the formulation of the extended gravity model employed in this study is as 

follows:   

ln          =    +   ln      +   ln      +   ln           +   ln D_            

+    D_             +    D_           +    D_               +                 (Eq3)                  

where          represents the volume of trade flows for commodity k between country i 

and country j at time t and       and       are gross domestic products (GDP) of country i 

and j (economic size) in year t.            is the geographic distance between the capitals 

of countries i and j, which represents transportation cost of trade. 
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We also include the differences in environmental regulatory strictness between 

country i and j (           ) in the model as a way of capturing the effects of the 

differences in environmental regulation strictness between countries and their trading 

partners with have either weaker or stricter environmental regulations.  

We employ the similarity index in (Eq4) to calculate the differences in the 

environmental policy strictness between trading partners.  

Environmental Regulations Similarity index    

= 1 – (
              

                              
)  -  (

              

                              
)     (Eq4)   

We apply the formula from Helpman’s similarity index
15

 to define and calculate 

how the environmental regulatory stringency differs between countries. The index is 

between 0 and 0.5. The higher index indicates that country i and country j have similar 

stringencies of environmental regulations. The lower index indicates that the stringencies 

of environmental regulations of two counties are different.  

The similarity index includes weighted terms which indicate how large the share 

of the country i’s stringency of environmental regulations (efforts in environmental 

protection) is relative to the overall stringency of environmental regulations (total effects 

in environmental protection) of the two countries.   

The similarity indices used in previous research on international trade need more 

than one component (for example, a number of registered pesticides (Drogué and 

DeMaria, 2012) and GMO regulations (Vigani et al, 2012)) to measure the similarity of 

regulations. However, since the expenditure on environment protection, either the 

                                                 

15 1 – (
𝐺𝐷𝑃   

𝐺𝐷𝑃    𝐺𝐷𝑃  
)  -  (

𝐺𝐷𝑃  

𝐺𝐷𝑃    𝐺𝐷𝑃  
)  , (Helpman, 1987) 
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government environmental protection expenditure or revenue from environmentally 

related taxes, is the only component in our study, the existing similarity indices do not 

apply. Therefore, we adopt the Helpman’s income similarity index formula to measure 

the similarity of the environmental regulatory stringencies between two countries.  

The dummy variables include common language (D_            ), colony 

(D_          ) and contiguity (D_              ) dummy variables: common language is 

a dummy variable which takes the value of 1 if two countries share a common language 

and 0 otherwise, colony takes the value of 1 if two countries have ever had a colonial link 

and 0 otherwise, and contiguity equals 1 if countries share a border and 0 otherwise.   

 

2.2. Data description  

This research uses annual data between 2001 and 2011 across 34 OECD 

countries to estimate the gravity model. Our analysis focuses on the top 20 commodities 

produced in the world in 2011 (FAOSTAT, 2015). We group these 20 commodities into 3 

categories, high energy-intensive commodities, medium energy-intensive commodities, 

and low energy-intensive commodities, based on how much energy input they require to 

be produced. High energy-intensive commodities include dairy products and live stocks, 

medium energy-intensive commodities include fruits and vegetables, and low energy-

intensive commodities include grains (Scientific Americans, 2011). The categories of 20 

commodities and their HS code are presented in Table 2.1. 

Table 2.1  List and groups of 20 commodities 

Group Commodities HS code 
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Energy high intensity  

Milk, Cow HS 040120 

Milk, Buffalo HS040120 

Meat, Cattle HS 020110 

Meat, Pig HS 020311 

Meat, Chicken HS 020711 

Eggs HS 040700 

Energy mid intensity 

Grapes HS 080610 

Apples HS 080810 

Bananas HS 080300 

Mangoes & Mangosteens & Guavas HS 080450 

Tomatoes HS 070200 

Vegetables HS 0709 

Potatoes HS 0701 

Cassava HS 071410 

Energy low intensity 

Rice HS 100610 

Wheat HS 1001 

Soybeans HS 120100 

Sugarcane HS 121292 

Maize HS 1005 

Cotton lint HS 520100 

 

 Nominal bilateral trade data are sourced from United Nations Comtrade Database. 

The trade data consist of the import trade values of the 20 commodities across 34 OECD 

countries. Trade values are recorded in US dollars. Among 38,145 observations on trade 

flows (imports), 46.74% are non-zero (high energy-intensive commodities: 36.33%, 

medium energy-intensive commodities: 52.41%, and low energy-intensive commodities: 

51.47%). Most of the zero trade flows between countries are not missing information, but 

rather present a true absence of trade between countries (Martin and Pham, 2008).  

The gross domestic product (GDP) of each country’s data is from the World 

Bank. The GDP is used as the mass factor in our gravity model. The geographical 

variables such as distance and dummy variables indicating whether the two countries are 
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contiguous, use a common language and share a border are extracted from the Centre 

d‘Etudes Prospectives et d’Informations Internationales (CEPII). 

We employ two different input-oriented proxies for stringency of environmental 

regulations in the model: government environmental protection expenditure and revenue 

from environmentally related taxes. They are obtained from the FAOSTAT and 

Organization for Economic Co-operation and Development(OECD) statistics.  

3. Empirical Model 

The standard procedure for estimating a gravity model consists of taking the 

natural logarithms of both sides and estimating the equation by ordinary least squares 

(OLS) regression. However, the OLS specification has been criticized because of the zero 

trade issues encountered by the OLS estimation of the log-linear gravity model. 

Since the logarithm of zero is not defined, it can also lead to biased estimates: 

dropped zero trade observations are rarely identically and randomly distributed. 

Therefore, recent research has suggested alternative approaches to treat these problems.   

Some research adds a small positive number to all zero trade values. This 

approach allows estimation of log-linear logarithm gravity model without excluding zero 

trade country pairs in the sample. However, this approach is also criticized because it 

does not have theoretical and empirical justification and can distort estimated results 

(Flowerdew and Aitkin, 1982).     

Some studies have dealt with these problems by using the Heckman two-step 

model because the Heckman model can deal effectively with the zero trade observations 
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and takes into account extensive margin (whether to participate in trade or not) and 

intensive margin (how much to trade).  

Therefore, in this paper, we employ Heckman’s two-step model technique 

because of the presence of many zero observation s in our trade data. The Heckman two-

step model was first proposed by Heckman in 1979 and used to take into account the 

potential sample selection bias problem (Heckman, 1979). The Heckman model is 

implemented via a two-step procedure. In the first step (selection equation), we estimate 

the likelihood of participation in trade. In the second step (outcome equation), we 

characterize the values of trade flows conditional on trade participation. The first step 

corresponds to an extensive margin of trade and the second step an intensive margin of 

trade. The Heckman two-step model is specified as follows:  

Selection equation (Probit model) 

Pr (         > 0)  

= ф [  ̂ +   ̂ ln      +   ̂ ln       +   ̂ ln           +   ̂ ln             

+   ̂ D_             +   ̂D_           +   ̂ D_               +          ]     (Eq5) 

Selection equation is a probit binary choice model. ф is the standard normal distribution 

function.  

Output equation (Gravity model) 

ln (         |          > 0)  

=    +   ln       +   ln      +   ln           +   ln            +    D_              

+    D_           +    D_               +    λ (α) +                                        (Eq6) 
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Output equation is a non-linear least square estimation. Where λ(α) is the inverse mills 

ratio which  is the ratio of the probability density function to the cumulative distribution 

function of normal distribution. The ratio is used in the output equation to correct for the 

sample selection bias. If the inverse mills ratio is estimated to be significant, then it 

confirms the suitability of the Heckman two-step selection model. 

