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Abstract

Local natural resources are central to rural livelihoods across much of the developing world. Such
“natural capital” represents one of several types of assets available to households as they craft
livelihood strategies. In order to explore the potential for environmental scarcity and change to
contribute to perpetuation of the HIV/AIDS pandemic, we examine the association between
declining natural capital and engaging in risky sexual behaviors, as potentially another livelihood
strategy. Such association has been demonstrated in Kenya and Tanzania, through the fish-for-sex
trade. To explore the possibility of this connection within rural Haitian livelihoods we use
Demographic and Health Survey data, with a focus on rural women, combined with vegetation
measures generated from satellite imagery. We find that lack of condom use in recent sexual
encounters is associated with local environmental scarcity — controlling for respondent age,
education, religion and knowledge of AIDS preventive measures. The results suggest that explicit
consideration of the environmental dimensions of HIVV/AIDS may be of relevance in scholarship
examining factors shaping the pandemic.
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Demographic scholarship is increasingly exploring the ways in which environmental context
shapes demographic processes and patterns. Consider, for example, land scarcity and tenure
constraints as factors shaping recent Kenyan fertility decline (Shreffler and DoDoo 2009). In
addition, evidence of an association between environmental change and increased risk of
HIV/AIDS infection has begun to surface in sub-Saharan Africa (Gordon 2005; Merten and
Haller 2007; Mojola 2010; Torrel et al. 2007). Such work suggests that research into core
demographic processes may be incomplete (or worse, incorrect) unless it considers
interactions among individual behavior, socioeconomic and political structural forces, and
the local environment. Neglecting environmental factors may yield incomplete
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understanding especially in regions where households are highly dependent on nearby
natural resources.

In many of these rural resource-dependent regions, both individual well-being and large-
scale demographic dynamics are also dramatically impacted by HIVV/AIDS. Today, an
estimated 33.4 million individuals are living with HIV. In 2008, over 2.7 million became
newly infected and there were over 2 million AIDS-related deaths (UNAIDS 2009). Still,
scholarship examining the AIDS-environment association has been hampered by a shortage
of HIV/AIDS data at the individual and household level (Barnett and Whiteside 2002). Even
so, recent work does suggest that AIDS-impacted households rely more than others on
natural resources to maintain food security (see, e.g., Hunter, Twine, and Patterson 2007;
Kaschula 2008); and AIDS mortality also shapes households’ future access to land resources
(Frank and Unruh 2008).

In this study we add to explorations of the environmental dimensions of the AIDS pandemic
through focus on risky sexual behavior in Haiti as related to proximate environmental
degradation. Higher risk sexual behaviors are believed to fuel the HIV/AIDS pandemic (e.g.,
Dunkle et al. 2004) and risky sexual behavior has been documented as an “alternative
livelihood strategy” in the face of environmental pressures (e.g., Bene and Merten 2009;
Mojola 2010). Haiti is a logical setting to explore these interconnections given the nation’s
relatively high HIV prevalence and large-scale, sustained environmental degradation.

For this paper, we rely on the Demographic and Health Survey definition of higher risk sex
as sex with a noncohabiting, nonmarital partner within the last 12 months (TACAIDS 2008).
We further focus on women who report engaging in sex without condoms, controlling for
knowledge of condom use as a preventive measure against AIDS.

Making use of DHS data from Haiti (2000) combined with satellite imagery reflecting shifts
in vegetation availability across time (1990-2000), we examine associations between risky
sexual behavior and proximate environmental change for rural women in Haiti -- an
impoverished island nation with the oldest generalized HIV/AIDS epidemic outside of Sub-
Saharan Africa (Gilbert et al. 2007).1 Satellite imagery allows broad spatial and temporal
coverage of vegetation as a way to gauge natural resource availability and change. Within
the analyses, we use a Rural Livelihoods Framework to carefully consider the broader suite
of capital assets available to people making livelihood decisions.

In the remainder of this paper, we provide a general overview of the HIV/AIDS pandemic in
Haiti, followed by a short review of existing literature on how HIV/AIDS affects rural
livelihoods. We then outline this project’s theoretical framework and present our
hypotheses. A review of the Haiti Demographic and Health Survey and remotely sensed data
follows, and we conclude with presentation and discussion of results and implications.

