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Abstract

In the economic literature it is generally found that trade openness affects environment
through various channels. While the mechanisms through which trade is associated with
pollution are largely investigated theoretically and empirically, the role played by each trade
component has not yet received enough attention. This paper attempts to bridge this gap by
examining the consequences of agricultural primary commodity export on population’s health
via physical environment degradation. Using panel data from 1991 to 2009, and instrumental
variables technique, the findings suggest that agricultural primary commodity export increases
agricultural methane and nitrous oxide emissions as well as water pollution (biological
oxygen demand). This environmental degradation from trade worsens population’s health
(infant and child mortality rates, and life expectancy at birth). These results are robust to
different subcomponents of primary agricultural export, to African sample, and to other

environmental variables considered.

Keywords: Agriculture, primary commodity, trade, environment, health, instrumental

variables technique
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1. Introduction

One of the vigorous debates in economic literature since the 1990’s is the association between
trade openness and environmental degradation (Copeland and Taylor, 1994, 2004; Copeland,
2005). On the one hand scholars argue that since environmental quality is a normal good,
openness to trade may increase demand for a clean environment through its positive effect on
income. Thus, firms are encouraged to shift towards cleaner techniques of production. Trade
is therefore beneficial to environmental quality. On the other hand, it is argued that trade may
deteriorate environment through the expansion of the scale of the economic activities and the
localization of pollution-intensive industries in developing countries, since environmental
standard is low in these countries. Empirical works generally find a small negative association

between trade and environment (Antweiler et al, 2001).

Despite this large interest in the link between trade openness and environment, the role played
by different components of trade is less investigated. These components may have different
effects. For example, imports are likely to be less harmful to environment than exports, and
export component may have different environmental impact. Therefore countries with

different trade components do not have to expect the same environmental consequence.

Moreover, the assessment of the health effect of the environmental consequences of trade is
scarce despite the fact that the ultimate and most important consequences of environmental
degradation are damage to human health. Population health is an important economic concern
for developing countries. It plays a central role in the development process, since it constitutes
a component of investment in human capital and workforce is the most abundant production
factor in these countries. It constitutes also a major preoccupation for the international
community, especially when it is considered as a public good. The importance given to health
status could be illustrated through its relatively high weight among the Millennium

Development Goals (MDGs), of which three are related to health preoccupations.

This paper investigates the responsibility of the export of primary agricultural commodities in
environmental degradation, and the impact of this pollution on population’s health. The
pressure of external primary commodity demand may destroy physical environment through
excessive use of agricultural inputs (land, forest, fertilizer, pesticide), and this in turn may
degrade physical environmental (soil, water, air, deforestation). This agricultural pollution

affects health outcomes of farmers and farm workers, the populations that live in areas
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surrounding agricultural farms, and people eating food containing persistent agricultural

chemical.

We explore this relationship using some simple econometric models. Our results obtained
using instrumental variable methods show that the agricultural primary commodity export
increases agricultural methane and nitrous oxide emissions as well as water pollution
(biological oxygen demand). This environmental degradation from trade worsens population’s
health outcomes (infant and child mortality rates and life expectancy at birth). These results
are robust to different subcomponents of primary agricultural export, to the inclusion of
openness variable, to the restriction of the estimation to African sample, and to other

environmental variables considered.

The rest of the paper is organized in six sections. Section 2 reviews the literature on the
association between trade openness and environmental degradation. In this section we explain
how trade may affect physical environment. Section 3 shows some stylized facts on export
characteristics, primary agricultural export, and environmental indicators. In section 4, we
empirically investigate the effects of primary agricultural commodity exports on health via
environmental degradation. Section 5 presents empirical results and discussions, and the
robustness checks of our results are shown in section 6. Finally, conclusion and

recommendations are at the core of the last section.

2. Trade, agriculture, and environmental quality

In this section we review the literature on the association between trade openness and
environmental degradation. Then, we explain how agriculture affects the environment, as well

as the health consequences of this pollution.

2.1. Trade and pollution

The relationship between international trade and environmental concerns has been largely
debated during the last twenty years. Many scholars investigated theoretically as well as
empirically how openness to international trade may affect physical environment. If the

empirical results are far from consensus, the theoretical mechanisms are well established and




halshs-00586034, version 1 - 14 Apr 2011

CERDI, Etudes et Documents, E 2011.10

can be classified into three categories. In fact, international trade may impact environment

through its effects on: (1) economic growth, (2) trade specialization, and (3) tariff escalation.
2.1.1. The effect of trade channeled by economic growth

The large and positive contribution of trade on economic outcomes is one of the commonly
accepted conclusions in the economic literature (Frankel & Romer, 1999). Indeed, export
performance is beneficial to economic growth through increasing specialization and the
spillover effects of the export sector’s growth, greater capacity utilization, the externality
effect of exports in the diffusion of modern technology across other sectors and industries,
and the increasing effects of economies of scale, industrialization, and import of capital goods
(Michaely, 1977; Tyler, 1981; Feder, 1982; Balassa, 1985; Chow, 1987; Krueger, 1990; Ram
1985, 1987; Sengupta & Espana, 1994; and Vohra, 2001).

This economic progress obtained from trade affects environment through three conflicting
mechanisms: scale, technique and composition effects. First, the expansion of the size of the
economy (Gross Domestic Product (GDP)) tends to raise pollution level through the increase
of the scale of economic activities and the demand for all inputs. Secondly, assuming that
environmental quality is a normal good, higher income from trade causes people to increase
their demand for a clean environment, and this in turn encourages producer to shift towards
cleaner techniques of production. Thus, trade promotes tight pollution policies and spurs
pollution reducing innovation and investment, reducing emissions level. Finally, trade
openness via economic growth shifts the composition of economic output and this may impact
the environment. The composition effect of trade for poor countries is likely to make them

dirtier, whereas its effect for rich countries may make them cleaner.

Researchers have largely debated the environmental consequences of trade liberalization
through theoretical models (Antweiler et al 2001, Copeland & Taylor, 2004), as well as cross
countries (Kellenberg, 2008; Managi et al, 2009; Antweiler et al, 2001), time series (Perroni
& Wigle, 1994; Baek et al, 2009), and sub-national (Chintrakarn & Millimet, 2006; Dean,
2002) empirical studies.

The majority of these studies found an overall improvement effect of trade on physical
environment quality (Antweiler et al, 2001; Dean, 2002; Frankel & Rose, 2005) while some
of them showed that this effect is conditional to the development level (Kellenberg, 2008;
Baek et al, 2009) and the pollutant considered (Chintrakarn & Millimet, 2006).
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2.1.2. Trade effect through specialization and pollution haven

In addition to its effect on pollution through economic prosperity, openness to international
trade may also impact environment via pollution haven hypothesis. According to this
hypothesis because environmental quality is a normal good, developing economies tend to
adopt weak environmental regulations as compared to developed ones. Then, trade
liberalization may lead to more growth of pollution-intensive industries in developing
countries since developed countries enforce strict environmental standards, and poor countries
do not have the capacity to impose these standards. Low environmental standards will become
a source of comparative advantage for poor countries, and thus have a significant adverse

effect on environment.

Opponents to this hypothesis argue that many other factors, in addition to pollution regulation,
affect trade flows and plants localization and the pollution haven hypothesis depend on the
strength of these factors. Empirical works on pollution haven hypothesis found ambiguous
results. Tobey (1990), Grossman and Krueger (1993), Jaffe et al. (1995) emit serious doubt on
the strength of the simple pollution haven hypothesis since they found that trade flows are
primarily determined by factor endowment considerations and apparently not by differences
in pollution abatement costs. However recent studies defend the existence of the migration of

pollution-intensive plants led by environmental policies (Baek et al, 2009; Kellenberg, 2009).
2.1.3. Tariff escalation and environmental

Another important mechanism through which international trade may lead to a shift in
environmental quality is tariff escalation. This concept refers to a characteristic of import
duties which rise with the level of processing of the goods purchased. Authors generally argue
that tariff escalation is a source of environmental harm to exporting countries (Repetto, 1994;
WTO, 1995; French, 1993). Indeed, this discrimination of import duties according to the
processing level reallocates the economic activities of exporting countries toward primary
production and away from processing. Thus, it leads to excess extraction of natural resources,
and then degradation of the resource base. As argued by Hecht (1997), the best way to assess
the environmental impact of tariff escalation is to compare environmental degradation from
raw materials with that from processing goods. A priori, the relative environmental impacts of
primary and processing activities are difficult to evaluate in a given area because different and
non-comparable environmental impacts are involved. The impact of primary commodity

production affects the long-term sustainability of the resource base, through deforestation, soil
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erosion, fertilizer and pesticide residue, habitat destruction, water pollution from
agrochemical runoff while Processing activities, in contrast, will result in water and air

pollution rather than in destruction of the resource base.

