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1 Introduction

Africa is at the forefront of the climate crisis, bearing a disproportionate burden of its impact despite its

minimal contribution to global greenhouse gas emissions. The Global Center on Adaptation finds that

surface temperatures are increasing across all African regions and the continent is warming faster than the

global average over both land and the oceans (Global Center on Adaption, 2022). Per EM-DAT database,

between 2011 and 2020, on average approximately 13 million people in Africa were impacted by droughts

and 3.5 million were impacted by floods (EM-DAT).

The continent’s vulnerability to climate change is stark - manifesting in severe droughts, flooding, and

shifting weather patterns - threatening food security and economic stability. Jaramillo et al (2023) further

note that underlying fragility like conflict and heavy dependence on rain-fed agriculture exacerbate climate

vulnerabilities and vice versa. The concerns are further compounded in the region by a rapidly growing

population that demands sustainable economic growth. This juxtaposition of climate vulnerability and

development presents a dual challenge that requires a strategic approach for integrating industrialization with

climate action. Our paper highlights that Africa has the potential to address these intertwined challenges

effectively through sustainable trade.

“sustainable trade” is defined in this paper as trade in environmentally sustainable goods and low-carbon

technology. It promotes environmentally sustainable practices and has the potential to decouple economic

growth from environmental degradation. Africa’s inherent strengths – its renewable energy potential and

relatively low emissions – position the region well to lead the world into sustainable trade expansion. By

leveraging its substantial natural resources, such as solar energy and vast landscapes suitable for carbon

sequestration, Africa can drive industrialization while maintaining a relatively low carbon footprint. The

continent’s relatively low carbon emissions offer a unique advantage, allowing it to adopt and promote

low-carbon technologies and renewable energy sources.

The paper uses local projections analysis to establish the medium-run relationship between sustainable

trade and environmental outcomes, such as ecological footprint, net CO2 emissions embedded in trade,

and PM2.5 air pollution. The results find that in the medium-term (i.e in 3-5 years), increasing trade in

environmental goods and low-carbon technology products can reduce resource use, carbon emissions, and air

pollution, leading to improved environmental outcomes by promoting the sustainable use of natural resources

and encouraging the adoption of clean technologies.

Trading in environmentally sustainable goods helps mitigate the environmental impact of trade-related

economic activities. The use of a time-series analysis is to mitigate the ambiguity of the short-term

relationship between sustainable trade and the environment. For instance, the shift to more sustainable
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technologies might initially increase energy consumption and emissions during the production and

installation phases. Furthermore, the benefits of sustainable trade may take time to materialize, leading to

a long-run relationship between sustainable trade and environmental outcomes.

Additionally, this paper contextualizes the main results through re-estimation for a sample of Organisation

for Economic Co-operation and Development (OECD) countries in order to generate an image for where the

SSA region lies in sustainable trade relative to a global sample. Even further, we estimate the effects of

sustainable trade on general welfare like air pollution-related deaths and real GDP per capita growth for

implications on economic welfare. Lastly, we construct the sustainable Practices Index (SPI) to benchmark

individual country performance in the region and facilitate better regional coordination on environmentally

sustainable practices.

This index identifies and measures key components of environmentally sustainable policies like renewable

energy mix, climate change policies, environmental taxes, and carbon stock. Not only does this index help

us standardize environmental practices among the region, but we show evidence that enacting these policies

directly decreases environmental outcomes. Our paper is a novel investigation in evaluating the impact of

sustainable trade relative to trade on environmental outcomes and analyzes how sustainable practices could

be beneficial in the fight against climate change in Sub-Saharan Africa (SSA).

Section 2 delves into existing theoretical and empirical literature on the relationship between trade

and environmental quality. Section 3 provides a description of the data and the methodology. Section 4

presents the main findings of the paper and offers potential explanations for short-term and medium-term

trends observed in the consequences of trade and sustainable trade on environmental outcomes. Section 5

compares the results to an OECD country sample. Section 6 considers implications of sustainable trade on

air pollution-related deaths and real GDP per capita growth. Section 7 explains the construction of the

sustainable Practices Index and our related main findings. Section 8 concludes the paper with actionable

policy recommendations for Sub-Saharan Africa.

2 Background

2.1 Trade and Economic Growth

There is a general consensus in the literature that trade is a large contributor of economic growth. Frankel

and Romer (1999) popularly note that trade is a well-known instrument of economic growth. By allowing

countries to specialize in the production of goods and services in which they have a comparative advantage,

trade can enhance efficiency, increase output, and stimulate economic growth. Several empirical studies
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have analyzed the export-led growth expansion hypothesis, with Kavoussi (1984) finding that both low and

middle income countries see better economic performance associated with greater export expansion. In

the African context, Onafowora and Owoye (1998) find that it is possible to stimulate economic growth in

some countries in the region through an outward-looking strategy of export expansion. However, Zahonogo

(2016) caveats that the relationship between trade openness and economic growth in not exactly linear in Sub-

Saharan Africa. Yet another facet of the debate surrounding trade and economic growth are its environmental

consequences. Increased trade and economic growth can lead to higher levels of production and consumption,

which often result in greater environmental degradation. The pursuit of economic expansion through trade

can drive over-exploitation of natural resources, increase carbon emissions, and pollution. As countries

engage more in international trade, the demand for natural resources can escalate, leading to the depletion

of these resources alongside significant environmental damage in the form of deforestation, soil erosion, and

loss of biodiversity.

Several papers examine the effects of sustainable trade on growth. Ahmed et al (2022) use a variety

of indicators like sustainable innovation, clean energy, and sustainable trade, as defined by the OECD, to

evaluate their effects on “sustainable” growth which is a variable defined by GDP growth, education, fossil

fuel consumption, and CO2 emissions. The analysis is based on South Asian countries, and the paper finds

that these indicators positively contribute to sustainable growth. Tariq et al (2023) evaluate a theoretical

model for sustainable economic growth with sustainable trade openness (GTO) as one of its components.

They find that GTO, along with other sustainable variables, can increase sustainable growth and mitigate

carbon emissions. Lastly, Xu (2022) evaluates the impact of natural resources on sustainable growth in

China. He finds that sustainable trade plays a moderating role in the relationship. Emphasis should be put

on mitigating the effects of climate change while continuing to promote growth in the region.

