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Abstract

This paper addresses two issues on the link between mining, deforestation and
environmental policy in Africa using a panel data of 35 African countries spanning
over 2001-2017. First, we study the relationship between mining and deforestation.
Ourfindings suggest that mining increases deforestation while environmental policy
contributes to reduce deforestation in mineral resource-rich countries. Anincreasein
mineral rent by a one-point percentage of GDP leads to forest loss of about 50 km?.
Moreover, regional economic community has heterogeneous effects on deforestation
consistent with the coordination policies. Second, we test the implication of these
results for uncoordinated environmental policies using two measures: a de jure and
a de facto environmental policy. Our results support that countries adopt a strategic
behavior in response to the environmental policy of their neighbors. A 1% increase
in neighbors’ environmental commitment increases one’s own environmental
commitment by 0.3% and 0.8% for de jure and de facto respectively. We document
that this strategic behavior leads to a race to the top for de jure environmental
policy and a race to the bottom de facto environmental policy. As African countries
increasingly engage in de jure environmental enforcement, their de facto efforts to
mitigate climate change are slackening.

Keywords: Deforestation, climate change, mining, environmental policy.

JEL Codes: C23, P48, Q23, Q54



1. Introduction

Forest is the most important “natural brake” to climate change (Gibbs et al., 2007,
Malhietal.,2002). It stores 30% of current total carbon emissions from fossil fuels and
industry (IPCC,2001).1 When aforest is destroyed or degraded, an important store of
carbon dioxide is released into the atmosphere. Lawrence and Vandecar (2015) show
that “completely deforesting the tropics could result in global warming equivalent to
that caused by burning of fossil fuels since 1850”. In Africa for instance, deforestation
causes about 70% of total greenhouse gas emissions (Gibbs et al., 2007).

Yet, forests are under threat of human activities in many countries around the
world. Mining activities are the fourth driver of deforestation globally, induce 7% of
forest lost in developing countries (Hosonuma et al., 2012; Potapov et al., 2017) and
raise enormous environmental concerns (Edwards et al., 2014; Duran et al., 2013).
Jenkins and Yakovleva (2006) state that “the discovery, extraction and processing
of mineral resources are widely regarded as one of the most environmentally and
socially disruptive activities undertaken by business”.

By contrast to advanced economies, developing regions face a double challenge.
They have to conciliate their development imperatives with the environmental
concerns. The extractive sector and particularly the mining industry is at the heart
of these challenges. The mining sector provides a unique opportunity for African
countries to mobilize revenue domestically for financing development as stated in
the Africa Mining Vision (African Union, 2009). Indeed, Africa possesses around 30% of
the world mineral resources (Edwards et al., 2014) with an enormous growth potential
(Taylor et al., 2009). For instance, from 1999 to 2016, African Extractive Industries
Transparency Initiative (EITI) countries have accumulated more than USS$700 billion
as direct tax revenue from the extractive companies (EITI, 2018). According to Collier
(2010), “the economic future of Africa will be determined by whether this opportunity
is seized or missed”. How African countries can escape this double edge-sword
dilemma? This study aims to shed light on how to address it.

The purpose of this paper is twofold. First, we study the effect of mining activity on
deforestation and the role of environmental policies in that respect. Second, given the
opportunity offered by the extractive sector in terms of domestic revenue mobilization,
states might strategically interact with each other, to attract foreign investmentin the
mining sector. In the absence of coordination, this strategic behavior may lead to a
kind of “Prisoner’s Dilemma” and deters any climate mitigation policy. This temptation
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is stronger in the African context where countries lack competitiveness and capital
is scarce (Onwuekwe, 2006). While Oman (1999) emphasizes that states competition
for foreign firms’ location tends to be intense in a specificindustry and intra-regional,
there is no evidence on such strategic interaction in Africa. Environmental policy is
subject to a game of the kind and more so, since the environmental costs are relegated
to future generations.

Mobilizing mining revenue for development is already challenging. A skeptical
view widely dominates the literature on the potential contribution of the mining
sector to economic development. Abundant natural resources yield poor economic
outcomes (Sachs and Warner, 1995, 1999, 2001), exert adverse effects on governance
and institutional quality (Ross, 2001), deter political stability (Bhavnani and Lupu,
2016) and fuel conflicts (Collier et al., 2004; Ross, 2004; Berman et al., 2017). Recent
literature shows that the curse is not a destiny and well design policies matter
(Brunnschweiler, 2008; Brunnschweiler and Bulte, 2008; James, 2015). However,
significant environmental costs would be unbearable for future generations in the
context of climate change. Understanding how mining activities affect deforestation
and how states strategically interact in their environmental policy is an important
step to designing better environmental coordination mechanisms and common
enforcement to escape an environmental race to the bottom.

Our paper contributes to the literature in three main aspects. First, we examine the
effect of mining on deforestation in Africa. While studies on the local impact of mining
activitiesincluding air, water and soil pollution exist (Akiwumi and Butler, 2008; Hilson,
2002; Porgo and Gokyay, 2017), contributions on deforestation are scant. Hund et al.
(2017) and Abernethy et al. (2016) recognize that the mining sector is one of the main
drivers of deforestation in the Democratic Republic of Congo and in the Congo Basin.
Hund et al. (2017) explore possibilities for the extractive sector to contribute to the
Reduction of Emissions from Deforestation and forest Degradation and improving
carbon stocks (REDD+). They do not assess the impact of mining on deforestation.
To the best of our knowledge, our study is the first attempt to estimate the extent to
which mining affects deforestation in Africa while considering spatial autocorrelation
across countries in Africa.

Second, we examine how mining affects environmental policy and how states
strategically interact. Previous studies only focus on competition among the US
states and within the European Union (Fredriksson and Millimet, 2002; Konisky, 2007),
partly because of the lack of data on environmental policy in developing countries2.
We contribute to this literature not only by using a sample of developing countries
in Africa but also by including in our strategic interaction model both time and space
dynamics of environmental policy. Considering time a space dynamic allows us to
disentangle the direct and indirect effects in both the long-run and the short-run. We
also control for country exposure to climate shocks.

Finally, we distinguish de jure and de facto environmental policies. de jure
policy refers to country adherence to international environmental treaties. de facto
environmental policy represents the actual environment control. The advantage of



STRATEGIC ENVIRONMENTAL COMMITMENT AND CLIMATE CHANGE IN AFRICA 3

this distinction is that in poor institutional quality context and asymmetric power
between states and foreign investors, a wide gap can exist between environmental
policies on paperand in practice. Thisisimportant in environmental policy since the
climate cost is global and relegated to future generations. Indeed, the effectiveness
of the legal enforcement of environmental standards depends on the institutional
environmental environment and the administrative capacity to implement these
standards.

We use a panel data of 35 African countries over the period 2001-2017. Relying on
spatial econometrics specifications, we establish three key results. First, we show
that mining activity increases deforestation in Africa. An increase in mineral rent
by a one-point percentage of GDP leads to forest loss of about 50 km?2. However,
environmental policy contributes to reducing deforestation in EITI* member states.
We also find evidence of heterogeneity among countries depending on regional
economic community they belong to. Economic communities such as the ECOWAS*
and the WAEMU?® are associated with lower deforestation while others (ECCAS and
SADC)*® are associated with higher deforestation. These heterogeneities may be driven
by difference in policy coordination. Second, we test the implication of these results
for uncoordinated environmental policies. We find that countries adopt a strategic
behavior in response to the environmental policy of their neighbors. A 1% increase
(decreases) in neighbors’ environmental enforcement increases (decreases) in one’s
own adherence by 0.3% and 0.8% respectively for de jure and de facto environmental
policy. Third, we find a race to the top for de jure environmental policy while countries
exhibit a race to the bottom in their de facto environmental policy. Consequently,
countries’ strategic behaviors lead to an increasing in de jure environmental
enforcement, while their de facto environmental enforcement is weakening.

The rest of the paper is organized as follows. We discuss the related literature
in section 2. Section 3 describes the data. In section 4, we present the econometric
specifications and the results of the effects of mining on deforestation. Section 5
discusses the methodology and the results of the strategic interaction models and the
test of the races hypothesis. Section 6 undertakes robustness checks of the results.
Section 7 derives policy implications and future research prospects.



2. Related literature

In this section, we discuss some empirical evidences related to mining activities,
deforestation and environmental policies with a specific focus on climate change.
The references cited below are by no means exhaustive.