Background
HIV/AIDS and Risky Sexual Behavior in Haiti

The vast majority of studies on the socio-environmental aspects of the AIDS pandemic have
focused on sub-Saharan Africa. We have chosen to focus this work on Haiti because it has
the highest rates of HIVV/AIDS in the western hemisphere, combined with intense poverty
and environmental degradation. In such a setting, consideration of the intersections of these
socio-environmental processes is of paramount importance.

Iwhile there is more recent DHS survey data for Haiti, from 2005-2006, we chose to use data from 2000 because we were able to
obtain high quality satellite imagery data for 1990 and 2000. A useful follow-on project would examine this association mid-decade.
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According to the most recent UNAIDS data, an estimated 230,000 individuals in the
Caribbean were living with HIV in 2007, while an estimated 20,000 were newly infected. In
addition, some 14,000 died of AIDS (UNAIDS 2008). Within the Caribbean region, 85% of
the HIVV/AIDS positive population lives on the island of Hispaniola, comprising Haiti and
the Dominican Republic (Hempstone et al. 2004). Indeed, Haiti is the most heavily HIV/
AIDS-affected nation in the region, with an estimated 94,000 adults living with HIV
(UNAIDS 2008). In the year before the collection of the data used here, adult HIV/AIDS
prevalence in Haiti exceeded 5 percent -- the only country outside Sub-Saharan Africa with
a prevalence of this magnitude.

Yet recent years have seen improvements in Haiti’s AIDS prevalence. Current estimates put
HIV prevalence at 2.2% -- slightly higher for women age 15-49 (2.3%) and lower for men
in that age group (2.0%) (MEASURE DHS 2005-2006). Even so, the current prevalence
represents the same rate estimated six years before (UNAIDS 2008) and, given this
consistency, the nation has been characterized as “in the throes of a generalized HIV
epidemic” (Pan American Health Organization (PAHO) 2007: 420).

In Haiti, HIV is spread primarily through heterosexual intercourse, paid or otherwise, in
addition to mother-to-child transmission (Deschamps et al. 1996; UNAIDS 2008). The
recent prevalence declines have been attributed to HIVV/AIDS education campaigns and
greater access to medical treatment (UNAIDS 2008). More women are using condoms
although numbers still remain low -- 18% in 2006, more than double the 8% in 1995
(MEASURE DHS 2005-2006). Young people are also increasingly aware of means of
preventing HIV infection, with 8 in 10 young Haitians understanding the importance of
abstinence, having only one faithful partner, and/or using condoms (MEASURE DHS 2005-
2006).

Factors that have facilitated the emergence of Haiti’s generalized HIV/AIDS epidemic
include poverty, sociopolitical instability, stigmatization, social norms that permit multiple
concurrent partners, limited health care, and poor governmental response (Hempstone et al.
2004). Thus HIV/AIDS represents more than a biological condition; rather it is rooted in
broader socioeconomic and political contexts (Barnett and Whiteside 2002; Farmer 1992,
1999; Hunter 2007). Farmer, who has written extensively about the HIV/AIDS epidemic in
Haiti, argues that poverty and inequality, both of which are tied to larger political economic
conditions, have greatly accelerated the spread and devastation of HIVV/AIDS (e.g., Farmer
1999). A more than century-long oppressive and extractive relationship between Haiti and
international powers, most importantly the United States, has resulted in what Farmer terms
structural violence, which in turn predisposes “the human body to pathogenic vulnerability
by shaping the risk of infection” (Castro and Farmer 2005:55). We need to recognize that
“the international community shares...the blame for the crisis in Haiti” (Faubert 2006).