Some commodity studies provided by Hecht (1997) highlights that, environmental controls
are more likely to be imposed on processing than primary production, suggesting that
processing might be the less harmful activity. In addition, pollution from transport is higher

for primary product than processing (WTO, 1995; French, 1993).

Moreover, tariff escalation may affect income growth and thus impact environment through

the mechanisms already explained.
2.1.4. Trade liberalization and agricultural pollution

In the specific case of agricultural subsector, some arguments have been developed linking
international trade to environmental concerns. The scale, technique and composition effects
have been discussed for this sector since agricultural product export obviously leads to
economic growth (Krissoff, et al 1996; Antle, 1993). Trade liberalization also modifies the
relative price of agricultural inputs such as fertilizer, pesticide, tractors, and thus, has adverse
impact on the physical environment. Given that developing countries generally import these
inputs, openness to trade leads to pollution haven in agricultural subsector. Because of data
scarcity, few studies investigated empirically this hypothesis. Through econometric estimation
and simulation, Williams and Shumway, (2000) found that the North American Free Trade
Agreement (NAFTA) is expected to increase chemical usage substantially in the United States
and lead to greater groundwater contamination. They also showed that in Mexico, the

expected effects are a substantial increase in fertilizer use but a decrease in pesticide use.

2.2. Agricultural trade and the environment
2.2.1. How does agricultural sector affect environmental quality?

Agricultural sector may be detrimental for environment in many ways. In fact, the growing
demand for agricultural products, the increasing domestic food production by fewer
individuals because of rural exodus, and the need of nontraditional export products as a means
of increasing income, and earning valuable foreign currency for the country lead farmers to

look for alternative agricultural methods in order to raise their productivity. One way to




halshs-00586034, version 1 - 14 Apr 2011

CERDI, Etudes et Documents, E 2011.10

address this problem is the excessive use of fertilizer and pesticides, and this has adverse
effects in terms of environmental degradation. As explained by Ghatak and Turner (1978),
fertilizers and pesticides are discharged into the ecosystem by drifting, dripping or leaking
into areas surrounding the target area. “The deposited chemical is then transformed by living
systems, heat, light and water to form a pesticide residue” (Ghatak & Turner, 1978, pp. 137).
These residues are dispersed in the ecosystem through natural forces (biologically,
physically), and human activities. They can be transported by fluid movements (wind, rain,
etc.) in the environment. “They can vaporize from falling spray particles and from plant, soil
and water surfaces; they can be carried physically as vapour or absorbed in wind-borne
particles of soil and dust” (Ghatak & Turner, 1978, pp. 142). Thus, the use of these products
in addition to animal feedlots, pastures, dairy farming and aquaculture leads agriculture to
provoke soil and water pollution through the discharge of pollutants and residue (phosphorus,
nitrogen, metals, pathogens, sediment, pesticides, biological oxygen demand, trace elements)
to the soil as well as surface and groundwater, through net loss of soil by poor agricultural
practices, and salinization. Agriculture is also responsible for a large amount of methane
emission (second most important greenhouse gas) and nitrous oxide emission (third most

important greenhouse gas).

Another way to address the problem of high agricultural product demand is the excessive use
of water through irrigation, the use of mechanized agricultural methods rather than labor-
intensive practices and/or extensive use of land. These methods affect physical environment
respectively through water shortage, air pollution (CO2 emission) and deforestation.
Agriculture is the single largest user of freshwater resources, using a global average of 70% of

all surface water supplies according to Ongley (1996).
2.2.2. Agricultural export and environment

In many developing countries, economic growth is largely dependent on agricultural
production, and the export of agricultural raw products represents a major source of foreign
currency. This increasing demand makes a pressure on production, and therefore degrades
physical environment. To assess whether the international trade of primary agricultural
commodity is detrimental to environment or not, some important issues have to be addressed:
(1) investigation of whether commodities exported are substitutes of local consumption goods
in terms of production and then, are replacing them or are additional production, (ii)

comparison of the environmental impacts of the production of export commodities and local

)
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consumption goods, and (iii) comparison of the environmental impacts of primary production

and processing.

If the production of goods to respond to the foreign demand is an additional source of
production, it will create further environmental degradation to the existing ones. But, the
answer to this first issue depends on the availability of land and workforce as well as the
quality of the soil to produce both of the products, and other factors. In some countries of
West Africa (Cote d’Ivoire, Mali, Burkina Faso), farmers produce cotton for export in
detriment of some local consumption goods (maize, millet, etc). Other commodities
production, such as coffee and cocoa require forest area and thus new lands. It is also possible
for some crops, to find in the same field exported and local consumption production.
However, if the commodities produced for export are just replacing local consumption goods,
it is a priori difficult to anticipate the effect on the environment without further analysis. In
this case the comparison of the environmental impacts of the production of export
commodities and local consumption goods is required. If the environmental impact of export
commodity is more than that of local consumption goods, an increasing production to satisfy
foreign market demand will be detrimental in terms of environmental degradation. This
comparison depends on the country in question since the commodity exported by a country is
likely to be the local consumption production of another country. Many researchers argue
explicitly or implicitly that export-crop production degrades more the physical environment
since it is very pesticide and fertilizer intensive relative to national market production (Weir
& Schapiro, 1981; Barry, 1987; Rosset, 1991; Murray, 1994; Andreatta, 1998; Jorgenson,
2007). The arguments used are generally based on the relatively large financial power of the
producers of exported goods, their mechanization, as well as the large size of their farm. But
some studies disagree with this point of view through country and product specific studies

(Galt 2008).

Another important issue regarding the environmental degradation effect of raw agricultural
product exports is the comparison of the environmental impacts of primary production and
processing. This debate is largely developed in Hecht (1997), and the arguments are already

discussed in tariff escalation subsection.
2.2.3. Health and agricultural pollution

A healthy labour force is essential for the development of an economy and requires a healthy

environment (clean air, water, recreation and wilderness). As argue by Pearce and Warford

o
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(1993), the immediate and most important consequences of environmental degradation are
damage to human health through different forms of diseases. Many authors have assessed
how agricultural pollution may be associated to population’s health. Three large groups of
people are potentially exposed to agricultural environmental pollution adverse effects. The
first is constituted of farmers and farm workers since they are directly in contact with
pesticide and fertilizer. The risks of this group is high in developing countries because of the
inaccurate use of these chemical products such as careless preparation and application, lack of
personal protective equipment, laxity of safekeeping of the chemicals, careless disposal of
empty pesticide containers, consumption of food and beverages while working, lack of
personal hygiene, deficiencies in safety training, weaknesses in occupational health legislation
and regulations (Ecobichon 2001). The second group at risk is the populations that live in
areas surrounding agricultural farms. These people are exposed through water and air
pollution (biological oxygen demand, methane, nitrous oxide). The last group is people
exposed to persistent agricultural chemical accumulated in food. This category includes
habitual consumers of fish, livestock, and dairy products, fetuses and nursing infants whose
mother’s bodies have accumulated substantial levels of persistent chemicals; and sick people
who metabolize pesticide-bioaccumulated fatty tissues while ill (WRI, 1996). Dasgupta et al
(2002) find evidence of pesticide contamination of food products. They show that these

pesticide residues on agricultural products fall sharply as income increases.

3. Some stylized facts

The importance of trade in general, and that of exports in particular, is well known in
development economics since it is the main source of earning valuable foreign currency, and a
solution to small local market size. The ability of a country to export its products abroad can
be considered as a sign of the good health of its economy given the competitiveness. There
are large differences between geographical areas with regard to their exports of goods and
services. Figure 1 presents the annual average volume export characteristics of different
World Bank geographical regions between 1961 and 2009 as percentage of GDP. A simple
observation of exports of goods and services shows that the Middle East and North Africa
(MENA) region has the highest ratio with about 43% (top left graph). This region is followed
respectively by East Asia and Pacific (EAP) with about 38%, Europe and Central Asia (ECA)

&
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with about 37%, and Latin America and Caribbean (LAC) with about 35%. Sub Saharan
Africa (SSA) exported annually during this period about 29% of its GDP on average.

In addition to the quantities exported which are largely led by the natural endowment of the
region, the composition is also important since it emphasizes the dynamic of the economy in

terms of efforts.

Figure 1: Exports characteristics of different World Bank geographical regions
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Indeed, the large exports of MENA and SSA regions are largely led by primary commodities
(bottom left graph), while those of EAP and ECA are dominated by processed products
(bottom right graph). This is not surprising given the natural endowment of MENA countries

in oil products and the economic growth success of the emerging Asian countries largely
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enabled by manufactured products. For African countries the exports are largely constituted of

agricultural primary commodities in addition to oil products (top right graph).

