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The Sociology of Unequal Exchange in Ecological Context: A Panel Study of Lower-Income Countries, 1975–20001 Andrew K. Jorgenson2



The structural theory of ecologically unequal exchange posits that through the vertical ﬂow of exports from lower-income countries, the stratiﬁed world economy enables higher-income countries to misappropriate global environmental space. Tied to their unsustainable consumption levels, this misappropriation by higher-income countries leads to the suppression of resource consumption in lower-income countries, well below globally sustainable thresholds, which negatively impacts the well-being of domestic populations. To evaluate key aspects of the theory, I test the hypothesis that lower-income countries with elevated levels of exports sent to higherincome countries exhibit lower consumption-based environmental demand, measured as percapita ecological footprints. Findings for generalized least squares panel regression analyses of 66 lower-income countries from 1975 to 2000 conﬁrm the hypothesis, providing support for the theory. Additional results indicate that the strength of the hypothesized relationship increased in magnitude during the 25-year period. These ﬁndings hold, net of the effects of economic development, ecological conditions, and other structural factors. KEY WORDS: consumption; ecological footprint; environmental sociology; globalization; political economy; unequal exchange.



INTRODUCTION Resource use and consumption are fundamentally tied to the wellbeing of human populations (WRI, 2005). Indeed, different indicators of health and quality of life are strongly associated with levels of resource consumption (Prescott-Allen, 2001; World Bank, 2005). What is more, the consumption habits of higher-income countries are well above 1 2
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globally sustainable thresholds (Global Footprint Network, 2006), while lower-income and thus less-consuming countries tend to have higher levels of different forms of environmental degradation within their borders (e.g., Jorgenson, 2005). A growing body of macro-level theorization and empirical work in sociology suggests that this ‘‘consumption ⁄ degradation paradox,’’ coupled with the associations between resource consumption and human well-being, are partly a function of asymmetrical relationships between higher-income and lower-income countries. In particular, theorists of ecologically unequal exchange (e.g., Bunker, 1984; Hornborg, 1998; Rice, 2007a; Roberts and Parks, 2007) assert that more-developed, higherconsuming countries externalize portions of their consumption-based environmental costs to lesser-developed countries, which in turn increases forms of environmental degradation in the latter while suppressing levels of resource consumption within their borders, and this suppression of consumption directly impacts the well-being and quality of life for domestic populations. It is further posited that these processes of unequal exchange, which are structured and maintained by the stratiﬁed world economy, largely take place through the vertical ﬂow of exports from lower-income countries to higher-income countries (Jorgenson, 2006). Prior sociological research examines how the structural aspects of international trade impact particular forms of environmental degradation and human well-being in lower-income countries (e.g., Jorgenson, 2006; Wimberley, 1990; Wimberley and Bello, 1992), but the extent to which resource use and consumption is suppressed in the latter by processes and conditions of ecologically unequal exchange remains largely underinvestigated and thus less understood. In the current study I help resolve these issues. Using newly available panel data for the per-capita ecological footprints of nations, which are a widely accepted comprehensive measure of consumption-based environmental demand, I test the following theoretically-derived hypothesis: lower-income countries with relatively higher levels of exports sent to more-developed (i.e., higher-income) countries exhibit lower per-capita footprints. Results of generalized least squares panel regression analyses of 66 lower-income countries from 1975 to 2000 conﬁrm the hypothesis, providing support for the proposed theorization. Additional ﬁndings reveal that the strength of the hypothesized relationship increased in magnitude during the 25-year period studied, suggesting that exchanges between higher-income and lower-income countries have become more unequal, at least in the context of resource consumption and the misappropriation of environmental space, which I elaborate on below. In the next section, I describe the conceptual origins and measurement characteristics of the ecological footprint, and I compare the temporal trajectories of the footprints for lower-income countries and
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higher-income countries. This comparison reveals divergent patterns and illustrates the extent to which the footprints of higher-income countries have become more unsustainable while lower-income countries have continued to consume resources well below globally sustainable levels. These comparisons are followed by my discussion of the theory of ecologically unequal exchange. This discussion leads to the formalization of the study’s hypothesis, which I test in subsequent panel models. I move on to describe the sample included in the study, as well as the regression method used, the dependent variable, the calculation and distribution of the independent variable employed to test the hypothesis, and the additional statistical controls included in the reported models. After reporting and discussing the results of the analyses, I conclude by highlighting the key results of the study as well as their theoretical signiﬁcance. I also discuss what I consider to be the next important steps in this area of sociological inquiry.