Consideration of both the spatial gender and dimensions of the Haiti AIDS epidemic are
important for the work presented here. With regard to spatial dimensions, urban/rural
distinctions in the pandemic have recently surfaced; although general improvements in
prevalence have been seen, UNAIDS (2008) reports that significant levels of high-risk
behavior have been documented in Haiti’s rural areas and among young people (Cayemittes
et al. 2006; Gaillard et al. 2006). Some evidence suggests that education and prevention
messages aren’t as effectively reaching rural regions. A project focusing on commercial sex
workers in the neighboring Dominican Republic suggests that although sex workers are
increasingly likely to protect themselves (and their clients) against HIV infection, these
positive behavioral changes are more common in the main urban and tourist centers
(Kerrigan et al. 2006). Both trends leave rural individuals, the focus of our study, most at
risk.
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As to gender, some reports argue there is increasing feminization of the pandemic although
others report less substantial gender distinctions. Female prevalence is higher in urban areas
(2.7% for urban women; 2.0% for rural women), while the opposite is true for men (1.8%
for urban men; 2.1% for rural men) (MEASURE DHS 2005-2006). As to trends, although
there is evidence of decline in prevalence among pregnant women in urban areas, this is not
the case among those in rural regions (Gaillard et al. 2006). Gender inequality, oppressive
and entrenched female impoverishment, economic dependency, and low levels of education
have all been linked to greater female susceptibility to HIV in Haiti (Farmer 1992, 1999;
Smith Fawzi et al. 2005). Men are better informed with regard to AIDS prevention, with 90
percent knowing that having only one faithful partner and using a condom are ways to avoid
transmission; eighty-one percent of women are so informed (MEASURE DHS 2005-2006).
Further, Haitian women have little influence concerning condom use or other safe sexual
behaviors (Hempstone et al. 2004). Elsewhere, gender-based economic disparities have also
been linked to increased risk of HIV (Dunkle et al. 2004; TACAIDS 2008), as have poverty,
low educational attainment (Tladi 2006), hunger, and malnutrition (Oyefara 2006).

It is important to distinguish here among commercial sex work (which is legal in Haiti),
“transactional” sex arrangements, “survival sex,” and risky sexual behavior, broadly
defined. The term “prostitution,” thoroughly implicating western conceptualizations of
sexuality and exchange, is not necessarily an appropriate lens through which to view sexual
relations in nonwestern settings (Hunter 2002). In some social settings, transactional sex is
viewed as normative and can be a means of achieving a particular desired standard of living,
not simply securing basic needs. Leclerc-Madlala (2004) contends that not all women who
engage in transactional sex self-identify as engaging in commercial sex — especially when
this livelihood strategy is coupled with other means of generating income and/or is used to
achieve a particular level of consumption. Such sex-based exchange may be seen as an
alternative livelihood strategy — one with important implications for the HIV/AIDS
pandemic. DHS data, however, do not indicate motives for the sexual behavior reported;
thus, we focus more broadly upon risky sexual behavior, defined as sex without a condom or
sex outside the woman’s union.

On risky sexual behaviors, data from Haiti reveals that HIV risk is very much related to
number of sexual partners. For example, prevalence rates are 8.0% among women who have
had 5-9 partners whereas only 1.3% for those with a single partner (MEASURE DHS 2005-
2006). Further, early sexual debut is common among Haitians, although delayed sexual
initiation reduces the risk of contracting HIV. A nationally representative study in 10,000
households (2005-2006) revealed that more than 75% of Haitian men between the ages of
20-24, and over half of Haitian women between those same ages, had had first intercourse
before age 18 (MEASURE DHS 2005-2006).

Overall, although recent trends in risky sexual behavior in Haiti are indicating some
improvement, risky behavior remains pervasive as indicated by overall low levels of
condom use. In addition, although HIV prevalence has declined in recent years, the
epidemic remains generalized. Finally, these factors, combined with chronic
impoverishment and environmental degradation, reviewed next, come together to justify our
consideration of environmental scarcity, risky sexual behavior and rural livelihoods within
this particularly vulnerable national setting.