4. Empirical Results  

The effect of environmental regime stringency on trade flows is estimated with a 

panel gravity model framework. For all regressions, year and country dummies are used 

to control for the time variant factors and time invariant countries characteristics, 

respectively. 

Tables 2.2, 2.3, 2.4, and 2.5 present the estimates for the gravity model using 

OLS and the Heckman two step selection model with high, medium, and low energy-

intensive commodities. Tables 2.2 and 2.3 show the results for the trade flow between 

country i and its trading partners with stricter environmental regulations. Tables 2.4 and 

2.5 show the results for the trade flow between country i and its trading partners with 

weaker environmental regulations. 

The majority of the estimated coefficients are significant. The positive 

coefficients of country i’s gross domestic products (ln_gdp_i) demonstrate that the higher 

country i’s GDP, the more likely the country would trade with other countries and the 

higher the trade volume. A longer distance (ln_dist) between countries has a negative 

effect on imports. A longer distance between countries can increase the transaction cost 
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and thus decrease the trade flows. The coefficient of the contiguity dummy variables 

(dummy_contig) is consistently positive. This means that sharing a common border, may 

reduce transaction costs and facilitate trade flows between countries.  

Table 2.2  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Government Expenditure for Environmental 

Protection; dependent variable: imports from countries with stricter regulation 

stringency) 

Variables 

Energy High Intensive Energy Mid Intensive Energy Low Intensive 

OLS 
Heckman 

OLS 
Heckman 

OLS 
Heckman 

Outcome select Outcome select Outcome select 

ln_gdp_i 1.303 2.069*** 0.867*** 0.113 0.107 0.273 1.593* 1.490** 0.339 

 
(0.847) (0.728) (0.336) (0.588) (0.482) (0.346) (0.855) (0.711) (0.311) 

ln_gdp_j 0.656 0.744 -0.245 1.076** 1.080*** -0.577* -0.865 -0.862 -0.534** 

 
(0.757) (0.593) (0.272) (0.482) (0.382) (0.307) (0.543) (0.541) (0.256) 

ln_dist -1.783*** -1.744*** 0.034 -1.627*** -1.638*** 0.287*** -1.658*** -1.691*** 0.128*** 

 
(0.108) (0.112) (0.039) (0.103) (0.090) (0.041) (0.115) (0.110) (0.037) 

ln_r_gov_ep_ex 0.649* 1.017*** 0.745*** 0.106 0.103 0.706*** 0.193 0.102 0.837*** 

 
(0.364) (0.244) (0.099) (0.145) (0.133) (0.136) (0.192) (0.208) (0.101) 

dummy_contig 1.153*** 1.693*** 1.480*** 0.710*** 0.685*** 2.206*** 1.311*** 1.140*** 1.805*** 

 
(0.168) (0.229) (0.147) (0.137) (0.153) (0.237) (0.161) (0.212) (0.191) 

dummy_lang 0.921*** 0.888*** 0.261* 0.904*** 0.899*** 1.043*** 0.592*** 0.516** 0.766*** 

 
(0.213) (0.236) (0.139) (0.167) (0.155) (0.153) (0.205) (0.206) (0.142) 

dummy_colony 0.626** 1.022*** 0.555*** 0.655*** 0.637*** 0.430** 0.631*** 0.415 0.983*** 

 
(0.246) (0.260) (0.163) (0.177) (0.176) (0.204) (0.226) (0.253) (0.206) 

lamda  1.498***   -0.069   -0.579**  

 
 (0.309)   (0.170)   (0.284)  

 
0.658   0.756   0.651   

 
         

Constant -27.019 -53.276** -19.417* -7.613 -8.483 6.044 -0.308 8.073 4.958 

 
(25.527) (24.497) (11.474) (16.769) (16.415) (11.829) (22.221) (23.604) (10.472) 

 
         

Observations 1,964 4,677 4,677 2,558 4,677 4,677 2,420 4,677 4,677 
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Table 2.3  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Revenues from environmentally related taxes; 

dependent variable: imports from countries with stricter regulation stringency) 

Variables 

Energy High Intensive Energy Mid Intensive Energy Low Intensive 

OLS 

Heckman 

OLS 

Heckman 

OLS 

Heckman 

Outcome select Outcome select Outcome select 

ln_gdp_i 2.361*** 2.599*** 0.813*** 0.426 0.390 0.273 0.752 0.616 0.400* 

 
(0.741) (0.617) (0.262) (0.400) (0.367) (0.214) (0.512) (0.477) (0.220) 

ln_gdp_j -0.009 -0.242 -1.202*** 1.246*** 1.214*** -0.125 -0.593 -0.409 -0.977*** 

 
(0.590) (0.535) (0.246) (0.442) (0.367) (0.236) (0.483) (0.477) (0.231) 

ln_dist -1.594*** -1.663*** -0.227*** -2.053*** -2.078*** 0.003 -1.679*** -1.624*** -0.080*** 

 
(0.088) (0.097) (0.033) (0.063) (0.062) (0.028) (0.076) (0.078) (0.029) 

ln_r_tax_rev 1.501*** 1.867*** 1.542*** 0.340 0.260 0.505*** 0.687*** 0.378 1.256*** 

 
(0.315) (0.333) (0.119) (0.217) (0.184) (0.114) (0.259) (0.255) (0.115) 

dummy_contig 1.793*** 1.957*** 1.427*** 0.477*** 0.243 2.006*** 1.292*** 1.104*** 1.647*** 

 
(0.186) (0.207) (0.142) (0.126) (0.152) (0.246) (0.140) (0.189) (0.195) 

dummy_lang 0.912*** 0.972*** 0.582*** 1.191*** 1.085*** 0.849*** 0.665*** 0.526*** 0.669*** 

 
(0.203) (0.209) (0.106) (0.147) (0.142) (0.114) (0.175) (0.179) (0.122) 

dummy_colony 0.324 0.405* 0.229* 0.210 0.011 0.666*** 0.072 -0.225 1.185*** 

 
(0.225) (0.208) (0.128) (0.144) (0.159) (0.160) (0.172) (0.205) (0.187) 

lamda  0.580*   -0.869***   -1.030***  

 
 (0.309)   (0.206)   (0.269)  

 
0.596   0.706   0.647   

 
         

Constant -33.493* -42.609** 8.061 -18.696 -12.723 -9.877 19.387 25.143 13.458 

 
(18.283) (20.640) (9.962) (12.963) (13.395) (0.000) (14.168) (17.534) (0.000) 

 
         

Observations 2,340 6,138 6,138 3,281 6,138 6,138 3,193 6,138 6,138 
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Table 2.4  Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Government Expenditure for Environmental 

Protection; dependent variable: imports from countries with weaker regulation 

stringency) 

Variables 

Energy High Intensive Energy Mid Intensive Energy Low Intensive 

OLS 
Heckman 

OLS 
Heckman 

OLS 
Heckman 

Outcome select Outcome select Outcome select 

ln_gdp_i 0.816 0.649 0.429 1.477*** 1.641*** 0.633** 0.134 0.147 0.287 

 
(0.806) (0.747) (0.323) (0.505) (0.488) (0.312) (0.761) (0.759) (0.301) 

ln_gdp_j 0.289 0.443 -0.375 -0.270 -0.251 -0.092 0.022 0.038 -0.037 

 
(0.770) (0.738) (0.296) (0.369) (0.379) (0.267) (0.722) (0.636) (0.251) 

ln_dist -1.145*** -1.116*** -0.107*** -1.282*** -1.267*** 0.244*** -1.523*** -1.524*** 0.010 