The production of these primary commodities may lead to some environmental adverse
problems as explained before. Figure 2 shows the association between agricultural primary
commodity export as percentage of GDP and some environmental indicators (agricultural
methane emissions, agricultural nitrous oxide emissions, biological oxygen demand, and
deforestation rate). For each of these indicators, agricultural raw commodities export is
positively associated to environmental degradation, even if the case of deforestation is not

clear, and these are simple correlation.

Figure 2: Primary agricultural commodity export and environmental quality
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To solve for this issue, one possibility for African countries is to progressively transform their
raw products, and thus create value addition before exporting them. Figure 3 emphasizes the
evolution of the primary agricultural commodity export in Africa and the rest of the world

between 1991 and 2009.

Figure 3: Evolution of primary agricultural export in Africa and the rest of the world
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Before 1995, the share of primary commodities in Africa was less than that of the rest of the
world. But after this date, on average, Africa exported in percentage of total commodity more
agricultural primary commodities than the rest of world. This is mainly due to the large
downward trend in the rest of the world (from about 35% in 1991-1996 to about 10% in 2006-
2009) and the negligible diminution in African countries during this period. This evolution is
not bright with regard to its environmental impact and many efforts need to be done to

transform agricultural product in Africa before exporting them.

4. Empirical design

In this section, we present first the econometric models and the estimation methodology

before showing the data and variables used in this paper.
4.1. Estimation methodology

This subsection is devoted to the econometric specifications. The analysis is subdivided into
three main steps. First, the effect of agricultural primary commodity export on environmental
quality is assessed. Then, we evaluate how environmental degradation affects population’s

health. Finally, these two effects are examined simultaneously.
4.1.1. Environmental effect of primary agricultural commodity export

The objective of this subsection is to assess the effect of agricultural primary commodity
export on environmental degradation. Based on important papers in environmental economics
such as Gangadharan & Valenzuela (2001) and Drabo (2010a), we introduce trade variable in
existing environmental equation. Thus, the econometric relationship between agricultural raw

commodity export and environment can be written as follows:

environment, = acagrprimcom., + X, S+ €, (1)

Where environment, represents the environmental degradation of country i in period f.
agrprimcom 1is the indicator of agricultural primary commodity export, X the matrix of
control variables commonly used in the literature, and ¢, is the error term. &, our coefficient

of interest, is expected to be positive (& >0). As control variables, we use: Gross Domestic

Product (GDP) per capita and its square: according to environmental economics, the

&
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development level of an economy is associated to environmental degradation through an
inverted-U curve. Thus, in the course of economic growth and development, environmental
quality initially worsens but ultimately improves with improvements in income level. This
relationship is known as Environmental Kuznets Curve hypothesis (Grossman & Krueger,
1995). We also use the population’s density, the urban population as percentage of total
population, the level of education, the foreign direct investment, and the agricultural value
addition in GDP. All these variables have been used in the literature (Gangadharan &
Valenzuela, 2001).

This econometric model (Equation 1) could be estimated through panel data with standard
Ordinary Least Squares (OLS). But the application of this estimator to our model suffers from
the endogeneity of the primary agricultural commodity variable, leading to biased estimate of
« . This problem arises because of two main reasons. There is likely a reverse causality in the
relationship between environment and agricultural primary commodity export. In fact, good
environmental quality may lead to more productions and exports through the increase in
farmers’ productivity and soil profitability. This potential simultaneity can be a source of
endogeneity. Moreover, Agricultural primary commodity export could also be a proxy of
some variables that have significant effect on environment, such as the technology use and the
weather (precipitation). In order to solve this problem, we estimate Equation (1) with the Two
Stages Least Square (2SLS) method. This method requires instrumental variables for the
endogenous explanatory variables. To be a good candidate for instrument, a variable must be
correlated with the endogenous explanatory variables, and not correlated with the error terms.
That is, the instrument must affect the dependent variable only through the endogenous
explanatory variables. Two specification tests check the validity of the instruments. The first
is the standard Sargan/Hansen test of over-identifying restrictions. The second test, namely
the Fisher statistic of the instrumentation equation, examines the hypothesis of the strength of

the instruments in the explanation of the endogenous explanatory variables.

Two variables are used as instruments of the agricultural primary commodity, our variable of
interest: the agricultural land per total land area and the Agricultural machinery, tractors per
100 square kilometer of arable land. These variables obviously are positively related to
agricultural exports since they are inputs of agricultural production function. They are also
uncorrelated with the terms of error because they affect environment only via agricultural

production.

&
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4.1.2. Health effect of agricultural pollution

In this subsection, the effect of agricultural pollution on population’s health is modelled.
Based on some important existing empirical works (white et al., 2003; Gwatkin et al., 2007;
Berthelemy & Seban, 2009; Drabo, 2010b, 2011), health status is expressed as a function of

environmental quality and other explanatory variables, and the following model is specified:
Health, =n, + yenvironment, + 6 Z,, +y, + @, )

Where Health represents health status measure and Z, is the matrix of the control variables.

n, and y, represent respectively the country and time fixed effects, and @, is the error term.

t

We expect our coefficient of interest, ¥, to be more than zero (7>0). We used variables of

control already existing in the literature: GDP per capita, immunization rate, education,

fertility rate, and income inequality.

Equation (2) is estimated with standard fixed effects ordinary least squares since we do not
expect any potential source of endogeneity of our variable of interest (environment) that may

lead to biased estimate of y. Indeed, three sources of endogeneity are generally pointed out in

the literature. It may firstly be caused by the reverse causality between the variable of interest
and the dependent variable. In our model, this seems not to be a problem since we do not
expect any mechanism through which population health may affect environment. One could
suppose that health may impact environment through its effect on income and development
level. Even though this argument seems less relevant, it cannot affect our identification
strategy since we control for development level. Another source of endogeneity is omitted
variables bias. This problem occurs when there is a third variable, which could simultaneously
affect environment and population health. In our model we control for all potential variables
of this sort to avoid this problem. Finally, endogeneity may be caused by measurement error.

We do not suspect any error in the measure of our variable of interest.
4.1.3. Simultaneous estimation of the two effects

In the previous subsections, we modelled the effect of primary agricultural commodity export
on pollution, and this environmental effect on population’s health. Our objective is to show
that environmental degradation is a channel through which the export of agricultural primary
products impact health. To clearly shed light this effect we estimate in this section Equations

(1) and (2) simultaneously.

=
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3)

environment, = qagrprimcom, + X, + €,
Health, = yenvironment, +6,Z,.. + ,

This model is estimated with Three Stages Least Square method (3SLS). It takes into account
the likely correlation between the error terms of the two equations, the endogeneity issue of
environmental variable, and the heteroscedasticity as well as the serial correlation of the error

terms.

4.2. Data and variables

The data used in this paper cover the period 1991-2009 subdivided into 4 periods of 5 years
and we retain for the basic regression 119 developed and developing countries (because of
data availability, see Appendix A4). As agricultural primary commodity indicator, we follow
the Standard International Trade Classification. In this classification, the first five categories
are considered as primary commodities. We keep those of these primary commodities related
to agricultural sector, and we express it as percentage of GDP, abandoning the oil and mineral
ones. Thus, this variable contains food and live animals, beverages and tobacco, crude
materials, inedible, except fuels, and animal and vegetable oils and fats. These data are taken
from the United Nations dataset COMTRADE. The instrumental variables, agricultural land

per total land area and the Agricultural machinery are taken from WDI.

Environmental variable is represented by three main indicators chosen because of their close
link to agricultural activities, and all taken from World Bank dataset World Development
Indicators (WDI): agricultural methane emission per capita, agricultural nitrous oxide
emissions per capita, and Biological Oxygen Demand (BOD) per capita. Methane (CH,) is a
greenhouse gas that contributes to global warming and ozone air pollution. More than fifty
percent of this gas is emitted from agricultural activities. As shown by West et al, (2006), a 20
percent reduction in human methane emissions from current levels would prevent an
estimated 370,000 premature deaths worldwide between the years 2010 and 2030, and the
large reduction will occur in Africa with 5.59 deaths avoid per 10° habitants. Like methane,
the first source of nitrous oxide (N,O) emissions is agriculture through for example heavy
utilization of synthetic nitrogen fertilizers in crop production, livestock manure, and sewage
treatment. It is also an important greenhouse gas, and a significant ozone-destroyer that is

becoming an increasingly larger fraction of the emissions of ozone-depleting substances.

=
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BOD is a measure of the oxygen used by micro organisms to decompose waste. Micro
organisms such as bacteria are responsible for decomposing organic waste. When organic
matter such as dead plants, leaves, grass clippings, manure, sewage, or even food waste is
present in a water supply, the bacteria will begin the process of breaking down this waste. If
there is a large quantity of organic waste in the water supply, there will also be a lot of
bacteria present working to decompose this waste. In this case, the demand for oxygen will be
high (due to all the bacteria) so the BOD level will be high. We also use deforestation rate,
taken from Food and Agriculture Organization (FAO) dataset FAOSTAT as robustness

checks for African sample.

