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Biodiversity and Socioeconomic
Impacts of Selected
Agro-Commodity Production
Systems
Jan Joost Kessler
AIDEnvironment, Amsterdam
Trudy Rood
Tonnie Tekelenburg
Michel Bakkenes
Netherlands Environmental Assessment Agency, Bilthoven

This study assesses the socioeconomic and biodiversity impacts associated with the pro-
duction of selected agro-commodities in their production countries and areas. Selected
agro-commodities are soy (in Argentina and Brazil), palm oil (in Indonesia and
Malaysia), beef (in Argentina and Brazil), and coffee (in Honduras and Vietnam). In each
of the countries specific production areas and regions were selected, where production of
the agro-commodity has shown strong expansion during the last 5 to 8 years. Using data
and information on biodiversity and socioeconomic indicators available at the subnational
level, a loss of biodiversity as well as a decline of critical socioeconomic indicators was
observed in 54% of the studied production areas. Because in the mid-1990s several pro-
duction areas had lower values for important socioeconomic indicators compared to the
national average, a widening of the gap between the socioeconomic situation in produc-
tion areas as compared to the national average was found in 26% of the cases studied.
This corresponds to 59% of areas with a poor initial development situation. We found that
factors explaining these patterns are characteristics of the commodities, macroeconomic
and governance issues of the countries, as well as the history of the production area and
whether production increase occurs through frontier expansion or intensification. Overall
these results contradict the neoliberal assumption that export-oriented development will
generally stimulate economic growth and reduce poverty in the production areas.

Keywords: sustainability impacts; integrated assessment; biodiversity; poverty
reduction; agro-commodities; trade; soy; palm oil

Introduction

Trade and Sustainable Development

Sustainability was originally an ecological concept. In 1972 the report Limits to
Growth focused on the use of the environment and nature by future generations
(Meadows et al., 1972). The World Commission on Environment and Development
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related issues of environment, world trade, poverty and economic development, and
North–South relations. It established the link between sustainability and develop-
ment in the report Our Common Future (Brundtland Commission, 1987). An oft-
quoted definition of sustainable development is: “development that meets the needs
of the present without compromising the ability of future generations to meet their
own needs.” The World Bank was partly responsible for a broader definition of sus-
tainability in which decline of natural capital was deemed acceptable if compensated
by growth of economic or sociocultural capital (e.g. Atkinson & Pearce, 1993;
Pearce, 1993).

Human development throughout history has depended on sustainable access to
natural resources (Hopfenberg & Pimentel, 2001; de Vries & Goudsblom, 2002). On
the basis of the traditional (Ricardian) comparative advantages, global trade has
allowed societies to take advantage of differences in local supply, spatial concentra-
tion and specialization, and to overcome regional limits to sustainable consumption
levels. Stimulating global trade is part of the neoliberal agenda, represented by a
gamut of policies promoting economic growth in many parts of the less-developed
world. It is argued that various free market-oriented economic policy prescriptions
will help develop a nation’s economy. However, there does not seem to be a signifi-
cant relationship between export growth and poverty reduction (UNCTAD, 2002,
2004). In many of the least developed countries (LDCs) with increasing export ori-
entation, poverty rates actually increased in the 1990s.

There is increasing understanding of the trade-offs of global trade. In most cases
extractive industries and economic activities in the primary sector are associated
with increasing South–North material flows. Considering the limited power of
Southern countries on world markets and the falling prices of primary commodities,
export revenues in producer countries can be maintained only through an increase
in the volume of export (Giljum & Eisenmenger, 2004). The extractive industries
and economic activities in the primary sector associated with increasing
South–North material flows lead, in most cases, to higher environmental pressures
(UNEP, 1999, 2005). The main problem is that of unequal conditions of exchange
in which the production partners have little choice but to exploit and possibly
exhaust their natural resources, whereas the consumption partners may maintain
high environmental quality within their own borders (Giljum & Eisenmenger,
2004). This can be demonstrated by the fact that reduced environmental pressures
in some countries, according to the green Kuznets curve (Yandle, Bhattarai &
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Vijayaraghaven, 2004), took place in the global context of ever-increasing environ-
mental pressures (Faaij, Minnesma & Wiesczorek, 2003) and reduced biodiversity
(MNP, 2006).

Towards a Comprehensive Impact Assessment of Commodities

In order to assess the environmental impacts of global trade and high levels of
consumption in wealthy countries, one approach has been the “ecological footprint”
model (Wackernagel & Rees, 1996; Wackernagel et al., 2002). This model converts
environmental impacts into spatial units. However, this model has been severely
criticized as being too simplistic (e.g. van den Bergh & Verbruggen, 1999; Opschoor,
2000; van Vuuren & Bouwman, 2005). It is argued that using the ecological footprint
concept to assess environmental impacts has methodological flaws, such as the
aggregation method for land and energy use, involving a rather arbitrary weighting.

In order to overcome these weaknesses, the Netherlands Environmental Assess-
ment Agency (MNP) developed a systematic method to assess the impacts of 
consumption on global biodiversity, referred to as the ecological claim (Rood et al.,
2004). The effects of consumption were determined on land use, energy use, green-
house gases, and nitrogen deposition. Land use per capita was calculated using local
yields. In this way, differences between consumption in various world regions were
made clear. For example, total land use per capita differs just as sharply among
world regions as land use for animal products, crops, and biofuels (Van Vuuren &
Bouwman, 2005).

The ecological claim determines the impacts on biodiversity from different types
of land use, taking into account their area and intensity of resource use. In doing so,
the impact of Dutch consumption on global biodiversity was calculated as being
equal to an area with a total loss of biodiversity of about 120,000 km2 (Rood &
Alkemade, 2005). This is three times the total surface of the Netherlands. The
production and consumption of food and wood products were found to be the most
important factors for the Netherlands in causing global biodiversity loss. Many of
these primary commodities are imported from Southern countries.

However, another important criticism to the ecological footprint method is the
fact that it does not recognize the existence of comparative advantages and speciali-
zation. It can therefore be characterized as being biased against trade (van den Bergh
& Verbruggen, 1999). The question also arises whether comparative advantages in
terms of natural resources (natural capital) are used effectively to build up human
and physical capital, and thus meet the broader requirements and expectations of
sustainable development. Thus, there is need for a more comprehensive approach
that looks at the three dimensions of sustainable development: social, economic,
and environmental. Negative environmental and biodiversity impacts should be 
put in the perspective of improving economic and social conditions in producer
countries.
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The research documented in this article looks at the impacts of global production
and trade of agricultural commodities on the three sustainable development
dimensions, and the trade-offs between these dimensions.