2.2 Trade and the Environment: Theoretical Background

Research examining the link between trade and environmental outcomes began in the early 1990s with the

theoretical seminal paper by Grossman and Krueger (1991) exploring the environmental consequences of

the North American Free Trade Agreement. It was followed by Antweiler et al (2001), another theoretical

paper that explored the concepts of scale, composition, and technique effects. Scale refers to the size of

production, composition refers to the composition of goods by industry, and technique refers to cleaner means

of production. The model suggests that free trade can reduce greenhouse gas emissions. Further, Damania

et al (2003) finds that corruption reduces environmental policy stringency and is a proper mechanism for

how trade liberalization affects the stringency of environmental policy.
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Copeland et al (2004) and Cherniwchan et al (2016) more broadly describe the link between trade and

environmental outcomes by exploring previous literature and methodologies. Theoretical work by Shapiro

(2021) explores tariffs and nontariff barriers on dirty vs. clean industries. It finds that import tariffs are

lower on dirty than on clean industries because levels of pollution are not being considered when enacting

tariff policy and industries have the ability to move where environmental policy is less stringent. The latter

is in reference to the pollution haven hypothesis. Lastly, Duan et al (2021) and Cherniwchan et al (2022)

continue this work by suggesting little evidence for the pollution haven hypothesis.

2.3 Trade and the Environment: Empirical Background

On empirical work analyzing the general link between trade and environmental outcomes, Kim et al (2019)

finds that trade between developed and developing countries have heterogeneous pollution effects, but trade

among developing nations tends to reduce CO2 emissions. They find evidence for the Environmental Kuznets

hypothesis (EKC) which describes that environmental pressure increases with GDP but, after a certain

income level, it declines with growth. Lin et al (2016) disagree by stating that, specific to Africa, the EKC,

or GDP growth alone, does not provide enough benefit for environmental policy and there should be a focus

on encouraging energy efficiency and enhancing the use of clean energy. This paper, among others, explores

the negative relationship between population growth and urbanisation on CO2 emissions.

Further empirical work specific to SSA countries shows relatively mixed results between trade and

environmental outcomes. A study by Ibrahim et al (2022) suggests a negative relationship between trade

facilitation and environmental pollution, indicating that free trade can be beneficial on lowering pollution.

However, Bekoe and Jalloh (2023) conclude the opposite, that free trade is detrimental to environment

quality in the long-run. On policy, Shu et al (2024) finds that tariffs could contribute to strengthening

environmental quality.

Contradictory, Dada et al (2024) state that tariffs have a significant positive effect on carbon footprints

in countries with relatively lower pollution. However, the effect turns negative in countries with higher levels

of pollution. Udeagha et al (2022) suggests implementing more environmental policies focusing on tariffs on

goods with high ecological footprint or subsidies on environmentally-friendly goods. Ibrahim et al (2016)

emphasize the importance of institutional quality and states that it must be at a certain competent level

before trade can reap the reward of positive effects on environmental outcomes. Results from Olaoye et al

(2024) show that energy use negatively affects environmental quality and there should be stricter regulations

surrounding energy policy.
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2.4 Contribution to the Literature

Our paper makes several contributions to the literature on environmental economics and sustainable trade.

First, it confirms the Environmental Kuznets Curve (EKC) hypothesis and demonstrates that the trade

of sustainable products reduces the ecological footprint in host countries. Unlike Ben Zineb (2019), who

analyzes the impact of trade in environmentally preferable products and clean technologies on air quality

up to 2012, our study provides a more current analysis focusing on Sub-Saharan Africa (SSA). This focus is

significant because SSA holds unique potential to champion climate-resilient trade, given its vulnerabilities

to climate change and relatively low emissions compared to other regions. Additionally, our analysis employs

a broader definition of trade in environmental goods and evaluates its effects across multiple environmental

dimensions, including ecological footprints, carbon emissions embedded in trade, and air quality—filling a

notable gap in the literature.

Second, while Ali et al (2023) examines the impact of environmental goods and low-carbon technology

products on environmental degradation distribution in G20 countries using the method of moments quantile

regression, our study applies the local projections method. This approach enables a dynamic examination

of the effects of ”sustainable trade” and related practices on environmental outcomes, providing actionable

policy recommendations.

Finally, our paper introduces the Sustainable Practices Index (SPI) to evaluate how environmental policy

influences environmental outcomes. This analysis aligns more closely with Can et al (2022), which developed

a sustainable Trade Index (GTI) by measuring the net exports of sustainable goods as a percentage of GDP

for 31 OECD countries. However, while the GTI by Can et al (2022) is referred to as an ”index,” it simply

represents the percentage of sustainable goods relative to total goods. In contrast, our index incorporates a

range of environmental practice variables with tangible implications for policy and environmental outcomes.

3 Data and Methodology

3.1 Environmental Outcomes

For the environmental outcomes data, this paper uses three indicators - i) Ecological Footprint, ii) Net CO2

emissions embedded in trade, iii) PM2.5 air pollution

Ecological footprint is defined by the Global Footprint Network1 as the ecological resource use and

resource capacity of nations over time. Its components include grazing land, cropland, carbon, fishing

grounds, etc. As there are a finite amount of resources, increasing one’s ecological footprint could contribute

1https://data.footprintnetwork.org//
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to the over-exploitation of natural resources which has negative impacts on the environment. We use the

log differences to capture percentage change in ecological footprint over time. A positive value captures

environmental degradation as it is an increase in resource use.

To include an environmental variable more directly affected by trade, this paper uses net CO2 emissions

embedded in trade (per the Global Carbon Budget, sourced from Our World in Data2). This data is defined

as the value of CO2 emissions in imports subtracted by the value of CO2 emissions in exports as a percent

of total domestic production. Thus, if these countries have a positive value, it means they are a net importer

of CO2 emissions. CO2 emissions above a natural level traps heat in the atmosphere and raises global

temperatures and, as a result, contributes to climate change. To be a net importer means that the country

is importing goods with high emissions relative to their exports. This variables helps us directly connect the

effects of sustainable trade to CO2 emissions from trade.

Since this paper seeks to understand the effect of sustainable trade on local emissions, an additional

dependent variable we measure is the percentage change of PM2.5. PM2.5 is defined as tiny particles in

the air that are 2.5 micrometers or less in diameter. Much of PM2.5 pollution is from the combustion of

gasoline, oil, diesel fuel or wood. PM2.5 contributes to air pollution and is harmful on the lungs. This data

is taken from the Global Burden of Disease (GBD) Study in 2021 from the Institute for Health Metrics and

Evaluation (IHME)3. We use log differences to capture the percentage change in air pollution. An increase

in this value means that there is more PM2.5 particles in the air which contributes to air pollution.

As there are mixed findings in the literature on the effects of trade on environmental outcomes, Figure

1 plots the relationship between exports, imports and CO2 emissions for a sample of African countries

compared to a global sample for the years 2000, 2010, and 2020. It indicates a positive association between

trade and CO2 emissions for both Africa and the global sample. However, the association between the two

variables in African countries is much lower, indicating that this relationship is not as strong in this region.