Infant mortality rate, under five mortality rate, and life expectancy at birth are used to
represent health indicators. For life expectancy, we used a modified version, namely log(80-
life expectancy) as used in the economic growth literature. The mortality rates are from

UNICEF and World Bank dataset, and the life expectancy is from WDL.

As explanatory variables, we use GDP per capita PPP constant 2005 international $, primary
school enrollment (% gross), population density (people per square kilometer), urban
population (% of total), foreign direct investment (% GDP), Agriculture value added per
worker (constant 2000 US$), Immunization rate against diphtheria, pertussis and tetanus
(DPT), fertility rate (total births per woman), and Income share held by highest 10% as
income inequality indicator, all taken from World Bank dataset World Development Indicator

(WDI).

Important descriptive statistics for all these indicators (minimum, the maximum, the mean,
etc.) are presented in Table Al, Appendix A. This table is completed by Table A2 and Table
A3 which show respectively the correlation between important variables, and the variables

list, definitions, and sources.

5. Econometric results and discussions

This section presents and discusses the results obtained through our empirical investigations.
It is subdivided into three subsections. First, the results of the effect of agricultural primary
commodity export on environmental indicators are presented. Then, the effect of agricultural
environmental pollution on health status is discussed. Finally, the results of the simultaneous

estimation of the health and environmental equations are presented.

&
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5.1. Agricultural primary commodity export and pollution

The results obtained from the estimation of Equation (1) are presented in Table 1 for two
samples: the whole sample in the three first columns and African sample in the last three
columns. The dependent variable is environmental quality, measured by three different
indicators (the natural logarithmic form of agricultural methane emission per capita, the
natural logarithmic form of agricultural nitrous oxide emissions per capita, and the Biological
Oxygen Demand (BOD) per capita). This equation is estimated with Two Stages Least Square
estimator and the variable of interest, the natural logarithmic form of agricultural primary
commodity export, is taken as endogenous and then instrumented by the natural logarithmic
form of agricultural land per total land area and the natural logarithmic form of agricultural
machinery, tractors per 100 square kilometer of arable land. The quality of these instruments
is assessed through the Fisher statistic of the first stage and the Hansen over identification test
results presented at the bottom of this table. These tests indicate that our instruments generally
satisfy the criteria required. The first stage estimation results, presented in Table AS,

Appendix A complement these tests.

The results suggest that agricultural commodity export increases environmental degradation
whatever the environmental indicator and the sample considered, since its coefficients are
positive and statistically significant, except for BOD in African sample. The agricultural
primary commodity export elasticity of agricultural methane and nitrous emissions are
respectively 1.165 and 1.29 for the whole sample, and 0.231 and 0.287 for African sample,
and for the average country in the sample considered. These results are largely different from
the Ordinary Least Square (OLS) estimates presented in Table A6, Appendix A, and in which
only the coefficient of BOD for African sample is statistically significant, suggesting a

downward bias without instrumentation.

With regard to the variables of control, the lag of GDP per capita has a positive and
statistically significant coefficient showing that income growth degrades environmental
quality. But the negative and significant coefficient of its square brings more precisions.
Indeed, there is an economic development threshold below which economic expansion
increases pollution level, and improves environmental quality above it. Moreover an increase

in foreign direct investment, urban population, and population density reduces agricultural
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pollution, while education level and agricultural value addition do not have any statistically

significant effect on this environmental quality.

Table 1: 2SLS results of the environmental effect of agricultural export

Dependent variables

Whole sample Africa sample
(D 2) 3) “) &) (6)
Independent variables Methane  Nitrous BOD Methane  Nitrous BOD

Log Agri. Prim. Comm. export ~ 1.165" 1290  0.004" 02317 02877  0.0004

(4.61)  (5.000  (1.90) (2.57)  (3.60)  (0.46)
Log GDP per capita (-1) 25577 28007 0.018" 539677 34427 0.010
(2.16)  (2.50)  (2.47) (4.42)  (253)  (1.14)
Log GDP per capita square (-1) -0.133"  -0.139" -0.001"  -0.371"" -0.218"  -0.001
(2.01)  (222) (2.13) (422) (225  (1.26)
Log Schooling 0.503  -0.454  -0.004 0.194 0208  0.002
(1.00)  (0.92)  (1.48) 0.70)  (0.72)  (1.35)
Log POPDENS -0.176 -02187" 0.001  -0.723"" -0407"" -0.0004
(3.28)  (4.04) (299 6.82) (475  (1.32)
Log FDI 0.84177  -0.350  -0.003"  -0.551"" -0.506""  0.0002
(272)  (1.13)  (2.14) (2.80)  (2.85)  (0.10)
Log UPOP 02447 -031177  -0.0004 0.085 0.049  0.00001
(2.83) (335  (0.88) (1.61)  (0.99)  (0.05)
Agri. Value add. 0.012  0.016  2.9e-06 0.006  0.003  -0.00004
(0.90)  (1.13)  (0.05) 0.73)  (0.30)  (1.19)
Constant 1403 1277 -0.059” 17.07 -1227 -0.043°
(3.19)  (3.00) (2.48) (3.62)  (240)  (1.79)
Time dummies yes yes yes yes yes yes
Observations 350 350 201 69 69 32
Fisher statistic of first stage 7.43 7.43 3.70 9.88 9.88 1.67
Hansen OID p-value 0.21 0.08 0.24 0.56 0.43 0.83

Notes: The dependent variables are in natural logarithmic form. Robust absolute ¢ statistics in parentheses,
"p<0.1,"p<0.05 " p<0.01
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The coefficient of population density seems surprising since we expected the opposite sign. It
may be explained by the fact that an increase in population density is firstly an urban area

concerns rather than agricultural population, mainly based in rural places.

5.2 Agricultural pollution and health

In the previous subsection, we showed that the export of raw agricultural commodities is
harmful for environment. Here we present the results of this environmental effect on
population’s health in Table 2. The health variable is represented by three indicators: infant
mortality rate, under five mortality rate, and the modify life expectancy (log(80-life
expectancy)). The variable of interest, agricultural pollution is also measured by three
indicators: agricultural methane and nitrous emissions per capita, and the Biological Oxygen
Demand (BOD). These results are obtained from OLS fixed effects estimations of equation 2

for the whole sample.

The coefficients of our variables of interest (environmental degradation) have the correct
signs and are statistically significant, except for BOD in the modified life expectancy
equation. These results suggest that, pollutions from agricultural sector worsen population

heath, confirming our theoretical argumentation.

The majority of the variables of control present the expected sign. Indeed, GDP per capita and
immunization rate significantly improve population’s health, while fertility rate degrades it.
Education level appears not statistically significant and the coefficient of income inequality is

unstable.

Equation (2) is also estimated for African sample and the results are presented in Table A7,
Appendix A. Because of low sample size, we do not succeed to assess the effect of BOD. This
table shows that agricultural methane emissions deteriorate population health, while
agricultural nitrous oxide emissions appear not statistically significant. This is likely due to
the fact that, only excessive exposure to nitrous oxide may affect health. Given the low
amount of fertilizer used in African countries (the main source of agricultural nitrous

emissions), the hazardous level is probably not reached.

=
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Table 2: Health impact of environmental degradation

Dependent variables: Health status

halshs-00586034, version 1 - 14 Apr 2011

Log Infant mortality rate

Log Under 5 mortality rate

Log (80-life expectancy)

Indep. variables (1) ) (3) 4) (5) (6) (7) (8) )
Log Methane (-1) 0.273"" 0.263"" 0.145"
(3.51) (3.17) (2.52)
Log Nitrous (-1) 0.252"" 0.245™ 0.130™
(4.14) (3.51) (3.27)
BOD (-1) 62.51" 58.01° 4.128
(2.25) (1.92) (0.24)
Log GDP per capita (-1) -0.398"" -0.440"" -0.701""  -0.427" -0469"" -0.742""  -0485"" -0.505"" -0.460""
(4.14)  (458)  (3.6]) (4.00)  (438)  (3.39) (4.74)  (5.05)  (3.86)
Immunization DPT -0.005"  -0.006" -0.018"" -0.0067 -0.006" -0.017"" 0.000  -0.000 -0.007""
(2.18)  (237)  (3.64) (227) (247 (347 0.08)  (0.05)  (2.74)
Log Schooling (-1) 0.001 0.002  0.004" 0.001 0.002 0.004 0.001 0.001 0.002
0.43)  (0.89)  (1.83) 0.33)  (0.76)  (1.49) 0.50)  (0.79)  (1.29)
Log Fertility rate 1.023  1.099™  0.754" 1.146™°  1.219™  0.925™ 09177 0.958™" 1.158™
(6.25)  (7.18)  (2.60) 6.47)  (738)  (2.84) (7.54)  (7.50)  (6.58)
Log Income share 0.090  -0.053 -0.818" 0.067  -0.071 -0.812" 0.008  -0.067 -0.630""
0.64)  (0.40)  (2.37) 0.45)  (0.51)  (2.26) 0.06)  (0.55)  (3.33)
Constant -0.481 0.124  4.935" 0.022 0.619 5363 574177 6.0377  7.608
0.43)  (0.11) (221 0.02)  (0.51)  (2.27) 6.51)  (7.06)  (6.73)
Time dummies yes yes yes yes yes yes yes yes yes
Observations 252 252 101 252 252 101 252 252 101
Countries 108 108 66 108 108 66 108 108 66
R? 0.71 0.70 0.70 0.72 0.71 0.69 0.66 0.65 0.70