Rural Livelihoods

The “Rural Livelihoods” framework has been successfully used to explore health behaviors
(Rugalema 2000), food security (Bank 2005), and household diversification strategies (Yaro
2006). Central to the framework is the understanding that the relative availability of various
“capital assets” shapes the livelihood options of rural households in developing countries.
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Capital assets include human capital (e.g., education), financial capital (e.g., income),
physical capital (e.g., automobiles), social capital (e.g., kin networks), and natural capital
(e.g., wild foods from communal lands). Of course, the assets’ relative availability is shaped
by individual and household actions as well as broader socioeconomic-political structures
and processes.

Household livelihood strategies may include the use of human capital (e.g., migration in
search of employment [Collinson et al. 2006]) or natural capital (e.g., making reed-based
craft products for market sale [Pereira, Shackleton, and Shackleton 2006]). Some livelihood
strategies yield beneficial outcomes (such as food security) that improve household
resilience and thus are self-reinforcing. Other livelihood strategies may have long-term
negative impacts on resilience. For example, risky transactional sex may increase
vulnerability to HIV infection, which in turn decreases human capital through illness, death,
and the household’s loss of experience-driven techniques for using natural capital; depletes
financial capital and often causes liquidation of physical capital resources to secure medical
treatment; and is likely to impair social capital because of the disease’s stigma.

With regard to the socio-economic context of Haitian livelihoods, Haiti is the poorest
country in the western hemisphere; in 2007 it ranked 149th out of 182 nations in the UNDP
Human Development Index (UNDP 2008). Current life expectancy is 59 years for men and
63 years for women, with a per capita GDP of $1,070 USD (WHO 2008). Unemployment
rates are presently around 70%, and only 1 in 50 Haitians has regular employment (Farmer
et al. 2001). It is estimated that 70% of the population lives in chronic poverty, while 56%
lives on less than $1 a day (World Food Program 2008). Only 40% of the population has
access to basic health care (Cayemittes et al. 2001). The World Health Organization
indicates that the 1990s, the decade examined in this paper, witnessed a worsening of
poverty in Haiti, with rates of inflation hovering around 15% and food prices increasing by
10.4% (WHO 2008). Furthermore, Haiti experienced a decline in GDP growth, attributable
to negative growth in the agricultural sector. This is particularly critical since agriculture
remains the mainstay of the Haitian people’s livelihoods (Dolisca et al. 2008). Sixty-seven
percent of the population relies primarily on agriculture for income, and daily food
insecurity affects 40% of Haitian households (World Food Program 2008).

Within the midst of this environmental dependence, estimates suggest that only 1.5% of
Haiti’s original forests remain (Roc 2008). Demographic pressures and rising food demand
heightened forest clearing across Haiti both for food subsistence crops such as cassava,
potatoes and cabbage, and to establish cash crops such as cotton and sugar (Dolsica et al.
2008). In addition, rural farmers have historically been unable to engage technological
advances due to lack of rural infrastructure, including extension programs and credit
facilities (Dolsica et al. 2008). This has resulted in further extensification and deforestation
as additional land is required for production. A consistent demand for charcoal also puts
pressure on Haitian landscapes, while nearly 15,000 hectares of cultivable land are lost
annually to soil erosion (Verner 2008). In all, livelihood options in rural Haiti are few.

As noted by historians, however, land degradation is not solely the product of recent
activity: “deforestation in Haiti in a long-established and ... continuous process,” (Lewis
and Coffey 1985:159). Scholars contend that at the time of Columbus’s arrival in 1492,
approximately 80% of the island of Hispaniola, which comprises Haiti and the Dominican
Republic, was heavily vegetated. Yet by the end of the nineteenth century, Haiti’s tropical
rainforests had been “systematically destroyed ... in order to operate the brickworks, kilns
and tanneries, wood was used that was not replanted” (Michel 2005:70-71 quoted in Roc
2008:2). Deforestation pressures continued with American occupation in the early twentieth
century (Lewis and Coffey 1985) and scholars now contend that land and livelihood
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pressures caused by environmental degradation, chiefly deforestation and soil erosion, are
the largest threats to rural Haitians today (Parsons 2001 and Smucker et al. 2002).

