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Abstract This paper seeks to provide insights into the effects of carbon border
tariffs and to offer guidance for policymakers. The focus is directed towards the steel
sector - a major contributor to carbon dioxide emissions, where production practices
vary significantly among countries, leading to differences in pollution levels. Our
primary focus is on the proposed carbon border tariff by the United States, which
aims to extend its reach to the EU as well. To investigate this topic, the structural
gravity model is employed, which is a widely used model for assessing the effects of
policy measures on trade flows. Our findings highlight the effectiveness of steel tariffs
in reducing imports, which potentially can redirect production and contribute to a
reduction of CO2 emissions. Additionally, it can alter trade patterns and address the
concern of carbon leakage. Furthermore, the elasticities vary among steel products.
Hence, considering different taxation levels depending on the steel product could be
recommended in order to achieve the desired outcome.

Keywords: Carbon border tariffs, trade, steel, the structural gravity model,
CO2 emissions, environmental policy
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1 Introduction

We are living in a world where the prominence of global warming is on the rise, and

emerging as one of the greatest challenges of our time. It is imperative that we take

greater action and utilize all available means to mitigate the warming.

The opening lines of the latest report from the Intergovernmental Panel on Cli-

mate Change (IPCC) in March 2023 states that, within the time frame of 2011-2020,

the global surface temperature has increased by 1.1°C above the 1850-1900 average.

This escalation is a direct result of human activities, through the emission of green-

house gasses (IPCC, 2023). Given the urgent environmental concerns, The Paris

Agreement established in 2015 set a target of limiting the increase to 1.5 °C above

pre-industrial levels (UNFCCC, 2023). Nonetheless, projections indicate that this

threshold could be surpassed already within the next ten years (Andersson, 2023).

While it is encouraging that an increasing number of nations are setting carbon

neutrality targets to slow down global warming (UNFCCC, 2023), the problem of

carbon leakage has begun to rise. It occurs when companies, due to the higher

costs associated with climate policies, move their production to countries with less

stringent regulations (European Commission, 2023b). Assessing the risk of carbon

leakage is challenging; nonetheless, a report from the Nordic Council of Ministers

indicates that some of the Nordic industries with the greatest risk of carbon leakage

are paper, pure iron and steel, as well as cement. These sectors are all characterized

by high energy intensity (Helge Sigurd Næss-Schmidt, Holm, & Lumby, 2019).

When excluding the energy sector, the iron and steel industries emerge as the

largest emitters of fossil fuel emissions globally (Pooler, 2021). However, produc-

ing so-called clean steel is possible. For instance, SSAB, a Swedish company, has

developed an almost emissions-free process for iron production (Gearino, 2021).

This steel and iron producer is anticipated to achieve an annual output of 5 mil-

lion tonnes of green steel by 2030 which can be compared to the worldwide annual

steel production of approximately 2 000 million tonnes (Savage, 2021). According

to the World Steel Association (2021a), the steel industry aims to reduce their emis-

sions through initiatives like efficiency enhancements, circular economy practices,

as well as developing advanced steel products to facilitate a societal transformation

towards achieving carbon neutrality (World Steel Association, 2021a). Advanced

steel products are utilized across various domains where the conventional materials

are replaced with innovative steel solutions. These new applications can reduce the
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CO2 emissions throughout the life cycle of the product and e.g., be used in trains,

rails and infrastructure. One example is how the weight of a typical 5 passenger

family car can decrease by 100 kilograms, which corresponds to savings of 3 to 4.5

tonnes of greenhouse gases over the car’s life cycle (World Steel Association, 2021b).

As shown in Table 1, both China and the United States are in the top ten steel

producing countries globally (World Steel Association, 2023).

Table 1: Top 10 Steel Producing Countries in the World in December 2022

Countries Amount (Mt)
China 77.9
India 10.6
Japan 6.9
United States 6.5
Russia 5.5
South Korea 5.2
Germany 2.7
Turkey 2.7
Brazil 2.5
Iran 2.7

Worth noting is that China is the largest emitter of fossil fuel emissions in the

world (Blokhin, 2023), contributing to approximately 17 percent of the total annual

emissions coming from the production of steel (Hsueh, 2023). One of the main

reasons why the steel production in China is highly polluting is the predominant

use of coal-fired blast furnaces for melting iron, compared to e.g., the United States,

which adopts a more environmentally friendly approach, where the steel production

primarily relies on electrical furnaces using scrap iron (Lawder, 2022).

Carbon border tariffs have recently been proposed as a way to combat carbon

leakage and mitigate climate change. The concept entails that industries manufac-

turing goods with a substantial carbon footprint, will have to pay a tax in proportion

to the emissions associated with the goods when exporting their products into cer-

tain countries (European Commission, 2023a). In Europe, a similar mechanism is

about to be established and is referred to as the CBAM - The EU’s Carbon Bor-

der Adjustment Mechanism. The regulation will come into force in October 2023

and be fully in place by January 1st, 2026. CBAM will target all countries out-

side the European Union (EU), and be applied to imports of specific products and

goods that have a significant greenhouse gas footprint and do not meet the required

standards, such as cement, iron, steel, aluminum, fertilizers, and the production of

electricity and hydrogen (European Commission, 2023a). The aim of the regula-

2



tion is to counteract the risk of carbon leakage by making firms that manufacture

carbon-intensive products outside the EU to purchase certificates proportional to

their emissions. The cost of these certificates is determined by the prevailing price

of emission rights within the EU Emission Trading System (EU ETS), measured in

€/tonne of emitted CO2 (European Commission, 2023a).

A rather similar policy proposal has been developed within the United States

but is mainly focusing on the steel and aluminum industry. The policy would imply

implementing a carbon border tariff, where countries engaging in a more carbon

intensive production, are expected to be significantly affected (Lawder, 2022).