Note: Robust absolute 7 statistics in parentheses, * p<0.1, - p <0.05, o p<0.01
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5.3. Results from the simultaneous estimation

To assess the role of environmental degradation as a channel of transmission of the impact of
agricultural primary commodity export on health status, Equation (1) and (2) are estimated
simultaneously with 3SLS method and the results are presented in Table 3 for health variable
measured by under five mortality rate. Agricultural commodity export variable is considered
as endogenous and instrumented by the natural logarithmic form of agricultural land per total
land area and the natural logarithmic form of agricultural machinery, tractors per 100 square
kilometer of arable land. Columns (1), (3) and (5) confirm the results obtained in Table 1,
namely the export of agricultural primary products degrade the physical environment.
Columns (2), (4) and (6) show that, these pollutions from agricultural sector are harmful for

under five mortality rate.

The results obtained when health is measured by infant mortality rate and modified life
expectancy are presented respectively in Table A8 and Table A9, Appendix A. They remain

similar to those presented in Table 3 for under five mortality rate.

6. Robustness checks

In previous sections, we demonstrated that raw commodity export degrades physical
environment. The present section investigates whether this result is robust to (1) different
primary commodity subgroup, (2) other environmental indicator, and (3) the inclusion of

openness variable.

6.1. Disaggregation of primary agricultural product into subgroups

To see which subgroup of primary agricultural commodity export is detrimental for pollution,
we estimate Equation (1) by replacing the export of raw agricultural products by its four
subgroups: food and live animals, beverages and tobacco, crude materials, inedible, except
fuels, and animal and vegetable oils and fats. Each commodity subgroup is considered as
endogenous and instrumented by the natural logarithmic form of agricultural land per total

land area and the natural logarithmic form of agricultural machinery.
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Table 3: Three stages least square estimation of environmental and health (und. 5 Mort. Rate) equations

Dependent variable : Health status and environment

1 2 3) “) (%) (6)
Log Methane Log Under  Log Nitrous Log Under BOD Log Under
Indep. variables 5 Mort. rate 5 Mort. rate 5 Mort. rate
Log Agri. Prim. Comm. 0.5 1% 0.45%* 0.048*
(3.69) (3.949) (1.837)
Log Methane 0.18%**
(3.052)
Log Nitrous 0.19%**
(3.70)
BOD 3.75% %%
(2.69)
Log GDP per cap. (-1) 1.62%* -0.49%#** 0.718 -0.55%%* 0.295  -0.45%%=*
(2.04) (-12.25) (1.083) (-12.78) (1.43) (-7.67)
Log GDP cap. sq. (-1) -0.078* -0.018 -0.018
(-1.73) (-0.479) (-1.61)
Log Schooling 1.10%%* 0.0031 0.021 0.004*%* 0.004 0.0005
(3.347) (1.378) (0.076) (2.15) (0.108)  (0.171)
Log POPDENS -0.27% %% -0.27%%* -0.007
(-3.99) (-6.33) (-0.92)
Log UPOP -0.42%* 0.064 -0.05
(-2.009) (0.367) (-1.21)
Log FDI 0.0037 -0.053 -0.001
(0.062) (-1.06) (-0.16)
Agri. Value add. 0.02°%* 0.02°%** 0.0003
(2.995) (3.422) (0.256)
Immunization DPT -0.01#** -0.009%** -0.009%
(-3.591) (-3.957) (-1.788)
Log Fertility rate 0.927%** 0.88%** 0.547%**
(8.947) (8.62) (3.74)
Log Income share -0.12 -0.071 0.215
(-0.663) (-0.42) (0.83)
Time dummies yes yes yes yes yes yes
constant yes yes yes yes yes yes
Observations 204 204 204 204 114 114
R? 0.21 0.83 0.41 0.85 0.21 0.83

Notes: Robust 7 statistics in parentheses, p<0.1,  p<0.05," p<0.01

The results of the first stage estimation are presented in Table A10, Appendix A.
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Dependent variable: log Methane per capita

Indep. variables (1) 2) 3) 4)
Log Foods and Animals 0.872°"
(6.16)
Log beverages 0.726"
(3.87)
Log Crude Materials 1.947"
(2.57)
Log Animals and veg. Oil 1.595"
(1.95)
Log GDP per cap. (-1) 1.457° 3.083" 59877  4.148
(1.83) (2.07) (2.06) (1.51)
Log GDP cap. sq. (-1) -0.073 0.172" 03207 -0.237
(1.61) (2.08) (1.98) (1.48)
Log Schooling 0.930" -0.881 -0.281 -0.949
(2.26) (1.15) (0.31) (0.60)
Log POPDENS 03307 -0.503" 0244  -0.263°
(6.82) (6.13) (0.99) (1.81)
Log UPOP -0.488" 0786 -1.77177  -1.259
(1.90) (2.22) (2.58) (1.65)
Log FDI 0.112" -0.147 0406~  -0.143
(2.10) (1.60) (1.82) (0.58)
Agri. Value add. 0.026~ 0.038" -0.011 0.009
(2.24) (1.95) (0.48) (0.32)
Constant -11.354™ 5883 -21.1437 4591
(3.56) (1.05) (2.42) (0.62)
Time dummies yes yes yes yes
Observations 356 354 356 350
Fisher statistic of first stage 13.06 7.68 244 1.54
Hansen OID p-value 0.26 0.41 0.55 0.34

Notes: Robust absolute ¢ statistics in parentheses, i p<0.1, - p <0.05, o p<0.01

.
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They show that the instruments significantly predict each subgroup of primary commodity.
Table 4 presents the results when agricultural methane is used as environmental variable. The
export of each subgroup of primary commodity increases the emissions of this pollutant. The

Environmental Kuznets Curve is also verified.

Tables A1l and A12, Appendix A respectively present the results when agricultural nitrous
oxide and BOD are used to measure environmental degradation. The results obtained are

similar to the case of agricultural methane.

6.2. Deforestation as environmental indicator

The second robustness check concerns the use of deforestation rate as environmental indicator
for African sample. In many African countries, a large part of the forest disappeared in less
than half a century mainly because of agriculture. To examine the responsibility of
agricultural primary commodity export in the lost of these forest areas, we estimate Equation
(1) with 2SLS estimator and deforestation rate as environmental indicator. The results
obtained are presented in Table 5. The coefficient of commodity export is positive and
statistically significant, showing that the export of primary agricultural product is in part

responsible for deforestation in Africa.

6.3. Inclusion of openness variable

We assess the effect of agricultural primary commodity trade on environment without taking
into account trade openness. One could argue that, the results obtained are led by openness
rather than a subgroup of export. To correct for that, we include trade openness (export plus
import as ratio of GDP) in Equation (1) and we estimate it with 2SLS. The results are

presented in Table 6 and they are similar to those already obtained.

sl
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Table 5: Agricultural export and deforestation in Africa

Dependent variable:

Deforestation rate

Log Agri. Prim. Comm. export 0.084""
(2.44)
Log GDP per capita (-1) 0.214
(0.89)
Log GDP per capita square (-1) -0.012
(0.81)
Log Schooling -0.040
(1.35)
Log POPDENS 0.002
(0.20)
Log FDI 0.038
(1.39)
Log UPOP -0.012
(1.19)
Agri. Value add. 0.004"
(2.36)
Constant -1.019
(0.98)
Time dummies yes
observations 110
Fisher statistic of first stage 2.95
Hansen OID p-value 0.15

Notes: Robust absolute ¢ statistics in parentheses, i p<0.1, - p <0.05, o p <0.01

*
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Table 6: 2SLS results of the environmental effect of agricultural export (including openness)

Dependent variables

halshs-00586034, version 1 - 14 Apr 2011

(2) 3) 4)
Indep. variables Log Methane Log Nitrous BOD
Log Agri. Prim. Comm. export 1.0917 1.253 0.003
(4.85) (5.25) (1.27)
Log openness -1.031°7 -0.978"" 0.001
(6.24) (6.14) (0.49)
Log GDP per capita (-1) 3.0337 33017 0.014
(2.75) (3.11) (1.63)
Log GDP per capita square (-1) -0.159™ -0.1677" -0.001
(2.54) (2.77) (1.30)
Log Schooling 0.478 -0.496 -0.003
(1.02) (1.04) (1.05)
Log POPDENS -0.129™ -0.168"" 0.001""
(2.46) (3.09) (2.26)
Log FDI -1.002™ 0.512° -0.003"
(3.35) (1.66) (1.67)
Log UPOP -0.105 -0.190" -0.000
(1.56) (2.54) (0.73)
Agri. Value add. 0.005 0.008 0.000
(0.38) (0.59) (0.03)
Constant 11,166 -10.163™ -0.050"
(3.02) (2.77) (2.20)
Time dummies yes yes yes
observations 349 349 201
fisher 7.88 7.88 3.31
Hansen OID p-value 0.56 0.23 0.23

Notes: Robust absolute 7 statistics in parentheses, ¥ p<0.1, - p <0.05, o p<0.01
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7. Concluding remarks

In economic literature of the last two decades, the impact of trade openness on environmental
degradation has been largely assessed, and scholars generally found a slightly negative
association between the two variables. But, empirical assessments of the role played by each

component of trade openness are scarce.