Mining, deforestation and climate shocks

Evidence suggests that deforestation contributes to climate change (Moutinho and
Schwartzman, 2005; Shukla et al., 1990). Climate and vegetation coexistin a dynamic
equilibrium such that a perturbation of either or both components could alter the
equilibrium. In a simulated model, Shukla et al. (1990) show that deforestation of the
Amazonian forest causes “asignificantincrease in surface temperature and a decrease
in evapotranspiration and precipitation over Amazonia”. Also, the authors predict that
the forest chance of renewal is limited since the length of the dry season increases.
Deforestation disrupts not only the ecosystem’s natural ability to store carbon dioxide
emissions; it also contributes to them.

From exploration to resource refinement, extractive activities disrupt the landscape
and the environment. Deforestation is one of the main consequences of this disruption.
Yet, the literature on the effects of mining on deforestation is still scant, especially in
Africa. Most of the empirical studies on mining and deforestation are concentrated on
the Amazonian forest and Brazil. However, the world’s second-largest tropical forest
is in Africa and the mining effect on deforestation might be particularly sizable in the
context of weak enforcement capability and a weak institutional framework. Under
the pollution haven hypothesis (PHH)?, some empirical studies show that laxity in
environmental regulation attracts highly-polluting industries (Dean et al., 2009; Xing
and Kolstad, 2002).

According to Sonter et al. (2017), the effect of mining on deforestation is sizable
and under-estimated worldwide. Mining activities affect deforestation both directly
and indirectly through different channels. Directly, processing and infrastructure
development and extraction, particularly for strip mining removes the overburden on
asignificant area that may be forested. Indirectly, mining activities affect deforestation
through three major channels (Sonter et al., 2017). First, toxins and solid metals
released during mining operations might remain for a long time after the mining
closure and cause soil erosion hence, significant forest loss in the surrounding area.

4



STRATEGIC ENVIRONMENTAL COMMITMENT AND CLIMATE CHANGE IN AFRICA 5

The argument that mining companies occupy a small area (less than 1% of the world
terrestrial land surface (Bridge, 2004)) may be delusional. Several studies show that
adopting an ecosystem perspective, mining activities can have an impact on the
forest on a large scale. Sonter et al. (2017) estimate that mining causes deforestation
up to 70 km beyond the mining lease boundaries in the Amazonian forest. Using the
propensity score matching method they found that mining activities cause 11.67 km?
of deforestation between 2005 and 2015. This surface represents 9% of all Amazon
and 12 times the deforestation that occurs within mining leases boundaries. Second,
infrastructure establishment, both for extraction and transport might lead to forest
loss. Third, mining affects population spatial distribution through displacement and
urban expansion as a response to increasing labor demand and the development of
other activities surrounding the mineral commodity supply chains.

Combes et al. (2015) use a sample of developing countries over the period 1990-
2010 and find a positive relationship between mineral rents and deforestation.
The authors argue that mineral extraction is space -consuming and might invade
forest area. Bridge (2004) identifies tree major environmental impacts of mining:
modifying physical landscape; waste pollution and driving regional and global
environmental disruption. Waste pollution includes physical (ingress of particulates
in the atmosphere, water and land) and chemical pollution (chemical products used
during the mineral processing).

One common policy response to mining driven forest damage is setting protected
areas. However, Duran et al. (2013) show that even protected areas (PA) are under
threat. “7% of mines for four key metals directly overlaps with the protected area and
a further 27% lies within 10 km of a PA boundary. Moreover, those PA with mining
activity within their boundaries constitute around 6% of the total area coverage of
the global terrestrial protected area system, and those with mining activity within or
up to 10 km from their boundary constitute nearly 14% of the total area”.

Overall, the literature emphasizes that mining activities disrupt the environment
and weaken the ecosystem’s natural ability to mitigate climate change.

Strategic interaction in environmental policy: A race to
the bottom or a race to the top?

Strategic interactions® in environmental policy stem from both international trade
literature and environmental politics literature (Engel, 1996; Levinson, 2003; Olney,
2013; Potoski, 2001; Wood, 1991). Since environmental policies are major sources
of comparative advantage in international trade and in foreign direct investment
locations, states respond to their competitors’ behaviors. A race to the bottom occurs
when countries strategically respond to each other by lowering their environmental
standards (Konisky, 2007). In response to lax environmental policies of their
competitors, countries react by lowering their environmental standards. Since the
intuition of the race to the bottom is straightforward, it occupies a large body of the
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literature (Fredriksson and Millimet, 2002; Konisky, 2007). However, a race to the top
can also happen.

Arace to the top occurs when countries imitate each other in their environmental
enforcement. Indeed, environmental standards increase with the level of development
(Olney, 2013). As long as counties’ economic conditions improve, also does the
demand for higher environmental standards. Moreover, stringent environmental
standards may lead to innovation (Porter and Van der Linde, 1995).

Regarding the race to the bottom, Konisky (2007) emphasizes that: “Regulatory
competition among state governments suggests that their regulatory behavior is
interdependent. While this assumption is fundamental to the race to the bottom
theory, it has received scant attention in empirical studies. Instead, most of the
literature focuses on whether firm economic investment decisions are sensitive
to inter-jurisdictional differences in the stringency of environmental regulation”.
Using annual state-level pollution regulation data from 1985 to 2000, Konisky (2007)
found that environmental regulatory behavior is influenced by the interactions with
the competing states for economic investment. Such interaction is more likely to
take place between resource-rich countries with limited investment capacity. In
China, Hong et al. (2019) argue that local governments tend to prioritize economic
growth to environmental quality. Fredriksson and Millimet (2002) find that in the
US, states improve their environmental standards in response to an improvement in
their neighbors with relatively already stringent regulations. However, an increase
in environmental standards by states with relatively lax policy has no effect on
their neighbors. Barrett (1994) argues that, in a context of imperfectly competitive
international markets, governments have the incentive to set low environmental
standards for businesses operating in those markets.

Summing up, the literature on the effect of mining on deforestation in African
remains limited. The role of environmental policy and spatial interactions are
neglected. This study aims to fill this gap.



3. Data and main indicators

The dataset covers 35 African countries over the period 2001-2017. The list of countries
is provided in Table 1. Deforestation data availability limited the period to 2001-2017.
We gather the data from different sources. In the following subsection, we describe the
data and presents some descriptive analyses. Data sources and variables’ definition
are given in Table A2.

Deforestation

Deforestation is “stand-replacement disturbance or a change from a forest to a non-
forest state” (Hansen etal., 2013). We measure deforestation using the forest cover loss
at different thresholds of three cover (greater than 20%; 30% and 50% capony cover)
compiled by Hansen et al. (2013). Hansen et al. (2013) data are given by geographic
coordinates that we convertinto country-level data. The authors use earth observation
satellite imagery data at a spatial resolution of 30 meters to quantify gross forest cover
loss. Using different canopy covers allows us to take into account the sensitivity of
forest measurement to different three cover thresholds (Grainger, 2008). The type of
forest is classified following the canopy cover thresholds in percentage. The higher
percentages correspond to the closed forest while lower correspond to open forest.
Since the measurement methodology of forest loss and forest gain differ, the net cover
loss cannot be used (Combes et al., 2018). These data are more reliable compared to
the FAO forest cover data (Combes et al., 2018; Grainger, 2008). Using the FAO dataset,
Grainger (2008) shows that it is difficult to construct a reliable trend and “evidence for
a declineis unclear”. Deforestation data consider forest loss induced by both natural
and economic activities.

The average forest loss is 0.66, 0.74 and 0.57 thousand of km? for canopy cover
greater than 20%, 30% and 50% respectively. The minimum forest loss is zero for all
canopy cover.The maximum are respectively 14.9, 14.65 and 13.77 thousand of km?
in the sample. The standard deviations are respectively 1.49, 1.74 and 1.54.

Environmental policy

By contrast to developed countries where environmental policy data exist for
quite a long period (OECD environmental policy dataset for instance), measuring

7
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environmental policy in Africa is challenging. To the best of our knowledge, thereis no
dataset on environmental policy in Africa over a significant period. The environmental
performance index dataset is released biennially in even-numbered over the period
2006-2018 (Wendling et al., 2018) and cannot be assembled into a panel data because
of methodological change. Also, the World Bank CPIA environmental sustainability
rating started in 2005. The challenge is how to proxy environmental policy in Africain
a context of lack of data. To deal with these issues, we refer to two different measures
of environmental policy in Africa: domestic environmental commitment which is a
de facto measure of country environmental policy and international environmental
commitment which is a de jure measure.