The United States Representative’s office seeks to negotiate their proposal with

the EU with the aim of establishing a club for countries striving to reduce carbon

emissions from their steel production. The club intends to implement emission-

sensitive standards, where all countries exceeding the standards will have to pay

a tariff when exporting steel and aluminum to countries with superior production

practices (Lawder, 2022).

Since this policy is not yet in place, and there is no similar regulations to draw

conclusions from, this thesis aims to provide insights of the potential impact of

implementing such a policy, where we will examine the effectiveness of steel tariffs

by answering the following questions: What impact does a carbon border import

tariff on steel have on the quantity of imported steel? How do the elasticities differ

across various steel products?

Even though the American policy is our primary focus, we have decided to

include more countries in the data set, in order to build a more robust data set.

We believe that this broader perspective allows for a more comprehensive analysis,

based on a wider range of data. Furthermore, we also believe that it would be

beneficial to examine specific steel products, as the carbon footprint varies across

different products, owing to differences in the production processes. Hence, it could

be justifiable to apply different tariff rates depending on the specific type of steel

product.

According to the neoclassical trade theory, a tariff is classified as a trade barrier

leading to a rise in price. Following this theory, we believe that an import tariff

on steel will result in lower demand and reduced import (Brent, 2023). According

to the New Trade Theory, an import tariff could also result in trade diversion,

where trade is shifted from more efficient foreign suppliers to less efficient domestic

producers, resulting in welfare losses (ESCWA, 2023). However, we believe this could

be offset by benefits from reducing the carbon footprint globally. The New Trade

Theory also underlines that Regional Trade Agreements (RTA) stimulate trade flows

(Gammadigbe, 2021). Accordingly, we expect to observe a positive effect of RTAs

on imports.
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In this study, the gravity model is conducted. This is a common model to use

when analyzing bilateral trade, and was first introduced in 1962 (Feenstra, 2002).

However, there have been discussions about how to best estimate this model. Using

log-linearized gravity models, estimated through ordinary least squares (OLS) have

led to results that have the potential to be biased and misleading. By instead using

the Poisson Pseudo-Maximum-Likelihood (PPML), the problem of biased results

is resolved (Mnasri & Nechi, 2021). This will be further discussed in the theory

section.

The data is collected from various sources. Since our paper is mainly focused

on the effect of the tariffs at the product level, we are including 14 different steel

products that all have individual HS codes. HS stands for ”Harmonized Systems

(HS)” and these codes are used worldwide to identify different products (Interna-

tional Trade Administration, 2023). Furthermore, we include 9 of the greatest steel

producing countries in our data set, with data on every third year from 1990 to 2014.

The primary sources utilized to gather the data are United Nations Comtrade, the

CEPII as well as the World Bank.

The results show that import tariffs on steel have a significant negative impact

on trade. Consequently, the implementation of a carbon border tariff on steel prod-

ucts could be a viable and effective measure. Considering the substantial role of

the United States as a major steel producer and trader, the adoption of such a

policy might significantly influence trade patterns and global carbon emissions. For

instance, countries like China, characterized by less eco-friendly steel production

(Hsueh, 2023), could face diminished export opportunities. If import tariffs on steel

gain broader prevalence, nations with environmentally unfriendly production meth-

ods might be compelled to reconsider their practices to maintain competitiveness in

the steel market.

When reviewing previous literature, we find no studies - examining the effect

of import tariffs on different steel products using the structural gravity model and

focusing on the effects on specific types of steel - as we do in this thesis. Conse-

quently, we believe that our approach will provide valuable insights into the elas-

ticity of different steel products and if tariffs could be effective to alter production

and trade patterns of steel. We also believe it could encourage countries to adopt

cleaner production measures. Furthermore, we believe that studying some of the

most prominent global traders of steel will serve the purpose of illustrating what

could be expected in reality. Lastly, there is a scarcity of existing research to rely

upon, which emphasizes the significance of conducting studies in this research area.

This not only contributes to a more solid foundation for the current United States

policy proposal, but also paves the way for similar strategies in other countries.

The remainder of the paper is structured accordingly: Chapter 2 covers the
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literature review. Chapter 3 provides a description of our data; data sources and

collection, included variables, issues regarding the data set, descriptive statistics etc.

In Chapter 4, the theory behind the gravity model is provided. Chapter 5 outlines

the methodology and presents the model specification. Chapter 6 shows the results.

Lastly, in Chapter 7, a discussion about the findings and conclusions is presented,

along with suggestions for improvements, as well as areas of interest for further

studies.
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2 Literature Review

2.1 Previous Literature

The preceding literature review is relatively limited due to the scarcity of existing

research on the impact of border tariffs on the steel sector. Nonetheless, the inves-

tigation of the broader impact of border tariffs is more readily available and will

primarily constitute the content of this section of the paper.

In the study ”The Trade Impact of EU Tariff Margins: An Empirical Assess-

ment” the authors examine how tariffs applied to the EU-market affect imports

into the EU (Cipollina & Salvatici, 2019). This study estimates elasticities using

the structural gravity model and incorporates domestic trade flows. Instead of fo-

cusing solely on the steel sector, the authors consider various sectors to assess the

overall impact of this trade policy. The findings of the study suggest that a de-

crease in border tariffs on country i will lead to an increase in the imports of that

country. Furthermore, the study also highlights that such tariff reductions affect

relative demand, due to changes in relative prices. Additionally, the authors show

that protectionist policies, such as import tariffs, have a more significant impact on

trade compared to preferential policies. They define preferences as the reduction

or elimination of trade barriers. Furthermore, the study solely uses cross-sectional

data for the year 2017 (Cipollina & Salvatici, 2019). While this approach has the

advantage of having fewer missing values, which is often experienced in tariff data,

it may suffer from measurement issues. By only including data from a single year

and not lagging any variables, it might overlook the time it typically takes for ad-

justments to occur and actually notice an impact of the policy in real life (Cipollina

& Salvatici, 2019).