Objectives

Our research objectives were geared to: (a) develop a method to assess impacts
of South–North resource flows in their production regions on sustainable develop-
ment dimensions, and (b) assess reliable insights into the socioeconomic and
biodiversity impacts of selected agro-commodities in producer countries. The
hypothesis is that loss of biodiversity for export-oriented agro-commodity produc-
tion contributes to economic growth, improved social welfare, and poverty reduction
in production areas, which would support the view that trade stimulates develop-
ment. The study focused on agro-commodities with recent expansion in trade
volumes.

Method

Introduction and Overview

The method has an exploratory character as it combines different disciplines and
sustainable development perspectives within one comprehensive approach. It also
has to deal with the challenge to obtain reliable data about recent environmental and
socioeconomic changes, demonstrate the linkages and attribute changes to selected
commodity production dynamics. Thus, there was need to specify relevant indica-
tors, the time frame, and an assessment scale that captures the key dynamics within
the production areas. Before going into details on the method, the spatial focus and
time scale are explained.

There is a problem of ecological (ecosystem) boundaries not coinciding with
socioeconomic (administrative) development units, and accordingly different spatial
scales for relevant indicators. Our analysis is therefore based on relatively large
administrative units, and ecological units were adjusted to create a best fit. The spa-
tial focus can best be characterized as a meso-level approach, corresponding to
administrative units referred to as states, departments, regions, or provinces. Many
studies dealing with environmental and socioeconomic impacts of production
processes focus on either the macro-level (using statistical data and establishing
correlations between parameters) or the micro-level (e.g. case studies, detailed
household surveys). Both approaches have limitations: national statistical data are in
most cases too broad to attribute changes to specific sectors or commodities, while
local case studies usually do not provide insights into important dynamics such as
migration, competitiveness, rural–urban relations, and land-use changes. Whereas
statistical data at national level are, in general, collected on an annual basis, detailed
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case studies usually have an incidental character. This study aimed to overcome the
limitations of both approaches, with statistical data from the subnational level.

We selected commodities that have shown recent and rapid expansion. The study
period covers (part of) the recent expansion period for the selected commodities. In
most cases this is from the mid-1990s to the early 2000s, covering a period of 5 to 8
years. This period varies for the selected countries, as a result of the variable avail-
ability of statistical data.

The method developed for this research shows four steps (Figure 1), which will
be explained in more detail below.

Step 1: Selection of Agro-Commodities and Production Areas
Suitable combinations of agro-commodities and production areas were selected

as follows:

• Selection of agro-commodities. A long-list was made of 20 agro-commodities that
have shown rapid increase in global trade volume during recent years. From that
list, agro-commodities were selected for which data about biodiversity impacts are
available (Rood et al., 2004). For practical reasons, not more than four were selected
for this exploratory research.

• Selection of countries. For the selected four commodities, the main Southern pro-
duction countries were listed. Countries were selected for which the selected com-
modities have a relatively large economic value and recent expansion of production
volume. Second, countries were selected on the basis of availability and access to
socioeconomic statistics.

Kessler et al. / Biodiversity and Socioeconomic Impacts of Production 135

Figure 1
Adopted assessment method comprising four steps.
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Within the selected countries, the production of the selected agro-commodities is
in most cases concentrated in certain areas, which can be associated with adminis-
trative units at the subnational level. In order to be able to attribute possible changes
in environmental and socioeconomic indicators to the agro-commodity production
process, there is need to focus on areas where production is concentrated. The
production areas were selected on the basis of the following criteria: (a) high
importance in the area of the agro-commodity in terms of production volume, and
(b) recent expansion and high importance of the agro-commodity for the economy
in the area.

The agro-commodity production process in these selected areas shows variation
in terms of history (some areas having a long tradition of producing the commodity
and others showing only recent introduction) and intensity of production.
Environmental and socioeconomic impacts may vary according to these variables.
Where possible, we therefore grouped production areas into three types of produc-
tion regions:

• “Established” region, that is, where the agro-commodity has been produced for a
relatively long time and limited expansion has taken place during the study period.

• “Expansion” region, that is, where strong expansion of the agro-commodity has
occurred, at the expense of agricultural lands and natural ecosystems, but expansion
started before the study period.

• “Frontier” region, that is, where strong expansion of the agro-commodity has
occurred, which started only recently, during the study period, and which is taking
place largely at the expense of natural ecosystems (mainly forests).

Step 2: Assessment of Biodiversity Impacts
The two main causes of biodiversity loss are conversion of natural ecosystems

into agricultural or other land use (loss of ecosystem quantity/area), and the decline
of species distribution and abundance in ecosystems due to degradation processes
such as logging, pollution, disturbance, and fragmentation (loss of ecosystem qual-
ity). Biodiversity loss is defined as a change due to human interventions, as natural
changes of biodiversity are a much slower and longer-term process. Many indicators
exist for measuring the diversity of species, ecosystems, and genes, such as species
richness indicators and the Red List Indicator, but their applicability at large scales
and in impact assessments is limited (Ten Brink, 2000).

The Natural Capital Index (NCI) or Mean Species Abundance (MSA) combines
the two above main causes of biodiversity loss in one index and was first applied in
the Global Environmental Outlook 3 (GEO3) (UNEP, 2002; Potting & Bakkes,
2004). The NCI reflects biodiversity loss as a process of homogenization (McKinney
& Lockwood, 1999) by which a few species, adapted to landscapes influenced by
human activities, become more common and many species become rare, eventually
leading to extinction of some species. The NCI can be considered as proxy for the
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indicators agreed upon in the Convention on Biological Diversity (CBD) (UNEP,
2004). The NCI concept is similar to the biodiversity integrity index of Majer and
Beeston (1996), and the Biodiversity Intactness Index of Scholes and Biggs (2005).
Both indices calculate differences in biodiversity relative to a pristine or undisturbed
reference situation, but differ from the NCI in their weighting factors.