We follow the same methodology as Combes et al. (2016) to compute a de facto
environmental policy measure. The authors build an indicator called “domestic efforts
for climate mitigation (DECM)” which is the residuals of the regression of per capita
CO, emissions over a set of control variables (GDP per capita, openness to trade,
population, foreign direct investment and foreign aid). They argue that the error
term provides a de facto measure of domestic effort to climate mitigation because
the regression controls exogenous factors that predict the “structural emissions”.
Therefore, the residuals catch the autonomous climate policy (Combes et al., 2016).
We estimate a dynamic panel model estimated with a System-GMM (Blundell and
Bond, 2000) as in Combes et al. (2016). We then normalize the residuals from -10
(lax environmental policy) to +10 (stringent environmental policy). See Table B1 in
Appendix for further details. Figure 1 displays the kernel density estimate of the de
facto environmental policy measure. We observe three modalities in the distribution
showing heterogeneities of the de facto measure of environmental policy in the
sample.

The de jure environmental policy is a count of country adhesion to international
treaties. Although international treaties may not be binding, they are deemed to be
more contingent than the domestic laws. Also, country commitment to international
enforcement is a good signal of their environmental policy. We expect country
environmental commitments to reduce deforestation.

Figure 2 displays the box plots of the de jure environmental policy in three years
periods, except the last box which is two years. We observe anincrease in the quartiles
over time. The median is around 75.
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Figure 1: Kernel density estimate of de facto environmental policy

I L) T I Ll

de facto envimc;:mental policy
Figure 2: Box plots of the de jure environmental policy

140
130

120

-
-
o

1

-

=]

=]
1

W
=]
1

de jure environmental policy
&8
&
1

L

f

&
[=]
L

20012003 TO04-2006 2O0T-2009 2010-2012 2013-2015 2016-2017
Years



10 WoRrkING PAPER SEriES: CC-002

Figure 3shows a contrasted evolution of the year average of the two environmental
policies. Countries’ adhesion to international environmental treaties (de jure)
increases over the period 2001 to 2017 while the domestic environmental enforcement
(de facto) decreases. African countries are committing in international environmental
treaties but these commitments seem to be ineffective in terms of actual policies. The
nonbinding nature of treaties may explain these trajectories.

Mineral resources rent

Because we are interested in mining activities we do not consider the other extractive
resources such as oil and natural gas. Mining is more prevalent in forest areas than
oil and gas extraction

Figure 3: Average environmental policy
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(Hund et al., 2017). The increasing weight in African economies of the mining sector
comes with substantial environmental issues. We use mineral resource rents as %
of GDP as our measure mining activities. Some alternative measures could be the
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subsoil wealth computed by the World Bank, and mining concession. However, these
datasets are limited in terms of time and country coverage. The subsoil dataset is
not available yearly while the dataset on mining concession data cover only a few

countries. Subsequently, we resort to resource rents. The data are from the World
Bank World Development Indicators.

Figure 4: Mining and deforestation
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Figure 4 displays the evolution of the sample average of mineral resource rents as
a percent of GDP and deforestation (tree cover loss greater than 20%, 30% and 50%
canopy cover). It shows a clear co-movement between mineral rents and deforestation
overthe period 2001-2017. Figure 5 present the maps of the country average over the
period 2001-2017 of deforestation (tree cover loss at canopy cover >20%) and mineral
resource rents. Except for Mali, we observe spatial correlation between the mineral
resource rents of the countries in the sample and their deforestation. Countries with
high mineral resource rents display greater forest loss.
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Figure 5: Average deforestation and mineral resource rents

Tree cover loss>20% canopy cover Mineral rents (% of GDF)

'”i
{24l
{33
{31
o

Other variables

Temperature and precipitation shocks: to control for the effect of climate shocks we
use the absolute value of the deviation of the temperature, respectively precipitation,
to its long-run average. Temperature (precipitation) shocks are natural events that
can exacerbate deforestation. Data on temperature and precipitation are from the
University of East Anglia Climatic Research Unit.

GDP per capita: We control for both GDP per capita and GDP per capita square. The
intuition is that the level of economic development affect deforestation. Including the
square allows us to test the environmental Kuznets Curve hypothesis. In the early stage
of economic development, deforestation increases and starts to decrease since the
country reaches a certain level of development. In this sense, we expect an inverted
U-shape relation between deforestation and GDP per capita.

EITI membership: the Extractive Industries Transparency Initiative “is a global
standard for the good governance of oil, gas and mineral resources. It seeks to
address the key governance issues in the extractive sectors”. The EITI membership
isadummy variable equal to 1 if the country is a member of EITI and 0 otherwise. 16
countries out of 35 of our sample are members of EITI. We expect EITI membership to
decrease deforestation since the EITI promotes good practices in the extractive sector.
However, the EITI membership is also a signal of extractive resource endowment. As
compared to other countries, deforestation may be higher in those countries. The
data on country status are extracted from the EITI website.®
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Democracy index: The democracy index is collected from the Polity IV dataset. It
measures the quality of democracy. The index is between -10 (autocratic regime) to
+10 (full democracy). It varies from -9 to 9 in our sample. The mean is 1.96, meaning
that on average, democracy is weak in Africa. In his strategic interaction model Konisky
(2007) controls the political orientation of the state governors. The data are from the
Polity IV project database (Marshall and Jaggers, 2002).

Population density: The population density is the number of inhabitants per km?.
Higher population density is expected to be associated with higher deforestation.
Population density data are from WDI.

Regional economic community in Africa: Based on our sample, eight regional
economic communities across Africa can be defined: The Arab Maghreb Union
(AMU); the Common Market for Eastern and Southern Africa (COMESA); the Economic
Community of Central African States (ECCAS); the Economic Community of West
African States (ECOWAS); the Southern African Development Community (SADC); The
West African Economic and Monetary Union (WAEMU); the Economic and Monetary
Community of Central Africa (CEMAC) and the West African Monetary Zone (WAMZ).
Regional economic communities capture the regional-level effort in environmental
regulation. The effect of a given region compared to the others will depend on
environmental the existence of regional enforcement. The WAEMU has established
a regional mining code since 2003. In 2009 the ECOWAS adopted in 2009 a mining
directive. For these two regions where the enforcement at the regional-level exist we
expect to have less deforestation compared to the other countries. See Table 1 bellow
for details of country membership.

Table 1: Regional Economic Communities in Africa

Regional Offical State members Member in the sample Frequence

Economic

Community

AMU Algeria, Libya, Mauritania, Morocco, Morocco, Tunisia 6%
Tunisia

COMESA Angola, Burundi, Comoros, D. R. Congo, | Burundi, D. R. Congo, 31%
Djibouti, Egypt, Eritrea, Ethiopia, Kenya, Madagascar,
Kenya, Libya, Madagascar, Malawi, Malawi, Rwanda, Uganda,

Mauritius, Rwanda, Seychelles, Sudan, | Zambia, Zimbabwe
Swaziland, Uganda, Zambia, Zimbabwe

ECCAS Burundi, Cameroon, C. Afr. Rep., Chad, | Burundi, Cameroon, C. Afr. 26%
D.R.Congo, Equatorial Guinea, Gabon, Rep., Chad, D.R.Congo,
Rep. Congo, Rwanda, S. Tomé and Equatorial Guinea, Gabon,
Princ. Rep. Congo, Rwanda

continued next page
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Table 1 Continued
Regional Offical State members Member in the sample Frequence
Economic
Community
ECOWAS Benin, Burkina Faso, Cape Verde, Cote | Benin, Cote d’lvoire, 31%
d’lvoire, the Gambia, Ghana, Guinea, Ghana, Guinea, Liberia,
Guinea-Bissau, Liberia, Mali, Niger, Mali, Niger, Nigeria,
Nigeria, Senegal, Sierra Leone, Togo Senegal, Sierra Leone,
Togo
SADC Angola, Botswana, D.R. Congo, Lesotho, | Botswana, D.R. Congo, 29%
Malawi, Mauritius, Mozambique, Malawi, Mozambique,
Namibia, South Africa, Swaziland, Namibia, South Africa,
Tanzania, Zambia, Zimbabwe Eswatini, Tanzania,
Zambia, Zimbabwe
UEMOA Benin, Burkina Faso, Cote d’lvoire, Benin, Cote d’lvoire, Mali 17%
Guinea Bissau Mali Niger Senegal Togo | Niger Senegal Togo
CEMAC Cameroon, Chad, Congo Republique, Cameroon, Chad, Congo 17%
Centrale Africa Republique, Equatorial | Republique, Centrale Africa
Guinea, Gabon Republique, Equatorial
Guinea, Gabon
WAMZ Cape Verde, the Gambia, Ghana, Ghana, Guinea, Liberia, 14%
Guinea, Liberia, Nigeria, Sierra Leone Nigeria, Sierra Leone

Foreign Direct Investment (FDI):* is the annual FDI net inflows to the country. The
direction of the relationship between FDI and deforestation is theoretically ambiguous.
While lax environmental policies might attract FDI and increase deforestation,
foreign investors might bring environmentally friendly technology or align with the
environmental standards of the home countries. See Table A1 and A2 in the Appendix
for respectively the descriptive statistics and more details in the variables and data
sources.