Another study utilizes a computable general equilibrium (CGE) model, instead

of the gravity model to examine the economic impacts of carbon tariffs (Zhang, Xu,

He, Sharp, Zhao, & Wang, 2019). Their research specifically applies to the effect on

China from the United States border policy in an ex ante perspective. The authors

identify a substantial impact of the tariff, resulting in a significant reduction in steel

exports from China to the United States. Consequently, they anticipate that China

will adjust its trade pattern and increase its exports to other countries. The result

highlights the importance that more countries with cleaner production practices
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join the club so that it becomes more challenging to shift the burden of exploitation

elsewhere (Zhang et al., 2019).

The working paper titled ”The Impact of US Tariffs Against China on US Im-

ports: Evidence for Trade Diversion” (Cigna, Meinen, Schulte, & Steinhoff, 2022)

also investigates the impact on total imports from China in response to the high

tariffs implemented in 2018 during the beginning of the trade war. According to

their research, the targeted products experienced an average growth rate that was

30 percentage points lower compared to the products unaffected by the tariff. Fur-

thermore, the study does not find significant evidence of trade diversion, at least

not in the short run. However, this may be attributed to the relatively limited time

frame analyzed and that it can take time before new trading partners are established

(Cigna et al., 2022).

Amiti, Redding, and Weinstein, 2019 delves more into the welfare effects of tar-

iffs, also by looking at the impact of tariffs introduced by the Trump administration

in 2018. Their findings reveal a noteworthy surge in purchases of both intermediate

and final goods within the United States. There was also a decline in import va-

rieties, and an increase in the prices of imported goods. Consequently, the burden

of this policy fell primarily on domestic consumers and importers (Amiti, Redding,

& Weinstein, 2019). Moreover, the aggregate US real income level experienced a

decline. Cox, 2023 is another study investigating the welfare effects of border tar-

iffs and observes that it has an adverse effect on production as well as employment

(Cox, 2023). Zhang et al., 2019 also conclude in their paper that carbon tariffs have

a negative effect on social welfare.
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3 Data

3.1 Data Collection

The disaggregated data on tariffs is collected from the World Bank which provides

data on all countries in the world through their comprehensive database Trade Anal-

ysis Information System (TRAINS) (The World Bank, 2023), covering the years

1988 to 2014. By incorporating the specific tariffs for each product instead of col-

lecting data at an aggregated level, heterogeneity across sectors can be considered

and generate more precise results. The availability of comprehensive data on tariffs

is limited without having specific access and it is also lacking for many years. To

work around these limitations, data on tariffs is collected from the period with the

most substantial observations available. In order to both include enough years and

to not go too far back in time, we gather data between the years 1990 and 2014,

including data on every third year.

The Centre d’Études Prospectives et d’Informations Internationales (CEPII) was

founded in 1978 and is a research institution providing data on international trade

and the world economy. Their data set called Gravity contains valuable information

for estimating gravity equations and is widely used by researchers studying trade

flows. It includes variables such as GDP, trade agreements and population for all

country pairs during the years 1948 to 2020. For this study, data on population,

distance, GDP and diplomatic disagreements is gathered from the CEPII database

(Conte & Mayer, 2022). Moreover, data on the various countries import of steel is

obtained from the United Nations Comtrade Database (UN Comtrade, 2023).

Lastly, data on Regional Trade Agreement (RTA) is gathered from the data set

Mario Larch’s Regional Trade Agreements Database from the University of Bayreuth.

The data set includes multilateral and bilateral regional trade agreements between

the years 1950 to 2022 (Universität Bayreuth, 2023).

The reason for having intervals and excluding certain years is because it takes

time for trade flows to adjust after changes in trade policies. Consequently, including

estimates over consecutive years can lead to biased results. According to Cheng and

Wall, 2005, this issue becomes even more pronounced when incorporating fixed

effects, as the dependent and independent variables cannot instantaneously fully

adjust. Consequently, they recommend using panel data with intervals to avoid this
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issue (Yotov, Piermartini, Monteiro, & Larch, 2016).

We construct our own data set (using Excel) since no available study with data

that matches this research is to be found.

Table 2: Included Countries in the Data Set

Countries
Brazil
Canada
China
France
India
Japan
Russia

United States of America
Ukraine

As can be seen in Table 2, we have decided to use 9 countries in our study. To

maintain a representative sample, we specifically select countries that rank among

the top steel traders. Each of the chosen countries consistently falls within the top

15 steel-producing nations over the designated time frame (World Steel Association,

2023). Ideally, more countries would be included to have a more comprehensive

data set. However, due to time limitations, we are unable to do so. Furthermore,

tariff data is even more challenging to find for countries that are not among the top

producers.

We have also decided to exclude the year 1990 of Russia and Ukraine. This is

due to their identical values up until the dissolution of the USSR in 1991 which, if

included, would cause measurement errors.

3.2 Included Variables

Table 3 shows all the variables that are included into the data set, as well as their

representation, unit of measurement and source.
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”Harmonized Systems (HS)” codes are utilized worldwide and serves as a tool

for customs authorities to identify products when for example assessing applicable

taxes and duties for imported and exported goods. The World Customs Organiza-

tion (WCO) administers these codes and they are usually updated every five years.

Furthermore, the HS system assigns 6-digit codes to the different products.

Chapter 72 of the HS codes belongs to the Iron and Steel products (World

Customs Organization, 2022). Since chapter 72 includes all of the iron and steel

products, and this paper aims to analyse solely steel products, we have decided to

focus on 14 different HS-codes representing different steel variaties. These products

are presented in Table 4 (The World Bank, 2023).
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3.3 Correlation Analysis

To assess if certain variables need to be excluded because of too high correlation,

Pearson’s correlation table is constructed. Table 5 shows the results of the corre-

lation matrix. The table reveals that none of the continous independent variables

have a large linear relationship. Thus, multicollinearity is unlikely to be present.