The size of the circles represent the size of the economy based on their GDP. The relationship appears to be

stronger for countries with larger economies.

Figure 2 plots the same relationship using ecological footprint as the environmental outcome. There is a

positive relationship between trade and ecological footprint, but the global sample is stronger than the Africa

samples, albeit not by too much. Again, the relationship is stronger for countries with larger economies.

These plots emphasize the importance of looking specifically at the Sub-Saharan Africa region as sustainable

trade will have different effects on environmental outcomes relative to the rest of the globe.

Figure 3a shows the median value of the log difference in ecological footprint among the country sample

2https://ourworldindata.org/grapher/co-emissions-embedded-in-global-trade
3https://vizhub.healthdata.org/gbd-compare/
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Note: The size of the circle is indicative of the size of the economy based on GDP.

Figure 1: Relationship Between Trade and CO2 Emissions

each year. This figure shows that there is almost always a positive number, indicating that there are constant

increases in ecological footprint over the sample period. Likewise, Figure 3b shows the median value of net

CO2 emissions embedded in trade among the country sample each year. For every year, the median is a

positive number, indicating that most SSA countries are net importers of CO2 emissions. Figure 3c shows

the median percentage change of PM2.5 in units of micrograms per cubic meter. The values stay consistent

until after 2010 where they become much more volatile, hovering over and under 0. This indicates that some

years had heightened levels of air pollution and other years they decreased.

There is clear heterogeneity among the sample of SSA countries. For the GCB net emissions, we see

that the inter-quartile range is quite large and there may be a handful of examples where the countries

have a negative value, meaning that they were net exporters of CO2 emissions. This range is tighter for

ecological footprint, indicating that there is less heterogeneity among the sample in resource use. Lastly,

for our measure of air pollution, all years except for 2013 and 2015 indicate very little heterogeneity in our

sample. Comparing these three variables in the analysis will give us a consistent and detailed assessment at

how sustainable trade affects the environment.
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Figure 2: Relationship Between Trade and Ecological Footprint

3.2 Trade and sustainable Trade

Our paper used two definitions of ‘sustainable trade’. The first is a broader examination including 224

environmental goods per UN Comtrade4. These goods are defined as having a connection to environmental

protection like pollution and resource management and goods that have been modified to be more

”environmentally friendly”. The second definition of ’sustainable trade’ is narrower and more

policy-actionable since it focuses on trade in low carbon technology products. The IMF Climate Change

Dashboard identifies 125 traded low carbon goods defined as products that produce less pollution than

their traditional energy counterparts. This includes low carbon equipment like wind turbines, solar panels,

biomass systems, and carbon capture equipment5.

Figure 4 shows the median value of trade in environmental goods (per the broader UN Comtrade

definition) as a % of GDP. These values are very low relative to general trade, and they stay consistent

after 2008, indicating little increase in the trade of sustainable goods in recent years. Figure 5 shows the

median value of trade in low carbon technology products as a % of GDP. This is comparable to Figure 4

4https://climatedata.imf.org/datasets/8636ce866c8a404b8d9baeaffa2c6cb30/about
5https://climatedata.imf.org/datasets/1d33174e9e46429d9e570d539556f66a0/about
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Figure 3: Key variables over time

and also exhibits the slowdown of trade in low carbon technology products after 2008. The mean value of

the UN Comtrade definition of sustainable trade is higher than trade in low-carbon technology. This could

be due to having a higher amount of environmental goods defined as “sustainable”.

To contextualize our results on the effect of sustainable trade on environmental outcomes, we also analyse

the impact of general trade activity on environmental outcomes. The World Bank Development Indicators

define trade as the total value of imports and exports in US Dollars as a % of GDP. Table 1 shows the mix

of variables included in each regression numbered 1-4. Each analysis is repeated by replacing general trade

as the shock variable, resulting in a total of 8 regressions.

To put our country sample into global perspective, Figures 6 and 7 show the median values of

environmental goods for both the UN Comtrade and TLCT definitions for Organisation for Economic

11



Figure 4: UN Comtrade Median Value of sustainable
Goods (% of GDP)

Figure 5: TLCT Median Value of Low Carbon
Goods (% of GDP)

Table 1: Variables Included in each Regression

Analysis Dependent Variable Sustainable Trade Independent Variable

1 Global Footprint Network Ecological Footprint UN Comtrade Green Trade

2 Global Footprint Network Ecological Footprint Trade in Low Carbon Technology

3 Global Carbon Footprint Net CO2 Emissions UN Comtrade Green Trade

4 Global Carbon Footprint Net CO2 Emissions Trade in Low Carbon Technology

5 Global Burden of Disease PM2.5 UN Comtrade Green Trade

6 Global Burden of Disease PM2.5 Trade in Low Carbon Technology

Note: Each analysis is repeated with World Bank general trade (% of GDP) as the main independent
variable for comparison. The sustainable trade independent variables are sourced from the IMF
Climate Change Dashboard

Co-operation and Development (OECD) countries.6 As the OECD country sample includes more

developed countries who are better equip to make more economically sustainable decisions, they have much

higher values of traded environmental goods than our SSA country sample. On a global scale, countries in

SSA trade environmental goods at much lower rates.

3.3 Main Control Variables

Based on previous literature7, we include three control variables in our analysis. One is gross domestic

product (GDP) per capita (% annual growth) measured in constant LCU as defined by the World Bank. We

control for GDP under the assumption that, as evidenced from the Environmental Kuznets Curve, income

and pollution are statistically related. Another is population growth (POP) (% annual growth). As a

6The 37 countries are: Australia, Austria, Belgium, Canada, Chile, Colombia, Costa Rica, Czechia, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Republic of Korea, Latvia, Lithuania, Luxembourg,
Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, United
Kingdom, and United States of America

7See references section
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population grows, naturally, the country will have a larger environmental footprint and contribute more to

environmental degradation. A third is urbanization growth (URB) (% annual growth). The assumption

here is that as a country moves to be more industrial or there are larger collections of cities, production and

emissions will increase. We source these variables from the World Bank Development Indicators.

3.4 Summary Statistics

To compare between trade and sustainable trade, we limited our sample to the years 2001-2020 at a yearly

frequency. Our main results include the full sample of countries based on data availability. We collect data

on the following 17 countries: Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cote d’Ivoire, Eswatini,

Madagascar, Mauritius, Namibia, Niger, Rwanda, Senegal, South Africa, Tanzania, Uganda, and Zimbabwe.

Figure 8 shows the breakdown of our country sample by income level.

To ensure the effects of increasing trade in sustainable are captured, we control for trade as a % of GDP

in our sustainable trade analyses. In the same vein, we control for sustainable trade in our general trade

analyses to make sure we are only looking at the effects of trade. We do this by calculating the ratio of the

total value of imports and exports of sustainable goods divided by the value of total trade in US dollars.