 
(0.133) (0.118) (0.034) (0.074) (0.066) (0.032) (0.139) (0.107) (0.031) 

ln_r_gov_ep_ex -0.235 -0.493* 0.841*** 0.037 0.112 0.434*** 0.108 0.117 0.365*** 

 
(0.305) (0.293) (0.099) (0.142) (0.145) (0.086) (0.285) (0.269) (0.088) 

dummy_contig 2.680*** 2.333*** 2.069*** 1.308*** 1.597*** 2.887*** 1.980*** 2.039*** 1.873*** 

 
(0.174) (0.241) (0.169) (0.128) (0.168) (0.365) (0.180) (0.261) (0.188) 

dummy_lang 0.101 0.077 -0.138 0.679*** 0.704*** 0.283* -0.105 -0.093 0.568*** 

 
(0.264) (0.249) (0.143) (0.145) (0.165) (0.160) (0.240) (0.239) (0.141) 

dummy_colony -0.486* -0.508* 0.203 0.870*** 0.951*** 0.931*** 0.530** 0.572** 1.163*** 

 
(0.287) (0.265) (0.175) (0.183) (0.197) (0.256) (0.233) (0.288) (0.219) 

lamda 
 

-0.659** 
  

0.736*** 
  

0.132 
 

  
(0.279) 

  
(0.200) 

  
(0.349) 

 

 
0.689 

  
0.699 

  
0.529 

  

          

Constant -15.572 -12.500 -3.595 -7.032 -17.590 -15.920 17.552 20.631 -5.916 

 
(27.419) (25.625) (11.363) (15.308) (16.279) (10.634) (21.617) (24.997) (10.127) 

          

Observations 1,726 4,677 4,677 2,997 4,677 4,677 2,329 4,677 4,677 
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Table 2.5 Estimation Results OLS and Heckman two-step model (environmental 

regulation stringency proxy: Revenues from environmentally related taxes; 

dependent variable: imports from countries with weaker regulation stringency) 

variables 

Energy High Intensive Energy Mid Intensive Energy Low Intensive 

OLS 
Heckman 

OLS 
Heckman 

OLS 
Heckman 

Outcome select Outcome select Outcome select 

ln_gdp_i 0.631 0.195 0.791*** 0.775 0.905** 0.771*** 0.051 0.018 0.412* 

 
(0.663) (0.625) (0.238) (0.497) (0.416) (0.221) (0.575) (0.568) (0.214) 

ln_gdp_j 0.966 1.207* -0.442* 0.125 0.081 -0.500** 0.722 0.746 -0.375* 

 
(0.697) (0.649) (0.255) (0.358) (0.368) (0.240) (0.584) (0.544) (0.223) 

ln_dist -1.353*** -1.226*** -0.277*** -1.530*** -1.531*** 0.097*** -1.553*** -1.544*** -0.058** 

 
(0.091) (0.097) (0.028) (0.063) (0.057) (0.028) (0.091) (0.080) (0.025) 

ln_r_tax_rev -0.066 -0.619* 1.004*** 0.019 0.114 0.814*** -0.024 -0.066 0.569*** 

 
(0.343) (0.356) (0.125) (0.200) (0.201) (0.115) (0.319) (0.308) (0.114) 

dummy_contig 2.304*** 1.825*** 1.648*** 1.040*** 1.263*** 3.052*** 1.977*** 1.832*** 2.073*** 

 
(0.178) (0.234) (0.139) (0.135) (0.172) (0.335) (0.180) (0.244) (0.181) 

dummy_lang 0.745*** 0.630*** 0.290*** 0.744*** 0.738*** 0.274** -0.288 -0.307 0.518*** 

 
(0.251) (0.240) (0.107) (0.146) (0.151) (0.119) (0.217) (0.214) (0.106) 

dummy_colony -0.025 -0.009 -0.273** 0.461*** 0.549*** 1.088*** 0.430** 0.340 0.791*** 

 
(0.243) (0.237) (0.130) (0.159) (0.171) (0.203) (0.196) (0.240) (0.157) 

lamda 
 

-1.109*** 
  

0.518*** 
  

-0.325 
 

  
(0.294) 

  
(0.192) 

  
(0.297) 

 

 
0.675 

  
0.661 

  
0.567 

  

          

Constant -24.006 -17.973 -13.972 0.442 -2.378 -14.355 2.988 5.661 -6.202 

 
(18.171) (22.313) (0.000) (13.183) (14.635) (0.000) (21.229) (20.298) (0.000) 

          

Observations 1,903 6,138 6,138 3,634 6,138 6,138 2,840 6,138 6,138 

 

 

The results in the third column of Tables 2.2, 2.3, 2.4, and 2.5 show that having 

similar environmental regulations has significant effects on the trade flow of high energy-

intensive commodities, while the results in the sixth and the ninth column show that 
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having similar environmental regulations does not have significant effects on the trade 

flow of medium and low energy-intensive commodities. Since energy-intensive 

commodities require more energy input than less energy-intensive products, the energy-

intensive commodity trade is significantly affected by environmental regulations.  

Furthermore, the results in Tables 2.2 and 2.3 for high energy-intensive 

commodities show that there is a positive relationship between import value and the 

similarity of environmental regulatory stringency between countries and their trading 

partners with stricter environmental regulations. On the contrary, Tables 2.4 and 2.5 show 

there is a negative relationship between import value and the similarity of environmental 

regulatory stringency between countries and their trading partners with weaker 

environmental regulations. Specifically, this implies that for high energy-intensive 

commodities, a one percent increase in the similarity index will increase import value by 

101.7% and 186.7% from countries with stricter environmental (shown in Table 2.2 and 

2.3). However, a one percent increase in similarity index will decrease import value by 

49.3% and 61.9% from countries with weaker environmental regulations (shown in Table 

2.4 and 2.5).  

The stringent environmental regulations have both a quality effect, which could 

make trading partners feel safer and increase demand for their commodities (the porter 

hypothesis), and a cost effect, which could increase the production cost and then reduce 

competitiveness (pollution haven hypothesis).  

Based on our results of the selection (extensive margin) and outcome equations 

(intensive margin) in Tables 2.2 and 2.3, the positive quality effect is dominated by the 
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negative cost effect.  This implies that when country j has stricter environmental 

regulations than country i, the weaker the country j’s environmental regulations, the 

higher the likelihood country i will import from country j, and the more commodities 

country i will import from country j.  

On the contrary, the estimated coefficients of similarity of environmental 

regulations between countries in the selection equation (positive) and the output equation 

(negative) in Tables 2.4 and 2.5 are opposite.  This implies that when country j has 

weaker environmental regulations than country i, the weaker the country j’s 

environmental regulations, the lower the likelihood country i will import from country j, 

but once country i imports, the more commodities country i will import from country j. 

This is because countries care more about quality than cost when deciding whether or not 

to trade if their trading partners have weaker environmental regulations (quality effect > 

cost effect at the extensive margin); imported commodities from countries with weaker 

environmental regulations might be lower quality and also have undesirable 

environmental and health risks. For example, farmers in countries with weak 

environmental regulations might use more chemical fertilizers, which can potentially 

harm the environment (Nitrous Oxide (   ) levles) and human health. This is because 

chemical fertilizers could stabilize the     concentration and the toxic chemicals in 

fertilizers are absorbed into the commodities and enter the food chain. However, even 

though the likelihood of importing from the trading partners with weaker environmental 

regulations is smaller, once countries decide to import, they will likely import more from 
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the trading partners with weaker environmental regulations because of the lower cost 

(cost effect > quality effect at the intensive margin). 