This paper bridges that gap by investigating the responsibility of agricultural primary
commodity export in environmental degradation, and the association between this pollution
variable and population’s health. We introduce respectively primary commodity export and
pollution variables in existing econometric environmental and health models. To complete our
study, we evaluate the impacts of each subcomponent of agricultural primary commodity

export on environmental indicators.

Our results obtained with instrumental variable estimators for the whole and African sample
confirm our theoretical hypothesis, namely, the export of agricultural primary products
increases agricultural methane and nitrous oxide emissions as well as water pollution
(biological oxygen demand). This environmental degradation from trade worsens population’s
health outcomes (infant and child mortality rates and life expectancy at birth). These results
appear to be robust to different subcomponents of primary agricultural export, to the inclusion

of openness variable, and to other environmental variables considered.

The results obtained from this paper point out important policy recommendations for
developing countries in general and African ones in particular. Indeed, population’s health is
doubtless an important concern for policy makers as well as the international community.
This importance is justified by the great number of international conferences focusing on
specific or general health preoccupation (the international conference on primary health care
held in Alma-Ata, Kazakhstan, is an example), and the dominant place given to health in
international development strategies (Millennium Development Goals (MDGs)). Among all
the MDGs, the health ones are the farthest from the targets (UNECA, 2010). Our results give
additional tools to policy makers, since they may improve health outcomes through the

modification of the composition of exports.

Another important issue is climate change. The paper clearly points out the disastrous effect
primary agricultural products export on two important greenhouse gas emissions (methane,

nitrous oxide). Given the large destructive effect of natural disasters and the low resilience of
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poor countries, it is better to avoid such events, and one way to do so is to minimize the share

of primary agricultural commodity in export.

These implications raise an important question: how to reduce the export of primary
agricultural commodity without affecting the dynamism of the economy. The first possibility
is to transform raw products before exporting them. In addition to the creation of value
addition and the reduction in unemployment, this will improve environmental quality and
population’s health. In Africa the share of processed goods in the export remains very low
because of the low level of industrialization. One way to solve for this is to abandon the short
term views, and target long term policies in the education and financing systems. Education
should target long term development needs through appropriate technology acquisition,
research and development, and improvement and implementation of traditional existing
knowledge. This will enable the production of manufactures and reduce the dependence to
primary commodity export. Another important issue concerns the difficulties faced by
Africans to finance their initiatives. Banking systems should be reformed in order to ease the
access to credit, and the development of the private sector. Tariff escalation issue also needs

to be addressed to encourage the export of processed commodities.

The second possibility is to produce more local consumption products instead of forcing the
production of some agricultural products for export. This will reduce the dependence to the
rest of the world and improve food security situation. Government could make that possible
through programs targeting directly this sector for example. The problems from such policy
are the ability to find alternative source of foreign currency, since for many poor countries

agricultural sector is the main source.

Despite the importance of the findings of this paper, it does not tell us precisely how primary
commodity export increases environmental degradation. Does the pressure of this kind of
export increase of agricultural size through the use of additional land? Is the production of
export agricultural commodities more environmental harmful than that of local consumption
goods? Or/and, is the export of raw products more pollution intensive than processed ones?

Next papers on this topic should investigate these questions, and highlight our results.

g
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Appendix A
Table Al: Descriptive Statistics

Mean Min Max Coeff. Var. | Stand. Dev. | Skew Kurt Obs.
Methane 0.070 0.003 0.66 1.3782 0.0970 3.63 17.25 350
Nitrous 0.090 0.002 1.00 1.4460 0.1313 4.23 22.97 350
BOD 0.007 0.000 0.01 0.6294 0.0048 -0.00 1.74 165
Deforest -0.001 -0.417 0.18 -40.4196 0.0677 -2.12 13.98 206
Agri. Prim.
Comm. 2.892 0.020 39.34 1.3718 3.9686 5.50 43.97 350
Foods and
Animals 1.603 0.007 17.32 1.3236 2.1216 3.36 19.15 350
beverages 0.322 0.000 19.83 5.0397 1.6261 10.16 110.17 350
Crude
Materials 0.885 0.010 14.86 1.5005 1.3282 5.23 44.78 350
Animals and
veg. Oil 0.076 0.000 0.83 1.6922 0.1291 2.77 11.31 350
IMR 33.152 2.240 130.68 0.8983 29.7810 1.06 3.20 350
USMR 47.275 3.020 199.20 1.0098 47.7373 1.25 3.56 350
Log(80-life
expect) 2.096 -2.042 3.65 0.4335 0.9090 -0.92 4.25 345
Agri. Land per
Area 43.790 2.087 86.88 0.4703 20.5945 -0.14 2.30 350
Agri.
Mechanization | 486.412 0.319 | 14967.43 2.6592 1293.4760 8.12 84.02 350
GDP per capita | 11103.46 | 209.339 | 48209.45 0.9615 10676.5300| 1.06 3.12 350
Schooling 99.913 27.952 150.92 0.1505 15.0399 -1.20 6.60 350
POPDENS 101.450 1.502 1157.46 1.4196 144.0211 4.29 2741 350
UPOP 58.243 8.300 98.16 0.3508 20.4301 -0.31 2.37 350
FDI 2.672 0.000 33.54 1.1696 3.1251 4.60 37.75 350
Agri. Value
add. 13.900 0.333 62.73 0.8398 11.6731 1.16 3.94 350
DPT 83.578 29.400 99.00 0.1742 14.5574 -1.31 4.32 346
Fertility rate 2.964 1.152 6.93 0.5194 1.5395 0.81 247 350
Income Share 32.069 18.250 47.94 0.2280 7.3130 0.38 2.10 213
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Agri. Prim. | Foods and Crude Animals and Log(80-life
Methane | Nitrous | BOD Deforest | Comm. Animals beverages | Materials | veg. Oil IMR USMR expect)

Nitrous

0,88%* 1,00
BOD

0,11*%] 0,19* 1,00
Deforest

-0,04| -0,12*%] -0,31%* 1,00
Agri. Prim. Comm.

0,20*%| 0,25*%| 0,12* -0,12%* 1,00
Foods and Animals

0,26*%| 0,28*| 0,22* -0,39* 0,78%* 1,00
beverages

-0,03 -0,02 -0,05 0,09 0,79%* 0,31%* 1,00
Crude Materials

0,21*| 0,30*| 0,16* 0,17* 0,76* 0,31* 0,63* 1,00
Animals and veg. Oil

0,02 0,03| -0,20* -0,23* 0,26* 0,35%* 0,04 0,08 1,00

IMR

-0,03| -0,12*| -0,69* 0,42%* 0,01 -0,10%* 0,08 0,11%* -0,03 1,00
U5MR

-0,03| -0,12*| -0,65* 0,44* 0,05 -0,05 0,09 0,12%* 0,00 0,97* 1,00
Log(80-life expect)

-0,05| -0,16%| -047* 0,39* -0,01 -0,16* 0,09 0,09 -0,03| 0,79* 0,76* 1,00
Agri. Land per Area

0,19*%| 0,25% -0,04 -0,01 0,04 0,12% 0,00 -0,05 0,01 0,05 0,02 0,09%*
Agri. Mechanization

-0,04 0,01 0,38* -0,60%* 0,25%* 0,48%* -0,01 -0,05 0,22*%| -0,30* -0,28* -0,41*

*significant at 10% level
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Table A3: Variables list, Definitions, and Sources

Variables Definitions Sources
World bank online data:
Agricultural methane emission (kt of or € aiic ontine a.l y .
Methane CO2 equivalent) per capita World Development indicator
(WDI)
Agricultural nitrous oxide emission World bank online data:
Nitrous (thousand metric tons of CO2 World Development indicator
equivalent) per capita (WDD
World bank online data:
Biological Oxygen Demand (kg per OF € Dk Onine a.l a .
BOD day per capita) World Development indicator
(WDI)
Deforestation rate Food and Agriculture
Deforest Organization FAOSTAT
Agri. Prim. Agricultural .prlmary commodity United Nations: UN
Comm export as ratio of GDP COMTRADE
Food and live animals export as ratio | United Nations: UN
Foods and
Animals of GDP COMTRADE
Beverages and tobacco export as ratio | United Nations: UN
beverages of GDP COMTRADE

Crude Materials

Crude materials, inedible, except fuels
export as ratio of GDP

United Nations: UN
COMTRADE

Animals and
veg. Oil

Animal and vegetable oils and fats
export as ratio of GDP

United Nations: UN
COMTRADE

Inf. Mort. rate

Infant mortality rate per capita

UNICEF, World Bank
dataset

Under 5 Mort.
rate

Under five mortality rate per capita

UNICEF, World Bank
dataset

Life expect.