THE ECOLOGICAL FOOTPRINTS OF NATIONS The ecological footprint as a concept and empirical indicator was primarily developed by Mathis Wackernagel and William Rees (1996), and quantiﬁes the amount of biologically productive land required to support the consumption of renewable natural resources and assimilation of carbon dioxide waste products of a given population. Generally speaking, national footprints are measures of societal demand on domestic as well as global natural resources, and they allow for comparisons of a nation’s environmental demand relative to available domestic and global natural capital. The latter refers to the stock of natural assets, such as water and forest resources, producing a ﬂow of services and resources for human societies. In recent years, sociologists have tested a variety of propositions derived from political-economic theorization in cross-national analyses of per-capita ecological footprints (e.g., Jorgenson, 2003, 2005; Jorgenson and Burns, 2007; Jorgenson and Rice, 2005; Rice, 2007b), as well as propositions derived from structural human ecology in studies of the total footprints of nations (e.g., York et al., 2003). The recently updated footprint estimates available from the Global Footprint Network (e.g., 2006) measure the bioproductive area required to support consumption levels of a given population from cropland (food, animal feed, ﬁber, and oil); grassland and pasture (grazing of animals for meat, hides, wool, and milk); ﬁshing grounds (ﬁsh and seafood); and forest (wood, wood ﬁber, pulp, and fuelwood). It also includes the area required to absorb the carbon dioxide released when fossil fuels are burned, and the amount of area required for built infrastructure. Regarding the former, the carbon
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dioxide portion of the footprint deals explicitly with natural sequestration, which involves the biocapacity required to absorb and store the emissions not sequestered by humans, less the amount absorbed by the oceans. A relatively new component of the comprehensive footprint measure is the nuclear footprint subcomponent. Due to lack of conclusive and available data, the nuclear energy portion of the footprint is assumed to be and thus estimated as the same as the equivalent amount of electricity from fossil fuels. However, this subcomponent accounts for less than 4% of the total global footprint in the year 2000, and this percent is even lower for earlier years. The ecological footprint is measured and reported in global hectares, and is calculated by adding imports to, and subtracting exports from, domestic production. In mathematical terms, consumption = (production + imports) ) exports. This balance is calculated for more than 600 products, including both primary resources (e.g., raw timber, wheat, milk) and manufactured products that are derived from them (e.g., paper, plywood, cereal, cheese). Each product or category is screened for double counting to increase the consistency and robustness of the measures. To avoid exaggerations in measurement, secondary ecological functions that are accommodated on the same space as primary functions are not added to the footprints. The footprint calculations also use (1) yield factors to take into account national differences in biological productivity (e.g., tons of wheat per U.S. or Sri Lankan hectare vs. world average), and (2) equivalence factors to take into account differences in world average productivity among different land types (e.g., world average forest vs. world average cropland). The ecological footprint includes only those aspects of resource consumption and waste production for which the Earth has regenerative capacity and where data exist that allow this demand to be quantiﬁed in terms of bioproductive area (Wackernagel et al., 2000). Of particular relevance for the current study, the newly available time-series footprint estimates are reported in constant 2003 global hectares, which allows for more valid temporal comparisons within and between countries. The per-capita footprints of nations can be compared to the global biocapacity per capita, which is calculated by dividing all the biologically productive land and sea on Earth by the total world population, which provides a general estimate of human sustainable levels of consumption. This global indicator of sustainable consumption was also developed by Wackernagel and associates (e.g., 2000) and is available from the Global Footprint Network. Figure 1 provides (1) the global biocapacity per capita, (2) the mean footprint per capita for 66 lower-income countries (LICs),3 3



These are the same 66 countries (see the Appendix) included in the subsequent panel regression analyses. Lower-income countries are those that are in the bottom three quartiles of the World Bank’s (2005) income quartile classiﬁcation of countries.
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Fig. 1. Global biocapacity per capita and mean ecological footprints per capita for high-income and lower-income countries, 1975–2000.



and (3) the mean footprint per capita for high-income countries (HICs).4 These three measures are presented in 5-year intervals from 1975 to 2000.5 Although the average per-capita footprint for the high-income countries increased by approximately 16.8% from 4.71 hectares in 1975 to 5.50 hectares in 2000, the mean per-capita footprint for the lower-income countries decreased approximately 10.5% from 1.42 hectares in 1975 to 1.26 hectares in 2000. Besides these divergent trends, the mean per-capita footprints for the high-income countries were well above globally sustainable levels for the entire period, and the difference between the two increased by approximately 57.5% from 1975 to 2000, while the average per-capita footprint for the lower-income countries remained below the global biocapacity per capita for the 25-year period. Without doubt, the human health and general well-being of populations are largely a function of access to adequate shelter as well as 4



5



This consists of Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Italy, Japan, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom, and the United States of America. These countries fall into the top quartile of the World Bank’s (2005) income classiﬁcation. It is quite likely that global-level population growth and forms of environmental degradation contributed to the approximately 23.11% decline in global biocapacity per capita during this 25-year period from 2.38 hectares in 1975 to 1.83 hectares in 2000.
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consumption of food and other bioresources (e.g., Jenkins and Scanlan, 2001; Prescott-Allen, 2001), all of which are included to some extent in the composite footprint measures (Global Footprint Network, 2006). As an indicator of resource demand, the ecological footprint does not measure human well-being directly. However, nations with the lowest percapita footprints tend to have the relatively highest rates of infant and child mortality as well as of malnutrition and poverty. For example, the per-capita footprints of the lower-income countries included in this study’s panel data set (see description below) are negatively correlated with child mortality rates at approximately ).68, infant mortality rates at approximately ).65, malnutrition in the form of low weight for children under 5 at approximately ).69, and low-birth-weight babies at approximately ).55.6 These negative associations are even more pronounced when including high-income countries in the bivariate analysis. Thus, the per-capita footprints of nations could be treated as a proxy indicator of human quality of life, and many lower-income countries appear to have footprints well below globally sustainable levels, meaning that their resource consumption could increase at least marginally, which would likely enhance the health and well-being of domestic populations while not placing unmanageable burdens on the biocapacity of the world.7 In sum, while not all countries with high footprint demand are characterized by high levels of social and economic development, the countries with the lowest footprint demand are mired in poverty and underdevelopment (Rice, 2007a). Are these growing differences between the size of per-capita footprints for high-income countries and lower-income countries solely the result of increasing divergence in their relative levels of economic development, or could there be other factors that directly contribute to these differences in general and the suppression of material consumption for the populations of lower-income countries in particular? Recent sociological theorization and related empirical studies of ecologically unequal exchange would suggest that asymmetrical relationships between countries are also critical to consider, particularly relationships involving the ﬂow of exports from lower-income countries to higher-income countries. It is to a discussion of this growing body of theory and research that I now turn, which leads to the formalization and testing of a hypothesis in subsequent panel regression analyses of the per-capita ecological footprints of lower-income countries. 6 7