Aid per capita: is the net official development assistance per capita. We use this
variable only as a control in the computation of de facto policy indicator.

Forest rents: “Forest rents are roundwood harvest times the product of average
prices and a region-specific rental rate” (WDI, 2019). This variable account for logging
since the data on logging covering our sample is unavailable. Higher forest rents are
expected to induce deforestation.

Control of corruption: “Control of corruption captures perceptions of the extent
to which public power is exercised for private gain, including both petty and grand
forms of corruption, as well as ‘capture’ of the state by elites and private interests”
(WGI,2019). Weaker control of corruption leads to environmental degradation.



4. Channeling deforestation, climate
shocks and mining

This section presents the econometric specification and the results of our deforestation
model.

Econometric specification

We consider a spatial panel-data error model:

Fy = xu0+ Z;(T)O + a; + ut (1)

N
ai = ¢y wijaj+
J=1

N
wig = Ay mageuje+vie, i=1,--- ,Nyt=1,--- T;r=1,-- R(j#i) €R

i=1

where F;, is a measure of deforestation by type of canopy cover in country i at time
t, a; are country fixed effects; m;. is the time variant weight assigned to country j by
country j, (j #1); wyare time invariant weight assigned to country j by country i, (j #
i); X is a vector of time variant controls including among others temperature and
precipitation shocks,* mining rents, countries’ environmental commitment, GDP
per capita and its square; z denotes the vector of time invariant regional dummies,
B and @ are vector of parameters of interest to be estimated, ¢ and A are spatial
parameters to be estimated, u; and v, represent idiosyncratic shocks uncorrelated
across countries and over time.

Equation 1is a generalization of the spatial error model, in which the panel effects,
represented by the vectora=(a,,- .., a,. .., @,)', are spatially correlated. The vectors
aandv=(vy,..., Us..., Ur) are assumed to be independently normally distributed
errors, so the model is necessarily an random effect specification witha= (/- ¢pW)n
with Ws w;and u = (/-AM)?v, with M > my. In this setting, two spatial matrices were

15
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used: theinverse distance Wwhich is a geographic distance, and the population matrix
M which account for the size of the country.

Algebraically, an element w; of I/, the geographic distance weighting matrix, takes
the following form:

LTI

0 otherwise

with d; being the Euclidean distance between the capitals of countries i and j. The
components m;; of the population matrix M are computed as:

(|POP;—POP;|)~* . ) )
if j#i
L . —1
Mije = > j(|POPZt POPj)
otherwise

where POP denotes the population. The elements of M are based on the absolute
differencein population between countriesiandj. We take the inverse of the absolute
difference so that the weighting matrix attributes a higher weight to countries that
have a smaller absolute difference in population.

This specification emphasizes spatial interactions to which environmental
quality indicators are subject, in particular deforestation. Brown (2000) stressed
the importance of spatial dimension (spatial heterogeneity and externality) in the
management of renewable resources. In the case of forest resource management,
taking into account heterogeneities of this type such as spatial interdependence,
irreversibility, different practices concerning the use of the forest surface and
uncertainty may lead to optimal management of the forest surface (Albers, 1996).

While within countries, we may expect deforestation to be spatially dependent,
it is hard to defend a spatial correlation across borders. Countries are unlikely to
follow each other in deforestation behavior (activities). However, natural drivers
of deforestation including unobserved climatic characteristics that influence
deforestation may exhibit spatial dependence. For these reasons, we specify a
generalized spatial panel random effects (GSPRE) model for the determinants of
deforestation (Equations 1). This specification is estimated using the Quasi-Maximum
Likelihood Estimator (QMLE). The likelihood function of Equation 1 is provided in
Appendix A.3 (Equation E1).
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Results

Deforestation, climate shocks and mining rent

Tables 2a, 2b and 2c report the results of the regression of the determinants of
deforestation for tree cover loss at canopy cover greater than 20%, 30% and 50%
respectively. From column (1) to (8) in each table, we control for different regional
economic communities across Africa (AMU, COMESA, ECCAS, ECOWAS, SADC, WAEMU,
CEMAC and WAMZ). Because some countries are member of more than one regional
economic zone we estimate separate equations to avoid overlapping.

The spatial autocorrelation coefficients in the error terms (¢ for the spatial fixed
effect and A for the idiosyncratic spatial effect) are in most estimates (depending on
regional clusters) positive and significant except for canopy cover> 50% for which
lambda is not significant (Table 2c). This result globally confirms the existence of
spatial heterogeneity. Countries behave similarly when they share similar unobserved
characteristics or unobservable institutional environment. Even though we control
for some of these institutional environments by including regional clusters, there are
still some factors (fixed and variable) such as the climatic zones that are captured in
the spatial autocorrelations of the error terms.

Our variables of interest are mineral resource rents, temperature shocks and
environmental policies.

Mineral resources rent

Mining rents increase deforestation in Africa as we presumed. The coefficient vary
from 0.0421 (Table 2c column 2) to 0.0573 (Table 2a column 4) and are statistically
significantat 1% level. On average, an increase in mining rent by 1% of GDP increases
deforestation by 50 km2. The size of the effect decreases with the canopy cover. We
observe that the effect of mining on deforestation is more marked at the canopy
cover greater than 20% than it is at canopy cover greater than 30% and 50%. This
is expected because the higher the canopy cover the dense the forest, and forest
protection policies might come at play for dense forests. Mining activities are space
consuming and contribute directly to deforestation (Combes et al., 2015). Moreover,
mining can also induce deforestation in the surrounding area (Sonter et al., 2017).
The indirect effects may also include mining-induced infrastructures, urbanization
and toxic releases (Bridge, 2004). These results are consistent with previous findings
that mining activities are among the leading causes of deforestation (Combes et
al., 2015).
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Climate shocks

To control for climate variability, we use yearly average temperature shocks which is
the absolute value of the difference between the yearly temperature (precipitation)
and its mean. Temperature and precipitation shocks have a positive impact on
deforestation as expected but nonsignificant statistically. Combes et al. (2018) find
similar results in several specifications. A plausible explanation is that deforestation
may be less sensitive to the yearly variation in climate conditions.

Environmental policy

The effect of environmental policies is statistically nonsignificant whetheritis de jure
(country international environmental treaties participation) or de facto (“domestic
effort to climate mitigation”). However, the coefficients associated to EITI are positive
and significant implying that deforestation is higher in EITl member States than non-
EITI member States. This result might be a signal than mining resources increase
deforestation since the members are those endowed with natural resources. In these
countries both de facto and de jure environmental policies are effective in reducing
deforestation in terms of the size of the coefficients. The coefficients of the interaction
term between environmental policy and EITI membership are negative and statistically
significant at 1% level. Moreover, within EITl members, de facto environmental policy
is more effective than de jure environmental policy. The coefficients associated with
theinteraction between EITl and de jure environmental policy vary from -0.0405 (Table
2a column 2) to -0.0645 (Table 2b column 1). For de facto policy, the coefficients of
the interactive term are ten times bigger. They are between -0.609 (Table 2a column
5) -0.443 (Table 2c column 1). These results support that, what matters the most is
not that countries engage in international treaties but their actual efforts. Being
members of EITI brings more transparency to the extractive sector and contributes
to effective government policy in the mining sector regulation. EITI invest the past
decade on empowering civil society in its State members. These interventions may
contribute to enforcing environmental policy in these countries than in the others.
Moreover, existing literature shows that EITI membership improves governance (Villar
and Papyrakis, 2017) and revenue mobilization (Mawejje, 2019).
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Regional clusters