Table 5: Pearson’s Correlation Table

GDP d Tariff Diplodisagree Pop d Distance

GDP d 1.000
Tariff -0.0144 1.000
Diplodisagree 0.1913 0.0932 1.000
Pop d 0.0391 -0.0493 0.0904 1.000
Distance 0.018 0.1305 0.285 0.0535 1.000

Also a Variance Inflation Factor (VIF) table is constructed (Table 6), which

reveals that none of the variables has a value exceeding the threshold for multi-

collinearity.

Table 6: Assessing Multicollinearity Among Predictor Variables

Variable VIF 1/VIF

Diplodisagree 1.14 0.875423
Distance 1.10 0.905536
GDP d 1.04 0.960677
Tariff 1.03 0.975067
Pop d 1.01 0.986743

Mean VIF 1.07
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Further details about the included variables are available in Table 7, providing

a summary of statistics.

Table 7: Descriptive Statistics

Variable Obs Mean Std. Dev. Min Max

Impofsteel 9,757 1.64E+07 9.13E+07 0 2.97E+09
GDP 9,757 2.89E+09 3.79E+09 3.16E+07 1.74E+10
RTA 9,757 0.0918315 0.2888028 0 1
Distance 9,757 6966.482 4159.36 0 16934
Tariff 9,757 7.045341 16.32663 0 399.1781
HTS Code 9,757 7.500637 4.03101 1 14
Diplodisagree 9,757 1.255269 0.9598682 0 4.69
Pop d 9,757 364978.2 450162.6 28833.41 1364270
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3.4 A Logarithmic Transformation

The histograms in Figure 1 show the distribution of all the various continuous vari-

ables.

Figure 1: Histograms of the Included Continuous Variables

As could be seen, most of them have a highly skewed distribution. Using the

logarithmic transformation could therefore be preferable.

By taking the logarithm of skewed variables, we achieve a distribution that is

more symmetric, where the influence of outliers, also known as extreme values, will

be reduced. Consequently, the data tends to exhibit a distribution that aligns more

closely with a normal distribution. This transformation can enhance the stability

and robustness of our statistical results (Wooldridge, 2009).
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Logging all the continuous independent variables when using PPML is also

prompted by Joao Santos Silva, one of the authors of the paper ”The Log of Gravity”

(2006). Since the gravity model is exponential and the dependent variable is in lev-

els, while many of the independent variables are in logarithmic form, transforming

the continuous variables into log form enables us to interpret the model as a log-log

regression, facilitating the representation of elasticities (Silva & Tenreyro, 2006).

3.5 Unbalanced Dataset

Due to missing observations in some variables, the data set is unbalanced, mean-

ing an unequal distribution of data points in the different classes. The variables

with most missing values are the dependent variable (import of steel) and the tar-

iff covariate. Although countries like Germany and South Korea were intended to

be included since they are among the top producers during the time period of in-

terest, they have to be dropped. This is done to mitigate the dataset’s imbalance

caused by insufficient available observations, which could potentially introduce bias

into the analysis. Additionally, the use of fixed effects helps to control for the un-

balanced data set by accounting for unobserved heterogeneity and controlling for

time-invariant characteristics.
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4 Theoretical Foundation

4.1 The Gravity Model

The gravity model is a commonly used empirical model for analyzing bilateral trade

flows, and was first presented by Jan Tinbergen in 1962 (Feenstra, 2002). The model

describes trade as a function of the economic size of the trading partners and their

distance to each other. Thus, countries with a large production and a short distance

tend to trade more. However, trade is not only influenced by the distance between

the trading partners but also by the distance between the analyzing countries and all

other countries. Therefore, Anderson and Van Wincoop (2003) extended the model

by including multilateral trade resistance terms, which gave the model a theoretical

foundation.

The structural gravity model, which is the theoretically approved version of the

gravity model, is defined as follows:

Xij = YiYj/Y
w(tij/PiPj)

(1−σ) (1)

Where Xij represents exports from country i to country j, Yi and Yj denote GDP

in the respective countries, and Y w represents the total world production. More-

over, tij depicts the trade cost between the two countries of interest, accounting for

distance and other trade barriers. Lastly Pi and Pj are referred to as the multilat-

eral resistance terms where the price indices are functions of all bilateral resistances

(tij). Pj is representing the inward multilateral resistance term, which measures the

level of market accessibility for the importer j. On the other hand, Pi is defined

as the outward multilateral resistance term, which assesses the degree of market

accessibility for the exporter i (Yotov et al., 2016). The expression that describes

the structural gravity model in its entirety raised to 1− σ, where σ is the elasticity

of substitutions for all available goods (Anderson & Wincoop, 2003).

One of the most fundamental ways to model the unobservable trade cost factor

(tij) was proposed by Anderson and Wincoop (2003) where tij is hypothesized to

be a log linear function with the following specification:
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tij = bijd
ρ
i j (2)

This equation indicates that the trade cost factor is a function of bilateral dis-

tance, observable factors, and the presence of an international border between coun-

try i and j. The variable bij demonstrates the border barrier between region i and j

and is equal to 1+π, where π is the tariff between the countries. For the benchmark

scenario, without an introduction of a carbon tariff, πij = 1. If the cross-border

trade restrictions increase, it will push all price measures above their current levels.

Furthermore, the gravity equation can be transformed into a log-linear specifi-

cation that is easy to estimate empirically. Since the elasticity is 1 for GDP and -1

for distance (Söderlund, 2023) we end up with the following specification:

lnXij = σ + lnYj + (1− σ)lntij − (1− σ)lnPi − (1− σ)lnPj + ϵij ,t (3)

Comparing the bilateral barrier between the two countries to the average trade

barriers that both countries face with all of their trading partners, is of importance

to understand trade patterns (Anderson & Wincoop, 2003). To control for the fact

that the relative trade barriers between two countries not only significantly impact

the trade flows between them, but also have an influence on the trade flows with all of

their trading partners, multilateral resistance terms can be included. Incorporating

these terms helps the model to account for the impact of unobserved trade barriers,

resulting in more precise results. Accounting for multilateral resistance terms can

be challenging, but various techniques have been developed to tackle this issue. One

of the commonly used approaches is to incorporate importer and exporter fixed

effects. When using panel data importer-time and exporter-time fixed effects should

be incorporated. By including these effects, all time-variant and invariant country-

specific characteristics, both observable and unobservable are absorbed (Yotov et al.,

2016).