The value for total trade is sourced from the IMF database. We do this for each definition of sustainable

trade and their respective country samples.

Table 2 shows the descriptive statistics for each analysis. The number of observations tells us there

is between 13 and 16 countries in each analysis. Both definitions of sustainable trade as a % of GDP is

at a much lower mean level than general trade as a % of GDP, indicating that SSA is not trading a lot of

“sustainable” goods. The mean values of our GFN and GCB environmental outcomes are positive, indicating
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Figure 8: Countries in Data Sample by Income

that resource use is increasing and CO2 emissions in trade are heavily focused on imports. The mean value

of our GBD environmental outcome is negative and close to zero, indicating that, on average, there is little

change in air pollution among our sample.

Table 2: Analysis Summary Statistics

Analysis Statistic N Mean St. Dev. Min Med Max
1 & 5

UN Comtrade 320 1.59 0.92 0.26 1.38 5.75
WB Trade 320 62.30 27.92 20.96 55.05 175.80
GFN EF 320 0.75 3.72 −14.08 0.73 22.84
GBD PM2.5 320 −0.07 3.38 −15.16 0.01 20.18
Trade Ratio 320 0.20 0.19 0.02 0.14 1.26

3

UN Comtrade 260 1.58 0.92 0.26 1.40 5.75
WB Trade 260 62.63 24.67 27.49 56.60 129.78
GCB Net CO2 260 37.68 46.30 −43.84 31.00 258.22

2 & 6

TLCT 320 0.83 0.51 0.12 0.71 3.69
WB Trade 320 63.09 27.20 27.49 55.29 175.80
GFN EF 320 0.77 3.62 −14.08 0.73 22.84
GBD PM2.5 320 −0.08 3.52 −15.16 −0.08 20.18
Trade Ratio 320 0.11 0.10 0.01 0.09 0.86

4

TLCT 280 0.84 0.52 0.12 0.72 3.69
WB Trade 280 61.43 24.20 27.49 55.39 129.78
GCB Net CO2 280 36.09 45.04 −43.84 28.94 258.22

Controls

GDP % growth 1.55 4.22 −18.32 2.01 19.94
POP % growth 3.52 1.78 −0.15 3.67 7.60
URB % growth 3.54 1.65 −0.15 3.68 7.60
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3.5 Local Projections Analysis

The paper uses linear local projection analysis as described by Jorda (2005) and as further described by

Jorda and Taylor (2024). This paper adopts a time series analysis to better analyze the medium term effects

of sustainable trade on account of inertia in adoption of environmental goods and low carbon technology

products. For instance, after importing wind turbines and solar panels, the necessary infrastructure and

workforce must be established to assemble, operate, and transition to renewable energy. Local projections is

a favorable time-series method because we cannot assume that the many variables in our series are stationary.

The model estimates impulse response functions from a 1-standard deviation increase in the independent,

or shock, variable. In this case, the shock variable would be either trade in environmental goods or trade in low

carbon technology products, depending on the analysis. The impulse response functions are estimated at each

period of interest rather than extrapolating into far horizons as defined by local projections methodology. The

analysis uses the shock variable lagged by one year as an instrumental variable to eliminate any endogeneity

issues. The equation below describes the regression technique:

logpi,t+h − logpi,t−1 = αh
i +

2∑
n=1

βt−npi,t−n + γhϕi,t + λh
i,nX

h
i,n + ηi + νt + ϵhi,t+h (1)

where p indicates the ecological footprint variable or the PM2.5 variable and ϕ indicates the sustainable

trade or trade variable for each country i at time t. X indicates a matrix of control variables including GDP,

population, and urbanization. In addition, the sustainable trade regressions control for general trade as a

percentage of GDP, and the general trade regressions control for sustainable trade as a percentage of general

trade. η and ν indicate country and time fixed effects, respectively. Two lags are estimated as established by

the AIC criteria. Local projections show a one-standard deviation shock on the ϕ variable over 5 horizons, h

= 0, 1, 2, ... , 5. The results estimate the cumulative impulse responses over time. The confidence intervals

are measured at the 67% level, consistent with previous studies such as Stock and Watson (2005).8 The

model uses Newey-West standard errors. The equation below is similar except the GCB Net CO2 emissions

variable is the dependent variable.

pi,t+h = αh
i +

2∑
n=1

βt−npi,t−n + γhϕi,t + λh
i,nX

h
i,n + ηi + νt + ϵhi,t+h (2)

All specifications are the same as equation 1.

8The estimation was repeated at 90% leve confidence interval. Most of the main results still hold, but the peak decrease at
horizon 3.
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4 Effect of sustainable Trade on Environment Outcomes

Figures 9-14 show the cumulative impulse response functions of a positive one-standard deviation shock

in the sustainable trade and trade variables on the environmental outcome variables. Figure 9 shows the

results for shocking sustainable trade in environmental goods on ecological footprint compared to the results

from shocking general trade on ecological footprint. Figure 10 shows the results from shocking trade in

low carbon technology products on ecological footprint. Trade in environmental goods leads to a significant

improvement in the ecological footprint, starting from the second year, with the most substantial gains

(around 3.5%) observed in the third and fourth years. Similarly, trade in low-carbon technology products

follows a comparable pattern, achieving the greatest gains (just under 5%) in the third year.

(a) sustainable Trade & Ecological Footprint (b) Trade & Ecological Footprint

Figure 9: UN Comtrade sustainable Trade & Trade with GFN Ecological Footprint (Analysis 1)

(a) Low Carbon Trade & Ecological Footprint (b) Trade & Ecological Footprint

Figure 10: TLCT & Trade with GFN Ecological Footprint (Analysis 2)

Notably, when compared to the impact of general trade, trade in environmental goods and low-carbon
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technology products has a more pronounced effect on reducing the ecological footprint, and the improvements

occur more rapidly with ’sustainable trade’ than with trade in all goods. The consistency between the results

with both definitions of sustainable trade indicate that there is a strong medium-term negative relationship

between sustainable trade and ecological footprint.

Figure 11 and 12 show that general trade does not significantly influence the reduction of carbon emissions

embedded in trade, either in the short term or over the medium term. However, trade in environmental goods

and low-carbon technology products shows a markedly different impact. Specifically, trade in environmental

goods leads to a cumulative reduction in embedded carbon emissions of approximately 60% over five years,

while trade in low-carbon technology products is even more effective, achieving a cumulative reduction of

around 100% over the same period.9 These results suggest that targeted trade in environmentally friendly

and low-carbon technologies can play a critical role in reducing the carbon intensity of trade, particularly

in the medium term, whereas general trade lacks the focused impact necessary to drive significant emissions

reductions.