African countries are engaged in regional economic communities in the last three
decades. In these organizations, some policy harmonization has been putinto place
including the mining sector regulation. We capture these supranational regulations
controlling for these regional dummies. Tables 2a, 2b, and 2c report similar pattern
with regard to our regional dummies. The coefficients of AMU are negative but not
statistically significant. Also, those associated with COMESA are positive and not
significant. Similarly, the coefficient of ECCAS is positive but significant at 10% level
only in Table 2c (canopy cover >50%). Being members of these three regions does
not affect significantly deforestation as compared to other regions. The coefficients
associated with the SADC region is positive and significant. The coefficients vary
from 1.1 (Table 2a) to 1.6 (Table 2b). This means that deforestation is higher in SADC
member states compared to others. Indeed, since 1990, Southern Africa experienced
the highest rate of forest cover loss in Africa.'?
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The effect of ECOWAS membership on deforestation is negative and significant.
One might think that this negative and significant effect stems from common
environmental policies. ECOWAS set a mining directive since 2009 as a guideline for
its member States. To the best of our knowledge, there is no similar coordination in
the mining sector in Africa. This might induce countries to raise their environmental
standards specifically in the mining sector. However, a closer look shows that the
negative and significant coefficient is driven by the WEAMU members. When we
divide ECOWAS into WAEMU and Non-WAEMU members (WAMZ), we observe that the
WAEMU membership has a negative and significant effect on deforestation while the
WAMZ membership is not significant. In fact, since 2003 the WEAMU member States
establish acommunity mining code. Moreover, the WAEMU mining code, inits articles
11 and 18, explicitly enforces environmental regulation including environmental
impact evaluation, encourages “set up a monitoring plan as well as a rehabilitation
program for the environment” (Art.18).%* Policy harmonization is advanced in the
WAEMU compared to the other regions.

Based on these results, we suspect strategic interactions between States in Africa
regarding their environmental policy. Such strategic interactions may lead to a
“Prisoner’s Dilemma” and hence an environmental race to the bottom. However, with
regional coordination, it may also lead to a race to the top where countries align their
environmental policy to the best standards. These interactions are likely to occur with
natural resources-endowed countries with but little investment capacity. Therefore,
environmental policies may be key interest of competition between countries to
attract investments.

Overall, we find evidence that mining increases deforestation in Africa and
environmental policy matters at least in EITI member countries. Moreover, the results
support that de facto environmental policy is more effective than de jure environmental
policy when countries are EITI members. The results are robust regarding different
canopy covers.
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5. Environmental strategic behavior
and asymmetric effects

Econometric specification

The race to the bottom theory implies that, confronted with economic competition,
countries areinclined to relax their environmental standards to attract mobile capital.
Coupled with strategic behavior such as the ‘Prisoner’s Dilemma’ governments may try
to gain competitive advantage over other countries. If all countries behave similarly,
the equilibrium strategy will be the continued relaxing of environmental commitment.
The race to the bottom argues that the equilibrium outcome is suboptimal, since
countries would be better off collectively setting a high level of commitments rather
than relaxing them (Konisky, 2007). To assess the presence of competition among
countries in environmental regulatory behavior, we consider a spatial-temporal
dynamic regression where a country’s behavior as a function of other countries’
behaviors. The model takes the form:

N N
Ei = TEyx 1+06Y wijEj + X138+ 0 wijXy '(2)
j=1 Jj=1
+a; + v + Ui, i=1-- ,N;t=1,--- T;j#i

where E; is a measure of environmental commitment (de jure vs. de facto environmental
policy), uis anormally distributed error term, w;are the weight assigned to countryj
both for the autoregressive component E;., and for the spatially lagged control variable
X,, a;is the individual fixed effect, and y, denotes the time effect.

The variable of primary interest in this model is the strategic interaction or spatial
lagterm Zj-vzl w;i;Ejs. This term represents a weighted average of environmental
commitment in neighboring states. Detecting the presence of a strategic interaction
requires testing for the significance of 4. A statistically significant and positive
coefficient suggests that one state’s environmental commitment effort is a function
of other states’ environmental commitment efforts. A statistically significant and
negative spatial coefficient would imply that there is strategic substitution effect
among countries. The null hypothesis is that there is no effect, which implies a lack
of environmental competition, thereby undermining both the race to the bottom and
the race to the top arguments.
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While estimating Equation (2) establishes whether there is strategic interaction
among countries, the race to the bottom (vs. to the top) suggests a specific asymmetric
dynamics among countries. More specifically, we should observe a state responding to
its competitorsonly in situations where its own environmental commitment might put
it at a disadvantage for attracting economic investment relative to these competitors.
Following Fredriksson and Millimet (2002), such asymmetric effects model is given by:

Ey = TEy_1+6Di Y wijEjt+061(1— Di) > wijEj (3)
j=1 j=1
N
+X/1it6+ezwijx/2jt+ai + 7+ Uit i=1--- N t=1--- Tj#i
j=1
where:

1 it By >YN wiEn, j#i
it = .
0 otherwise

Strategic interaction consistent with the race to the bottom assumes country
responsiveness to competitor countries in years in which one’s own environmental
commitment effort is greater than one’s competitors, but not in years in which it is
lower. This means that we expect a positive and significant coefficient &, but not 6,
or when the two parameters are positive and significant, &, > 6,. As a result, Equation
(3) assumes that strategic interaction occurs only when the average stringency of
competitors’ environmental commitment is lower than the state’s own level. The
likelihood function of Equations 2 and 3 is provided in Appendix A.3 (Equation E2).

Direct and indirect effects

The space-time dynamic structure of the model in Equations (2) and (3) allows us to
compute direct and indirect effects of the explanatory variables on the dependent
variable in the long and short-run. As the model reflects the spatial dependence
between countries, a change in an explanatory variable in a given country will affect
the country itself (direct effects) and potentially its neighbors (indirect effects) (LeSage
and Pace, 2009). Table 3 below provides the computation formula of these effects in
a dynamic spatial Durbin model (DSDM) as in Equations (2) and (3).
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Table 3: Direct and indirect effects

Direct effect Indirect effect
Short-run [(I _ (5W)_1 x (ﬁ + W@)]J [(I _ (5W)_1 x (,3+ Wa)]m
Long:run (L =7)] = W) " x B+ WO | [(1— )T — W)L x (8 + W)

Source: Apdated from Elhorst (2014).
Note: d denotes the operator that calculates the mean diagonal elements of a matrix, 7suwm the operator that
calculates the mean row and sum of the non-diagonal elements.

One of the advantages of the DSDM is that it allows estimating the long and
short-run effects of our variable of interest on environmental policy response. The
short-run effects are the partial derivative of the dependent variable with respect
to an explanatory variable at a particular time period; the dynamic aspect of the
model (coefficient Tin Equation 2) beingignored. The long-run effects are the partial
derivatives of the dependent variable with respect to an explanatory variable at a
particular time period while setting E;.., = £, = E* and WE;, = WE*. Long-run effects are
similar to a steady-state where environmental policies remain constant over time in
all countries.

Estimation strategy and specification tests

The estimation strategy of the dynamic model fits into two categories: instrumental
variables or generalized method of moments (IV/GMM) and bias-corrected maximum
likelihood (ML) or quasi-maximum likelihood (QML) estimator (Elhorst, 2014; Belotti
et al., 2017). The QML estimator and the IV/GMM have the advantage of not relying
on the normality of the error term. However, the QML estimator outperforms the
IV/GMM because the Jacobian term in the log-likelihood function of ML estimators
restricts the spatial coefficient 6to the interval [1/r,,,, 1] where r,,;, denotes the “most
negative purely real characteristic root” of the row-normalized spatial matrix. (Elhorst,
2014). Hence we use the QML estimator in this study. The QML estimator for dynamic
spatial models is developed by (Yu et al., 2008; Lee and Yu, 2010; Elhorst, 2014). It
is a consistent estimator in the presence of spatially lagged-dependent variables
and robust to distributional misspecification (Lee, 2004).** Indeed, the temporally
and spatially lagged-dependent variables in Equation (2) and (3) raise endogeneity
concerns sourced essentially from simultaneity between E;and I, wi;Ej¢ and
omitted variables potentially correlated with Ej.;.

Following LeSage and Pace (2009), we test the suitability of the dynamic spatial
Durbin model (DSDM) to estimate Equations (2) and (3) against the dynamic
spatially autoregressive model (DSAR) and the spatial error model (SEM). The DSDM
specification is reduced to a DSAR model if the coefficients of the spatially lagged
explanatory variable are not statistically different from zero which amounts to testing
thejoint nullity of the spatially lagged explanatory variables (8=0in Equation 2). For de
jureenvironmental policy, x*(3) =79.98 is significant at 1% level (Prob>x?>=0.000). For de
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facto environmental policy, x*(3) =70.00 is also significant at 1% level (Prob>x?=0.000).
Hence we reject the null hypothesis of 8= 0; thus the DSAR specification is rejected.