Furthermore, compared to the results of OLS, the Heckman two stage sample 

selection model estimated similarity coefficients increase from 0.649 to 1.017 and 

from1.501 to 1.867, respectively (Table 2.2 and Table 2.3). On the contrary, similarity 

coefficients become significant and drop from -0.235 to -0.493 and from -0.066 to -0.619 

in the Heckman two step selection estimation results compared to the OLS results (Table 

2.4 and Table 2.5). These findings confirm that OLS tends to overestimate/underestimate 

the parameters when dealing with zero-valued trade flows. 

5. Conclusions  

The purpose of this paper is to investigate the effects of the relative strictness of 

environmental regulations between trading partners on trade flows of energy-intensive 

commodities and less energy-intensive commodities by using the gravity model. We 

divide the world top 20 produced crops into 3 groups of high, medium, and low energy-

intensive commodities and trading partners into 2 groups: those with stricter 

environmental regulations and those with weaker environmental regulations. 

The empirical analysis shows that differences in environmental regulations 

between countries significantly affect trade flows of energy-intensive commodities. 

However, they do not have any influence on the trade flows of less energy- intensive 

commodities. This is because the heavy reliance on fossil fuels for production makes 

trade flows of energy- intensive commodities sensitive to environmental regulations.  
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Our results also indicate that countries import more as their trading partners’ 

environmental regulations become weaker. Since stringent environmental regulations 

increase the production costs and prices, lower environmental standards will increase 

competitiveness.  However, a country’s likelihood of trading with partners with weaker 

environmental regulations decreases as the partners’ environmental regulations become 

weaker. This is because countries care more about quality than cost when they decide 

whether to import from trading partners with weaker environmental regulations. 

 When countries have relatively weaker environmental regulations compared to their 

major trading partners, policy makers of these countries should consider specializing 

more in energy-intensive food industries. Relatively weaker environmental regulations 

will generate a comparative advantage in energy-intensive food industries, because weak 

environmental regulations significantly decrease the production costs and thus increase 

the price competitiveness of energy-intensive commodities. However, these countries 

with weaker environmental regulations should consider to meet the minimum threshold 

on the environmental regulations of the importing countries (with stricter environmental 

regulations) to increase the likelihood of exporting energy-intensive products. 

 On the contrary, when countries have relatively stricter environmental regulations 

compared to their major trading partners, policy makers of these countries should 

consider specializing more in less energy-intensive food industries. Since strict 

environmental regulations increase the production costs and thus prices of in energy-

intensive commodities, their trade partners’ incentive to import the energy-intensive 

commodities is low. However, relatively stricter environmental regulations will generate 
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comparative advantage in less energy-intensive food industries, because these regulations 

do not have any negative effects on the price competitiveness in less energy-intensive 

food industry.  

In addition, policy makers in countries with weak environmental regulations 

should consider new methods to improve the quality of their commodities without 

significantly increasing the cost and price. Then, the likelihood of exporting to trading 

partners with stringent environmental regulations will increase and total values of trade 

will not decrease significantly because prices still remains competitive.  

However, policy makers in countries with strict environmental regulations should 

consider new methods to decrease the costs and prices of their commodities without a 

significant decrease in the quality. Then, both the likelihood of trading with countries 

with weaker environmental regulations and the total value of trade with these countries 

will increase, because prices become more competitive and commodities still have high 

quality.  
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CHAPTER 3.  

 

Impacts of GMO Labeling Regulations on International Trade and 

Social Welfare 

1. Introduction 

According to a 2011 United Nations Department of Economic and Social Affairs 

(DESA) report, the current world population of 7.3 billion is expected to reach 8.5 billion 

by 2050 and 11.2 billion by 2100, which will greatly increase food demand. In addition, 

climate change and rapid urbanization during the 21
st
 century will further threaten food 

production. Many researches have been conducted with the aim of solving the food 

security problem. In particular, scientists have long viewed genetically modified (GM) 

crops as a means to improve global food security; since GM crops are engineered to resist 

insects and tolerate diseases and severe weather conditions, it is believed they can 

increase food production. Accordingly, the global area of GM crops has sharply increased 

since their introduction in 1996: from 1.7 million hectares in 1996 to 170.3 million 

hectares in 2012 (Clieve James, 2012).  

However, increasing cultivation of GM crops has raised health and 

environmental concerns about the potential risks of consuming GMOs, which results in 

the public debate over GMOs. On the one hand, some argue that the production of GM 

crops will benefit both human health and the environment. They believe one of the most 
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significant health and environmental advantages of GM crops is the reduction in chemical 

pesticides usage. GM crops are modified to resist pests, thus an increase in the planting of 

GM crops will lead to a decreased use of these environmental toxins. Reduced pesticide 

residue on foods may result in less harm to human health. On the other hand, critics of 

GM foods believe that GM products cause unintended harm to human health and the 

environment, asserting that DNA changes in GM plants can be toxic to non-target 

organisms and these toxicity will remain. Thus, GMOs have adverse long-term health 

effects. In addition, some believe that biodiversity is also threatened by GMOs: if farmers 

increase the planting of GM crops, then many conventional seeds will be used less 

frequently and possibly lost forever.  

Stewart (2009) found there are differences among countries in their assessments 

of GMOs’ costs and benefits and thus their interests, which have led to the adoption of 

different GMO regulations. According to a United Nations Food and Agriculture 

Organization’s (FAO) article (2014), seventeen countries have no GMO-related food 

safety regulations, but fifty-five countries have zero-tolerance regulations for 

unauthorized GMO commodities. Countries’ different GMO regulations may 

significantly impact their trade partners and lead to international trade conflicts, because 

countries with less strict or no GMO regulations consider stricter GMO regulations as 

non-tariff barriers to trade.  

Most literature related to GMOs in international trade has focused on the 

implications of GMO adoption, regulations of trading partners, or the public welfare 

(Choi, 2010; Anderson; 2010; Desquilbet.M. and Poret. S.,2011). Using the Cournot-
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Nash and Stackelberg equilibriums, Choi (2010) showed that strict import quotas on GM 

commodities increase their price, but decrease consumer welfare. In addition, this 

research found that import bans on GM commodities benefit landowners, not producers 

in the long run. Using an Empirical approach, Anderson (2010) investigated the impacts 

of the introducing GM crops in Asia and Sub-Saharan Africa (SSA). The author 

employed a GTAP model and showed that adoption of transgenic crops potentially has 

large effects on the economic welfare in Asia and SSA countries. Desquilbet and Poret 

(2014) employed a theoretical approach within a vertical product differentiation 

framework to explore the impacts of ex-ante regulations and ex-post liability of GMO 

crop co-existence on market outcomes and welfare. However, past studies mostly have 

explored theoretical approaches without empirical applications, primarily because there 

are no GMO commodities trade data.  