(a) sustainable Trade & Net CO2 Emissions in Trade (b) Trade & Net CO2 Emissions in Trade

Figure 11: UN Comtrade sustainable Trade & Trade with GCB Net CO2 Emissions (Analysis 3)

When analyzing our third environmental output, particulate matter 2.5 (PM2.5), Figure 13 compares

the impact of the sustainable trade variable on PM2.5 with that of general trade. Consistent with previous

findings, sustainable trade leads to a reduction in air pollution by approximately 1% after 3-4 years. This

impact is notably larger than that of general trade, which shows minimal and statistically insignificant

reductions in air pollution. However, by the fifth year, the impulse response functions (IRFs) become

insignificant, suggesting that while sustainable trade has a notable medium-term effect on reducing air

pollution, its influence diminishes over the long term. Figure 14, which analyzes the same regression using

9Botswana and Namibia had high levels of CO2 and were outliers. After removing them from the sample, the estimates
decreased to between [−25%,−35%]. The IRF results are in Figure A1 in the appendix.
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(a) Low Carbon Trade & Net CO2 Emissions in Trade (b) Trade & Net CO2 Emissions in Trade

Figure 12: TLCT & Trade with GCB Net CO2 Emissions (Analysis 4)

the TLCT sustainable trade variable, reflects similar peak reductions followed by a gradual return to zero,

indicating that the initial benefits of sustainable trade do not sustain beyond the medium term.

(a) sustainable Trade & PM2.5 (b) Trade & PM2.5

Figure 13: UN Comtrade sustainable Trade & Trade with GBD PM2.5 (Analysis 5)

In summary, the analysis reveals a significant medium-term relationship between sustainable trade and

improved environmental outcomes. An increase in sustainable trade (trade in environmental goods or trade

in low carbon technology) results in a reduction of negative environmental impacts, with the greatest

benefits emerging after 3 to 5 years. This time lag is likely due to the period required for building the

necessary infrastructure and integrating the traded sustainable goods into practical use. For these benefits

to materialize, countries need to ensure they have adequate labor, human capital, and resources to

effectively utilize the imported sustainable technologies, which can extend the implementation timeline.

Notably, the positive impact of sustainable trade on the environment is considerably greater and faster

18



(a) Low Carbon Trade & PM2.5 (b) Trade & PM2.5

Figure 14: TLCT & Trade with GBD PM2.5 (Analysis 6)

than that of general trade.

5 OECD Country Sample Comparison

Since this paper is unique in its analysis of the impact of sustainable trade on environmental outcomes in

SSA using latest data, it is important to put the main results described above into context. Because there is

very little literature using these variables or running similar regressions, the main analyses were re-evaluated

using countries part of the Organisation for Economic Co-operation and Development (OECD). Most of these

countries have developed economies, democracies, and open and free market economies. This makes it a good

comparison group because of their openness in trade. Table 3 shows the summary statistics for all of the

variables in each regression for the OECD country sample.10 Compared to our SSA sample, these countries

have higher levels of sustainable trade and general trade. They have lower levels of resource use, net CO2

emissions in trade, and PM2.5 level of air pollution. Also, they have lower rates of GDP, population, and

urbanization growth. Hallmark differences between developing and developed are captured when comparing

the variables between both country samples. The regressions are run using specifications from equation 1

and 2. Figures 15-17 show the cumulative impulse response functions from a 1-standard deviation increase in

the sustainable trade or general trade variable on all three dependent variables. The top left shows the effect

from UN Comtrade sustainable trade, top right shows the effect from trade in low carbon technology, and

the bottom graph shows the effect from general trade. Figure 15 shows the regressions on GFN Ecological

Footprint. As before, the impact of sustainable trade show lag effects, with peak decreases at three years.

However, the decreases are smaller than the main results. With general trade, there is a consistent increase,

10Analysis 1 does not include Iceland and analysis 2 does not include Iceland or Norway due to data limitations.
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Table 3: Analysis Summary Statistics: OECD Country Sample

Analysis Statistic N Mean St. Dev. Min Med Max
1

UN Comtrade 720 4.68 3.37 0.99 3.78 20.51
TLCT 720 2.65 1.90 0.45 2.08 13.84
WB Trade 720 94.38 55.93 19.56 78.04 382.35
GFN EF 720 −0.23 3.22 −19.63 −0.18 15.40
UN Trade Ratio 720 14.90 42.41 0.27 6.11 326.31

2

UN Comtrade 720 4.75 3.40 0.99 3.82 20.51
TLCT 720 2.68 1.92 0.45 2.11 13.84
WB Trade 720 95.09 56.56 19.56 79.74 382.35
GCB Net CO2 720 28.00 38.89 −28.11 18.71 312.37

3

UN Comtrade 740 4.61 3.36 0.99 3.68 20.51
TLCT 740 2.65 1.90 0.45 2.08 13.84
WB Trade 740 94.10 55.23 19.56 78.27 382.25
GBD PM2.5 740 −0.94 2.15 −11.63 0.75 10.27
UN Trade Ratio 740 14.59 41.87 0.27 6.06 326.31

Controls

GDP % growth 740 1.54 3.47 −14.46 1.64 23.30
POP % growth 740 0.57 0.76 −2.26 0.53 2.89
URB % growth 740 0.86 0.92 −2.28 0.85 4.12

meaning that increasing trade actually increases the use of resources over time. This is the opposite effect

from our SSA sample.

Figure 16 shows the effect on GCB net CO2 emission embedded in trade. The effect of sustainable

trade is near zero and insignificant, indicating that there is no effect between sustainable trade and net

CO2 emissions. However, increasing trade increases net CO2 emissions by 0.3% after five years. Figure

17 shows the effect on PM2.5 level of air pollution. There is very small and mostly insignificant effects on

sustainable trade and trade on air pollution in the OECD sample. To summarize these results in relation to

our main results using the Sub-Saharan Africa country sample, the effect of increasing sustainable trade on

environmental outcomes is much smaller, and increasing trade actually has positive effects on environmental

outcomes, indicating that trade is detrimental to the environment for OECD countries.

The difference may be because of the classic ”catch-up effect”, in which OECD countries have already

made significant progresses in sustainable trade and climate change policy compared to SSA, so any increases

may be less effective than the SSA region where there is a lot more room for growth in the sustainable sector.