The DEM is also a special case of the DSDM if §3+ =0 (Equation 2). For de jure
environmental policy, x*(3) = 98.29 is significant at 1% level (Prob>x>=0.000). For de
facto environmental policy, x3(3) =75.76 is also significant at 1% level (Prob>x?=0.000).
Here again, we reject the null hypothesis of §3+ 8=0. Hence both the DSAR and the
SEM specifications are rejected and DSDM is suitable for our analysis. The DSDM is a
fixed effects model.

Results

Strategic interaction and dynamics of environmental policy

Table 4 presents the results of the strategic interaction model (Equation 2) for both
de jure and de facto environmental policy.

The coefficients of the spatial lagged-variable are positive (6> 0) and statistically
significant at 1% level. This supports a presence of spatial interaction among
African countries: stringent (lax) environmental policy in a given country leads
to environmental policy enforcement (relaxation) in its neighbors. This result is
consistent with other findings in the United States (Fredriksson and Millimet, 2002;
Konisky, 2007) and in the European Union (Holzinger and Sommerer, 2011). Using
environmental abatement costs, Fredriksson and Millimet (2002) find that the US
States are engaged in strategic environmental policymaking interactions. Similarly,
inasample of 48 US States, Konisky (2007) confirms the strategic interaction between
Statesin their environmental policy. We go beyond the time-static model adopted by
these authors to consider time dynamics as well in our strategic interaction model.
Our results show that the time dynamics also matters in environmental policy. The
coefficient of E;., is positive and strongly significant in both de jure and de facto.

Direct, indirect and total effects

Thanks to the spatial and temporal dynamics structure of the model, we can break
down into direct and indirect effects, the impact of the explanatory variables on
the environmental policy responses. Indeed, in a given country, variation in any
explanatory variables affects the country itself (direct effects) and eventually its
neighbors (indirect effects or spillover effects) (LeSage and Pace, 2009; Elhorst, 2014).

We presume that mineral resource rents, GDP growth and FDI have spillover effects
on environmental policy. This is confirmed by our specification tests which show that
the spatial lags of these variables are statistically significant. Mineral resource rents
affect both environmental policy directly and indirectly. The direct effect on de jure
environmental policy is negative and significant in the short-run while insignificant in
the long-run. Also, the indirect effect is negative in the short-run while it is positive in
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the long-run. In the short-run, anincrease in country mineral resource rents decreases
not only its willingness to participate in international environmental agreements but
also prevents its neighbors to participate. An explanation is that mining resources
might be shared across bordering countries (for instance gold in Burkina Faso,
Ghana and Mali). In such a case, an increase of the rents in a given country makes its
neighbors willing to attract investment and therefore more reluctant to enforce their
environmental policy. In the long-run however, the direct effect of mining activities on
de jure environment policy is statistically nonsignificant. All long-run effects operate
through neighbor’s environmental policies. In total, mining deteriorates countries
willing to participate in international environmental treaties and results in weak de
facto commitment in the long-run.

GDP growth has spillovers effect on both de facto and de jure environmental
policies. The direct effect of GDP growth on de jure environmental enforcement is
positive and significant in the short-run but not in the long-run. The indirect effect is
positive and significant in the short-run while negative in the long-run. The trade-off
between economic growth and environmental protection is not clearly established
when it comes to international environmental treaties adhesion. However, this
trade-off is clear with de facto environmental policy. Countries may be mimicking
each other de jure environmental policy while still involved in lax environmental
commitment. The total effect of GDP growth on de jure environmental policy is positive
and significant in the short-run and negative in the long-run. For de facto policy, it
is negative in the short-run and positive in the long-run. Economic growth enforces
effective policy in the long-run while it leads to weak enforcement in the short-run.

The spillover effects of FDI on de jure environmental policy is not significant.
However, on de facto environmental policy, the short-run direct and indirect effects
are negative and significant. The total effect is negative and statistically significant
in the short-run and positive in the long-run. To attract FDI, countries lower their
environmental standards. Nevertheless, FDl increase environmental policy (de facto)
enforcement.

Short-run and long-run effects

The effect of mining rents on de jure environmental policy is negative in the short-run
and positive in the long-run. Countries with significant mining rents are reluctant to
engage in international environmental commitments in the short-run. However, in
the long-run mining rents increase de jure environmental policy stringency. This is
coherent with the nexus between natural resource exploitation and the environment.
In the long-run, as citizens’ standard of living increases, they value more the quality
of the environment and they demand more environmental protection which leads
to anincrease in international commitment. We observe the opposite when it comes
to de facto environmental policy. Mining activities increase de facto environmental
enforcementin the short-run while it leads to lax environmental policy in the long-run.
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The effect of deforestation on de jure environmental policy is negative in the short-
run and positive in the long-run. However, the effect on de facto environment policy
is not statistically significant both direct and indirectly.

Temperature shocks have a positive and significant effect on de jure environmental
policy, while their effect on de facto environmental policy is statistically non-
significant. Climate shocks increase countries willingness to engage in international
environmental treaties but do not necessarily translate into effective climate
mitigation policy. The non-binding nature of international agreements might explain
this result. In the short-run, an increase in temperature shocks increases countries’
adherence to international environmental agreements.

We also control for political institutions (democracy index), population density,
economic growth and FDI. The effect of democracy depends on the measure of
environmental policy and the time length. In the short-run, democracy degrades
countries adherence in international environmental treaties while its effect, in
the long-run, is positive and significant at 1% level. With de facto environmental
policy, we observe the opposite. Democracy is associated with more enforcement of
environmental policy in the short-run while in the long-run democratic countries tend
to dedicate less effort to environmental policy enforcement. This contrasted result
might be explained by an asymmetry between citizens’ demand for environmental
protection and government response. In the long-run, governments respond to
citizens demand for environmental enforcement by participating in international
treaties which is visible than effectively putting effort to mitigate the environmental
impact of economic activities. Similarly, Neumayer (2002) find that democracy
inducesinternational environmental commitment but not necessarily environmental
outcomes. Governments focus mostly on economic growth rather than on the
environment.

Population density has a significant effect on de jure environmental policy. An
increase in population density increases country de jure environmental enforcement
in the long-run while its effect is negative in the short-run.

Economic growth has also a contrasted effect on de jure and de facto environmental
policy. In the short-run, its effect on de jure environmental policy is positive while
negative on de facto policy. In the long-run, economic growth increases countries de
facto environmental enforcement policy while it decreases their de jure counterpart.

FDI affect only de facto environmental policy. In the sort-run, FDI decrease de facto
environmental policy stringency while in the long-run, they increase environmental
enforcement. To attract FDI countries may lower their environmental standards in
the short-run. The effect of openness to trade is similar to the one of FDI. An increase
in openness to trade decreases de facto environmental policy in the short-run and
raises environmental standards.

To sum up, we find evidence of strategic interactions between African countries
in their environmental policy. However, at this stage of the analysis the direction of
the spatial pattern (race to the top or race to the bottom) is still undetermined. For
evidence of any environmental race to the bottom or race to the top (asymmetric
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dynamics among states), we need to estimate Equation 3 (Fredriksson and Millimet,
2002; Konisky, 2007).

Test of race to the bottom vs. race to the top

Table 5 summarizes the results of the test of the race to the bottom (to the top) for
both de jure and de facto environmental policy. We use the same control variables as
in the previous strategic interaction regressions. Evidence of the race to the bottom
suggests that 6, is positive and significant while &, is not significant (Fredriksson and
Millimet, 2002; Konisky, 2007). Indeed, countries react to change in the environmental
policy of their neighbors only when their own environmental policy is more stringent
than their competitors. Conversely, a race to the top would suggest that 6, is positive
and significant while &, is not significant. In this case, countries react to neighbors’
environmental policy by strengthening their policy only when their standards are
lower. An intermediary situation is where both coefficients &, and &, are significant.
In this case, we may need to compare to size of the coefficients to determinants the
dominants equilibrium. Figures D1 and D2 in Appendix display the distributions of de
jure and de facto environmental policies according to D;; =0 and D;; = 1.