Data for these well-being measures are obtained from the World Bank (2005). However, this analogy excludes the implications of the upward trajectory of unsustainable resource use of high-income countries.
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ECOLOGICALLY UNEQUAL EXCHANGE Environmental social science in general and environmental sociology in particular have experienced a surge in theorization and research concerning how the structure of international trade contributes to ecological and environmental outcomes, especially within lower-income countries. Considering the recent upswing in the globalization of trade (Chase-Dunn et al., 2000) as well as increases in different forms of environmental degradation and concomitant human suffering in lower-income countries (Jorgenson and Kick, 2006), the growing attention paid to relationships between international trade and environmental ⁄ ecological factors, particularly within lower-income countries, is perhaps not too surprising.8 One of the central orientations in this body of contemporary literature is the theory of ecologically unequal exchange, which has much of its roots in the classical trade dependence, unequal exchange, and world-systems traditions in political-economic sociology (e.g., Chase-Dunn, 1998; Emmanuel, 1972; Frank, 1967; Galtung, 1971; Hirschman, [1945] 1980). However, it is important to note that scholars of development and environmental degradation, particularly Stephen Bunker, were pushing for this form of theorization and inquiry in earlier decades. To paraphrase Bunker (1984), like economic outcomes, the environmental and human well-being ‘‘costs’’ of export dynamics for less-developed countries should be considered both theoretically and empirically. As noted by others as well (e.g., Jorgenson, 2006; Rice, 2007a; Roberts and Parks, 2007), Bunker forcefully argued that theoretical articulations and corresponding empirical assessments have failed to address how and the extent to which the extraction and export of natural resources from lower-income, peripheral countries (1) involve a vertical ﬂow of value embodied in energy and matter to higher-income countries, and (2) could greatly inﬂuence the environmental, demographic, and structural context in which subsequent development efforts unfold, with the latter potentially complicating future value-added extractive activities and thus negatively impacting the quality of life for domestic populations. Building from these prior works, the structural theory of ecologically unequal exchange asserts that more-afﬂuent, higher-income countries externalize their consumption-based environmental costs to less-afﬂuent or lower-income countries, which in turn increases forms of environmental degradation in the latter while suppressing levels of resource consumption within their borders (Hornborg, 1998; Hornborg et al., 2007; Jorgenson, 8



The ‘‘human security’’ paradigm makes similar arguments about the importance of and intersections between human health security, food security, environmental security, and community security (e.g., UNDP, 1994).
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2006; Rice, 2007b; Roberts and Parks, 2007). In the international division of labor, a large proportion of economic practices taking place within lower-income countries consist of agricultural activities, extractive processes, and export-oriented production (McMichael, 2004). The majority of extracted materials and agricultural products from the primary sector as well as produced goods from secondary-sector activities are exported to and consumed in higher-income countries. These economic practices are largely organized by a combination of (1) indigenous elites in lowerincome countries working in partnership with import-focused ﬁrms located in higher-income countries, and (2) by the increasing control of transnational corporations in global production chains and commodity distribution (e.g., Robinson, 2004). More generally, the populations of higher-income countries are positioned advantageously in the contemporary world economy, and thus are more likely to secure and maintain favorable terms of trade allowing for greater access to the natural resources and sink capacity of bioproductive areas within lower-income countries. This greater access facilitates the externalization of environmental and human well-being costs of resource extraction to lower-income countries, which contributes to heightened resource depletion and environmental degradation within their borders. These structural processes also help create conditions where higher-income countries are able to overutilize global ‘‘environmental space,’’ which encompasses the stocks of natural resources and waste assimilation properties of ecological systems supporting human social organization9 (Rice, 2007a). Further, this overutilization or misappropriation of environmental space suppresses resource use and consumption opportunities for lowerincome countries, thereby hindering prospects to increase the overall quality of life for their domestic populations (e.g., Hornborg, 1998). Consistent with other recent studies (e.g., Jorgenson and Rice, 2005; Rice, 2007a), I contend that the ecological footprint is a useful proxy measure for the appropriation and ⁄ or misappropriation of environmental space by a given population. Earlier historical periods were largely characterized by more direct unequal exchanges between colonizers and their colonies (e.g., Davis, 2001). However, partly due to the waves of decolonization in the nineteenth and twentieth centuries (McMichael, 2004), as well as the increasing structural globalization of investment, production, and trade (Chase-Dunn and Jorgenson, 2007), the dynamics and consequences of ecologically unequal exchange in the contemporary era are embedded in a more 9



As pointed out by an anonymous reviewer, the misappropriation of environmental space could also be characterized as a form of ‘‘biopiracy’’ (Shiva, 1997).
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intensiﬁed world economy where ‘‘middle-income’’ countries experience relatively reduced consumption levels and enhanced environmental degradation associated with consumption in higher-income countries, while also outsourcing part of their environmental costs to lower-income countries, which suppresses domestic levels of consumption in the latter while further increasing forms of environmental degradation within their borders. Thus, in the contemporary world economy, which is characterized by an upswing in different forms of structural globalization, unequal exchanges are not simply characteristic of core ⁄ periphery relationships: ‘‘semi-peripheral’’ nations are exploited by ‘‘core’’ nations, while simultaneously exploiting more ‘‘peripheral’’ nations (e.g., Chase-Dunn, 1998). In addition to being illustrative of the potential consequences of ecologically unequal exchange, the above processes and their unequal impacts are also characteristic of what Burns et al. (2006) refer to as a relatively new form of ‘‘recursive exploitation,’’ nested within the international stratiﬁcation system. In environmental sociology as well as in the ﬁeld of ecology, these forms of environmental cost shifting between higher-income countries and lower-income countries are also referred to as the ‘‘Netherlands Fallacy.’’10 Prior studies provide support for the above assertions. First, higherconsuming countries, meaning those with larger per-capita footprints, tend to have the lowest levels of deforestation and water pollution within their borders (e.g., Jorgenson, 2003; Rice, 2007a). Although these sorts of descriptive observations do provide evidence of apparent inverse associations between consumption and environmental degradation, often referred to as the ‘‘consumption ⁄ degradation paradox,’’ they do not offer direct evidence of the causal relationships leading to them as proposed by the theory of ecologically unequal exchange. However, recent cross-national panel regression analyses of deforestation (Jorgenson, 2006) and industrial organic water pollution (Shandra et al., forthcoming) indicate that lowerincome countries with relatively higher levels of exports sent to upperincome countries experience higher levels of forest degradation and growth in water pollution within their borders, net of other political-economic and human-ecological factors. These investigations provide more direct evidence of the causal relationship between the vertical ﬂow of exports and environmental degradation within the borders of lower-income countries, but the theoretical articulations concerning the ‘‘other half’’ of the consumption ⁄ degradation paradox are untested. 10