On livelihood options, formal sector jobs are few and 90% of formal economy jobs in Haiti
are located in Port-au-Prince (Verner 2008). Nonfarm sectors appear more vibrant in more
populated areas — lack of human capital and infrastructure constrain opportunities in rural
regions (Verner 2008). With regard to gender, a substantial gender-earnings gap exists in
rural Haiti, with female workers earning less than their male peers (Verner 2008). This
reflects, in part, the female educational disadvantage; twenty percent of women have never
attended school (MEASURE DHS 2005-2006).

Land degradation in Haiti also has important implications for individual illness and broader
demographic trends. As Donohoe (2003:573) aptly stated, “the greatest effects on the health
of individuals and populations result from environmental degradation and social injustice.”
In 1925, Haiti had 60% original forest cover, but since that time, more than 98% of the
countryside has been deforested, currently leaving less than 3% of the natural forest intact
(Haggerty 1989). Clearly this is problematic in a country where 71% of all energy consumed
is derived from wood or charcoal (WHO 2008). Deforestation also increases soil erosion,
and often results in declining water availability, additional negative impacts for the 70+% of
Haiti’s population that relies on subsistence agriculture. As Myers (2002) argues, the large-
scale degradation of environmental resources in Haiti has created intense livelihood
pressures, since agriculture is fundamentally resource based. Indeed, Haitians have few
alternatives to resource-based livelihoods, and the resource base itself is in tatters.

We contend that in combination, environmental degradation and the lack of alternatives to
resource-based livelihoods may further disenfranchise women and push them toward
dangerous alternative livelihood strategies, including risky sex. This is of direct relevance to
HIV prevalence, since “HIV affects those households and areas that have the smallest
degree of flexibility in respect to agriculture and other possibilities of making a living”
(Hammarskjold 2003:11).

This association has been empirically supported in work addressing the migration of Haitian
women to sugarcane plantations in the neighboring Dominican Republic (Brewer et al.
1998). In the Dominican Republic, social disruption fuelled by poverty and migration led to
increased transactional sex for food and accommaodation, particularly among the poorest
female immigrants from Haiti. This project examines the potential for a similar association
to play out in rural Haiti itself.

HIV/AIDS and Rural Livelihoods

That HIV/AIDS is affecting the viability of rural livelihoods across the world has been
widely established in the academic literature (e.g., Edstrom and Samuels 2007; Hunter et al.
2008; Kaschula 2008; Murphy 2008; Murphy, Harvey, and Silvestre 2005). Loss of
household labor quality and quantity decreases household income generation potential and,
therefore, available financial capital. Lessened human capital also affects natural resource
collection strategies (Hunter, Twine, and Johnson forthcoming). Land uses shift, and access
to land may be altogether lost because of inheritance customs (Frank and Unruh 2008).
Dependency ratios increase and experience-based knowledge is lost as prime age adults
succumb to AIDS (Edstrom and Samuels 2007).

In particular, HIV/AIDS decreases food security. Kaschula (2008) documents higher levels
of food insecurity among AIDS-impacted households as well as greater dietary dependence
on wild foods. Hunter et al. (2007) also note important substitution effects, wherein rural
households rely on their environmental surroundings more heavily once affected by HIV/
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AIDS. Noticeable shifts in farming strategies include greater use of kitchen gardens for both
sustenance and income generation (Murphy 2008). While this is widely perceived as a form
of coping, Rugalema (2000) argues that we might more productively label it a “struggling
strategy.” Additionally, Mitka (2000 Additionally, Mitka (2001) and Tumushabe (2004)
argue that HIV impairs rural livelihoods by compromising networks of social reciprocity,
which had previously provided another coping mechanism for suffering households.

These impacts perpetuate a vicious poverty-AlDS cycle (Loewenson and Whiteside 2001;
Masanjala 2007). De Waal and Whiteside (2003) argue that with this “new variant famine”
we are witnessing the emergence of a new, permanently disenfranchised group, the AIDS-
poor (de Waal and Whiteside 2003). The effects of HIVV/AIDS upon the rural poor and food
security are so significant that “the consequences of the epidemic affect all spheres of life.
The human capital loss has a serious social and economic impact in all sectors, and at
community and individual levels” (TACAIDS 2008).