Very few researchers have empirically explored the effects of GMO standards on 

trade flow. Disdier and Fobtagne (2010) quantified the effects of European GMO 

standards on trade. They classified the main GM crops (maize, cotton, and oilseed rape) 

as genetically modified products. They found that the European de facto moratorium and 

product specific measures negatively impact trade. In addition, Vigani et al (2012) 

investigated the effect of GMO standards on bilateral trade flow of soybean, maize, and 

rapeseed. They considered these crops as potentially genetically modified because these 

crops are the most prevalent GM crops in the world. In their study, they showed that large 

differences in GMO regulations between countries significantly decrease the trade flow 

of these major potential GMO commodities. 
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Even though Disdier and Fobtagne (2010) and Vigani et al (2012) do not use 

specific GMO data, their classification allows for empirical investigation of the effects of 

GMO regulations on the trade flow of GMO products. However, they do not capture 

changes in social welfare in response to GMO regulations. In general, regulations aim at 

maximizing a society’s welfare. Therefore, to access regulations, it is important to 

consider the impacts of GMO labeling regulations on not only trade flow, but also social 

welfare.  

In this study, we employ the nested Constant Elasticity of Substitution (CES) 

model to study the effects of GMO labeling regulations in Korea and Japan on social 

welfare and bilateral trade flow of GM and non-GM soybeans.  

Past research (e.g. Calvin and Krissoff, 1998; Yue, Beghin, and Jensen , 2006; 

Liu and Yue, 2009) has employed a price-wedge methodology and partial equilibrium 

analysis to measure the impact of food regulations or standards on trade and welfare. 

Quality differences, transportation and transaction costs, and non-tariff barriers can be the 

cause of a price-wedge between different products (Liu and Yue, 2009). A price-wedge 

measures the difference between the price of imported products and the price of reference 

products and estimates the regulations’ tariff equivalent. Using estimated tariff equivalent, 

a partial equilibrium analysis can be conducted to measure changes in trade and welfare 

due to the change in regulations.  

The main contribution of this research is to quantify the impacts of GMO 

labeling regulations on trade flow and social welfare. Since there are no biotech data, we 

applied Vigani et al (2012)’s classification of GMO commodities (soybeans, maize, and 
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rapeseed) and considered soybeans from certain countries as potentially genetically 

modified. Some countries have not cultivated GM crops in their territory. Therefore, we 

consider soybeans produced in countries that cultivate major GM commodities in their 

territory as potentially genetically modified, and soybeans produced in countries that do 

not cultivate major GM commodities as not genetically modified. This allows us to 

distinguish the trade flow of non-GM soybeans and GM soybeans.  

This study focuses on soybean markets in South Korea and Japan because of the 

following reasons. First, soybeans have provided a major source of dietary protein in 

many Asian countries including South Korea and Japan for thousands of years. Korean 

and Japanese consumed 1238 and 3066 thousand metric tons of soybeans and soybean 

products in 2012, respectively. Second, because of the limited supply capacity and the 

decline in farming population in these two countries, their dependence on imported 

soybeans is high and will continue to increase.  Despite the high consumption level of 

soybeans, South Korea and Japan only produced 123 and 236 thousand metric tons of 

soybeans, which were mostly used in soy foods in 2012. The imbalance between 

domestic production and consumption makes Korea and Japan large net importers of 

soybeans (1115 and 2830 thousand metric tons imports in 2012, respectively) (Mangino 

and Hayashi, 2012; Myers and Choi, 2014). Third, they share similar production and 

trade patterns of soybeans; neither cultivates GM soybeans in their territory and import 

both GM and non-GM soybeans. Lastly, most of all, these two countries have similar 

GMO labeling regulations except for their tolerance level (South Korea: 3% and Japan: 

5%).  
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In this study, we focus on labeling regulations of GMOs. A label provides 

detailed information about the products to consumers and may change their preferences 

for these products. Therefore, the food label can affect consumer’s food purchasing 

decision-making process (Huffman and McCluskey, 2014).  

GMO labeling regulations in South Korea first came into effect in 2001 (March 

2001 for soybean products; July 2001 for processed foods containing soybeans or 

soybean sprouts). Under the LMO act, the country’s enforcement legislation for the 

Cartagena biosafety protocol. Under the LMO Act, a person who develops, imports, 

exports, or produces agricultural products and processed foods containing more than 3% 

biotech ingredients is obligated to provide labels (Sayuri Umeda, 2014). The three types 

of GMO labels for agricultural products and processed foods are:  

1) Genetically modified, 

2) Partially contains genetically modified organisms, and 

3) Possibly contains genetically modified organisms. 

Mandatory labeling of GM soybeans went into effect in Japan in 2001 under the 

Law on Standardization and Proper Labeling of Agricultural and Forestry Products 

introduced by the Japanese Agricultural Standards (JAS; Consumer Affairs Agency). By 

2012, Japan had not approved commercial production of GM crops domestically, but 

allowed importation and sales of 33 processed foods and 8 crops (soybeans, sugar beets, 

corn, canola, cotton, alfalfa, potatoes, and papayas) but required these products clearly 

labeled when sold (Ebata, Punt, and Wesseler, 2013). Under the labeling regulations, 

there are three types of GMO labels:  
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1) Genetically modified, 

2) Genetically modified organisms not segregated, and 

3) Not genetically modified. 

The first two are mandatory labeling requirements whereas the 3
rd

 one is a voluntary 

labeling option for processed foods which include less than 5% of these eight foods by 

weight. 

The rest of the paper is organized as follows: section 2 describes the data used for 

this study. In section 3, the nested CES utility function model is introduced. Section 4 

discusses results and section 5 concludes this study with policy implications.  

2. Empirical Model 

We employ a nested Constant Elasticity of Substitution (CES) utility function for 

analyzing the impacts of GMO labeling regulations on welfare and trade flow of 

soybeans. The CES utility function has been most widely used specification in theoretical 

models of product differentiation because of its simplicity (Bresnahan and Gordeon, 

2008). Following Yue et al (2006) we employ the price-wedge approach by using the 

CES utility function with quality differences in domestic and imported products.  

The CES utility function in this study assumes that the quality of differentiated 

products is different, which means that all goods are regarded as imperfect substitutes. 

The representative consumer maximizes utility by choosing between domestic (D) and 

imported (I) soybean and by choosing between GM soybeans and non-GM soybeans 

subject to budget constraint.  
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MAX  U (D,  𝐺 ,   𝐺) 

=      
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          )   𝐺
  ]

 

   )   ]
 

                   

s.t.  𝐷   +    𝐺    𝐺 +     𝐺    𝐺 = M          (Eq1) 

   =    +    * GMO                            (Eq2) 

   =    +    * GMO                            (Eq3) 

M is total expenditure on soybeans;  𝐷 and    are the prices of domestic and 

imported soybeans, respectively; D is the quantity of consumption of domestic and 

imported soybeans, respectively. In addition,    and (1-   ) measure consumer 

preference for domestic and imported soybeans, respectively;    measures the elasticity 

of substitution between domestic and imported soybeans, which is in    = 1- 
 

  
. Finally, 

   measures the change of consumer preference for GM soybeans because of the 

implementation of GMO labeling regulations.  