This comparison shows that the effects of sustainable trade are much more significant and important in SSA

than they are in other parts of the world.
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Figure 15: sustainable Trade & Trade on GFN Ecological Footprint: OECD Country Sample

Figure 16: sustainable Trade & Trade on GCB Net CO2 Emissions: OECD Country Sample
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Figure 17: sustainable Trade & Trade on GBD PM2.5: OECD Country Sample

6 Implications on Economic Welfare

The main results show that the effects of sustainable trade are beneficial for the environment. As there are

risks that come from pollution and the effects of climate change, these results should translate positively to

welfare outcomes related to pollution. The Global Burden of Disease study has data on the % of total deaths

related to air pollution, or PM2.5 particles in other words. This is defined as all causes of death related to

particulate matter. To find out if sustainable trade has any effect on general welfare, this paper evaluates

the effect of sustainable trade on air pollution-related deaths using the specifications of equation 2. Table

4describes the summary statistics for PM2.5 related deaths. The levels are very low.

Table 4: PM2.5 Related Deaths Summary Statistics

Statistic N Mean St. Dev. Min Med Max
GBD PM2.5 320 0.02 0.01 0.01 0.02 0.05

Figure 18 shows the results from a 1 standard-deviation increase in sustainable trade on air pollution-

related deaths. The left graph shows the UN Comtrade sustainable trade effect and the right graph shows

the TLCT effect. There is no immediate or significant relationship, but after 3-5 years, the percent of

deaths associated with air pollution decreases, peaking at 0.003-0.006% after five years. These levels are
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understandably small as there are generally low amounts of air pollution-related deaths. However, reducing

the negative effects of the environment through sustainable trade can ultimately save lives.

(a) UN Comtrade sustainable Trade & PM2.5 Related Deaths (b) TLCT & PM2.5 Related Deaths

Figure 18: sustainable Trade on GBD PM2.5 Related Deaths

Relating the discussion to previous literature, there may be worry that increasing sustainable trade

could affect economic growth because there is believed to be a trade-off between growth and environmental

sustainability. Using the same specification as equation 2, the regressions are re-estimated with real GDP

per capita growth as the dependent variable. All control variables except for GDP remain the same.

However, these IRFs are non-cumulative. Figure 19 shows the impulse response functions with UN

Comtrade sustainable trade as the independent variable on the top left, TLCT as the independent variable

on the top right, general trade for our SSA country sample as the independent variable on the bottom left,

and general trade for our OECD country sample on the bottom right. This means that these variables in

the context of SSA have little relationship. As expected, general trade has a positive and significant effect

on GDP for both the SSA and OECD country samples.

In order to accurately compare the costs and benefits from sustainable trade relative to general trade,

it is imperative to understand the meaning behind these impulse response functions in dollar terms for

each regression. For the UN Comtrade SSA sample, a one-standard deviation increase in sustainable trade

as a % of GDP corresponds to a $309.67 million increase.11 Using the mean GDP per capita (constant

international dollars) of $5,874.31 for the sample, it is calculated that increasing sustainable trade by one

standard deviation decreases real GDP per capita by $100.44 over the five year horizon.12

For the TLCT variable, a one-standard deviation increase in sustainable trade as a % of GDP corresponds

to a $183.456 million increase. The mean GDP per capita for this country sample is $6,086.80. Using the

11Using the mean GDP, measured in constant US dollars from the World Economic Outlook
12All calculations for this cost section can be found in the appendix.
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(a) sustainable Trade & real GDP per capita Growth (b) TLCT & real GDP per capita Growth

(c) Trade & real GDP per capita Growth (d) Trade & real GDP per capita Growth: OECD

Figure 19: Impacts on real GDP per capita Growth

same calculation, real GDP per capita decreases by $233.73 over the five year horizon. To compare these

numbers to an increase in general trade for the SSA, a one-standard deviation increase in trade as a % of

GDP corresponds to $9.40 billion increase. This corresponds to an increase in real GDP per capita by $99.86

over the five year horizon. For the OECD sample, a one-standard deviation increase in trade as a % of GDP

corresponds to $620.42 billion increase. This calculates to a $534.92 increase in real GDP per capita.

As a result of these calculations, it finds that a one-standard deviation increase in sustainable trade may

result in a $100-$233 decrease in per capita GDP. However, increasing trade by a standard deviation increases

per capita GDP by less than $100. Since the increase in trade is about 30 times more than the increase

in sustainable trade, it shows that an increase in sustainable trade would have more of a negative effect on

GDP growth than an increase in trade would have a positive effect. However, this does not necessarily mean

that sustainable trade would be detrimental for growth as the results were mostly insignificant.

In summary, sustainable trade may have the potential to reduce the number of deaths related to air

pollution and sustainable trade have negative but insignificant effects on real GDP growth.
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7 Sustainable Practices Index

7.1 Data and Methodology

We construct a novel Sustainable Practices Index (SPI) for Sub-Saharan Africa to encourage discussions

around assessing and promoting sustainable economic practices in international trade. This index

region-specific tool offers immediate and actionable policy insights by standardizing, ranking, and

comparing sustainable trade practices in SSA. The index will serve as a benchmark for countries in SSA to

map their performance across key components and identify leaders/laggards under a common framework.

We consider four key variables for the construction of the index - environmental taxes, climate change

policies, renewable energy adoption, and carbon stock – which are crucial indicators of how countries are

integrating environmental considerations into their economic activities. These four variables were chosen

because of their relation to environmental outcomes, and we were able to find complete data for a sub-sample

of Sub-Saharan Africa. As usual, our country sample limits our data availability. As global awareness of

environmental issues grows, such an index plays a crucial role in shaping coordinated global policies and

strategies aimed at reducing the environmental impact of trade activities. Assessing the sustainability of

trade policies and practices can foster regional cooperation that is instrumental in SSA to address trans-

boundary environmental challenges such as climate change, deforestation, and biodiversity loss.

Environmental taxes (% of GDP), as sourced from the IMF Climate Change Dashboard, are a tax

imposed on a physical unit (or a proxy of it) of something that has a proven, specific, negative impact

on the environment. A SPI that incorporates environmental taxes can incentivize stricter action to meet

regional standards by countries that are lagging in implementation. By doing so, it encourages a reduction in

environmental footprint, leading to more sustainable production and trade practices. It also helps internalize

the environmental costs of trade, ensuring that prices more accurately reflect the true cost of goods and

services.

Climate change policies are policies aimed at benefiting the environment as sourced from the Climate

Policy Database. We record it as a stock variable to capture the total number of such policies in-force as they

can have lasting consequences beyond the year of enactment. By highlighting best practices and identifying

areas for improvement, the index coordinates regional efforts in SSA to implement more climate change

policies. This, in turn, promotes trade practices that are more resilient to climate impacts and aligned with

global climate goals.

Renewable energy underscores the importance of transitioning from fossil fuels to cleaner energy sources.

We measure it as sum of renewable energy use from wind, solar, bio, and hydro energy sourced from the IMF

Climate Change Dashboard. As each value of renewable energy has its own unit, we standardize their values
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between 0 and 100 and aggregate. A higher number will reflect that a country uses more renewable energy.