As an example of the AIDS-livelihoods connection within Haiti, Farmer (1992) recounts a
tale of rural Haitians forced from their agricultural land by hydroelectric dam development.
The Haitians moved to safer ground, but could not continue farming for lack of arable land
in the resettlement area. Lacking the sustainable rural livelihood strategies that had
supported their families for generations, the relocated population became highly susceptible
to HIV, which proceeded to decimate the community. More generally Farmer’s work
demonstrates that, even though prevalence is higher in urban areas, it is important to
examine the HIV/AIDS-poverty-livelihoods nexus within the context of rural Haiti.

Farmer’s example reveals another important point. Most of the AIDS-livelihoods literature
is notably directional — existing studies focus almost exclusively on how HIV/AIDS
undermines rural livelihoods through capital impacts, thereby increasing vulnerability to
further shocks/stresses. But a reciprocal relationship is also possible. The lessening of rural
livelihood options may predispose certain individuals to engage in risky sexual behavior as a
livelihood strategy. The result may be HIV and further harm to livelihood — susceptibility
yielding further susceptibility. Indeed, Loevinsohn and Gillespie (2003) go so far as to
contend that HIV is endogenous to livelihood and agricultural systems — that such systems
shape both the susceptibility to HIV and its consequences. We grant that HIV/AIDS cannot
be simply described as a disease of the poor. The pandemic is also rooted more broadly in
political, socioeconomic, and cultural contexts (Barnett and Whiteside 2002; Farmer 1999,
1992; Hunter 2007). Still, it remains true that ...

.... poverty and inequality can drive those on the margin of destitution into risky
livelihood and coping strategies that raise their likelihood of contracting HIV.
(Masanjala 2007:1032)

Barnett and Whiteside (2002) contend that scholars must look not only at the effects of HIV/
AIDS - the focus of most previous work on HIV/AIDS and rural livelihoods--but also at its
social and economic causes. In other words, in what ways might livelihood strategies shape
vulnerability to HIV infection? In this paper, we use changes in land use and coverage as a
proxy for environmental deterioration and lessened access to natural capital and resource-
based livelihood strategies, in order to examine how environmental degradation may be
associated with HIV exposure and infection.

Specifically, we hypothesize that rural Haitian women in areas of declining natural capital,
and those most intensely impoverished, will be relatively more likely to engage in risky
sexual behavior net of the effects of other forms of capital assets, and net of HIV knowledge.
The following sections present the methodological approach used in this study, the results,
and a discussion.
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Data & Methods

The 2000 Demographic and Health Survey (DHS) is a standardized survey addressing a
wide breadth of sociodemographic information and health topics. Within those DHS settings
where HIV-related data were collected, data are available on knowledge regarding HIV and
prevention, knowledge source, and sexual history. A women’s module is also included
addressing female autonomy, decision-making authority, freedom of movement, asset
possession and control, and access to money. The 2000 Haiti DHS was administered to
10,159 fecund women, ages 15-49, in 9,595 households.

Sociodemographic Data

Dependent Variables—Our dependent variables measure risky sexual behavior in two
ways: (1) number of partners, other than husband or long-term partner, in last 12 months,
and (2) used a condom during last intercourse As we noted above, the DHS does not include
data reflecting reason for sex outside of union. In addition, we chose not to focus upon the
relationship of sexual partner to respondents (with focus on commercial sex work) since in
the Haitian setting, not all those who engage in transactional sex would self-identify as
engaging in commercial sex.

Independent Variables—Our two independent variables of primary interest reflect
impoverishment and natural resource availability and change.

Poverty—Since poverty combined with natural resource scarcity forms the basis of our
examination, we include a measure of socioeconomic status. As in other less economically
developed settings, we make use of an asset index representing the sum of specific
household possessions that reflect household economic well-being (e.g., Schellenberg et al.
2003). In Haiti, these include household electrification, and ownership of a radio, television,
bicycle, refrigerator, car/truck, and/or motorcycle/scooter. We explore the importance of
individual assets, while also making use of the overall index.