4.2 Comparing Estimators

In the paper ”The Log of Gravity” the authors criticize the conventional practices

when estimating the gravity model and explain why the Poisson Pseudo Maximum

Likelihood (PPML) estimator is a better choice (Silva & Tenreyro, 2006).
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They start by pointing out how under heteroscedasticity, which gravity models

often suffer from, the elasticities of the log-linearized models estimated by ordinary

least squares (OLS) will be biased. According to Jensen’s inequality the mean of the

logarithm of a random variable is not generally equal to the logarithm of its mean

(as seen in equation 4). Yet, the expected value will depend on the mean and the

variance of the random variables. As a consequence, the results will be biased when

the variance of the error term in the multiplicative gravity model is correlated with

the independent variables ((Silva & Tenreyro, 2006) (Mnasri & Nechi, 2021)).

E(lny) ̸= lnE(y) (4)

To reduce the bias arising from using OLS, Silva and Tenreyro (2006) argue that

constant elasticity models, such as the gravity equation, should be estimated with

PPML, where the model is estimated in its multiplicative form. As a result, het-

eroscedasticity will be controlled for providing more accurate results. To strengthen

their argument they compare their results with the estimates of the OLS regression

by Tinbergen, 1962 and Anderson and Wincoop, 2003 where they find significant

differences in the estimates. E.g., the elasticity of the distance variable, regress-

ing the log-linearized model with OLS by Anderson and Wincoop, 2003 is almost

twice as large as when estimating the gravity equation with PPML (Silva & Ten-

reyro, 2006). Another example of how estimating the log-linearized gravity model

with OLS can be misleading is presented in the paper ”Are Distance Effects Really

a Puzzle?”, where the result shows an overestimated negative impact of distance

on trade over time. A result that is argued to have risen from neglect of Jensen’s

inequality (Faqin, 2013).

Silva and Tenreyro (2006) continue by discussing the shortcomings of log-linear

models estimated by OLS in handling zero trade flows where the natural logarithm of

zero is not defined. For instance, in the context of international trade, some country

pairs may not engage in trade during certain periods, resulting in zero trade flows.

When using OLS, this information is not appropriately controlled for. One common

approach to address this issue is to drop the pairs with zero trade flows from the data

set. However, Silva and Tenreyro, 2006 criticize this method, as it can introduce

measurement errors and inconsistencies in the analysis. Hence, using the PPML

estimator will not only control for heteroskedasticity but it also naturally accounts

for zero trade flows (Silva & Tenreyro, 2006).
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4.3 The Concept of Elasticity

The price elasticity of demand (ϵ) measures the responsiveness of demand to changes

in price, expressed in percentage terms. The formula is defined as follows:

ϵ =
∆q

∆p
× p

q
(5)

I.e., the ratio of price divided by quantity multiplied by the slope of the demand

function.

The elasticity of demand generally has a negative sign. Therefore, if the price

rises, the demand is expected to decrease (Varian, 2010).

When the price increases, it causes a change in the consumer’s purchasing power.

This happens due to the decrease in real income resulting from the price increase,

which is commonly known as the income effect. In response to this, a rational

consumer with a fixed budget would choose to purchase the relatively cheaper al-

ternative when the price of a certain good increases. This is referred to as the

substitution effect. The extent of this effect depends on the availability of similar

substitutable goods. I.e., if numerous substitutes exist, the elasticity of substitution

will be high and vice versa.

The elasticity of a product depends on the interplay between the income and

substitution effects, and is influenced by factors such as tariffs and taxes. Since the

cost of trade is typically borne by the exporter, an increase in the export cost can

dampen the motivation to export the specific good. Consequently, in the context

of trade of steel products, the elasticity of substitution between steel varieties can

significantly impact the trade of these goods between countries (Jehle & Reny, 2011).

Hence, the substitution effect plays a role in shaping trade patterns, as illustrated

in the definition of the structural gravity model presented earlier.
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5 Empirical Strategy

5.1 Choice of Model

We believe that the structural gravity model with fixed effects will be suitable for

our study since it allows us to examine the effect of a policy change on trade flows

based on theoretically approved theory. By following the structure of the base

model presented by Anderson and Wincoop, 2003 and slightly moderate it to fit our

research questions, we will be able to see how the trade flow fluctuates as a response

to tariff changes and obtain the elasticity of demand of steel from the included

products of interest.

Furthermore, we have chosen to apply the structural gravity model because it has

a strong theoretical foundation, is commonly used when analyzing bilateral trade

flows, and is known to perform well empirically for these types of estimations. Ad-

ditionally, this model can be applied to an extensive variety of goods and makes it

possible to include fixed effects to account for multilateral resistance. In compari-

son to Computable General Equilibrium (CGE) models, which also can be used in

this type of research, the gravity model demands less extensive data and relies on

fewer assumptions. Hence, given our constrained data set, opting for the structural

gravity model is a favorable choice. Additionally, gravity models have a stronger

link between theory and empirical analysis, are easier to grasp and do not imply

complex equations (Larch & Wanner, 2017).

5.2 Model Specification

The model will be estimated in multiplicative form by the Poisson Pseudo-Maximum

Likelihood (PPML) estimator and is specified as follows:

Xij,t= exp[α1lntij ,t + α2RTAij ,t + α3lnDij ,t +

α4HScodesi,t + γi,t + σj ,t + ζij ,t] + ϵij ,t(6)
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The dependent variable Xij represents the steel imports from country i to coun-

try j. Moreover, tij, depicts the tariff which is the independent variable of main

interest. RTA is a time-varying variable included to control for bilateral regional

trade agreements. This variable is expected to have a positive impact on trade.