The ‘‘Netherlands Fallacy’’ refers to the error in assuming that the overall environmental impacts of the Netherlands population as well as other more afﬂuent societies are contained within their national borders.
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Two studies of per-capita ecological footprints attempt to investigate the proposed causal relationship between the vertical ﬂow of exports and suppressed levels of consumption-based environmental demand in lowerincome countries (Jorgenson and Rice, 2005; Rice, 2007b). Although they involve different methods for measuring the extent to which exports of a given nation are sent to higher-income countries, both studies reveal negative associations between per-capita footprints and the level of exports sent to higher-consuming, upper-income countries, which provides tentative support for the other half of the proposed consumption ⁄ degradation paradox. However, due to data availability limitations at the time of their completion, both analyses are cross-sectional by design, greatly limiting the ability to make causal inferences. What is more, factors other than population size and afﬂuence found to be of direct relevance in structural human ecology investigations are absent from the analyses. Building on the prior research discussed above, in the subsequent analyses I analyze newly available panel data for the per-capita footprints of nations to test a hypothesis derived from the structural theory of ecologically unequal exchange. The hypothesis states that lower-income countries with relatively higher levels of exports sent to more-developed (i.e., higher-income) countries exhibit lower per-capita ecological footprints. The availability of adequate panel data allows me to use rigorous panel regression methods and conduct more valid hypothesis testing, and I also control for political-economic and climate-related factors shown by prior empirical investigations of ecological footprints to be important statistical controls. Considering the divergent temporal trajectories shown in Fig. 1, I also explore if the effect of the vertical ﬂow of exports from lowerincome countries to higher-income countries on the per-capita footprints of the former changes over time. Put differently, I also examine if structural relationships between higher-income and lower-income countries became more or less ecologically unequal during the recent upswing of economic globalization.



THE ANALYSES The Data Set To maximize the use of newly available data, I analyze a slightly unbalanced panel data set consisting of two to six observations over 5year intervals from 1975 to 2000 (i.e., 1975, 1980, 1985, 1990, 1995, 2000) for 66 lower-income countries in which measures for the dependent
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variable and key independent variable are available. Consistent with most research in this tradition, lower-income countries are identiﬁed as those not falling into the top quartile of the World Bank’s (2005) income quartile classiﬁcation (based on per-capita measures of economic development).11 For the reported analyses, overall sample sizes range from 286 to 330, with mean observations per country ranging from 4.3 to 6. The Appendix lists all countries included in the reported analyses. It is important to restate that the proposed theorization and hypothesis tested in the subsequent empirical analyses deal explicitly with the potential impacts of ecologically unequal exchange for lower-income countries. Elsewhere I use the same measurements and methods as below to investigate the relationship between the ﬂow of exports and per-capita footprints for (1) a combined sample of lower-income countries and high-income countries, and (2) a sample of only high-income countries. As expected by the proposed theorization, in the analyses of both lower-income countries and highincome countries, the effect of the key independent variable of interest is negative (unstandardized coefﬁcient = ).056; standardized coefﬁcient = ).036; p-value = .013, one-tailed test), yet much smaller than in the analyses reported below of only lower-income countries. Also consistent with the proposed theorization, in the analyses restricted to high-income countries, the effect of weighted export ﬂows is nonsigniﬁcant (p-value >= .340, one-tailed tests).12



Panel Regression Technique: GLS Random-Effects Models Random-effects and ﬁxed-effects models are two approaches designed to correct for the problem of heterogeneity bias, which refers to the confounding effect of unmeasured time-invariant variables that are omitted from regression models (Greene, 2000). With the availability of panel data for the outcome investigated in this study, as well as the independent variables, I am able to employ such methods. Both models ‘‘simulate’’ unmeasured time-invariant factors as country-speciﬁc intercepts (Nielsen and Alderson, 1995). The random-effects model treats country-speciﬁc intercepts as a random component of the error term, and the ﬁxed-effects model treats the country-speciﬁc intercepts as ﬁxed effects to be estimated, equivalent to including dummy variables for N ) 1 countries (Frees, 2004; Hsiao, 2003). 11 12



From a world-systems perspective, the analyzed sample consists of noncore countries. The high-income countries included in these additional analyses are the same high-income countries charted in Fig. 1. Results for the additional unreported analyses are available from the author on request.
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For methodological and substantive reasons, I estimate generalized least squares (GLS) random-effects (RE) models with robust standard errors for all reported analyses. In studies where the time dimension is relatively small (e.g., six time points), a RE modeling approach is often preferable to ﬁxed effects (FE) because fewer degrees of freedom are necessary to account for the subject-speciﬁc parameters (Frees, 2004:78). Second, when one or more independent variables have relatively low variation across time per case, the latter type of model can suffer from extreme multicollinearity since variables under these conditions will likely be highly collinear with the country-speciﬁc ﬁxed effects. FE models are also inappropriate for perfectly time-invariant variables of possible relevance, and the estimation algorithm for the FE model can be interpreted substantively as ‘‘throwing away’’ theoretically relevant between-country variation present in the data (Nielsen and Alderson, 1995). Results of the Hausman test statistic (all nonsigniﬁcant) also indicate that the RE modeling approach is preferred to ﬁxed effects for the current analyses. However, I note that elsewhere I reestimate all reported models with OLS FE panel regression (minus the temperate dummy variable discussed below), and the ﬁndings of particular interest for this study are very similar to the results of the GLS RE models. Using relevant diagnostics, I also conclude that the overall sample in the current study does not contain any overly inﬂuential cases, and none of the reported models are unstable due to high multicollinearity.