Natural Resource Availability and Change—Our measure of change in proximate
natural resources available for rural livelihood strategies is the normalized difference
vegetation index (NDVI), calculated from satellite remote sensing imagery obtained from
the Landsat GeoCover Database (Global Land Cover Facility 2006). NDVI is a relative
measure of biomass and is often used to show impacts of environmental change on
vegetation health and abundance (Roerink et al. 2003; Wang, Rich, and Price 2003; Zhou et
al. 2003). Vegetation indices such as NDVI exploit vegetation’s reflectance of near-infrared
light and absorption of red. In healthy plant tissue, chlorophyll absorbs red light and
mesophyll tissues scatter near-infrared light; the NDVI is the difference between the values
in the red and near-infrared bands divided by the sum of these same values (Tucker 1979;
Jensen, 2007). NDVI values approach +1 where there is actively growing green vegetation;
senescent or dead vegetation values approach —1. Where there is no vegetation, NDVI
values are nearly 0. These relationships make NDVI1 a particularly good measure of the
indicators of environmental scarcity we expect to see in Haiti: bare ground and
deforestation.

We analyzed images from the Geocover database that covered all the DHS respondent
households at two timesteps, ca. 1990 and ca. 2000; nine tiled images were required at each
timestep to cover essentially all of Haiti. The GeoCover database is a publicly available
collection of selected Landsat images produced under a National Aeronautics and Space
Administration (NASA) program to provide geodetically accurate, multitemporal, global
imagery, with minimal cloud cover, to facilitate studies of land use and land cover change
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(Global Land Cover Facility 2006; Tucker et al. 2004). Pixel resolution of the Landsat data
is 30 meters, which is adequate to show variation in land cover around our study households.
To compare vegetation greenness across years, we needed to use images acquired as closely
as possible to the same part of the growing season, minimizing annual changes in plant
growth and solar illumination angle (Coppin et al. 2004). Haiti has distinct wet and dry
seasons, so Geocover’s standard for minimal cloud cover meant that we could select images
that were all acquired either during August through October, or in January. Where
mismatches between months occurred from one decadal timestep to another, we tested
inclusion of the month of acquisition as an independent variable within our regression
models, finding little sensitivity in the results.

Our ca. 1990 and ca. 2000 GeoCover images were acquired, respectively, by Landsat’s
Thematic Mapper and Enhanced Thematic Mapper satellite sensors. For the GeoCover
database, NASA orthorectified the ca. 1990 images and then geometrically registered the ca.
2000 images to them, ensuring positional accuracy and elimination of distortion due to
varying topography within each image and among images covering the same location at both
timesteps. A further key preprocessing step involves radiometric and atmospheric
normalization to minimize spatial and temporal variation within and among images due to
light absorption and scattering by water vapor and aerosols, differences in sun illumination,
and sensor calibration inconsistencies (Lu et al. 2004, Coppin et al. 2004; Song et al. 2001).
Although the NDVI index reduces some of these effects, we conducted further atmospheric
correction, using ENVI software to implement the Dark Object Subtraction method (Song et
al. 2001; 233-234). Also using ENVI, we calculated NDVI for all our images and created
masks to eliminate cloud and sea pixels from the analysis.

The DHS data do not provide geographic location of individual households; instead, local
clusters of households are linked to the centroid of the small populated area in which they
occur. For each of these 317 sample points, in ArcGIS 9.1 we located its geographic
coordinates and created buffer zones in order to calculate mean NDVI at a range of distances
surrounding each point. We generated a variety of buffers, circling each sample point at
intervals from 500 meters to 15 kilometers. Within these buffers, we calculated three
vegetation measures: (1) mean NDVI, 2000, (2) change in mean NDV1, 1990-2000, and (3)
percentage change in mean NDVI, 1990-2000 (see Figure 1).2 After preliminary analyses
and focused review of natural resource harvesting literature, we chose to use a 5-kilometer
buffer (2.31 miles) within the subsequent analyses. The choice represents a trade-off; this
distance is sufficiently small to reflect natural resource conditions relatively proximate to
each study household, while also being sufficiently large to reflect broader regional
environmental conditions and change.