Diplomatic disagreement is an additional bilateral covariate that varies over time.

It signifies situations in which two countries find themselves in conflict, disputes, or

facing disagreements. It is measured through examining the distance between the

average ideal points within a specific country pair in a given year, where a higher

value signifies more tension between the countries of interest. The HSCodes serves

as dummy variables representing various steel products, effectively capturing the

product fixed effects. These fixed effects control for inherent differences between

the various types of steel products. Furthermore, γit and σjt depict the importer-

time and the exporter-time fixed effects and account for the inwards and outwards

multilateral resistance, while ζij ,t represents the country-pair fixed effects. The

country-pair fixed effects are incorporated in order to account for unobserved het-

erogeneity specific to each pair of countries during the included years. Incorporating

the pair-fixed effects will enable to control for all factors that are unobserved and

related to each country pair, such as common border, common language, common

religion, social connectedness index and other institutional and cultural variables.

Lastly, ϵij ,t represents the stochastic error term. Conventional gravity variables such

as distance, GDP, and population are captured by the multilateral resistance terms.

Consequently, they should not be included as independent variables in the regression

model.

5.3 Controlling for Endogeneity

In the paper ”Trade Liberalization and the Theory of Endogenous Protection: An

Econometric Study of U.S. Import Policy” the author addresses endogeneity as one

of the major challenges in obtaining reliable estimates in the gravity model, which

arises when trade policy variables are correlated with unobservable cross-sectional

trade costs. For example, two countries may be more likely to engage in trade liber-

alization if they are already significant trading partners. This can lead to issues such

as reverse causality, where not only the independent variables explain the dependent

variable, but the dependent variable also has a causal effect on the independent vari-

able. One way to address this issue is by incorporating country-pair fixed effects,

which helps eliminate the unobservable relationship between the endogenous trade

policy covariate and the error term (Trefler, 1993).
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5.4 Robustness Check

In order to assess the validity of our approach, a sensitivity analysis is performed

where three additional regressions in addition to the PPML are conducted.

The first regression is estimated with the OLS estimator but without any fixed

effects since the estimator is not strong enough to account for those effects (Silva

& Tenreyro, 2006). Since no fixed effects are applied, the conventional gravity

variables such as GDP and distance are included, with the aim of accounting for

factors expected to have a causal effect on import. Secondly, we estimate a fixed

effects model utilized for analyzing panel data. This model enables us to include

fixed effects in one dimension at a time. Since multilateral resistance will not fully

be controlled for, the gravity variables will be included in this regression as well. The

result is subsequently compared to using a more powerful estimator with a higher

capability of accounting for fixed effects. This estimator allows for high-dimensional

fixed effects, where both importer/exporter fixed effects, as well as product- and pair

fixed effects can be incorporated. As a result, the gravity variables such as GDP and

population will be absorbed by the multilateral resistance terms and are therefore

not included. However, the variables ”RTA” and ”diplomatic disagreement” remain

in the regression, as the country-pair fixed effects do not account for bilateral time-

varying variables. Lastly, the PPML estimator is applied which also allows for the

inclusion of all types of fixed effects. By using monte carlo simulations the estimator

has proven to behave well for constant elasticity models (Larch & Wanner, 2017).

5.5 Cluster Standard Errors

Normally, independent and identically distributed (IID) error terms are assumed.

However, in this regression analysis, we are specifically interested in examining the

effects of different clusters represented by steel products and country pairs. Con-

sequently, the regression model is specified with cluster standard errors in order

to obtain more reliable results, considering the potential dependence within each

cluster, by accounting for serially correlated errors within country pairs over time

(Mckenzie, 2017).
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5.6 Heteroscedasticity Test

To see if heteroskedasticity is present the White’s test is performed (see Table 8).

The null hypothesis, which asserts the presence of homoscedasticity is not rejected

(p-value of 0,0065). As a result, there is no indication of heteroskedasticity.

Table 8: White’s Test of Heteroscedasticity: Cameron and Trivedi’s Decomposition of IM-
test

Source Chi2 Df p

Heteroskedasticity 182.67 138 0.0065
Skewness . 20 .
Kurtosis . 1 .

Total . 159 .
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6 Results

Table 9: Regression Table Including all Four Regressions

OLS Regression 1 dim. FE Regression High dim. FE Regression PPML
VARIABLES Log Impofsteel Log Impofsteel Log Impofsteel Impofsteel

Log Tariff Numeric -0.187*** -0.189*** -0.0491 -0.489***
(0.0717) (0.0719) (0.112) (0.183)

HS Code
7207 0.0941 1.035***

(0.183) (0.262)
7218 -0.967*** -0.486**

(0.190) (0.222)
7219 -1.179*** -0.568***

(0.185) (0.205)
7220 -1.324*** -0.625***

(0.181) (0.197)
7221 -0.798*** -0.463**

(0.182) (0.193)
7222 -2.035*** -0.856***

(0.194) (0.197)
7223 -2.185*** -0.763***

(0.210) (0.200)
7224 -0.750*** -0.409*

(0.189) (0.246)
7225 -0.230 0.130

(0.179) (0.285)
7226 -1.222*** -0.657***

(0.187) (0.234)
7227 -0.203 -0.204

(0.178) (0.231)
7228 -1.422*** -0.348

(0.185) (0.250)
7229 -1.472*** -0.596***

(0.188) (0.187)

RTA -0.365*** -0.195 0.992*** 0.263
(0.137) (0.163) (0.272) (0.167)

Log Diplodisagree -0.136*** -0.139*** 0.0721 0.0752
(0.0319) (0.0411) (0.0521) (0.0588)

Distance -000061*** -.000023*
(.000012) (.000013)

Log Pop d 0.205*** 0.361
(0.0359) (0.371)

Log Gdp d -0.415*** -2.674
(0.0259) (4.136)

Exp time 0.0116***
(0.00209)

Constant 21.51*** 65.60 15.45*** 17.84***
(0.602) (85.64) (0.256) (0.500)

Observations 7,326 6,538 6,538 6,540
R-squared 0.039 0.012 0.267
Number of panel id 78
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 9 shows the results from including all variables and using different esti-

mators. The first column depicts the results from the regression estimated by OLS,

followed by the two fixed effects models in the second and third column and lastly

the regression estimated using PPML in the fourth column.