Life expectancy at birth, total (years)

World bank online data:

World Development indicator
(WDI)

Agri. Land per
Area

Agricultural land (% of land area)

World bank online data:
World Development indicator
(WDI)

Agri.
Mechanization

Agricultural machinery, tractors per
100 sq. km of arable land

World bank online data:

World Development indicator
(WDI)

o
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GDP per capita

GDP per capita, PPP (constant 2005
international $)

World bank online data:
World Development indicator
(WDI)

Schooling

School enrollment, primary (% gross)

World bank online data:
World Development indicator
(WDI)

POPDENS

Population density (people per sq. km)

World bank online data:
World Development indicator
(WDI)

UPOP

Urban population (% of total)

World bank online data:
World Development indicator
(WDI)

FDI

Foreign Direct investment (% GDP)

World bank online data:
World Development indicator
(WDI)

Agri. Value add.

Agriculture value added per worker
(constant 2000 US$)

World bank online data:
World Development indicator
(WDI)

Immunization rate against Diphtheria,

World bank online data:

Immunization pertussis and Tet (DPT) World Development indicator
DPT ertussis and Tetanus (WDI)

World bank online data:
Fertility rate Fertility rate, total (births per woman) | World Development indicator

(WDI)

Income Share

Income share held by highest 10%

World bank online data:
World Development indicator
(WDI)
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Table A4: List of countries (119 countries)

Albania
Algeria
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahrain
Bangladesh
Belarus
Belgium

Benin

Bolivia
Botswana
Brazil

Brunei Darussalam
Bulgaria
Cambodia
Cameroon
Canada

Chile

China
Colombia
Congo, Rep.
Costa Rica
Cote d'lvoire
Croatia

Cyprus

Czech Republic
Denmark
Dominican Republic
Ecuador
Egypt, Arab Rep.
El Salvador
Eritrea

Estonia
Ethiopia

Fiji

Finland

France

Gabon
Georgia
Germany
Ghana
Greece
Guatemala
Honduras
Hungary
Iceland
India
Indonesia

Iran, Islamic Rep.

Ireland

Italy

Jamaica
Jordan
Kazakhstan
Kenya
Korea, Rep.
Kuwait
Kyrgyz Republic
Latvia
Lesotho
Lithuania
Luxembourg
Madagascar
Malawi
Malta
Mauritius
Mexico
Moldova
Mongolia
Morocco
Mozambique
Namibia
Nepal
Netherlands
New Zealand
Nicaragua
Nigeria

Norway

Oman

Pakistan
Panama
Paraguay

Peru
Philippines
Poland
Portugal
Romania
Russian Federation
Rwanda

Saudi Arabia
Senegal

Slovak Republic
Slovenia

South Africa
Spain

Sri Lanka
Sudan

Sweden
Switzerland
Syrian Arab Republic
Tajikistan
Tanzania
Thailand

Togo

Tunisia

Turkey

Uganda
Ukraine

United Kingdom
United States
Uruguay
Venezuela, RB
Vietnam
Yemen, Rep.
Zambia
Zimbabwe
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Table AS: First stage results of the environmental effect of agricultural
export

Dependent variable:

Log Agri. Prim. Comm. export

Log GDP per capita (-1) 2.644"
(3.11)
Log GDP per capita square (-1) 0.139"™
(2.89)
Log Schooling 0.401
(1.09)
Log POPDENS -0.198™"
(4.15)
Log UPOP 0.381
(1.59)
Log FDI 0277
(5.04)
Agri. Value add. -0.004
(0.33)
Log Agri. Land per Area 0.328""
(3.45)
Log Agri. Mechanization 0.103"
(2.11)
Constant 8.381"
(2.32)
Time dummies yes
Observations 350
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Dependent variables

Whole sample Africa sample
(1) (2) 3) “4) 5) (6)
Independent variables Methane  Nitrous BOD Methane Nitrous  BOD
Log Agri. Prim. Comm. export ~ -0.007 0.020  0.008 0.019  0.004 0.056
(0.12) (0.57)  (1.08) 0.32)  (0.06) (17.56)
Log GDP per capita (-1) 1.616°  0.8307 -0.091 5188  -6.222° 1.2017
(2.25) (2.01)  (0.75) (1.43)  (1.81) (15.99)
Log GDP per capita square (-1)  -0.102"  -0.038  0.004 0345 0436 -0.079"
(2.44) (1.57)  (0.64) (1.47) (181 (17.15)
Log Schooling 0.290 0.102  -0.012 0.582""  -0.283 -0.020""
(1.37) (0.84)  (0.57) (3.01)  (0.77)  (3.08)
Log POPDENS 0.097 0217  0.054 -1.166  0.821  0.088
(0.35) (1.35)  (1.48) (1.02)  (0.48)  (1.05)
Log FDI -0.071""  0.005 -0.002 -0.095  0.074 -0.010""
(3.90) (0.51)  (1.19) (1.13)  (1.50)  (14.76)
Log UPOP -0.065 0.099  0.046 1.164 0538 -0.547"
(0.21) (0.54)  (0.86) (0.86)  (0.70)  (8.69)
Agri. Value add. 0.014°  0.008" -0.001 -0.003  0.010 0.003""
(1.88) (1.98)  (1.63) (0.31)  (0.88)  (4.44)
Constant -11.0237° -9.1177"  0.308 -25.178  15.033 -2.703""
(3.57) (5.12)  (0.65) (1.48)  (1.33)  (8.25)
Time dummies yes yes yes yes yes yes
Observations 321 321 185 59 59 27
countries 113 113 81 24 24 15
R? 0.27 0.16 0.12 0.38 0.35 0.98

Notes: The dependent variables are in natural logarithmic form. Robust absolute ¢ statistics in parentheses,

"p<0.1,"p<0.05 " p<0.01
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Table A7: Health impact of environmental degradation in Africa sample

Dependent variables: Health status

Log inf. Log Under 5 Log (80-life
Mort. rate Mort. rate expect.)
Indep. variables (D) ) 3) 4) 5 (6)
Log Methane 0.087" 0.098™" 0.092°"
(4.45) (4.27) (4.83)
Log Nitrous 0.007 0.026 0.027
(0.07) (0.24) (0.25)
Log GDP per capita 0.519"  -0.483" 0.5677  -0.531" 07467 -0.7217
-1
(2.52) (2.53) (2.27) (2.28) (4.38) (4.54)
- Immunization DPT -0.003 -0.003 -0.004 -0.003 -0.003 -0.003
i
S (1.52) (1.53) (1.51) (1.52) (1.13) (1.25)
EEL Log Schooling (-1) 0.001 0.000 0.000 -0.000 -0.000 -0.001
S (0.42) (0.18) (0.18) (0.04) (0.01) (0.21)
“ Log Fertility rate 0.7747 0816 0.866 0910 0.340" 0.381"
c
2 (5.65) (7.13) (5.61) (6.85) (1.75) (2.29)
= Log Income share 0.147 0.139 0.179" 0.170" 0.167 0.157
§ (1.69) (1.65) (1.93) (1.91) (1.56) (1.63)
. Constant -0.016 -0.571 0.599 0.073 8.072""  7.653"
Lo
8 (0.01) (0.37) (0.30) (0.04) (5.02) (5.84)
% Time dummies yes yes yes yes yes yes
8 Observations 49 48 49 48 49 48
Countries 22 22 22 22 22 22
R? 0.83 0.84 0.82 0.84 0.65 0.68

Note: Because of low sample size problem, we did not run the regression of BOD. Robust absolute ¢ statistics in
parentheses, p<0.1," p<0.05," p<0.01
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Table A8: Three stages least square estimation of environmental and health (inf. Mort. Rate) equations