   𝐺  and     𝐺  are prices of imported GM and non-GM soybeans, respectively; 

  𝐺  and    𝐺 are the consumption quantity of imported GM and non-GM soybeans, 

respectively.   , found in    = 1- 
 

  
, measures the elasticity of substitution in the CES 

utility function between GM and non-GM soybeans. Since the elasticity of substitution 

between domestic and imported soybeans and the elasticity of substitution between GM 

and non-GM soybeans may be different,    may not be equal to   .    and (1-   ) 

measure consumer preference for imported GM and non-GM soybeans with regard to 

food safety or quality. Furthermore,    measures the change in consumer preference for 

GM soybeans because of the implementation of GMO regulations. 
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Using this CES utility function, we obtain the indirect utility function. From this, 

we derive the domestic and imported demand functions (Marshallian demand functions) 

which indicate the consumer demands for domestic and imported soybeans
16

. In addition, 

we also derive the expenditure function to estimate the changes in consumer welfare after 

the introduction of the GMO labeling regulations.  

The Marshallian demand functions are  
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In the utility maximization problem, the rate of substitution between two 

different commodities is constant with regards to the ratio of each commodity’s own 

price. The conditions for optimality are as follows:  

MRS = 
   

     
 = 

𝑃 

𝑃   
                                                                                                       (Eq7) 

                                                 

16 The Roy’s identity = - (
𝜕 

𝜕  
⁄

𝜕 
𝜕 ⁄

) generates the direct demand function of commodity i.    
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MRS = 
     

      
 = 

𝑃   

𝑃    
                                                                                                   (Eq8)  

Where    𝐷 is the marginal utility of domestic soybeans; 

                 𝐺 is the marginal utility of imported non GM soybeans; and  

                𝐺  is the marginal utility of imported GM soybeans.  

Marginal Utility (MU) is calculated from (Eq1) and substituted into the (Eq7) and 

(Eq8), which allows us to calculated prices:  
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Next, we substituted     𝐺  =      𝐺  ( 
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In addition,  
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We rearrange these equations and by taking the natural logarithms on both sides and 

obtain:  
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By including the exogenous variables  𝐷 ,     𝐺  ,    𝐺 , D,    𝐺,  𝐺  and M in this 

equation and estimating this equation, we obtain the parameters of the model,         , 

  ,   ,   .  
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We use an equilibrium displacement model for the model’s supply side. Let  𝐷 

be the supply of domestic soybeans. The supply function is an increasing function with 

price of soybeans P and exogenous parameter λ
17

.  

 𝐷 ( 𝐷,  𝐷
  
  

) =  𝐷  𝐷
  
  

                                                                                          (Eq16) 

Parameter  𝐷
  indicates the price elasticity of soybeans supply. For soybeans, the 

supply elasticity is 0.15 (Haile et al, 2016). A decrease in  , which is a positive number, 

reflects upward shifts in the supply curve if the GMO labeling regulations increase the 

production costs.  

By imposing the market clearing condition, we calculate the new equilibrium prices 

and quantities after the removal of the GMO labeling regulations, and estimate the 

potential effects of the implementation of GMO regulations. The market equilibrium 

condition is as follows:   

S ( ,  𝐷 ) = D ( 𝐷, M)                                                                                                (Eq17) 

We derive the new domestic equilibrium price ( 𝐷
 ) and quantity (D) after the 

removal of the GMO labeling regulations by substituting D ( 𝐷 ,     𝐺 ,    𝐺 , M) into the 

right side of (Eq17) and  𝐷 ( 𝐷,  𝐷
  
  

) =  𝐷  𝐷
  
  

 into the left side of the equation.  

Next, we consider how consumer welfare changes are caused by the 

implementation of the GMO regulations. For the welfare analysis, we use the Equivalent 

Variation (EV) to measure the change in consumer welfare.  

EV =   ( 𝐷
 ,     𝐺

 ,    𝐺
 ,   ) -   ( 𝐷

 ,     𝐺
 ,    𝐺

    )  

                                                 
17 We calibrated λ by using the observed data of domestic prices and productions quantities 
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   and    indicate initial and new utility level. In addition,    = ( 𝐷
 ,     𝐺

 ,    𝐺
 ) 

are the initial price levels of domestic and imported soybeans, while    = ( 𝐷
 ,     𝐺

 ,    𝐺
 ) 

are the new price levels.  

 We calculate producer surplus change as follows:  

Change of producer surplus = ∫  𝐷  𝐷  
𝑃 

𝑃 dp 

                       = 
 

 
 [  𝐷   𝐷

 )  -   𝐷   𝐷
 ) ]                                                                  (Eq19) 

3. Data Description 

  This study uses annual data from 1997 to 2012 to estimate the model since South 

Korea and Japan has been importing GM soybeans since late 1996. In addition, we 

exclude 2001 because GMO labeling regulations were implemented in March 2001 for 

Korea and in April 2001 for Japan and the annual data cannot distinguish the effects of 

the implementation of GMO regulations. Table 3.1 provides the mean value of the data 

used in the nested CES utility model. 
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Table 3.1  Data Descriptions on the CES utility function (mean value) 

Year 
D I_G I_NG P_D P_IG P_ING M 

(tons) (tons) (tons) (USD/ton) (USD/ton) (USD/ton) (USD) 

2012 197121.34 1484566.67 285574.92 2842.62 628.75 880.40 1401454724 

2011 185550.84 1590565.14 268854.93 2822.94 606.72 757.98 1484635059 

2010 184836.38 2069700.19 301845.75 2358.65 500.67 663.19 1526263244 

2009 195659.38 2121469.93 265299.17 2254.93 506.85 716.98 1481726758 

2008 218264.91 2377759.81 257950.43 1953.82 590.69 734.12 1910716309 

2007 188952.05 2936417.94 215831.11 1998.07 362.94 461.63 1544349687 

2006 199577.09 2846015.60 208844.78 4896.54 302.35 414.75 1366399997 

2005 206237.88 2654758.99 217568.87 2682.88 310.31 389.48 1456329166 

2004 151524.29 2657125.50 193139.19 2669.13 384.11 419.74 1484705231 

2003 192511.70 3216438.40 141330.00 2069.65 281.49 331.96 1330195431 

2002 223804.53 3168289.16 127429.68 1760.02 230.98 297.10 1165875196 

 

  As we mentioned in the introduction section, it is impossible to obtain trade and 

production data for GMO and non-GMO commodities. Therefore, we consider that 

soybeans from countries that cultivate GM crops in their territory as (potential) GM 

soybeans and soybeans from countries that do not cultivate GM crops as non-GM 

soybeans. Among soybean trading partners of South Korea and Japan, we focus on the 

four major soybean importing countries between 1997 and 2012 (The United States, 

Argentina, China and Canada) because these four countries accounted for over 90% of 

Japan and Korea soybean imports
18

. We classify soybeans imported from the United 

Sates and Argentina as GM soybeans because they cultivated a high share of GM 

                                                 
18

 The author calculated using the trade data of UN Comtrade 
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soybeans in their territory (United States : 93% and Argentina: 98%). On the other hand, 

we classify soybeans cultivated in South Korea and Japan and imported from the China 

as non-GMO soybeans, because GM soybeans have not been cultivated in these countries. 

We also classify soybeans imported from Canada as non-GM soybeans because even 

though Canada has cultivated GM soybeans in their territory they cultivate a relative low 

share of GM soybeans and the majority of Canada’s soybean exports to South Korea and 

Japan are not genetically modified.  