In the first regression, estimated with OLS, the impact of the tariff on import is

statistically significant at a confidence level of 99%. However the R-squared value

is low, indicating that the model poorly explains the variation in the level of im-

port of steel. Note that R-squared is not applicable to nonlinear regression models.

Therefore, comparing R-squared values in this study becomes meaningless. The re-

maining gravity variables largely confirm the expectations set by trade theory. The

Regional Trade Agreement (RTA) variable is significant at a 99 % confidence level

and indicates that if the countries are part of a Regional Trade Agreement, trade of

steel is expected to increase as much as 30.6 % holding all other factors constant.

Diplomatic disagreement is also highly significant and demonstrates a negative re-

lationship. Furthermore, distance is significant at a 99 % confidence level but only

shows a moderate negative impact on import within this model. Additionally, the

population variable shows that a 1% increase in population is associated with a 0.2%

increase in imports. Lastly, if the destination country increases its GDP by 1 %, the

import of steel is expected to be reduced by 0.4 %.

Moving on to the second regression, the tariff variable is somewhat more sta-

tistically significant (a t-value of -2.86 compared to -2.60). Also in this regression,

the coefficient shows a negative relationship, which is consistent with the expected

relationship. The level of significance diminishes for certain gravity covariates. This

could potentially indicate that the significance of variables in the OLS estimation is

overstated, which could partly be due to a higher degree of omitted variable bias.

In the third regression, which incorporates additional fixed effects, the coefficient

of the RTA variable aligns with the anticipated direction of the effect and most of

the coefficients of the product varieties are significant. Nevertheless, the coefficient

of the tariff variable is statistically insignificant. It could possibly be caused by the

high amount of fixed effects in comparison to the number of observations.

Lastly, in the fourth regression where the PPML estimator is applied, the tariff

is significant at a 99% level and maintains a negative relationship. Furthermore,

the significance of other regressors diminishes. The higher number of fixed effects

reduces the degrees of freedom and could thus be the reason why the variables RTA

and diplomatic disagreement are insignificant by causing an overfitted model (Shep-

herd, 2019). However, the stronger power of the estimator effectively addresses

factors such as zero trade flows. Since this is not controlled for in the other models,

it can cause biased results and incorrect significance levels. Since the PPML also
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allows us to include a high dimension of fixed effects, it reduces the risk of omitted

variable bias which speaks in favor of this model. Moreover, this could also explain

why the significance of variables differs and thus provide more precise results. An-

other advantage is the capacity to incorporate clustering based on country pairs.

Furthermore, the impact of the tariff is most pronounced comparing the coefficients

of all 4 regressions in Table 9.

We proceed by delving further into the analysis of the PPML regression. The

coefficient of -0.489 associated with the tariff variable signifies that, holding all

other factors constant, a 1% rise in the tariff of the reporting country is projected

to correspond to an approximate 0.49% reduction in the import of the destination

country for the average steel product. The finding in this regression regarding

the tariff variable is aligned with the general conclusions of Cipollina and Salvatici

(2019), Shang et al. (2019), and Cigna et al. (2019), that all have reported a

significant impact of tariffs. Moreover, it is likely that constructing our own data

set from scratch and thus having a relatively small sample size contributes to the

insignificance of the RTA and diplomatic disagreement variables in this regression.

All of the various steel products exhibit significance either at a 95 % or 99 %

confidence level, except for the products with HS codes 7225, 7227 and 7228. For

these products, the variance is too high to indicate a significant effect.
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Table 10 displays the steel products’ elasticities, compared to the reference group

which is the product with HS-code 7206. The interpretation of the dummy variables

can be obtained using the following formula:

(eβ−1)100 = xx% (7)

Where β corresponds to the coefficient of the specific steel product. The diverse

products show notable variations in their sensitivity to tariffs. For instance, the

elasticity of product 7206 is 57.5 % higher compared to product 7222 and 48.2 %

higher compared to product 7226. The only product with a greater elasticity than

7206 is product 7207. This product code, which corresponds to semifinished nonalloy

steel products, demonstrates a noticeable distinction with an elasticity that is 181.5

% higher compared to the second most responsive commodity.

Table 10: Elasticities of Different Steel Products

7224 -33.5%
7221 -37.1%
7218 -38.5%
7219 -43.3%
7229 -44.9%
7220 -46.5%
7226 -48.2%
7223 -53.4%%
7222 -57.5%
7207 +181.5%

We also conducted a targeted regression analysis, centering on the United States

as the importing country, and dropping all exporters except for one, to assess the

impact on a bilateral level. Nevertheless, our findings showed insignificant results.

This underscores the importance of encompassing a wider range of countries and

data when applying this model.
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7 Conclusion

In this study, the structural gravity model has been applied to estimate the impact

of carbon border tariffs on the steel sector, including data on 9 of the world’s largest

steel producers.

By analyzing the result it becomes clear that various steel products respond dif-

ferently to tariff levels and possess differing elasticities. Therefore, the justification

for implementing import tariffs at varying levels to achieve the intended outcome is

supported. The results also reveal that import tariffs on steel can be an effective

measure for reducing imports. Utilizing this policy to reduce the import from coun-

tries with a carbon intensive production and to relocate the production to countries

with a more sustainable production could thus have a substantial influence on the

total global emissions. Especially since steel is one of the major contributors to

global warming. Furthermore, the policy proposal of implementing a carbon border

tariff in the United States appears both valid and promising in terms of its poten-

tial impact on the climate. Given the limitations of the manually constructed data

set used in this study, a more comprehensive analysis involving a wider range of

countries and including all types of steel products could provide valuable insights of

the true impact and consequently a more accurate assessment of what tariff rate to

apply. To narrow the study’s focus, by particularly examining the tariff levels in the

United States and Europe, would also provide valuable insights regarding the policy

proposal in the United States and the intended collaboration between the United

States and the European Union. We also tried to look specifically at the United

States as the importing country, while including various exporting countries. How-

ever, this approach yielded insignificant results, likely due to the even more limited

amount of data. In order to delve deeper into the effects of bilateral trade flows, it

might be more appropriate to explore alternative modeling approaches.