This encourages both public and private sectors to increase their adoption of renewable energy, reducing

reliance on non-renewable resources and lowering greenhouse gas emissions. The SPI thus plays a crucial

role in promoting energy security and sustainability in global trade.

Carbon stock refers to the amount of carbon stored in forests, soils, oceans, and other ecosystems. A

SPI that factors in carbon stock emphasizes the importance of preserving and enhancing these natural

carbon sinks. By recognizing carbon stock as a critical component of environmental health, the index

encourages countries to implement trade practices that protect and restore these ecosystems. This is

particularly important in combating deforestation, land degradation, and other activities that release

stored carbon into the atmosphere.

To construct the Sustainable Practices Index, we begin by rescaling the respective values of each

component to lie between 0 and 100. The highest value receives a score of 100 and the least favorable value

is scored as 0. This methodology follows the Hinrich IMD Sustainable Trade Index. This scoring allows us

to compare the four indicators that are measured and computed differently. Then, we run a principal

component analysis to gather the correct weights for each variable. Table 5 shows the proportion of

variance for each principal component. We decided to use the first 3 components in order to capture about

90% of the total variance. The first principal component weighs heavily on renewable energy and carbon

stock, and the second weighs more heavily on climate change policies and environmental taxes. We

construct the index by adding each weighted principal component, and rescaling the final values between 0

and 100.

Table 5: Principal Component Analysis

PC Proportion of Variance
1 0.381
2 0.3216
3 0.2081

Total 0.9107

There are 14 countries included in the SPI: Cabo Verde, Cameroon, Democratic Republic of the Congo,

Cote d’Ivoire, Eswatini, Ghana, Kenya, Mali, Niger, Rwanda, Sierra Leone, South Africa, Togo, and Uganda.

The data runs from 2001-2020 at an annual frequency. While there is not a lot of overlap of countries

between the index and the sample used for sustainable trade analysis due to limited data availability across

indicators in SSA, we appreciate the diverse dynamic between sustainable practices and environmental

outcomes explored in this section.

Additionally, there was not enough overlap with the GCB Net CO2 emissions country sample. As
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a replacement, we use the World Bank’s CO2 emissions taken from the Climate Watch Historical GHG

Emissions defined as the amount of CO2 in metric tons per capita. Rather than looking at CO2 production

in trade, this allows us a more general look at pollution values. In our analysis, we use the log difference.

Figure 20 shows the median value of CO2 emissions among our country sample each year. This figure similarly

parallels Figure 3b. Notice how in the year 2020, the percentage change of CO2 emissions plummeted due

to production halts caused by COVID.

Figure 20: WB Median Log Difference CO2 Emissions

This section uses the same controls as in the previous analysis: GDP per capita growth, population

growth, and urbanization growth. The summary statistics for the SPI, the dependent variables, and the

controls are in table ??. In table ??, we list the 2020 SPI values for each country from largest to smallest.

Since renewable energy is so highly weighted, our top contributors, like the Democratic Republic of the Congo,

Cabo Verde, Cote d’Ivoire, Cameroon, and Niger, have high amounts of renewable energy. Surprisingly, South

Africa is at the bottom. While they have the highest number of active climate change policies, they lack in

the other components, and over the data sample period, have fallen lower and lower in the rank.

Table 6: SPI Summary Statistics

Statistic N Mean St. Dev. Min Med Max
GPI 280 46.70 19.34 0 43.36 100
GFN EF 280 0.95 3.54 −22.38 0.88 25.67
WB CO2 280 0.73 4.36 −21.60 0.59 24.33
GBD PM2.5 280 −0.15 4.89 −22.98 −0.36 22.87

This section continues to use linear local projection analysis. The model estimates the cumulative impulse

response functions from a 1-standard deviation increase in the SPI. The estimation similarly models equation

1, however, the dependent variable is replaced by the SPI.

27



Table 7: Sustainable Practices Index Year 2020 Values

Country Index Value
Dem. Rep. of Congo 99.17
Cabo Verde 68.32
Cote d’Ivoire 64.04
Cameroon 62.66
Niger 61.91
Togo 45.22
Uganda 42.33
Mali 39.43
Rwanda 39.09
Ghana 37.78
Sierra Leone 34.77
Kenya 33.09
Eswatini 29.78
South Africa 2.32

7.2 Effect of Sustainable Practices on Environmental Outcomes

Figures 21-23 show the results for shocking Sustainable Practices Index on environmental outcomes. We

find that an increase in sustainable practices leads to a reduction in the ecological footprint, with the most

significant decrease occurring after four years, reflecting a 0.03% decline. The impact of sustainable practices

on carbon emissions is notably stronger where we see a sharper and significant decline in emissions of 1.5%

after three years. sustainable practices have a smaller impact and delayed, nonetheless beneficial, impact on

PM2.5 levels showing a decline of 0.05% after four years.

Consistent with sustainable trade, sustainable practices have mitigating effects on environmental

outcomes with peak declines after three to four years.

The medium-term reductions in harmful environmental outcomes resulting from sustainable practices

can be explained by several interconnected mechanisms. Environmental taxes incentivize industries to adopt

cleaner technologies by internalizing the environmental costs of production, leading to reduced greenhouse gas

emissions and ecological footprints over time (Ghazouani et al., 2021). Similarly, climate policies, particularly

carbon pricing and emissions trading systems, create financial incentives for industries and consumers to

lower their carbon footprint, fostering a shift toward sustainable economic activities (Kohlscheen et al.,

2024). Renewable energy adoption further reinforces this transition by reducing reliance on fossil fuels,

which significantly decreases carbon emissions and improves air quality (Attanayake et al., 2024).

Preserving and enhancing carbon stocks, such as forests and soils, also plays a critical role in sequestering

carbon dioxide and combating climate change. Policies that protect these natural carbon sinks maintain

ecological balance and reduce atmospheric CO levels. Collectively, these mechanisms demonstrate why the
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positive impacts of sustainable practices emerge more significantly in the medium term, as structural changes

and behavioral shifts take time to materialize into measurable environmental benefits.

SPIGFN.png

Figure 21: SPI and GFN Ecological Footprint

SPIWB.png

Figure 22: SPI and WB CO2 Emissions

Figure 23: SPI and GBD PM2.5

8 Conclusion and Policy Implications

The paper is the first to attempt to establish a relationship between sustainable trade and environmental

outcomes in Sub-Saharan Africa. Using local projections analysis, the study finds that increasing

sustainable trade leads to improved environmental outcomes, with effects peaking after 3-5 years. This
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long-term relationship can be attributed to the time required to develop the necessary infrastructure and

workforce to effectively utilize sustainable goods. sustainable trade mitigates environmental impacts by

reducing carbon emissions, promoting the sustainable use of natural resources, and encouraging the

adoption of clean technologies. These mitigation effects are significantly higher than those associated with

general trade. By promoting such practices, sustainable trade helps offset the environmental impact of

trade-related economic activities.