The NCI is calculated with the global biodiversity model GLOBIO 3 (Alkemade
et al, 2006), which combines the effects of the land use changes (land use intensity,
infrastructure, climate change, nitrogen deposition, and fragmentation) on the mean
abundance of selected species relative to an original, undisturbed situation. Central
in calculating the NCI is a set of regression equations relating the degree of pressure
to the degree of impact (dose–response relationships), if possible for each relevant
combination of biome and continent. These equations were based on various stud-
ies, of which there were 120 on the relations between species diversity and land use
types, 50 on the effect of nitrogen deposition, and 309 on infrastructure effects. In
this study we used the estimates of NCI from GLOBIO 3. The database in the model
includes two different measures: mean species abundance and species richness of the
original wild species, each in relation to different degrees of pressure. An NCI of
100% indicates an undisturbed situation with intact original biodiversity (pressures
do not exceed set thresholds). As a result of agricultural land use intensity biodiver-
sity declines: 50% NCI for agroforestry systems, 30% NCI for extensive agriculture,
10% NCI for intensive agriculture, and 5% NCI for irrigated agriculture (Alkemade
et al., 2006; Reidsma, Tekelenburg, Van den Berg & Alkemade, 2006).

The indicators used in this study were defined on the basis of the NCI biodiver-
sity indicator framework and GLOBIO 3 model (shown in Table 1). The pressure
indicator B1 is the relative increase of the commodity production area within the
study period as compared to the original production area. The second state indicator
B2 refers to the ratio of biodiversity (NCI) in the production area and the national
average. The year 2000 was chosen because of land use data availability in the
Global Land Cover dataset of 2000. The impact indicator B3 indicates to what extent
biodiversity loss has occurred as a result of the commodity expansion during the
study period and is expressed in terms of percent NCI loss. It was based on the
effects of habitat change and changes in land use intensity. The values are conserv-
ative estimates because additional effects of pollution and disturbance could not be
assessed at the local scale. The impact indicator B4 gives insight into the relative
contribution of the commodity to biodiversity loss, and is obtained by dividing
indicator B3 by the state of biodiversity in the production region (NCI value in the
year 2000). The ecological claim on biodiversity (Rood et al., 2004) indicates overall
biodiversity loss. It is calculated by multiplying the area with commodity develop-
ment with the average biodiversity loss, taking into account original land use and the
multiplier effect, and is expressed in terms of area (impact indicator B5).

In the assessment of the biodiversity impacts of commodity production, we
took into account original land use and biodiversity before commodity production.
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Impact is high in case of conversion of intact forest ecosystems (at least 80% NCI
loss). Impact is lower when natural grasslands are converted (30% NCI loss) or
existing extensive crop lands are converted into monocultures (20% to 0% NCI
loss) (Alkemade et al., 2006; Reidsma et al., 2006). We assessed the origin of the
land occupied by the commodity in three categories: natural ecosystems, extensive
land use (including pasturelands), and intensive land use. We also took into
account two multiplier effects at the macro level: additional deforestation by
immigrants attracted by the commodity production, and land clearing by people
displaced from their original lands. This was done on the basis of reports and inter-
views with experts and by using area requirements per household for extensive
agricultural land use.

A number of assumptions had to be made for the beef commodity, to be able to
convert estimates of beef production to number of cattle and pastureland area. To do
so we took into account livestock management systems and conversion being high
in recent expansion areas and lower in populated areas. These data should be treated
with more caution than for the other commodities.

138 The Journal of Environment & Development

Table 1
Indicators Used to Assess Biodiversity Impacts

Indicators Description of Relevance

B1. Relative increase of The area of commodity production will vary according to situations of 
commodity crop area “boom or bust.” This indicator indicates the ratio between 
(growth factor) commodity area increase in the study period and the original 

production area.
B2. Biodiversity in the We expect commodity development to be concentrated in natural 

production area compared to habitats with high productivity. This indicator calculates the NCI 
the national average in 2000 (taking into account different types of land use) in the 

production areas as compared to the national average. NCI 
describes the mean species abundance relative to the undisturbed 
situation.

B3. Loss of biodiversity We expect commodity development to cause losses of natural habitats 
due to the commodity and land use changes. This indicator calculates NCI loss in the 

study period as a result of the commodity expansion. Indirect 
effects (pollution and disturbance) were not addressed.

B4. Relative contribution of We expect a high contribution of commodity development to the total 
the commodity to overall biodiversity loss. This indicator calculates NCI loss by the 
biodiversity loss commodity within the study period as a proportion of overall NCI 

decline due to land use changes.
B5. Ecological claim We expect more insight in the magnitude of the biodiversity losses 

(overall biodiversity loss) when expressed in square kilometers. This indicator calculates 
loss of biodiversity from natural ecosystems with intact 
biodiversity, with corrections for the original land use and 
multiplier effects.
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Table 2
Indicators Used to Assess Socioeconomic Impacts

Indicators Relevance and Description

E. Economic
E1. Per capita gross domestic An increase of GDP per capita is expected in production areas. GDP 

product (national and per capita is corrected for inflation. In some cases GDP per capita 
administrative units) was calculated as based on recent population and GDP statistics.

E2. Employment rate An improved employment rate is expected in production areas. Where 
possible a distinction was made between rural and urban 
employment.

S. Social
S1. Food security, child Food security may be negatively affected due to the replacement of 

mortality food crops by commodity export crops. Child mortality can be used 
as a proxy for food security.

S5. Poverty (index) Reduced poverty rate is expected in the production areas, as 
associated with improved incomes. The Human Poverty Index 
(HPI) is an index measuring shortages in life expectancy, education,
and standard of living.

V. Vulnerability
V1. Conflicts There are accounts of conflicts due to land grabbing, illegal practices,

etc. as a response to rapid expansion of production volumes. Other 
indications for conflicts are local corruption and cases of slavery or 
child labor.

V2. Inequality Equality in income distribution may decline if few benefit from the 
production process, but trickle down and increased employment 
may improve inequality. A measure used for inequality is the GINI 
Index.