 Direct domestic consumption data is not found in the existing database. Therefore, 

the domestic consumption (  𝐺) is calculated by the domestic production minus exports 

(Liu and Yue, 2012). Annual production data and export data on soybeans are obtained 

from the database of the FAOSTAT and the UN Comtrade, respectively. In addition, we 

use the import quantity from countries that cultivated GM soybeans (United States and 

Argentina) as the total GM soybean imports ( 𝐺), and the import quantity from countries 

that do not cultivate GM soybeans (Canada and China) as the total non GM soybean 

imports (  𝐺). In particular, to estimate the import quantity of GM soybean ( 𝐺), we 

average the import quantities of soybeans from United States and Argentina weighted by 

each country’s share of soybean import quantities of South Korea and Japan. To estimate 

the import quantities of non-GM soybean prices (  𝐺), we average the import quantities 

of soybeans from Canada and China weighted by each country’s share of soybean import 

quantities of South Korea and Japan. All trade data are obtained from the UN Comtrade. 

 Domestic producer prices ( 𝐷 ) are obtained from the FAOSTAT. CIF prices (   𝐺, 

    𝐺) are calculated by imported value divided by imported quantity.  



 

 ７３ 

 The total income spent on soybean consumption in Korea and Japan (M) is used as 

the imperfect proxy for income budget by calculating the total production value plus 

import value minus export value. Total import value of soybeans from countries that 

cultivate GM soybeans and soybeans from countries that do not cultivate GM soybeans is 

set as total income spent on GM soybean imports (M_I).  

 We match production data and Harmonized System (HS) trade data using the 

FAOSTAT’s matching concordance. Based on the results of matching, we find that 

FAOSTAT’s soybean production data corresponds to UN Comtrade data code HS 

120100 (soybean). In addition, yellow soybeans (HS 120100) are the largest imported 

soybeans to South Korea and Japan until 2012. Therefore, we use products of this code 

among the seven codes of Vigani’s GM soybean classification (HS120100, HS120810, 

HS150710, HS150790, HS210310, HS210610, and HS230400).  

 World soybean price, effective exchange rate, GDP, the ratio of soybean imports to 

exports, and dummy year and country variables are used as instrumental variables. 

Furthermore, because GM labeling regulation in Korea and Japan was implemented in 

2001, the dummy variable for GM regulations equals 0 before 2001 and equals 1 after 

2001.  

4. Empirical Results 

The estimation for the parameters of the consumer model is based on (Eq14) and 

(Eq15). A non-linear, two-stage least squares (N2SLS) regression is used to estimate the 

model. This is because the right-hand side variables ln (
    

     
) and ln (

𝐷 

    
) are 
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endogenously determined. Equations 14 and 15 are estimated by using STATA. 

Estimation results of the parameters are shown in Tables 3.2 and 3.3.  

Table 3.2  Estimated Parameters of the Nested CES Utility function  

Parameter Estimated Value Standard Error 

    2.7395*** 0.33 

    0.5478*** 0.03 

   -0.1218*** 0.02 

   3.5638*** 0.46 

   0.6142*** 0.02 

   -0.1203*** 0.02 

Note : *, **, and *** indicate the coefficient is significant at 1%, 5%, and 10%. 

respectively 

 

Table 3.3  Estimated Consumer Confidence Parameters 

 GMO=0 GMO=1 

   0.5478 0.4260 

   0.6142 0.4939 

 

The coefficient   measures changes in elasticity of substitution in the model. 

Both    and    are larger than one; this indicates that domestic and imported soybeans 

are considered substitutes, and imported GM and non-GM soybeans are also substitutes.  

   and      ) are indicators of consumer preference for domestic and 

imported soybeans.    is larger than 0.5, which indicates that consumers in South Korea 

and Japan prefer domestic soybeans to imported soybeans. The coefficient    captures 

change in consumer preference between domestic and imported soybeans after the 

regulations are in place. The coefficient    is statistically significant, which indicates that 
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the implementation of GMO labeling regulations changed Korean and Japanese consumer 

preference for domestic and imported soybeans. In addition, the coefficient is negative, 

which means that implementation of the GMO regulations increased consumer preference 

for imported soybeans compared to domestic soybeans. It means, after the 

implementation of GMO labeling regulations,    decreases, implying that consumer 

preference for imported soybeans increases.  

In addition,    and      ) are indicators of consumer preference for soybeans 

imported from countries that cultivate GM soybeans (imported GM soybeans) and 

soybeans imported from countries that do not cultivate GM soybeans (imported non-GM 

soybeans).    is larger than 0.5, which indicates that Korean and Japanese consumers 

prefer soybeans imported from countries that cultivate GM soybeans to soybeans 

imported from countries that do not cultivate GM soybeans without labels. However, 

GMO labeling regulations allow consumers to distinguish GM from non-GM soybeans, 

which increases consumer preference for imported non-GM soybeans compared to 

imported GM soybeans (The coefficient    is significant and negative), which, in turn, 

increases consumers’ preference for imported non-GM soybeans (a decrease in   ).  

 

Welfare Analysis 

In this section, we investigate the impacts of GMO labeling regulations on trade 

flow and social welfare. For welfare analysis, we consider that GMO regulations have 

been removed while other factors remain unchanged. The estimated results of welfare 
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analysis from 2002 to 2012 (period after the implementation of GMO labeling regulations) 

are shown in Table 3.4. 

If GMO labeling regulations were removed, consumer preference for domestic 

soybeans compared to imported soybeans (  ) would increase, leading to a decrease in 

imported soybeans, which is shown in the average change in imported soybeans. 

However, soybean imports decreased between 2008 and 2012, but increased between 

2002 and 2007. Furthermore, the removal of GMO labeling regulations would increase 

consumer preference for imported GM soybeans (  ), but decrease consumer preference 

for imported non-GM soybeans (1-  ). This would increase GM soybean imports by 

85212.08 USD on average
19

, but decrease non-GM soybean imports by 10732.02 USD 

on average
20

. However, non-GM soybean imports increased between 2002 and 2007, and 

GM soybean imports decreased between 2008 and 2012, despite of the decrease of 

consumer preference for non-GM soybeans and the increase of consumer confidence in 

GM soybeans. The following are possible explanations.  

There was a lag in the effects of labeling on changes in consumer preference. 

Consumers often have a hard time understanding labels (Laric and Sarel, 1981; Parkinson, 

1975), which implies that there could be a time lag for consumers to become familiar 

with labels and in turn consumers change their behavior in the long run. However, 

importing countries’ mandatory labeling immediately requires additional costs on their 

trading partners (e.g., the costs of placing a label on products and the costs to identity 

                                                 
19

 Changes in non-GM soybean imports : 103438 (2002-2007) and -147737 (2008-2012) 
20

 Changes in GM soybean imports : 276569 (2002-2007) and -144417 (2008-2012) 
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preservation and segregation)
21

. Even though consumer confidence in non-GM soybeans 

would decrease after the removal of the regulations, reduced label costs caused by no 

regulations would increase GM and also non-GM soybean imports in the short run.  

In addition, with the removal of the GM regulations and labels, the decrease in 

soybean imports due to decreased consumer preference dominates the increase in 

soybean imports due to reduced label costs in the long run. This is because initial label 

costs due to the removal of GMO labeling regulations would diminish over time (USDA, 

2015). Consumer preference for GM soybeans would increase after the removal of the 

regulations. However, the increase in soybean imports due to reduced label costs become 

smaller, resulting in the decrease in non-GM and also GM soybean imports in the long 

run. In particular, the removal of GMO labeling regulations would increase consumer 

preference for imported GM soybeans (  ), but decrease consumer preference for non-

GM soybeans (1-  ). Thus, our model confirms that the decrease in GM imports is 

smaller than the decrease in non-GM soybean imports during 2008-2012.  