Dependent Variable The dependent variable for the analyses is the updated estimates for the per-capita ecological footprint, which I obtained directly from the Global Footprint Network.13 These data are logged (ln) to minimize skewness. For a detailed description of the calculations used for the updated estimates, see the 2006 Living Planet Report.



Key Independent Variable I calculate a weighted index that quantiﬁes the relative extent to which a lower-income country’s exports are sent to higher-income 13



The Global Footprint Network is an international nonproﬁt organization that works with various partner organizations to coordinate research, develop methodological approaches, and provide resource accounts to help with policy development. Time-series data sets of ecological footprints and levels of biocapacity are available from the Global Footprint Network.
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countries for a particular time point (i.e., 1975, 1980, 1985, 1990, 1995, 2000). I refer to this measure as weighted export ﬂows, and these data are logged (ln) to minimize skewness. Other recent studies use the same measure to test hypotheses in (1) cross-sectional analyses of the per-capita ecological footprints of lower-income countries (Jorgenson and Rice, 2005) as well as (2) panel analyses of deforestation (Jorgenson, 2006) and industrial organic water pollution in lower-income countries (Shandra et al., forthcoming). Data required for the construction of the index include relational measures in the form of exports between sending and receiving countries, and attributional measures of economic development for receiving countries in the form of per-capita gross domestic product (GDP). The export data are taken from the International Monetary Fund’s (2003) Direction of Trade Statistics CD ROM database, and are reported in current U.S. dollars.14 Per-capita GDP data are taken from the World Bank (2005) and are in constant 2000 U.S. dollars. The weighted index is calculated as: Wi ¼



N X



pij aj



j¼1



where: Wi = weighted export ﬂows for country i; pij = proportion of country i’s total exports sent to receiving country j; and aj = GDP per capita of receiving country j. The ﬁrst step is to convert the ﬂows of exports to receiving countries into proportional scores. More speciﬁcally, exports to each receiving country are transformed into the proportion of the sending country’s total exports. The second step involves multiplying each proportion by the receiving country’s per-capita GDP. The third step is to sum the products of the calculations in Step 2. The sum of these products quantiﬁes a nation’s relative level of exports sent to more-developed, higher-income countries.



Slope-Dummy Interactions To explore if the effect of weighted export ﬂows on per-capita footprints changes over time, I calculate and use slope-dummy interactions 14



Due to the calculations involved in creating the weighted index, particularly the conversion of export ﬂows into proportions of total exports (Step 1), the use of export ﬂows data reported in current U.S. dollars is not problematic for making temporal comparisons within and between countries in the study or for conducting the panel regression analyses in general.
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between time and the weighted export ﬂows measures. These interaction variables are included in the analyses reported in Table III. Other recent cross-national studies use slope-dummy interactions for analogous reasons (e.g., Jorgenson et al., 2007; Jorgenson and Kuykendall, forthcoming) as well as for other types of theoretically-derived investigations (e.g., Burns et al., 2006). The inclusion of the interaction variables for time and weighted export ﬂows involves a more complex interpretation of the effects, which I explain below. Additional Independent Variables Included in the Analyses15 I control for level of economic development, measured as per-capita gross domestic product (GDP). Studies of per-capita footprints that include samples of both higher-income and lower-income countries indicate that level of development is the primary driver of consumption-based environmental impacts (e.g., Jorgenson, 2005; Jorgenson and Burns, 2007). Various political-economic orientations, including treadmill of production theory (Schnaiberg and Gould, 1994) and ‘‘green’’ world-systems analysis (e.g., Roberts and Parks, 2007), would postulate such causal relationships (see also York, 2007). I obtain the GDP per capita estimates, which are measured in constant 2000 U.S. dollars, from the World Bank (2005). I log (ln) the per-capita GDP measures to help correct for excessive skewness. I include a dummy variable, temperate, to control for the potential inﬂuence of latitude and climate in particular, and ecological conditions of a nation in general. Conventional wisdom suggests that more resources are consumed to sustain societies in colder climates. Thus, one would likely assume that resource consumption increases the farther a nation is from the equator. Taking the same approach as York et al. (2003), I label countries as ‘‘temperate’’ if their distance from the equator is between 30 to 55 degrees. Countries less than 30 degrees from the equator are labeled as ‘‘tropical,’’ and are treated as the omitted category in all reported analyses. The data set for this study consists of lower-income countries in these two general categories, meaning that there are no countries included in the analyses considered to be ‘‘arctic’’ (more than 55 degrees from the equator). York et al.’s (2003) structural human ecology study of the total footprints of nations highlights the importance of ecological conditions, 15



Elsewhere, I also control for manufacturing as percent of GDP, agriculture as percent of GDP, services as percent of GDP, exports as percent of GDP, and literacy rates. Including these additional controls does not suppress the reported effect of weighted export ﬂows on per-capita ecological footprints, and their effects on the outcome are all nonsigniﬁcant.
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revealing that the total footprints of nations are positively associated with distance from the equator. I use urban population as percent of total population as an indicator of urbanization. These data are gathered from the World Bank (2005). Cross-sectional sociological studies of the per-capita (e.g., Jorgenson, 2003, 2005) and total footprints of nations (York et al., 2003) reveal that more urbanized countries exhibit larger consumption-based environmental impacts. In general, urban built environments require a great deal of resources and environmental space for their construction and maintenance, and resource- as well as waste-intensive production processes often take place in more urban regions. I also control for human capital in the form of secondary education enrollment (percent of gross), which is explicitly measured as the ratio of total enrollment, regardless of age, to the population of the age group that ofﬁcially corresponds to the secondary level of education. These data are obtained from the World Bank (2005). Prior cross-sectional studies that include both developed and less-developed countries link human capital in the form of education to higher per-capita footprints (e.g., Jorgenson 2003). In general, higher levels of education correspond with higher incomes, which increase the likelihood of conspicuous consumption, and the promotion of the cultural ideology of consumption is often geared toward more educated populaces. To account for period-speciﬁc effects, I also include unreported dummy-coded variables for N ) 1 of the years included in the study (i.e., 1980, 1985, 1990, 1995, 2000). Descriptive statistics for the univariate distributions of all variables included in the analyses as well as their bivariate correlations are reported in Table I.