Step 3: Assessment of Socioeconomic Impacts
A long-list was made of social and economic issues expected to be influenced by

the production process and related environmental changes. Next, priorities were set
and search was done to identify human development indicators that could be linked to
these issues. This resulted in a short-list of the six most relevant indicators (Table 2).
For most of these, quantitative values are available from UNDP Human Development
reports, ILO reports, and national government statistics. Definitions of the indicators
used were also derived from these sources. Case studies were used to understand
underlying production systems and cause–effect chains. Vulnerability is defined in
accordance with the livelihoods approach as the external factors that influence security
of producers. Inequality is considered as a proxy indicator for vulnerability as it refers
to the gaps between social groups in terms of access to incomes and production assets.
For both the number of conflicts and inequality, in several countries no quantitative data
were available. In that case, trends could not be established, but an attempt was made
to assess in a qualitative way whether in the selected production areas the incidence of
conflicts or the level of inequality is different from the average national situation.
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The aim of the study was to draw conclusions about the relative contribution 
of agro-commodity production to socioeconomic development in the selected 
production areas, and thus to assess socioeconomic impacts of agro-commodity pro-
duction. To do so, indicator values and trends during the study period in the selected
production areas were compared with average indicator values and trends at the
national level, in terms of:

• Starting value of the indicator (at the start of the study period, i.e. the mid-1990s)
in the production area as compared to the national average. The starting value may
be worse (lower value in production area as compared to national average), better,
or similar/variable.

• The indicator changes or trend during the study period in the production area as
compared to the average rate of change at the national level. The rate of change may
be favorable (more positive or less negative trend in production area as compared to
national average trend), unfavourable, or similar/variable.

Step 4: Analysis of Combined Sustainability Impacts
The analysis of the combined impacts of the selected commodities is based on the

comparison of decline of biodiversity (as assessed by the five NCI indicators) with
the socioeconomic changes in the production areas (assessed by six socioeconomic
indicators). The aim of these comparisons is to find out whether production areas or
regions with a loss of natural capital (for the benefit of the commodity production
process) perceive socioeconomic benefits. There are basically four possible patterns,
as outlined in Table 3 below.

In Table 3, situations 3 and 4 refer to production areas where the starting values
of the selected socioeconomic indicators are worse than the national average, while
situations 2 and 4 refer to unfavorable changes during the study period. Because of
expected economic benefits, and in line with the hypothesis to be tested (see the
Introduction), favorable changes are expected, meaning that the trend is more posi-
tive (or less negative) in the production area as compared to the national average
trend. As a result, there would be a “closing the gap” that existed between the pro-
duction areas and the national average before commodity production was stimulated
(situation 3). If the gap would widen because of an unfavorable trend (situation 4),
this would mean that the hypothesis is incorrect and one could speak of “widening
the gap.”

Three analytical considerations will now be discussed. First, it is possible that the
production area shows an unfavorable rate of change in spite of a positive trend,
because it cannot keep pace with the (stronger) national development trend. This
may be the case if the country shows strong industrialization. A correction is there-
fore needed in case the national economic development trend is strongly influenced
by another commodity or industrial development. Therefore, the relative importance
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of the primary sector to the gross domestic product (GDP) was also indicated, at the
national level and within the selected production areas.

Second, it has been suggested that control sites should be identified, for instance
comparable areas where the agro-commodity is not produced, or where the com-
modity is produced but not traded. This should allow one to draw firmer conclusions
regarding the relative contribution of the commodity production process to the
assessed changes. However, this suggestion meets practical constraints, because
areas where the commodity is not produced or not traded either do not exist (because
high market demand in recent years has caused all suitable areas to be occupied and
products traded) or are not comparable to the selected areas (being more remote, less
suitable, less productive, or unsafe).

Third, more sophisticated analytical approaches have been proposed, such as
multivariance analysis or regression analysis. This option has not been adopted
because of the existence of critical gaps in the data set (due to poor availability of
statistical data in some countries).

Results and Analysis

The Data Set

Using the selection criteria as outlined above, four commodities were selected
and for purposes of comparison, two producing countries for each product (Table 4).
In all countries the selected commodities have shown rapid increases in export vol-
umes during recent years (the only exception being beef from Argentina) and the two

Kessler et al. / Biodiversity and Socioeconomic Impacts of Production 141

Table 3
Interpretation Framework for Socioeconomic Impact Patterns

Starting Position in Production Area Compared to 
National Average

Rate of change in production area Better or Similar Worse
compared to national average

Favorable or similar 1. Expanding advantage. 3. Closing the gap. The
The production area production area is showing 
expands its advantage, positive development,
possibly due to the probably through benefits
commodity. from the commodity.

Unfavorable 2. Reducing advantage. 4. Widening the gap. The
The production area loses production area does not
its advantage, in spite of benefit enough from
commodity production. commodity production, so

that the gap widens.
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selected countries together constitute a major proportion of global trade: 84% for
palm oil from Indonesia and Malaysia, 46% for soy from Brazil and Argentina, 30%
for beef from Brazil and Argentina, and 17% for coffee from Vietnam and Honduras
(Honduras representing a rapidly growing niche market).

Within the selected countries, specific production areas were selected, and regions
were identified with a different history and intensity of the commodity production 
for the combinations of soy–Brazil, soy–Argentina, palm oil–Indonesia, and 
palm oil–Malaysia (see Methods, step 1). For coffee and beef this distinction was not
possible and the selected production areas were grouped within one category of “all
areas” (Table 5). In total, data were collected for 34 administrative units at the meso
level. Biodiversity indicators were assessed as explained in the Methods, step 2.
Socioeconomic data were collected for at least 2 years, one in the mid-1990s and one
in the early 2000s, thus covering the study period and allowing one to establish trends.
However, in some cases indicator values were missing. In total about 800 social and
economic indicator values were collected. The detailed results are presented in a 200-
page report (Kessler, Dros & de Bruin, 2005) which can be obtained from the authors.
In this article we present the results of the analyses of these socioeconomic data.

Biodiversity Impacts

Table 6 provides an overview of the biodiversity impacts per commodity, per
country, and for the selected production areas per country for the five selected bio-
diversity indicators. First, one may look at area expansion due to commodity devel-
opment (column 1). The expansion of the four selected commodities in the selected
production areas during a period of 5 to 8 years was responsible for the use of 28
million hectares. For each country, the total area of expansion due to commodity
expansion was also indicated, which is about 67 million hectares. In absolute terms,
land use area expansion was greatest for livestock grazing and for soy development.
In relative terms area expansion (as a proportion of total land area) was greatest for
soy, palm oil, and coffee in Vietnam. One may also look at the occupation by the
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Table 4
Exports of Selected Commodities From Selected Countries for This Study

Mid-1990s 2003 Mid-1990s 2003

Soy (Mtonne) Meat (Ktonne)
Export Brazil 16.8 36.5 Export Brazil 140 780
Export Argentina 11 33 Export Argentina 297 329

Palm oil (Ktonne) Coffee (Ktonne)
Export Indonesia 2,082 9,862 Export Honduras 99 162
Export Malaysia 6,643 10,886 Export Vietnam 391 749
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selected commodities of certain types of soil or ecosystems. These data are available
for Brazil. Here, it was estimated that recent soy expansion, while occupying an
average of only 3% of total land area, now occupies 10% to 35% of suitable plateau
lands within selected states (Kessler, Dros & de Bruin, 2006).