The results also show that the removal of GMO labeling regulations makes the 

Korean and Japanese consumers worse off by 63345778.53 USD on average. This is 

because the decrease in soybean imports makes soybean markets in Korea and Japan less 

competitive, which decreases consumer surplus
22

. Furthermore, producer surplus would 

decrease if there were no GMO labeling regulations, which means that domestic soybean 

producers would be worse off without the GMO labeling regulations. This is because if 

                                                 
21

 Vigani et al. (2012) showed that GMO labeling significantly affects extensive trade margins by 

raising fixed trade costs 
22

 The increase of soybean imports in the short run, makes the soybean market more competitive 

and increases consumer welfare. 
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GMO labeling regulations were removed, domestic producers would no longer be able to 

demand a premium for their non-GM soybeans. Therefore, if the GMO labeling 

regulations were removed, the total surplus, the sum of consumer surplus and producer 

surplus, would be negative (148627051.03 USD on average).  

Table 3.4  Estimated Results of the elimination of the GMO labeling regulations 

Year 

Change in  

GM soy  

imports 

Change in  

non GM soy  

imports 

Change in  

Consumer 

surplus  

Change in  

Producer 

surplus 

Net Welfare 

(tons) (%) (tons) (%) (USD) (USD) (USD) 

2012  -108199.05 -7.29 -206507.32 -72.31 -250934589.73 -64504684.27 -315439273.99 

2011  -56311.39 -3.54 -136516.93 -50.78 -186217456.64 -48327418.23 -234544874.87 

2010  -40549.31 -1.96 -159758.75 -52.93 -184631042.29 -13737618.71 -198368661.01 

2009  -194544.09 -9.17 -158552.17 -59.76 -231350357.40 -8815148.49 -240165505.89 

2008  -322479.53 -13.56 -77349.43 -29.99 -258708577.44 94953277.51 -163755299.93 

2007  43213.03 1.47 25264.89 11.71 -32824482.60 -18048383.04 -50872865.64 

2006  450144.05 15.82 -5101.78 -2.44 47818247.99 -472675819.01 -424857571.02 

2005  661705.76 24.93 63793.13 29.32 192952775.72 -162908071.81 30044703.92 

2004  4478.99 0.17 176812.81 91.55 8732256.76 -67703420.69 -58971163.94 

2003  96901.85 3.01 209677.00 148.36 67729290.47 -81679509.97 -13950219.50 

2002  402972.51 12.72 150186.32 117.86 130630371.28 -94647200.76 35983170.52 

Average 85212.08 2.05 -10732.02 11.87 -63345778.53 -85281272.50 -148627051.03 

Sum 937332.84 
 

-118052.23 
 

-696803563.88 -938093997.47 -1634897561.35 

 

In sum, the GMO labeling regulations have complex effects on trade over time. 

In the short run, the implementation of GMO labeling regulations in Korea and Japan 

would act as a trade barrier, decreasing soybean imports from their trading partners. 
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However, in the long run, the regulations would increase soybean imports by increasing 

consumer preference for imported soybeans. In particular, consumers would increase 

their preference for imported non-GM soybeans but decrease their preference for 

imported GM soybeans, which would increase non-GM soybean imports more than GM 

soybean imports after imposition of GMO labeling regulations. Also, by introducing 

GMO labeling regulations, both consumers and producers in Korea and Japan would 

better off and the total surplus would increase. 

5. Conclusions 

This study explores the impact of GMO labeling regulations on trade flow and 

social welfare. We verify that GMO labeling regulations have a significant impact on the 

trade of major GM products and social welfare. GMO labels provide detailed information 

to consumers about products, which helps reduce the information asymmetry between 

producer and consumer.  

A CES utility function is employed to determine the effects of GMO labeling 

regulations on consumer preference for different types of soybeans: domestic soybeans, 

soybeans imported from countries that do not cultivate GM soybeans, and soybeans 

imported from countries that cultivate GM soybeans. Specifically, we categorize 

soybeans produced in countries that do not cultivate GM soybeans as not genetically 

modified and soybeans produced in countries that cultivate GM soybeans as genetically 

modified. Because of the difficulty in obtaining information and data about GM 

commodities, empirical assessment of the effects of GM related regulations has been 
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limited in previous studies. However, our current methodology makes it possible to 

identify GM and non-GM soybeans and thus quantify the impact of GMO labeling 

regulations on bilateral trade flow and social welfare.  

The empirical findings show that GMO labeling regulations in South Korea and 

Japan decrease soybean imports because the regulations could increase production costs 

in the short run. However, the regulations increase imports in the long run due to 

increased consumer preference for imported soybeans. In particular, we also found that 

GMO labeling regulations have a positive effect on consumer preference for soybeans 

imported from countries that do not cultivate GM soybeans, but have a negative effect on 

consumer preference for soybeans imported from countries that cultivate GM soybeans. 

If the GMO regulations were removed, the increase in GM soybean imports is larger than 

that of non –GM soybeans in the short run, but the decrease in GM soybean imports is 

smaller than that of non-GM soybeans in the long run. We also analyze the welfare 

effects of GMO labeling regulations by considering if GMO labeling regulations were 

removed. The results show that the removal of GMO labeling regulations would make 

both consumers and producers worse off.  

The findings of this study have important policy implications. Analyzing the 

effects on welfare, we found that GMO labeling regulations in South Korea and Japan act 

as a trade barrier in the short run but a catalyst in the long run. In addition, after the 

implementation of the GMO labeling regulations, consumers in these countries are worse 

off in the short run, but in the long run, they are better off. Producers’ surplus is positive 

in the short run, but the surplus decreases in the long run, resulting in both consumers and 
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producers being better off due to the GMO labeling regulations. Therefore, if there were 

no GMO labeling regulations in countries which do not cultivate GM soybeans as do 

South Korea and Japan, policy makers should consider establishing GMO labeling 

regulations to increase their countries’ total social welfare.  

Our results can be generalized to countries that produce non-GM but import GM 

crops. In addition, our study can also be applied to those countries that cultivate GM 

crops but import non-GM crops. For example, the framework presented in this study can 

be used to analyze the impact of South Africa’s GMO labeling regulations on trade and 

social welfare because South Africa has planted GM crops and imports 

soybean/maize/cotton from countries either do or do not cultivate GM crops.  
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APPENDIX A 

Appendix to Chapter 1 

Table A.1  Lagrange Multiplier Test with lag 1,2,3,4 

Lag chi2 df Prob > chi2 

1 28.5222 36 0.80808 

2 44.0901 36 0.16667 

3 31.6716 36 0.67459 

4 27.9626 36 0.82853 

  : no autocorrelation at lag order 

Table A.2. Normality Test (Jarque – Bera Test)  

Variables chi2 Prob >chi2 Skewness Kurtosis 

d_EX 0.017 0.99167 .01458 2.9441 

d_NET_IM 2.574 0.27616 -.33656 3.3981 

d_OIL_C 5.842 0.05388 -.43844 3.7869 

d_RE_C 0.816 0.66486 .15229 2.6818 

d_RGDP 0.900 0.63759 -.06175 2.5543 

d_CO2 0.121 0.94142 .05334 2.8684 

All 10.269 0.59234   

  : Normal distribution  

Table A.3. Autoregressive Conditional Heteroschedasticity test  

Lags chi2 df Prob >chi2 

1 1.161 1 0.2814 

2 1.430 2 0.4891 

3 1.347 3 0.7179 

4 1.552 4 0.8174 

  : No ARCH effect 

  : ARCH(p) disturbance  

 