Furthermore, this paper addresses the comparison of sustainable trade on a global scale, finding that

sustainable trade has a greater impact on environmental outcomes in the SSA region. The implications on

economic welfare for sustainable trade are be measured by showing that the number of deaths caused by air

pollution decreases and the effect of GDP per capita is negative.

Moreover, the paper constructs the sustainable Practices Index to quantify and standardize sustainable

policies across the region. The results show that increasing sustainable practices reduces negative

environmental outcomes, with the effects peaking after 3-4 years. This finding aligns with the sustainable

trade analysis and has important policy implications.

To strengthen sustainable trade policies in the region, the paper recommends reducing barriers to

sustainable goods and imposing restrictions on high carbon-emitting products. Identifying sustainable and

non-sustainable goods at the border is essential for reducing trade barriers for environmentally friendly

products, yet it remains a complex challenge. Harmonized System (HS) codes provide a foundational

framework for classifying goods, including categories for renewable energy technologies and pollution

control equipment. The Environmental Goods Agreement (EGA) negotiations offer a complementary

approach, with a preliminary list of sustainable goods such as wind turbines, solar panels, and

energy-efficient appliances. These tools, while not universally adopted, provide a starting point for

countries to classify and promote sustainable goods in trade.

To make this recommendation actionable, countries should leverage existing frameworks while tailoring

them to local priorities. Aligning with HS codes and the EGA list ensures consistency, while national or

regional initiatives can fill gaps where international classifications fall short. Capacity building at customs,

including training officials and deploying technologies like AI-driven classification systems, can improve

accuracy in identifying sustainable goods. Additionally, embedding sustainable goods provisions into regional

trade agreements can harmonize classifications and facilitate cooperation. By building on these strategies,

countries can make trade in sustainable goods a key driver of sustainable development while addressing

current limitations in identification and classification mechanisms.

Given the significant role of renewable energy in driving positive environmental outcomes, the paper also

calls for increased investment in renewable energy by expanding related policies and infrastructure. It also
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stresses the need to improve climate change policies and enhance efforts to reduce environmental footprints.

One other critical policy recommendations emerging from the results is the implementation of carbon

taxation. Carbon taxes are an effective tool for internalizing the environmental costs of carbon emissions

by directly targeting the primary source of greenhouse gases. Our analysis shows that sustainable trade

is closely linked to the reduction of carbon emissions, and a well-structured carbon tax would complement

this by incentivizing industries to adopt cleaner technologies and shift toward sustainable practices. Carbon

taxation would also generate revenue that can be reinvested into sustainable infrastructure and renewable

energy projects, further enhancing the long-term benefits of sustainable trade. By placing a price on carbon

emissions, governments can effectively discourage high-emitting activities and create a more level playing

field for sustainable alternatives.

Additionally, the implementation of carbon taxes, in alignment with the findings of this paper, would

help further reduce emissions by making carbon-intensive goods less competitive compared to sustainable

alternatives. This policy would directly address the environmental externalities associated with both

domestic and international trade in Sub-Saharan Africa. In this way, carbon taxation would reinforce the

positive effects of sustainable trade, accelerating the shift toward a low-carbon economy in the region.

Furthermore, the paper urges the strengthening of environmental taxation, either by introducing new

taxes or increasing existing ones. Most importantly, it advocates for greater regional collaboration among

Sub-Saharan African countries to harmonize sustainable trade practices. This would prevent companies

from relocating within the continent to areas with more lenient environmental regulations, which could

undermine overall efforts to address climate vulnerabilities. The idea of sustainable trade and its impacts

on environmental outcomes and economic growth, especially low-income countries, is widely understudied.

The paper provides a novel contribution to the study of the impact of sustainable trade and sustainable

practices, as compared to general trade, on environmental outcomes in Sub-Saharan Africa. Future

research can expand on our analysis by looking into growth outcomes, evaluating how institutions with

more environmental policy stringency may exhibit larger impacts, or analyzing sustainable trade dynamics

on a micro level.
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Appendix

(a) UN Comtrade & GCB Net CO2 Emissions (b) TLCT & GCB Net CO2 Emissions

Figure A1: sustainable Trade on GCB with Exclusions

Section 6 calculations

Figure 19a:
0.0092 ∗ 33.66 billion = 309.67 million dollars (1a.1)

First year: 5874.31 ∗ 0.0085 = −49.93 dollars (1a.2)

Second year: 5874.31 ∗ 0.0070 = 41.12 dollars (1a.3)

Third year: 5874.31 ∗ 0.0029 = 17.04 dollars (1a.4)

Fourth year: 5874.31 ∗ 0.0171 = −100.45 dollars (1a.5)

Fifth year: 5874.31 ∗ 0.0014 = −8.22 dollars (1a.6)

Figure 19b:
0.0052 ∗ 35.28 billion = 183.456 million dollars (2a.1)

First year: 6086.80 ∗ 0.0142 = −86.43 dollars (2a.2)

Second year: 6086.80 ∗ 0.0123 = 74.87 dollars (2a.3)

Third year: 6086.80 ∗ 0.003 = 18.26 dollars (2a.4)

Fourth year: 6086.80 ∗ 0.0289 = −175.91 dollars (2a.5)

Fifth year: 6086.80 ∗ 0.0106 = −64.52 dollars (2a.6)

Figure 19c:
0.2792 ∗ 33.66 billion = 9.40 billion dollars (3a.1)

First year: 5874.31 ∗ 0.0041 = 24.08 dollars (3a.2)

Second year: 5874.31 ∗ 0.0033 = 19.39 dollars (3a.3)

Third year: 5874.31 ∗ 0.0034 = 19.97 dollars (3a.4)

Fourth year: 5874.31 ∗ 0.0037 = 21.73 dollars (3a.5)
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Fifth year: 5874.31 ∗ 0.0025 = 14.69 dollars (3a.6)

Figure 19d:
0.5523 ∗ 1187.58 billion = 620.421 billion dollars (4a.1)

First year: 46921.68 ∗ 0.0035 = 164.23 dollars (4a.2)

Second year: 46921.68 ∗ 0.0023 = 107.92 dollars (4a.3)

Third year: 46921.68 ∗ 0.0013 = 61.00 dollars (4a.4)

Fourth year: 46921.68 ∗ 0.0017 = 79.77 dollars (4a.5)

Fifth year: 46921.68 ∗ 0.0026 = 122.00 dollars (4a.6)
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