The growth factor (indicator B1) in most cases is higher than 0.40. Soy showed
the highest growth factors (80% to 90%). Low growth factors occur in regions such
as Rio Grande do Sul in Brazil and Johor in Malaysia, where soy and palm oil,
respectively, have been produced for a long time (established region). The growth
factors are highest in the frontier regions.

Indicator B2 shows that the remaining biodiversity (NCI) at the national level in
the selected countries varies between 47% and 80%. In the selected production areas
the NCI is higher than the national average in six cases (indication � and � �).
These are mainly expansion or frontier regions, where expansion of the commodity
at the expense of relatively undisturbed ecosystems predominates. In 18 cases NCI
is lower (� and � �) in the selected production areas. This situation occurs mainly
in established regions, as well as in all coffee areas in Honduras. Here, production
increase of the agro-commodity occurs by intensification and expansion into areas
with agricultural land use. Thus, although we expected commodity development to
be concentrated in regions with intact ecosystems, reality appears to be different.
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Table 5
Grouped within Distinct Types of Production Regions: Established, Expansion

Frontier, or All Areas (See Methods for Definition)

Selected Production Selected Production 
Areas Areas

Soy Brazil States Palm oil Indonesia Provinces
Established Rio Grande do Sul, Established North Sumatra

Paraná Expansion South Sumatra, Jambi,
Expansion Mato Grosso, Goiás Lampung
Frontier Tocantins, Maranhao, Frontier West Kalimantan

Piauí
Soy Argentina Provinces Palm oil Malaysia States

Established Cordoba, Santa Fé Established Johor, Perak, Pahang
Expansion Entre Rios, Chaco Frontier Sabah, Serawak
Frontier Salta, Santiago del Estero

Beef Brazil States Coffee Honduras Departments
All areas Mato Grosso do Sul, All areas El Paraiso, Copán,

Pará, Rondonia Santa Barbara
Beef Argentina Provinces Coffee Vietnam Provinces

All areas Santa Fé, Corrientes, All areas Dak Lak
La Pampa
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Figure 2
Impacts on Biodiversity (Expressed in Terms of Natural Capital Index NCI)
by (a) Soy in Brazil and Argentina; (b) Palm Oil in Indonesia and Malaysia;
(c) Coffee in Honduras and Vietnam. Production Areas for (a) and (b) Are

Classified From Left to Right in Established, Expansion, and Frontier Regions.

We determined the multiplier effect from commodity development, which means
the additional land use change as a collateral effect outside the actual cropping areas
(see Methods). The highest multiplier effects occur for soy production in Brazil
(87% on average) and for palm oil in Indonesia (35%). We also estimated the pro-
portion of land occupied by the commodity being originally intact forest, or exten-
sive or intensive cropland. In total 74% of land use change due to soy expansion in
Brazil originates from natural ecosystems and 60% for palm oil in Indonesia. The
other product–country combinations showed data between 30% and 35%.

Indicator B3 and Figure 2 demonstrate the biodiversity impacts of the commod-
ity development in absolute and relative terms. The horizontal line in Figure 2 rep-
resents the NCI at the national level as a reference. The dark section of each bar
reflects the NCI loss as a result of commodity expansion during the study period.
The upper light section of the bar reflects the historical impact on biodiversity by the
commodity development before the mid-1990s. The NCI currently remaining (2005)
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is the lower section. The difference between the total bar and the 100% level reflects
the biodiversity loss caused by other factors.

Indicator B4 shows that in 41% of the production areas the contribution from
commodity production to biodiversity loss by land use is at least 10%. These are
locations where NCI was relatively high and where commodity development was
important. The highest contributions to NCI loss occur for soy production in Brazil
(Mato Grosso) and Argentina (Chaco), for palm oil production in Indonesia (North
Sumatra, Jambi) and Malaysia (Sabah), for beef production in Brazil (Para and
Rondonia) and Argentina (Corrientes), and coffee in Vietnam (Dak Lak).

Finally, indicator B5 indicates the ecological claim, and is corrected for original
land use and multiplier effects. Biodiversity losses may seem to be low when
expressed as percentages NCI (indicator B3). However, indicator B5 better reflects
the full ecological impacts in terms of NCI being affected. For example, the 3% NCI
loss caused by soy production in Mato Grosso corresponds with the loss of biodi-
versity in an area of 31,000 km2. The total biodiversity loss caused by the four com-
modities in the selected areas within the study period corresponds to an area of
154,000 km2, which is about four times the surface area of the Netherlands. The total
ecological claim affected by these four commodities before and during the studied
period and within the selected countries is 328,000 km2.

Socioeconomic Impacts

The socioeconomic indicator values generated a wealth of information, of which
the analyzed results are presented. Figure 3 gives the indicator values of the starting
situation, that is, the indicator values at the onset of the study period in the mid-
1990s. Three different outcomes are possible: starting values in the production area
are better than the national average, are similar, or are worse. The outcomes for the
indicated regional categories (established, expansion, frontier, or a mix of “all
areas”) represent averages for the different production areas falling within each
category (see Table 5).

It appears that in 35% of the cases the starting situation in the selected production
areas is better than the national average, while it is worse in 45% of cases and similar
in 25%. This implies that in most cases the production areas are less developed.
Better starting situations are most commonly found in production areas where the
commodity has been produced for several decades (established regions). It is
noteworthy that in all except three cases the GDP per capita indicator value is worse
in the production areas. This underlines that the production areas are most 
underdeveloped in an economic sense.

Figure 4 presents the rate of change of selected indicators in the production areas
during the study period as compared to the national average trends, as well as the
absolute trends during the study period (with �, 0, and �). Results are based on
quantitative data; only some information about conflicts is based on qualitative data.
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It appears that in almost 60% of the cases there is a positive development trend.
However, only in 30% of the cases is the rate of change in the selected production
areas favorable, meaning that the trend is more positive (or less negative) than the
national average trend. This means that only in 30% of the cases did the selected pro-
duction area fare better than what one would expect based on the national average
trends. In 55% of the cases the selected production areas actually show an unfavor-
able rate of change (and 15% show a comparable rate of change).