Table 5: Test of the race to the bottom vs. race to the top

50 51
de jure environmental policy 0.169*** 0.394***
(0.0403) (0.0818)
de facto environmental policy 0.857*** 0.244***
(0.0412) (0.0786)

Robust standard errors in parentheses
***p<0.01,** p<0.05*p<0.1

For de jure environmental policy, §,and &, are all significant at 1% level. However,
the size of &, is stronger and more than two times bigger than the size of &,. Thisimplies
that the strategic interaction is stronger in countries where the de jure environmental
standards of neighbors are higher. This result supports a clustered race to the top.

For de facto environmental policy, &, &, are also significant. However, in that case
é,is much lower than &, implying that the strategic interaction is stronger in countries
where the de facto environmental policy of the neighbors are higher. African countries
are engaged in a race to the bottom in their de facto environmental policy.

This result explains the contrasted evolution of de jure and de facto environmental
policy presented in Figure 3. While African countries continue to engage in international
environmental treaties, their domestic effort to mitigate climate change is decreasing.



6. Robustness checks

In this section, we conduct a series of robustness checks for the results of our three
models: the determinants of deforestation, the strategic interaction and the test of
the race to the bottom vs. to the top.

Deforestation

We analyze the sensitivity of the estimates of the determinants of deforestation by
addingadditional control variables and by using alternative weighting matrices. In fact,
spatial regression can be sensitive to the choice of weight matrices. Hence, we check
the sensitivity of the estimates to the weighting matrices in the baseline estimates.

Additional controls

Tables Fla, F1b and Flc report the results of the estimates of the determinants of
deforestation with control of corruption and forest rents as additional controls. The
coefficients associated to both variables are statistically not significant. However,
the results are in line with the previous findings. Mining increases deforestation
while environmental policies (both de jure and de facto) are effective in EITI member
countries. African regional economic communities have heterogeneous effects on
deforestation as shown previously.

Alternative weighting matrices

We replace the inverse distance matrix with a contiguity matrix and the population
weighting matrix with the GDP weighting matrix. The contiguity matrix is based on
Rook contiguity. We use the same formula, as for the population matrix, to compute the
GDP weighting matrix. This matrix captures the economic distance between countries.
As shown in the Tables F2a, F2b and F2c, our main results still hold. Comparing the
results of Tables F2a, F2b and F2c also shows that our estimates is not sensitive
to the choice of the canopy cover. Mining increases deforestation. We observe an
Environmental Kuznets Curve in accordance to the previous literature (Combes et al.,
2015,2018). The effects of climate shocks remain nonsignificant while the conclusion
on regional economic communities still holds.
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Strategic interaction test of the race to the bottom vs.
race to the top

Table 6 summarizes the our robustness analysis.”> We test the consistency of the
strategic interaction and the race results by using alternative weighting matrices. For
all our three alternative matrices & remain positive and significant for both de jure
and de facto environmental policies. The finding that States interact strategically in
response to their neighbors’ environmental policy is robust. Similarly, the results
of a race to the top for de jure environmental policy and a race to the bottom for
de facto environmental policy is robust to change in weighting matrix. For de jure
environmental policy, &, is not significant for all the matrices while &, is positive and
significant. This result supports the race to the top in de jure environmental policy.
For de facto policy &, is significant at 1% level and larger than &;: African countries
exhibit a race to the bottom in their de facto environmental policies.

Table 6: Strategic interaction and races

de jure environmental policy de facto environmental policy
Weighting matrices 1) & b ) S &
Population 0.0573** 0.0526 0.141*** 0.122*** 0.143*** 0.117*
(0.0233) (0.0462) (0.0336) (0.0330) (0.0290) (0.0621)
GDP per capita 0.0648** 0.0102 0.110*** 0.127*** 0.106** 0.0739*
(0.0303) (0.0552) (0.0373) (0.0314) (0.0521) (0.0437)
Mineral rent 0.0485* 0.0540 0.127*** 0.155*** 0.118*** 0.00244
(0.0254) (0.0405) (0.0361) (0.0432) (0.0385) (0.0471)

Robust standard errors in parentheses
*** p<0.01,** p<0.05,*p<0.1




7 Policy discussion

In the context of climate change, Africa is caught between a double imperative:
mobilizing domestic revenue for financing development and protecting the
environment. While the mining sector constitutes an opportunity for domestic revenue
mobilization (Collier, 2010), it poses at the same time enormous environmental issues
(Edwards et al., 2014). Deforestation is one of the environmental costs of mining
activities. Indeed, mining activities are the fourth driver of forest landscape loss after
industrial agriculture, infrastructure and urban expansion (Hosonuma et al., 2012;
Potapov et al., 2017). However, the role of forest in mitigating climate change cannot
be overstated according to the Intergovernmental Panel on Climate Change (Netz et
al., 2007).

In this paper, we investigate how mining affects deforestation and environmental
policies. We use two environmental policy measures for this purpose. A de jure
environmental policy, which is the adherence of countries to international
environmental treaties and a de facto measure which is the country’s commitment to
climate change mitigation proposed by Combes et al. (2016). Relying on a sample of
35 African countries over the period 2001-2017, we show that mining activity increases
deforestation in Africa. An increase in mineral rent by a one-point percentage of GDP
leads to forest loss of about 50 km?2. However, environmental policy contributes to
reducing deforestation in resource-rich countries (member countries of the EITI). We
then test the implication of these results for uncoordinated environmental policies.
We find that countries adopt a strategic behavior in response to the environmental
policy of their neighbors (competitors). These strategic reactions lead either to arace
to the bottom where all countries will tend to lower their environmental standards or
araceto thetop where countriesimitate each other in setting stronger environmental
standards. We test this hypothesisin third place. For de jure environmental policy, our
results support a race to the top. Countries respond mostly to the adherence of their
competitors to international environmental treaties by joining as well. However, for
de facto environmental policy, the strategic behavior leads to a race to the bottom.
Three main policy recommendations emerge from these results. First, international
environmental treaties must be more binding. As African countries increasingly engage
in environmental treaties, their actual commitment to mitigate climate change are
slackening. Imaginative solutions that involve setting up clearly defined environmental
rating systems (as the notations in finance) can motivate countries to strengthen their
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environmental standards due to the reputation stakes involved. Such notations have
the advantage, not only for putting countries in a virtuous circle of environmental
competition but also; they can be used to allocate funding in the Green Climate Fund
(GCF) framework for instance.

Second, the coordination of environmental policies is imperative to avoid a
race to the bottom. Regional economic communities are appropriate frameworks
for such coordination. This coordination can be done by following the example of
WAEMU and ECOWAS. However, it must be done through concrete actions and with
monitoring and evaluation mechanisms to avoid free-riding. Such coordination can
also help avoiding “Prisoner’s Dilemma” while designing policies to attract foreign
investment. Zhang et al. (2018) support that in China, central coordination enforces
local environmental policy.

Third, at the country level, miningis an environmental cost often left to the affected
local populations. Countries need to be much more careful about environmental
aspects and put in place mechanisms that limit the effects of mining activity on
deforestation.

We draw two future research prospects from our findings. First, there is no
environmental policy data in developing countries for long period. Moreover,
existing institutional quality data weakly document the environmental aspects of
governance in developing countries specifically in Africa. Country international
environmental treaty participation and domestic effort to climate mitigation are
limited environmental policy measures. Future research focusing on developing
world governance indicators (WGI) type dataset on environmental governance for
developing countries is an important step for sound climate mitigation policies.
Second, this study focuses on a sample of countries level analysis of deforestation.
However, local case studies can give detailed insights on the extent to which mining
activities affect deforestation and how to mitigate it.
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IPCC: Intergovernmental Panel on Climate Change

See Konisky and Woods (2012) for extensive discussion on environmental policy
measures.

The Extractive Industries Transparency Initiative
Economic Community of West African States
West African Economic and Monetary Union

ECCAS: Economic Community of Central African States; SADC: Southern African
Development Community

The “pollution haven hypothesis” is the idea that environmental policies could affect
pollution-intensive activities location. See Kellogg (2006) for more details.

See Brueckner (2003) for review on strategic interaction models.
https://eiti.org/countries Membership status in February 2020

We would have preferred using the FDI of the mining sector, but unfortunately these
data are not available. However, aggregated FDI should not bias the results.
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11.

12.

13.

14.

15.

While climate shocks may raise endogeneity concern, due to reverse causality between
deforestation and climate shocks, we presume that this feedback effect takes time to
occur.

https://www.sadc.int/themes/meteorology-climate/climate-change-mitigation/

http://www.droit-afrique.com/upload/doc/WAEMU/WAEMU-Code-minier-
communautaire-2003.pdf

See the likelihood function Equation E2 in Appendix.