Dependent variable : Health status and environment

ey 2 3) 4 &) (6)
Log Methane Log inf. Log Nitrous Log inf. BOD  Loginf.
Indep. variables Mort. rate Mort. rate Mort. rate
Log Agri. Prim. Comm. 0.5 0.46%** 0.049*
(3.759) (4.009) (1.88)
Log Methane 0.219%%*
(3.044)
Log Nitrous 0.227%
(3.636)
BOD 3.16%*
(2.26)
Log GDP per capita (-1) 1.65%%* -0.45%%* 0.680 -0.52%** 0.302  -0.46%**
(2.083) (-9.653) (1.022) (-10.36) (1.464) (-7.70)
Log GDP cap. sq. (-1) -0.080* -0.015 -0.0185
(-1.770) (-0.414) (-1.642)
Log Schooling 1.07%*% 0.005%* 0.009 0.003 % 0.0008  -0.005
(3.257) (2.032) (0.035) (2.81) (0.0187)  (-1.15)
Log POPDENS -0.207%* -0.27%%* -0.007
(-3.870) (-6.237) (-0.864)
Log UPOP -0.45%%* 0.0464 -0.0529
(-2.141) (0.264) (-1.227)
Log FDI -0.0004 -0.0548 -0.0005
(-0.007) (-1.093) (-0.069)
Agri. Value add. 0.027%#%* 0.027%#%* 0.0003
(2.833) (3.312) (0.261)
Immunization DPT -0.01%%*%* -0.01%%* -0.005
(-3.642) (-4.045) (-1.15)
Log Fertility rate 0.808#** 0.747%% 0.45%**
(6.604) (6.194) (3.132)
Log Income share -0.407%* -0.334% 0.345
(-1.902) (-1.677) (1.342)
Time dummies yes yes yes yes yes yes
constant yes yes yes yes yes yes
Observations 204 204 204 204 114 114
R2 0.20 0.73 0.41 0.75 0.21 0.82

Notes: Robust 7 statistics in parentheses, ¥ p<0.1, - p <0.05, o p<0.01
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Table A9: Three stages least square estimation of environmental and health (Life expectancy) equations

Dependent variable : Health status and environment

Indep. variables

ey

Log Methane Log(80-LE)

(@)

3)

“

Log Nitrous Log(80-LE)

&)

(6)

BOD Log(80-LE)

Log Agri. Prim. Comm. 0.53%** 0.46%** 0.046*
(3.835) (4.05) 1.77)
Log Methane 0.070
(1.02)
Log Nitrous 0.107*
(1.731)
BOD per capita 5.84%*%
(3.104)
Log GDP per cap. (-1) 1.282 -0.49%%* 0.552 -0.52%#%%* 0.312 -0.45%**
(1.584) (-10.89) (0.825) (-10.5) (1.543) (-5.54)
Log GDP cap. sq. (-1) -0.057 -0.008 -0.019*
(-1.242) (-0.214) (-1.75)
Log Schooling 1.12%** (-2.99) 0.0081 (-3.07) -0.005 (-1.723)
(3.385) 0.002 (0.029) 0.002 (-0.113)  -0.00013
Log POPDENS -0.20%** -0.3%** -0.006
(-3.86) (-6.34) (-0.801)
Log UPOP -0.5%%* 0.034 -0.065
(-2.35) (0.192) (-1.567)
Log FDI 0.011 -0.052 -0.0008
(0.18) (-1.043) (-0.113)
Agri. Value add. 0.023 % 0.027%** -0.0005
(2.76) (3.23) (-0.447)
Immunization DPT -0.008*** -0.01%** -0.012*
(-2.99) (-3.078) (-1.723)
Log Fertility rate 0.178 0.161 -0.260
(1.508) (1.358) (-1.329)
Log Income share -0.194 -0.206 -0.223
(-0.948) (-1.054) (-0.638)
Time dummies yes yes yes yes yes yes
constant yes yes yes yes yes yes
Observations 204 204 204 204 114 114
R? 0.199 0.637 0.406 0.636 0.212 0.436

Notes:

Robust 7 statistics in parentheses, p <0.1,  p<0.05," p<0.01
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Table A10: First stage results of the environmental effect of agricultural export disaggregated

Dependent variables: Primary agri. Comm. disaggregated

(1) 2) 3) “)
Log Foods and Animals Log beverages Log Crude Materials Log Animals
Indep. variables and veg. Oil
Log GDP per cap. (-1) -0.332 481" 245 -0.091
(0.37) (3.25) (2.64) (0.07)
Log GDP cap. sq. (-1) 0.019 026" 0.116" -0.017
(0.39) (3.29) (2.36) (0.23)
Log Schooling 0.555 1.54" -0.765 0.258
(1.56) (1.76) (1.52) (0.39)
Log POPDENS -0.135™ -0.001 -0.66 026"
(2.27) (0.01) (9.69) (2.40)
Log UPOP -0.521" -0.248 0.277 0.458
(2.34) (0.72) (1.03) (1.09)
Log FDI 0.177"" 036" 0.085 026"
(2.84) (4.06) (1.07) (2.17)
Agri. Value add. -0.012 -0.07"" -0.013 -0.025
(1.08) (3.49) (0.79) (1.28)
Log Agri. Land area 0.229° 0.50"" 0.289" 0.221
(1.93) (3.08) (2.37) (1.15)
Log Agri. Mechan. 0.098" 023" 0.26™" 0.27"
(2.01) (2.68) (3.55) (2.99)
Constant 0.389 10.97 14.83" -4.706
(0.10) (1.51) (3.25) (0.86)
Time dummies yes yes yes yes
Observations 395 389 395 381

Notes: Robust absolute ¢ statistics in parentheses, i p<0.1, - p <0.05, i p<0.01
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Table A11: 2SLS results of the Nitrous oxide effect of agricultural export disaggregated

Dependent variable: log Nitrous per capita

Indep. variables (D) 2) 3) 4)
Log Foods and Animals 0.985"
(6.91)
Log beverages 0.828"
(4.29)
Log Crude Materials 2,164
(2.58)
Log Animals and veg. Oil 1.901°
(2.00)
g Log GDP per cap. (-1) 1.499" 3.477" 6.560" 5.021
o (2.06) (2.38) (2.13) (1.59)
:? Log GDP cap. sq. (-1) -0.067 -0.191" -0.346" -0.283
< (1.61) (2.35) (2.01) (1.52)
‘g Log Schooling 0.031 21077 -1.318 2323
2 (0.08) (2.85) (1.37) (1.23)
:r. Log POPDENS 03877 -0.570" 0.269 -0.298"
% (8.21) (6.82) (0.98) (1.75)
g Log UPOP 0.096 -0.219 -1.315° -0.839
pt (0.39) (0.62) (1.76) (0.98)
% Log FDI -0.184™ -0.224" -0.504" -0.237
= (3.52) (2.32) (1.98) (0.83)
Agri. Value add. 0.032°" 0.043" -0.011 0.010
(2.93) (2.09) (0.44) (0.31)
_cons -9.759"" -3.626 -20.7227  -2.352
(3.25) (0.63) (2.22) (0.28)
Time dummies yes yes yes yes
Observations 356 354 356 350
Fisher statistic of first stage 13.06 7.68 2.44 1.55
Hansen OID p-value 0.10 0.22 0.43 0.41

Notes: Robust absolute ¢ statistics in parentheses, i p<0.1, - p <0.05, o p<0.01

&
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Table A12: 2SLS results of the BOD effect of agricultural export disaggregated
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Dependent variable: BOD per capita

Indep. variables (D) 2) 3) 4)
Log Foods and Animals 0.002
(1.01)
Log beverages 0.002"
(2.25)
Log Crude Materials 0.003™
(2.65)
Log Animals and veg. Oil 0.004
(1.03)
Log GDP per cap. (-1) 0.010 0.012”  0.0117 0.015
(1.60) (2.01) (2.51) (1.08)
Log GDP cap. sq. (-1) -0.0004 -0.001 -0.0004° -0.001
(1.23) (1.62) (1.92) (0.87)
Log Schooling -0.002 -0.005" -0.002 -0.003
1.17) (1.83) (1.04) (0.54)
Log POPDENS 0.001”  0.00008  0.001°"" 0.001
(2.11) (0.33) (3.74) (1.01)
Log UPOP -0.001  -0.003"  -0.004"  -0.008
(1.04) (2.00) (2.39) (1.10)
Log FDI -0.0001 -0.0001 -0.0002  0.00004
(0.20) (0.46) (0.51) (0.06)
Agri. Value add. -0.00003  0.00004  -0.00004  0.0001
(0.77) (0.67) (0.90) (0.73)
Constant -0.033 0.022  -0.0347  -0.022
(1.58) (1.43) (2.55) (0.74)
Time dummies yes yes yes yes
Observations 204 204 204 201
Fisher statistic of first stage 3.27 5.41 4.37 0.56
Hansen OID p-value 0.03 0.24 0.60 0.97

Notes: Robust absolute ¢ statistics in parentheses, ¥ p<0.1, - p <0.05, o p<0.01

&