Figure 5 shows the combination of the results on starting situation, trends, and rate of
change, organized by four socioeconomic change patterns (see Table 3). We grouped the
interpretations of “better” and “similar” for both the starting situation and the rate of
change, in order to focus the analysis upon testing the main hypothesis of this study.

148 The Journal of Environment & Development

Figure 3
Indicator Values of Key Indicators for the Starting Situation (Mid-1990s) in

Selected Production Areas, as Compared to the National Average.

 at SAGE Publications on October 28, 2010jed.sagepub.comDownloaded from 

http://jed.sagepub.com/


Kessler et al. / Biodiversity and Socioeconomic Impacts of Production 149

Figure 4
Trends and Rates of Change During the Study Period (Mid-1990s to Early

2000s) Trend Has Caused a Shift of Starting Situation From Better to Worse.

Tables 7 and 8 show the quantitative analyses of the data. The biodiversity indications in
Figures 3, 4, and 5 are the result of an interpretation of the detailed data from Table 6.

It appears that in 27% of the cases production areas with a better starting situa-
tion (i.e. better socioeconomic indicator values as compared to the national average)
show further improvements, while in 19% of the cases production areas with a worse
starting situation show a positive development (a “closing gap” pattern). These are
positive developments. However, in 26% of the cases we find a pattern of “widening
gap” in the production areas. In other words, of production areas with a worse
starting position (45% of the cases), 59% will show a widening gap, in spite of (or
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Figure 5
Socioeconomic Patterns (see Table 3) and NCI Changes in Selected Production

Areas as Compared to National Development.

even because of) commodity development. This pattern is most prominent for the
economic dimension and in particular the change in GDP per capita (Table 7), in
contrast to the employment situation, which shows an improvement for some com-
modities, and for soy in urban areas. However, in 28% of the cases the production
areas experience a “reducing advantage” pattern. In other words, of production areas
with a better or similar starting situation (55% of the cases), 51% will show a widen-
ing gap due to commodity development. This pattern is most prominent for the
vulnerability aspects (Table 7). Where vulnerability changes have been recorded,
these were unfavorable during the study period in 67% of the cases (patterns 2 and
4), as compared to 50% and 52% for economic and social changes, respectively.
High vulnerability is associated with occurrence of illegal practices, conflicts, or
unequal distribution of benefits derived from agro-commodity production.
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Looking at the relationship with different history and intensity of agro-commodity
production (as represented by three types of regions, Table 5), we find clear insights.
The pattern of “widening gap” occurs more frequently as one moves from established
to expansion and frontier regions, while the pattern of “reducing advantage” shows
an inverse relationship. Thus, a frontier area has a higher probability of having a worse
starting situation and then is more likely to experience an unfavorable rate of change, so
that the development gap widens. This is in contrast to the hypothesis being tested.

We may expect that as a result of favorable changes a worse starting situation
changes towards a better situation (of the production area as compared to the
national average). However, this has not happened in any case. Figure 4 shows
whether such shifts have occurred. We only found the inverse to occur twice, that is,
a better starting situation to change into a worse one, in both cases for soy in Brazil
(GDP per capita in the expansion region changes from better to worse in the
expansion region, and conflicts in the frontier region changed from similar to worse).
The fact that a worse starting situation has never changed into a better (or similar)
situation means that positive trends and favorable rates of change, if apparent, have
not been strong enough to cause production areas with a poor development situation
to fully catch up with national development levels.

A relationship between the starting situation and the rate of change of the socioe-
conomic indicators was not found. In other words, the socioeconomic starting situa-
tion has no influence on whether the production area will show a positive rate of
change. We do observe that a favorable rate of change is in most cases associated with
a positive trend direction of the indicator (Figure 4). Of the cases with a favorable rate
of change, 86% has a positive indicator trend, while of the unfavorable rates of
change only 50% has a positive indicator trend. By far the most negative trends (72%)
are associated with unfavorable rates of change. This suggests that the national
economic development context partly determines whether the commodity production
process will lead to significant socioeconomic benefits in the production areas.
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Table 7
Proportion of Socioeconomic Impacts in Four Patterns (Table 3) for Different

Socioeconomic Indicator Categories (Table 2)

Socioeconomic Impact Pattern

1. Expanding 2. Reducing 3. Closing 4. Widening 
Indicator category N Advantage (%) Advantage (%) Gap (%) Gap (%)

Economic 28 21 14 28 36
GDP/capita only 15 0 20 27 53
Social 29 31 28 17 24
Vulnerability 18 28 50 5 17
Total 75 27 28 19 26
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Detailed Accounts of Cases

We will now give a more detailed description of three commodity–country
combinations, for a better understanding of the integrated views that appear from
the data.

For soy in Brazil, three different soy production regions were distinguished: the
“established” region, a well-developed production region where soy has been
produced for more than 20 years; the “expansion” region, where soy production started
in the early 1990s; and the “frontier” region, where soy production started in the mid-
1990s. During the study period, soy expansion in absolute figures was particularly
important in the expansion region, but the relative increase was most important in the
frontier region, where conditions for growing soy are less suitable and less land is
available for expansion. In the frontier region, the social and economic starting situa-
tion was worse in most respects, in contrast to the other two regions, except for the
incidence of conflicts, which is highest in the expansion region. Biodiversity, however,
is more intact in the frontier region, as also in Mato Grosso in the expansion region,
but in contrast to the established region where biodiversity is low.

During the study period, most indicator trends in Brazil were positive, with the
exception of GDP per capita (expressed in U.S. dollars) due to inflation. However,
all production regions show a relative decline of GDP per capita as compared to the
national average, even Mato Grosso where soy has expanded most strongly. There
are also negative changes in terms of rural employment and food security, but
positive changes for urban employment. In the frontier region poverty is reduced
more rapidly than the national average, but the poverty index in this region still
remains far below the national average (positive rate of change but no shift of the
situation). The GINI Inequality Index in the soy production regions is similar to the
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Table 8
Proportion of Socioeconomic Impacts in Four Patterns (Table 3) for Different

Types of Production Regions (Table 5)

Socioeconomic Impact Pattern

1. Expanding 2. Reducing 3. Closing 4. Widening 
Production Regions N Advantage (%) Advantage (%) Gap (%) Gap (%)

Established 21 29 52 14 5
Expansion 16 38 31 6 25
Frontier 20 20 15 25 40
Total 57 29 19 16 23
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national average but the situation deteriorates in two regions (and even shifts to
worse in the frontier region). High vulnerability in all production areas is associated
with incidences of forced labor conditions (slavery), land conflicts and loss of
autonomy during early phases of land clearing, and displacement of original land
users. Conflicts particularly increase in the frontier region, while it seems that the
expansion region (where the situation in the mid-1990s was particularly bad) shows
an improvement. The NCI changes are negative and in both the expansion and
frontier regions are worse than the average in Brazil, particularly in Mato Grosso
where the NCI was still relatively high.