The full estimation tables are available upon request.
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Appendix A

A.1 Descriptive Statistics and description of the

variables
Table Al: Descriptive statistics on the pooled data

Variables mean st. dev. min max
Three cover loss (>20% canopy cover) 0.66 1.49 0.00 14.90
Three cover loss (>30% canopy cover) 0.74 1.74 0.00 14.65
Three cover loss (>50% canopy cover) 0.57 1.54 0.00 13.77
GDP growth 4.68 5.67 -36.04 63.38
Mineral resource rents 2.28 4.56 0.00 46.62
Temperature shocks 2.07 1.77 0.00 15.90
de facto environmental policy 0.91 4.76 -10 10

de jure environmental policy 79.66 29.66 0.00 132

CO, emissions per capita 0.98 1.78 0.02 9.84
Democracy index 1.96 5.05 -9 9

Population density 72.64 86 2.22 485.65
GDP per capita (in thousands of USD) 2.26 3.7 0.21 20.51
Total population (millions) 22.4 29.6 0.63 191

Aid per capita 53.24 43.19 -8.27 393.50
Openness to trade 73.01 33.69 20.72 311.35
Foreign Direct Investment (inflows) 4,98 9.52 -4.85 103.34
Control of corruption -0.67 0.56 -1.83 1.22
Forest rents 6.07 6.06 0 40.43

Notes: Number of countries (N) =35; Waves (T)=17; NT=595

48



STRATEGIC ENVIRONMENTAL COMMITMENT AND CLIMATE CHANGE IN AFRICA

Table A2: Data sources and variables description
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Investment

of investment to acquire a lasting management
interest (10 percent or more of voting stock) in an
enterprise operating in an economy other than
that of the investor. It is the sum of equity capital,
reinvestment of earnings, other long-term capital,
and short-term capital as shown in the balance

of payments. This series shows net inflows (new
investment inflows less disinvestment) in the
reporting economy from foreign investors and is
divided by GDP.

Variables Definition Type® | Sources
Deforestation | Three cover loss at different canopy cover (greater | Cont. Hansen et al. (2013)
than 20%; 30% 50%)
Temperature | Absolute value of the yearly average temperature Cont. University of East
shocks deviation to its long-run trend Anglia Climatic
Research Unit
Mining rents Mineral rents are the difference between the value | Cont. WDI (2019)
of production for a stock of minerals at world
prices and their total costs of production. Minerals
included in the calculation are tin, gold, lead, zinc,
iron, copper, nickel, silver, bauxite, and phosphate.
de facto An index of environmental policy build upon Int. Authors’
environmental | domestic effort for climate mitigation computation based
policy on Combes et al.
(2016)
dejure A count of country adhesion to international Cont. Environmental
environmental | environmental treaties Treaties and
policy Resource Indicators
dataset
GDP growth Annual percentage growth rate of GDP at Cont. WDI (2019)
market prices based on constant local currency.
Aggregates are based on constant 2010 U.S. dollars.
GDP is the sum of gross value
Population Population is the midyear estimate of the total Cont. WDI (2019)
population based on the de facto definition of
population, which counts all residents regardless
of legal status or citizenship.
Opennessto | Openness to trade is the sum of exports and Cont. WDI (2019)
trade imports of goods and services (in % of GDP)
Aid Aid is the Net official development assistance Cont. WDI (2019)
(ODA) per capita. It consists of disbursements of
loans made on concessional terms and grants
by official agencies of the members of the
Development Assistance Committee (DAC), by
multilateral institutions, and by non-DAC countries.
EITI A dummy variable equal 1 if the country of a Dum. EITI website
membership | member of EITI and 0 otherwise.
Foreign Direct | Foreign direct investment are the net inflows Cont. WDI (2019)

continued next page
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Table A2 Continued
Variables Definition Typea | Sources
Democracy Measures of institutional quality mainly Int. Polity IV Project
index democracy. Polity is ranged from -10 (autocratic) to (2019)

+10 (full democracy)
GDP per GDP per capita is gross domestic product divided Cont. WDI (2019)
capita by midyear population. GDP is the sum of gross

value added by all resident producers in the

economy plus any product taxes.
Population Population density is midyear population divided Cont. WDI (2019)
density by land area in square kilometers. The population

is based on the de facto definition of population,

which counts all residents.
CO, emissions | Carbon dioxide emissions are those stemming from | Cont. WDI (2019)
per capita the burning of fossil fuels and the manufacture of

cement. They include carbon dioxide produced

during consumption of solid, liquid, and gas fuels

and gas flaring.
Control of “Control of corruption captures perceptions of Cont. WGI(2019)
corruption the extent to which public power is exercised for

private gain, including both petty and grand forms

of corruption, as well as ‘capture’ of the state by

elites and private interests.”
Forest rents “Forest rents are roundwood harvest times the Cont. WDI(2019)

product of average prices and a region-specific

rental rate.”

2 Cont.: continuous; Int.: integer.; Dum.: dummy
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A.2 Estimation tables

Table B1: System-GMM estimation of de facto environmental policy

51

Dependent variable: Log of CO, emissions per capita

(1) (2) (3)
L.CO, emissions per capita (log) 0.874*** 0.869*** 0.880***
(0.0792) (0.0807) (0.0895)
GDP per capita (log) 0.180* 0.215** 0.214*
(0.0956) (0.107) (0.113)
Total population (log) 0.0510** 0.0700** 0.0739**
(0.0243) (0.0318) (0.0342)
Openness to trade (log) 0.139* 0.197*** 0.207**
(0.0724) (0.0762) (0.0813)
Foreign Direct Investment (log) -0.00190 -0.000535
(0.00957) (0.00993)
Aid per capita (log) -0.000790
(0.0214)
Constant -2.804*** -3.643*** -3.714***
(1.010) (1.343) (1.334)
Time fixed effects Yes Yes Yes
# Observations 560 537 535
Number of countries 35 35 35
AR(1) p-value 0.000 0.000 0.000
AR(2) p-value 0.510 0.555 0.532
Hansen test p-value 0.142 0.220 0.283
Number of instruments 26 29 32

Notes: Standard errors in parentheses. *** p<0.01,** p<0.05 and * p <0.1 Residuals from the complete specification
(column 3) is used to compute the index of de facto policy.
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Figure D1: Box plots of de jure environmental policy according to D;; = 0 and D;; = 1
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Figure D2: Kernel density estimate of de facto environmental policy according to
Dit =0 and Dit =1
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A.3 Likelihood functions

The likelihood function of Equation 1, Generalized Spatial Panel Random Effects model
(GSPRE) model adapted from Baltagi et al. (2013) is given by:

NT 1
L(.6) = —=5-In2w—Indet [To2(A'4)~ +02(B'B)]
T-1

(E1)

Indet [02(B'B)™"| - %(F — XB)Q7N(F — XB)

where § = (03,02,(}5, N, A=1I,—¢W and B=1, — \M

We refer the reader to Baltagi et al. (2013) for more details on the properties of the
function and the underlying assumptions.

The likelihood function of Equation 2, our spatial dynamic fixed effects model
adapted from Yu et al. (2008) is:

nT nT 1 &
Lo7(0,00) = - In27r — o5 Ino? +T1n|S,(\)| — 5.7 ; V(O Vit (€) (E2)

where Vnt(() = Sn()\)Ent _TEn,t—l _5WnEn,t—1 —XptB—an. 0= ((5/’ A 02)/ and ¢ = (5/: A a;t)/
We refer the reader to Yu et al. (2008) for more details on the properties of the
function and the underlying assumptions.
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Mission

To strengthen local capacity for conducting independent,
rigorous inquiry into the problems facing the management of economies in sub-
Saharan Africa.

The mission rests on two basic premises: that development is more likely to
occur where there is sustained sound management of the economy, and that such
management is more likely to happen where there is an active, well-informed group of
locally based professional economists to conduct policy-relevant research.

www.aercafrica.org

Learn More
o www.facebook.com/aercafrica www.instagram.com/aercafrica_official/
o twitter.com/aercafrica o www.linkedin.com/school/aercafrica/

Contact Us
African Economic Research Consortium
Consortium pour la Recherche Economique en Afrique
Middle East Bank Towers,

3rd Floor, Jakaya Kikwete Road
Nairobi 00200, Kenya
Tel: +254 (0) 20 273 4150
communications@aercafrica.org