RESULTS AND DISCUSSION Findings for the panel regression analyses are reported in Tables II and III. Table II presents the results of the models that focus on the current study’s hypothesis, and Table III reports the analyses that investigate if the effect of weighted export ﬂows on the per-capita footprints of lower-income countries changes during the 25-year period of focus. Unstandardized coefﬁcients are ﬂagged for statistical signiﬁcance, standardized coefﬁcients appear in brackets, and robust standard errors are reported in parentheses. I also provide the values of R2 within, R2 between, and R2 overall for all reported models, as well as their sample size and mean number of observations per country.



Ecological footprint per capita (ln) Weighted export ﬂows GDP per capita (ln) Temperate climate Urban population Secondary education Weighted export ﬂows Weighted export ﬂows Weighted export ﬂows Weighted export ﬂows Weighted export ﬂows



· · · · ·



1980 1985 1990 1995 2000



(ln)



Ecological footprint per capita (ln) Weighted export ﬂows (ln) GDP per capita (ln) Temperate climate Urban population Secondary education Weighted export ﬂows · 1980 Weighted export ﬂows · 1985 Weighted export ﬂows · 1990 Weighted export ﬂows · 1995 Weighted export ﬂows · 2000



2 3 4 5 6 7 8 9 10 11



1



330 330 330 330 330 286 330 330 330 330 330



N



).319 .727 .498 .644 .583 .056 .019 ).024 ).019 ).058



1



).060 ).254 .025 .087 ).241 ).081 .038 .281 .317



2



.813 9.423 6.756 .267 40.472 34.776 1.321 1.420 1.744 1.825 1.800



Mean



.347 .803 .595 .060 .081 ).023 ).049 ).054



3



.394 .432 ).013 .029 .007 .001 .006



4



.268 .246 .968 .442 18.205 22.324 3.247 3.366 3.667 3.764 3.749



SD



.605 ).039 .021 ).005 .042 .093



5



).125 .039 .004 .098 .251



6



1.192 ).136 .128 1.060 .486 .694 2.057 1.955 1.634 1.583 1.608



Skewness



Table I. Descriptive Statistics



).172 ).194 ).198 ).196



7



).201 ).205 ).203



8



1.259 ).186 )1.009 ).882 ).183 ).258 2.250 1.836 .678 .512 .595



Kurtosis



).231 ).229



9



).233



10



.390 8.570 4.730 .000 3.200 2.000 .000 .000 .000 .000 .000



Min.



1.750 10.050 8.940 1.000 88.400 100.000 9.630 9.710 9.850 10.000 10.050



Max.
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Table II. Findings for the Regression of Per-Capita Ecological Footprint on Weighted Export Flows and Other Selected Variables: Random-Effects Model Estimates for 286 to 330 Observations on 66 Less-Developed Countries, 1975–2000



Weighted export ﬂows (ln) GDP per capita (ln)



Model 1



Model 2



Model 3



Model 4



Model 5



).089* [).097] (.042) .186*** [.657] (.016)



).071* [).078] (.038) .169*** [.601] (.016) .179*** [.288] (.050)



).070* [).077] (.039) .166*** [.588] (.019) .175*** [.280] (.051) .001 [.032] (.001)



).106** [).117] (.043) .173*** [.614] (.018) .162*** [.261] (.047)



).108** [).118] (.045) .176*** [.622] (.022) .165*** [.265] (.048) ).001 [).020] (.001) .001 [.069] (.001) .612 (.415) .245 .691 .630 286 4.3



Temperate climate Urban population Secondary education Constant 2



R within R2 between R2 overall N Mean observations



.424 (.370) .218 .611 .565 330 5



.317 (.336) .221 .670 .618 330 5



.325 (.337) .219 .673 .619 330 5



.001 [.067] (.001) .608 (.410) .243 .692 .630 286 4.3



Note: All models include unreported period-speciﬁc intercepts; *p < .05, **p < .01, ***p < .001 (one-tailed tests); unstandardized coefﬁcients ﬂagged for statistical signiﬁcance; standardized coefﬁcients appear in brackets; robust standard errors are in parentheses; two to six observations per country.



I report the ﬁndings for ﬁve tested models in Table II, all of which include the unreported period-speciﬁc intercepts. Model 1 is treated as a simple baseline, consisting of weighted export ﬂows and per-capita GDP. These two predictors are included in all tested models. Model 2 also includes the temperate dummy variable. Models 3 and 4 include the three predictors in Model 2 as well as one additional statistical control. The additional control in Model 3 is urban population, and secondary education is the additional control in Model 4. Model 5 is the most fully saturated of the series, consisting of all ﬁve predictors as well as the unreported period-speciﬁc intercepts.16 16



Following the helpful suggestion of an anonymous reviewer, elsewhere I include a worldsystem position statistical control, measured as a dummy variable for countries with a semi-peripheral status. The effect of the statistical control on the per-capita footprint of nations is positive and statistically signiﬁcant, but its inclusion does not suppress the reported negative effect of weighted export ﬂows or the reported positive effects of GDP per capita and temperate climate on the dependent variable.
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Table III. Findings for the Regression of Per-Capita Ecological Footprint on Weighted Export Flows · Time and Other Selected Variables: Random-Effects Model Estimates for 294 to 330 Observations on 49 to 66 Less-Developed Countries, 1975–2000 Model 1