The pattern of beef production in Brazil is best compared with the frontier region
for soy production. Beef production in Parà and Rondonia has major impacts on the
loss of biodiversity (Table 6). Deteriorating vulnerability is associated with unequal
land ownership: more than two-thirds of livestock herds are owned by less than 10%
of the cattle farms. In the beef production areas the poverty situation is improving
but food security is declining.

Both in Honduras and Vietnam the starting situations of coffee production areas
are generally worse than the national average. However, whereas in Honduras most
developments are positive, the opposite is true for Vietnam. This may be explained
by the fact that coffee production in Honduras is well established, with a high-
quality niche market, so that producers have not suffered from declining world
market coffee prices. Coffee expansion and, linked to this, biodiversity loss, have
been limited. In Vietnam coffee has expanded greatly at the expense of forest
ecosystems, thus leading to a strong NCI decline. Vietnam has suffered much from
the collapse of world market coffee prices. Although the selected coffee production
area in Vietnam showed positive changes in the 1990s, both poverty and food secu-
rity have recently deteriorated. This shows that the coffee “boom” has not created
sustainable growth and poverty reduction in the production areas.

Conclusions and Discussion

Integrated Sustainability Impacts

Based on the analyzed changes in socioeconomic and biodiversity indicator
values within the selected production areas, conclusions are now drawn on the
relations between these changes and the production processes of the selected 
agro-commodities.

Starting from an environmental point of view, there is much variation in terms of
original biodiversity (NCI value) and biodiversity losses in the selected countries
and production areas. Biodiversity loss was limited for coffee in Honduras,
established regions for soy in Brazil, and established region for palm oil in Malaysia.
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In these situations, the NCI value in 2000 was already relatively low because of
intensive occupation and land use, while the socioeconomic starting situation was
relatively good and expansion of the commodity was limited. However, in all other
selected countries and areas important biodiversity losses occurred, especially in
expansion and frontier regions where the original NCI value was relatively high
while the socioeconomic starting situation was relatively poor. Total biodiversity
loss expressed as the ecological claim (indicator B5) shows that in the selected
areas major biodiversity losses have occurred (up to four times the area of the
Netherlands). These losses are mainly associated with soy and meat in Brazil, soy in
Argentina, and palm oil in Indonesia.

From a socioeconomic point of view, it appears that the increase of agro-
commodity production often takes place in areas with relatively low levels of human
development. During the study period, many frontier areas show the change pattern
of “widening gap” while many established regions show a pattern of “reducing
advantage.” These unfavorable changes mainly occur for GDP per capita and for
vulnerability aspects. Positive changes occur as well but are more scattered
(Figure 5). Thus, a picture emerges of some production areas, especially frontier
regions, having relatively high biodiversity starting values as well as losses, and in
most cases showing unfavorable socioeconomic changes. However, there are also
several exceptions to this overall picture.

In terms of economic changes, it may be argued that the relative value of GDP
per capita in the production areas compared to national average values cannot be
expected to improve if at the national level there is important economic growth. To
verify this argument, we checked whether during the study period there have been,
within the selected countries, major changes in the proportion of the primary sector
to national-level GDP. Although in Brazil and Argentina the proportion of the
primary sector to GDP increased between 1994 and 2004, there were declines in the
other countries: Indonesia 10%, Vietnam 20%, Malaysia 30%, and Honduras 45%
decline. Thus, especially in the latter two countries, the economic development of
the country as a whole might explain why economic development in selected
production areas lags behind. However, especially in these two countries, economic
changes in the selected production areas have also been positive. Note that the
occurrence of the Asian financial crisis during the study period cannot explain unfa-
vorable changes in production areas, as we looked at changes of the production areas
as compared to the national average trend.

There are other arguments that point at differences between countries rather than
commodities. In order to further investigate country-related factors, we looked at
two macro-level indicators: the Human Development Index (HDI) rank (highest/
poorest rank is 177) and the Transparency International Corruption Perceptions
Index rank (TICP) (highest/poorest rank is 145).

Table 9 shows that the corruption index may help explain poor performance in
Argentina and Indonesia (high scores for both countries). Brazil and Malaysia, on
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the contrary, have relatively good corruption ranks, which may explain better per-
formance. However, in both countries, this does not exclude unfavorable changes in
frontier regions mainly. Honduras scores poorly on both HDI and the corruption
index, which is not in line with the above reasoning.

Conclusions on the Hypothesis

The main hypothesis of this study is that loss of biodiversity for export-oriented
agro-commodity production contributes to economic growth, improved social wel-
fare, and poverty reduction in production areas, which would support the view that
trade stimulates development. Thus, one expects in particular the change patterns of
“closing gap” and “increasing advantage.” It should be concluded, however, that bio-
diversity loss for the benefit of agro-commodity production in 54% of the cases does
not generate positive development (as compared to national average trends), while in
59% of cases with a poor starting situation the changes are negative, so that the
development gap widens. These dynamics are in contrast with the assumption of
trade stimulating development and poverty reduction. Note that the starting situation
of a production area is not a factor explaining the socioeconomic change pattern.

From the analysis and insights, it appears that the observed patterns can be related
to three different variables:

1. Differences between agro-commodities, some causing more biodiversity loss 
(e.g. biodiversity loss due to forest conversion is large for large-scale production
systems of soy and palm oil) than others (e.g. coffee); some generating more rural
employment (e.g. palm oil) than others (e.g. mechanized soy production).

2. Differences between countries: there is a relationship between the national devel-
opment trend and the probability of a production area benefiting from the 
agro-commodity production process; the governance context is another possible
explaining factor.