Considering that the impact of policy decisions, such as implementing tariffs,

usually takes time to manifest in reality, it would have been beneficial to incorporate

lagged variables. This adjustment would account for the time delay it takes to

adjust and yield a more accurate representation of the time-dependent relationship.

Another way to control for the time delay could have been to include more years

within each interval, instead of including data on every third year.

If this study were to be conducted again and the time aspect would be less critical,

we would also encompass more countries and years. The significance of having an
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extensive data set becomes even more pronounced when analyzing tariff data, given

its limited availability for numerous years and countries. Incorporating intra-specific

variables would also have added value. Benedikt, Mario, and Yotov, 2021 argue for

the inclusion of intra-specific data in addition to international trade data when

performing the structural gravity model with fixed effects and non-discriminatory

trade policy. The reason for this is that these variables can be included without

the risk of being absorbed by the importer and exporter fixed effects, which in turn

need to be included to control for multilateral resistance (Benedikt, Mario, & Yotov,

2021). In this paper, we include data on discriminatory tariffs (selected tariffs for

different countries) instead of non-discriminatory policies like Most Favored Nation

(MFN) tariffs. However, we believe that the inclusion of intra-specific data could

still have been beneficial, since those variables would not be captured by the fixed

effects and thus allow us to account for intra-national heterogeneity. Furthermore,

performing the same study using an alternative methodology, such as CGE models,

could also be valuable as a robustness check to assess the alignment of the results.

What holds significant importance when designing new policies is to consider

how other countries could react. If the United States and the EU form a trade

agreement where the tariffs of the steel products will be lower for the participating

countries, trade diversion could arise. This could cause a shift in trade patterns,

moving away from more efficient producers outside the Union to higher-cost pro-

ducers within the Union. However, considering that both the United States and

Europe are prominent players in the trade of steel and use efficient and environ-

mentally friendly production methods, this effect might still be rather limited and

can also have a positive effect from an environmental perspective. In addition, if

taxation measures are overly stringent, there is a potential risk of e.g., triggering

trade wars. Nevertheless, interests are not always aligned, and despite the potential

negative outcomes it could lead to, the significance of taking a stand for the climate

might still outweigh other negative consequences. Additionally, even if countries

react in a negative manner, the United States would still be able to engage in trade

within the agreement with the EU, where all countries adhere to clean production

practices. Subsequently, the adverse effects might not be as severe as it would be

for countries lacking strong trade relationships.

Employing discriminatory tariffs could be effective if the goal is to target specific

countries, like China, due to their carbon intensive production and substantial mar-

ket share (Lawder, 2022). According to Zhang et al., 2019, if the US were to impose

a $50 carbon tariff on Chinese exports in the oil and nuclear industries, it would

have resulted in a 32% reduction in exports in 2020, which would then decline to

15% by 2030 when the country has adjusted. This significant effect demonstrates the

power of the policy. However, such a move might also trigger retaliatory measures
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and would not be as powerful as non-discriminatory tariffs when it comes to carbon

leakage. Thus, a non-discriminatory tariff as discussed in the United States, tar-

geting all countries in a uniform manner would make sure that the higher emitting

countries pay for their pollution while the same terms are applied to all countries.

Another factor that should not be overlooked is the impact on developing coun-

tries that are striving to industrialize. These countries are likely to be negatively

affected by the tariff policy in the short-run. However, we believe that since there

is only a matter of time before all countries will have to adjust to cleaner technol-

ogy practices, countries in the process of industrializing could benefit from adopting

the most advanced and environmentally friendly technology from the outset. Ac-

cordingly, we believe that it can give them advantages over countries that have

consistently utilized polluting techniques from the start, and might be less willing

to modify their production methods. Additionally, since many developing countries

are at a greater risk of climate catastrophes, they have much to gain by promoting

cleaner production processes.

For further studies in this field of research, it would be interesting to delve more

into the assessment of whether discriminatory or non-discriminatory tariff policies

appear more advantageous, both from a societal and environmental perspective. It

would also be valuable to get more insight into the CBAM, and to evaluate how

well it performs when it has been in place for a certain period. Considering that

there are additional industries, like the food sector, which also contribute signifi-

cantly to emissions, it would be interesting to compare the effect of border tariffs

between highly polluting sectors. Consequently, expanding the scope of the United

States Green Steel Club by including more critical sectors might yield additional

environmental benefits.

As discussed in the literature review, while tariffs might generate favorable out-

comes in terms of reducing the globally carbon footprint, it may also lead to un-

employment and other negative effects on social welfare. Even if import tariffs are

applied to foreign countries and businesses, the costs are often borne by consumers

in the tariff-imposing-country (Tax Foundation, 2023). Hence, delving deeper into

the welfare effects would provide valuable insights, since it is an essential factor to

be aware of during policy decisions.

If we were to expand the study, it would also have been interesting to run the

same regression, but with export as the dependent variable to ascertain whether ex-

port decreases in the originating country or if the exporting nations are intensifying

trade with alternative partners or discovering new trading dynamics. Furthermore, a

valuable addition would involve calculating the exact carbon footprint for each prod-

uct, considering various production practices. This would enable the examination

of how the total emissions coming from steel production differs among countries.
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Finally, since steel tariffs is a remarkably unexplored area of research, further

investigation in this field is important. Global warming has progressively intensified

and is emerging as one of the greatest challenges of our time. It is time to take

action and utilize all available means to mitigate the warming if we want to sustain

our presence on this planet.
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