Model 2



Constant



).070* [).077] (.040) ).001 [).004] (.001) ).004** [).051] (.001) ).003* [).043] (.002) ).001 [).017] (.002) ).003# [).039] (.002) .170*** [.602] (.016) .179*** [.288] (.050) .313



).017 [).016] (.038) ).002 [).021] (.002) ).007*** [).091] (.002) ).007*** [).092] (.002) ).004* [).067] (.002) ).006*** [).084] (.002) .171*** [.587] (.018) .181** [.293] (.062) ).196



R2 within R2 between R2 overall N Number of countries Mean observations



(.351) .221 .671 .618 330 66 5



(.352) .249 .621 .594 294 49 6



Weighted export ﬂows (ln) Weighted export ﬂows · 1980 Weighted export ﬂows · 1985 Weighted export ﬂows · 1990 Weighted export ﬂows · 1995 Weighted export ﬂows · 2000 GDP per capita (ln) Temperate climate



Note: #p < .075, *p < .05, **p < .01, ***p < .001 (one-tailed tests); unstandardized coefﬁcients ﬂagged for statistical signiﬁcance; standardized coefﬁcients appear in brackets; robust standard errors are in parentheses; two to six observations per country in Model 1; six observations per country in Model 2.



I ﬁrst review the ﬁndings concerning the statistical controls. Percapita GDP and temperate climate both positively affect per-capita footprints, and these positive effects are statistically signiﬁcant across all reported models. Moreover, the relative magnitudes of their effects are quite stable, regardless of the composition of additional statistical controls. The positive effect of per-capita GDP is consistent with prior studies of both per-capita and the total footprints of nations, and corresponds
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with multiple political-economic perspectives, including world-systems theory and treadmill of production theory. These theories posit that higher-income countries generally contain larger consumer markets that consume greater levels of natural resources, and environmental degradation is largely driven by the growth and intensiﬁcation of market economies. To maintain proﬁts, producers must constantly expand production, which requires additional ecological material inputs.17 The positive effect of temperate climate, which is the dummy variable used to help control for latitude and climate, further underscores the importance in considering ecological conditions as well as political-economic factors when investigating human ⁄ environment relationships.18 The effects of all remaining statistical controls are nonsigniﬁcant. I tentatively speculate that the nonsigniﬁcant effects could be a function of restricting the sample for the reported analyses to lower-income countries.19 However, these factors are not the focus of the current study. Turning to the key ﬁnding of interest, the effect of weighted export ﬂows is negative and statistically signiﬁcant across all tested models. This ﬁnding, which conﬁrms the current study’s hypothesis, provides support for the structural theory of ecologically unequal exchange. Higher-income and thus higher-consuming countries are structurally advantaged relative to lower-income countries. These historically grounded, structural conditions allow the former to maintain favorable terms of trade, enhancing and maintaining greater access to the natural resources of bioproductive areas within lower-income countries, which suppresses levels of consumption for the populations within the latter. Indeed, higher-income countries are able to overutilize global environmental space at the expense of lowerincome countries. Considering the associations between per-capita footprints and various indicators of human health, the suppression of consumption to well below globally sustainable levels in many lowerincome countries is also indicative of the processes and conditions of underdevelopment, and highlights the complex interconnections between human well-being and the misappropriation of environmental space as well as the possible similarities in their structural causes. 17 18 19



For detailed discussions of the direct relationship between development (per-capita GDP) and per-capita footprints, see Jorgenson (2005) and Jorgenson and Burns (2007). For further discussion of the importance in considering ecological factors when studying ecological footprints and other environmental outcomes, see York et al. (2003). However, their effects are also nonsigniﬁcant in the unreported analyses of only highincome countries brieﬂy discussed in the section that describes the current study’s data set. Prior cross-national investigations of footprints that ﬁnd signiﬁcant effects of urbanization and human capital in the form of secondary education are cross-sectional but combine both higher-income and lower-income countries (Jorgenson, 2003). Indeed, future studies of footprints should use the newly available panel data to further investigate these potential relationships.
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Table III reports the ﬁndings for the analyses that explore if the effect of weighted export ﬂows on per-capita footprints in lower-income countries varies across time. The inclusion of the interaction variables for time and weighted export ﬂows necessitates a somewhat more complex interpretation of the effects. The coefﬁcient for weighted export ﬂows is the unit change in per-capita footprints in 1975 for each unit increase in the former for the same year. The effects for the other ﬁve time points (i.e., 1980, 1985, 1990, 1995, 2000) equals the sum of the coefﬁcients for 1975 and the appropriate interaction term. The test of statistical signiﬁcance for the slope-dummy coefﬁcients determines whether the slope for the particular interaction and the reference category—in this case 1975—differ signiﬁcantly. I present the results of two tested models, both of which include per-capita GDP and temperate climate as additional statistical controls. The two tested models involve different samples. The sample analyzed for Model 1 is the same as for Models 1–3 in Table II, and includes two to six observations on 66 lower-income countries, with an overall size of 330 cases. The sample analyzed for Model 2 is reduced to countries in which measures of weighted export ﬂows are available for all six time points. This results in six observations for 49 lower-income countries, with a total of 294 observations. Countries excluded from the analysis of Model 2 are labeled accordingly in the Appendix. In general, results indicate that the effect of weighted export ﬂows on the per-capita footprints of lower-income countries did indeed increase to some extent during the 25-year period from 1975–2000. Although the ﬁndings for both models are indicative of this overall increase, I focus on the results of Model 2 since the corresponding data set includes only countries that have measures of weighted export ﬂows and the outcome for all six time points. More speciﬁcally, the effects of the interaction between weighted export ﬂows and 1985, 1990, 1995, and 2000 are all statistically signiﬁcant, and the magnitude of their effects are slightly more pronounced for 1985 and 1990 than for 1995 and 2000. Although the relative increase in the effect of weighted export ﬂows on the outcome is moderate at best, it lends support to the notion that the divergent trends in the percapita footprints of lower-income and higher-income countries illustrated in Fig. 1 are increasingly impacted by the vertical ﬂow of exports from the former to the latter in particular, and structural processes of ecologically unequal exchange in general. I speculate that the interaction for 1995, which is slightly smaller in magnitude than the interactions for 1990 and 2000, is tied to the similar temporal patterns of the globalization of trade during the same period, which involved an initial decline followed by an increase in the second half of the decade (Chase-Dunn et al., 2000). However, with these factors in mind, the results do suggest that the effect
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of weighted export ﬂows is greater in magnitude toward the end of the 25year period than at the beginning. More generally, these ﬁndings indicate that structural relationships between lower-income and higher-income countries became more ecologically unequal during the recent increase in the globalization of trade. Like the results presented in Table II, the effects of both per-capita GDP and temperate climate are positive and statistically signiﬁcant in this second series of analyses.