3. Differences between production regions (historical context and intensity of
production systems): frontier regions are subject to the recent introduction and
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Table 9
National-Level Indices for Human Development

and Corruption

Country HDI rank 2003 TICP rank 2003

Argentina 34 108
Brazil 65 59
Honduras 115 114
Indonesia 112 133
Malaysia 59 39
Vietnam 109 102
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expansion of the agro-commodity and show more cases of “widening gap” than
established regions, while expansion regions take an intermediate position.

It is very likely that the observed changes can be attributed to the agro-commodity
development, given the selection criteria of the production areas (high economic
importance and rapid growth of the selected commodities), as well as the insights in
the underlying dynamics (see for instance the detailed accounts of three cases). One
may question whether socioeconomic changes without agro-commodity develop-
ment would have been worse or better. In other words: if we have a change pattern
of “widening gap,” does this occur in spite of or as a result of agro-commodity devel-
opment? This question cannot be answered with certainty because we have no con-
trol areas (see Methods for explanation). Although some established regions seem to
benefit from agro-commodity production, some frontier regions, given the poor con-
ditions and recent changes, do not seem to benefit at all. The fact that established
regions often fare better (within or just before the study period), suggests that expan-
sion or frontier regions will catch up in due time. However, this assumption must be
questioned, as areas more recently occupied under pressure of global market
demands may have fewer comparative advantages and generate fewer benefits. Most
importantly, vulnerability (conflicts and inequality) always deteriorates in newly
exploited areas, due to high incidence of illegal land grabbing and violence.
Vulnerability is an important aspect of poverty, and suggests that, at least initially,
part of the population does not benefit from the production process. Moreover, poor
communities in production areas are particularly affected by the combination of
unfavorable socioeconomic changes and biodiversity loss, as they are generally more
dependent on ecosystem goods and services for food security and as a safety net
(DFID, EC, UNDP, & World Bank, 2002; UNCTAD, 2002). Ecosystem changes will
also take much time to regenerate.

Even if socioeconomic development was positive during the agro-commodity
production boom, this may not be sustainable change. In Vietnam the expansion of
coffee was concentrated in one poorly developed region. Although the region
benefited economically during the coffee boom in the 1990s, recent data show a
widening gap (as compared to national averages) in terms of food security, poverty,
and inequality. This suggests that the production areas did not benefit sufficiently
from the period of high revenues, and development remains dependent on incomes
from resource exploitation at the expense of natural capital.

The underlying causes for the observed patterns can be several, and vary by coun-
try. Here we cite some of the causes explaining poor performance of production
areas, as have appeared from the country studies:

• The rate of change—the rapid rate of agro-commodity expansion (as associated
with global trade) may surpass the capacity of law enforcement authorities to
respond adequately.
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• Comparative advantages of production areas—more recently occupied areas
(expansion and frontier regions) may have lower land suitability and thus be less
productive, whereas established regions have better production conditions and
comparative advantages for trade and processing industries (e.g. located near the
coast).

• The absence of value added processing industries in producing areas—this may be
the case particularly in frontier areas and explain their poor performance.

• Government subsidies to alleviate poverty and improve social services—this 
may explain why social indicators in some countries perform better than economic
ones.

• Influx of migrant workers and high levels of mechanization—this may explain why
we see negative rural employment changes for soy (and possibly beef).

• Law enforcement and land rights—poor law enforcement and no respect of land
titles and use rights explains the occurrence of conflicts, particularly in frontier and
expansion areas.

• Degree of decentralization and local autonomy—local governments may raise their
own taxes, which explains why in some countries local administrations benefit from
resource exploitation (e.g. in Brazil) and use revenues for social and economic
development services.

• Involvement of the private sector—although some sectors are monopolized by a
limited number of international companies (soy, palm oil), this is less so for others
(coffee, meat).

Applicability of the Method

Our analysis method offers new perspectives for the integrated assessment of
biodiversity and socioeconomic impacts of large-scale agro-commodity production
processes. For biodiversity losses, we largely succeeded in distinguishing the impact
from the agro-commodity development from other possible causes. We limited our
assessment to biodiversity changes caused by changes in land use (intensity), which
are most important in production areas. To assess socioeconomic changes, a method
was developed by which available statistics and case studies were used to quantify
the socioeconomic impacts. The strength of the method is the focus on the meso
level and the comparison of trends in production areas with national averages. This
helps overcome disadvantages of national statistics or local case studies. The method
is suitable for drawing conclusions about commodity production processes that tend
to be concentrated in certain areas within countries. As compared to local surveys or
case studies, the method has the advantage of reaching the meso or landscape level
in which production sectors are nested in a complex mosaic structure of land use and
remaining natural ecosystems dynamics, as well as socioeconomic dynamics (e.g.
rural–urban dynamics).

The weakness of the method is its dependence on reliable statistical data at the
meso level in producing countries. The applicability also depends on:
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• The proper choice of products. Products with a diversity of processing chains are
more difficult to analyze than raw material flows only, especially if processing takes
place at different locations.

• The choice of countries and production areas. The selected commodity needs to
have high priority for the country and/or for the production areas. This will make it
difficult to apply this method in urbanized areas or areas with an important service
sector.

• The possibility of using control areas. This was not possible for this study, as suit-
able control areas were not found, but may be possible at a lower scale level (e.g.
municipalities).

It can be concluded that the selected set of indicators provided insight into sus-
tainability impacts and their interactions, and allows use of both quantitative data
and qualitative information. The number of indicators is limited but sufficient to
build up a reliable view and establish comparison between countries. The emerging
picture is more specific and balanced and thus meets some of the criticism of the
ecological footprint method.

Policy Implications

This study provides evidence casting doubts on the neoliberal assumption that
agro-commodity production and trade will generally stimulate economic growth and
reduce poverty in their production areas (see the Introduction). This study demon-
strates that production areas may lose biodiversity (natural capital) and at the same
time be subjected to processes that lead to a widening poverty gap between the pro-
duction area and the national average. More research is needed to identify which fac-
tors explain these dynamics, and in particular determine the conditions for positive
dynamics to occur. It can be concluded that governments and private sector agencies
should be cautious in stimulating South–North trade of agro-commodities, particu-
larly if production areas are rich in biodiversity and relatively underdeveloped. There
is an urgent need to establish criteria for sustainable commodity production processes
in the production countries, based on the objective to assure environmental sustain-
ability and an equitable development path. Such initiatives do occur (e.g. round tables
on sustainable palm oil and on responsible soy) but need to be supported by private
sector and by government policies to become effective in the short term.
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