CONCLUSION This study contributes to the growing sociological literature concerning the potential environmental and human well-being impacts of the structure of international trade. Foremost, I help advance the structural theory of ecologically unequal exchange, with particular focus on how the stratiﬁed world economy enables higher-income countries to externalize their consumption-based environmental costs to lower-income countries. Also contextualized as the misappropriation of environmental space, the externalization of costs leads to the suppression of resource consumption and use of environmental space by the populations of lower-income countries. Considering the recent increases and projected growth of political-economic interconnections between nations, as well as the mounting evidence of more-afﬂuent societies treating less-afﬂuent societies as natural resource taps and waste sinks, theory-driven research in this tradition that bridges political-economic sociology and environmental sociology is perhaps more critical now than in past decades. Moreover, as indicated by the strong negative associations between per-capita footprints (a measure of consumption-based environmental demand) and various health measures, these sorts of outcomes are potentially detrimental for the overall quality of life of populations, particularly in lower-income countries. To evaluate the proposed theorization concerning ecologically unequal exchange, I used newly available panel data for the ecological footprints of nations and calculated an index, weighted export ﬂows, to test the hypothesis that lower-income countries with relatively higher levels of exports sent to more-developed (i.e., higher-income) countries exhibit lower per-capita footprints. Results of GLS random-effects panel regression analysis conﬁrm the hypothesis, providing support for the theory. Further analyses reveal that the effect of weighted export ﬂows on the per-capita footprints of lower-income countries increased in magnitude during the 25-year period studied. Thus, it appears that the impacts of ecologically unequal exchange on the misappropriation of environmental
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space grew to some extent in recent decades, which also corresponds with the latest upsurge in the structural globalization of trade (Chase-Dunn et al., 2000). Additional ﬁndings are consistent with prior research (e.g., Jorgenson and Burns, 2007; Rice, 2007b; York et al., 2003). In particular, level of development, measured as per-capita GDP, and climate, measured as the distance from the equator, both prove to positively affect per-capita footprints of lower-income countries. The former supports the arguments of various political-economic perspectives, and the latter corresponds with human ecological studies of the total footprints of nations. More generally, the conﬁrmed hypothesis, combined with the effects of development and climate, underscore the importance in considering both politicaleconomic and ecological factors. Although allowing for more valid testing of theoretically-derived hypotheses, considering both would also lead to more complete pictures of these sorts of complex human ⁄ environment relationships. I hope that other sociologists will investigate the potential impacts of both in future empirical investigations. The results of this study provide evidence of a direct relationship between the vertical ﬂow of exports and suppression of consumption in lower-income countries; however, I speculate that the overall effect might be much more pronounced than what the current analyses suggest. The classical unequal exchange literature (e.g., Emmanuel, 1972), as well as more recent advances in research on trade dependence (e.g., Kentor and Boswell, 2003; Mahutga, 2006), indicate that the structure of international trade can also suppress economic growth in lower-income countries. Prior research as well as the current study indicates that level of economic development is itself a key contributor to variation in the ecological footprints of nations. Thus, future studies of ecologically unequal exchange would do well to also consider the extent to which the ﬂow of exports from lower-income to higher-income countries indirectly impacts the ecological footprints of the former as well as particular forms of environmental degradation within their borders. For example, using available panel data and appropriate statistical methods, analysts could model and assess economic development as a mediating factor between the vertical ﬂow of exports and the ecological footprints of nations or more direct forms of degradation, such as deforestation or organic water pollution. Besides allowing for investigations of indirect effects, structural analyses of this sort could also help further determine the extent to which the underlying macro-level causes of economic underdevelopment as well as the misappropriation of environmental space and corresponding forms of environmental degradation are similar if not identical, as argued by contemporary scholars of natural resource use and underdevelopment.
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APPENDIX: COUNTRIES INCLUDED IN THE ANALYSIS



Algeria Angola* Argentina Bangladesh* Benin Bolivia Brazil Bulgaria* Cambodia* Cameroon Central African Republic Chad* Chile China* Colombia Congo Democratic Republic Costa Rica Cote Divoire Dominican Rep Ecuador Egypt* El Salvador Gabon Gambia Ghana Guatemala Haiti Honduras Hungary India Indonesia Jamaica Kenya*



Lebanon* Madagascar Malaysia Mali* Mauritania* Mauritius Mexico Morocco Mozambique* Nepal* Nicaragua Nigeria* Pakistan Panama Paraguay Peru Philippines Poland Romania Rwanda Senegal Sierra Leone Sri Lanka Syria Tanzania Thailand Tunisia Turkey Uganda Venezuela* Vietnam* Zambia Zimbabwe*



Note: Countries labeled by * are excluded from Model 2 in Table III.
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