Control Variables—Since risky sexual behavior may be influenced by many factors other
than poverty and natural resource availability and change, we control for a variety of
characteristics that have been shown to shape sexual behavior: awareness that condoms
reduce the risk of AIDS transmission during sex; union status; age; education; and religion
(Catholic).3

Methods—~Following a descriptive overview of the DHS sample, we link our dependent
variables reflecting risky sexual behavior to measures of proximate natural resource

2Correlation also exists between the various environmental measures. As would be anticipated, higher levels of proximate vegetation
at baseline (1990) are associated with greater change across the period 1990-2000 (0.63, p<0.00) as well as greater percentage change

(069, p<0.00).

Religiosity has been linked to lower risk levels for HIV in several studies including Zaleski and Schiaffino (2000), Elifson, Klein and
Sterk (2003) and Lehrere at al (2006).
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availability and change through simple bivariate correlations. We next engage logistic
regression models to incorporate control variables and further isolate the potential role of
diminished livelihood options resulting from natural resource decline and poverty within
decision-making about risky sexual behavior.

On the dependent variables, fewer than 5% of women reported condom use during their last
intercourse. This low rate of condom use has been linked to religious beliefs, high levels of
illiteracy, the economic value tied to children in agricultural settings, and the “plurality and
looseness of unions” (Maynard-Tucker 1996:1379-1380). Although the majority of
respondents (~79%) reported not having had sex outside their marriage or long-term
partnership within the past year, approximately 22% had done so.

Poverty status and natural resource availability and change represent our primary predictor
variables. The descriptive table clearly reveals the impoverishment of rural Haitians.
Although the asset index ranges from 0 to 7, the mean value for SES is just 0.875,
suggesting that, on average, rural households have fewer than one of the assets measured
(household electrification, or ownership of a radio, television, bicycle, refrigerator, car/
truck, and/or motorcycle/scooter).

Natural resource availability and change vary dramatically across respondent households.
The mean NDVI1 varies from a minimum of 0.00 to a maximum of 0.83, with 0.56 the mean.
The trend of deforestation is clear: mean change in NDVI, 1990-2000, ranges from a
minimum of —0.23 to a maximum of only 0.1, with a mean of —0.06 suggesting loss on
average. There is substantial variation in percentage change, with an average 9.41%
vegetation loss during the decade, although some gain was also experienced (maximum
17.88%). The maximum loss was approximately 40%, suggesting that some households
(N=8) lost nearly half their proximate vegetation coverage between 1990 and 2000.

On control variables, the data present a picture wherein nearly everyone is aware of HIV/
AIDS, yet this does not translate into modified behavior or accurate knowledge.
Specifically, although 97% of respondents were aware of the existence of HIV/AIDS (not
shown), nearly one-third (32%) responded that they were unaware of any means of AIDS
prevention. Further, more than half of the respondents either indicated that HI\V/AIDS could
be transmitted by supernatural means and sorcery or did not know that this means of
transmission was not possible (not shown). Considered from a cultural perspective, this is
understandable since Haiti is characterized by multiple belief systems, some of which focus
on what we term the occult or voodoo. In the end, we chose to include one variable
reflecting AIDS knowledge; our “know how to avoid AIDS” indicator is coded so that 0
represents lack of knowledge or incorrect knowledge (those expressing a belief that
condoms do not protect against AIDS are coded zero, 51%). Those coded 1 for “know how
to avoid AIDS” noted that condoms are a means of protection.

On other control variables, our sample is, on average, 25 years of age with only 3 years of
education. Over half are married or living with a partner (53%), and nearly half are Catholic
(49%).

Bivariate Associations

Table 2 presents bivariate relationships. Results reveal some statistically significant
associations among risky sexual behaviors, poverty, and natural resource availability and
change.
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Women who did not use a condom during their last sexual encounter had, on average, far
lower SES (0.79) than those who did (2.19). No significiant bivariate associations were
exhibited between condom use and proximate natural resources.

As to engaging in sex with individuals other than husbands/cohabiting partners, very few
significant associations were revealed; among control variables only age varies across
respondents in relation to extra-union sexual encounters. Women with an extra-union sexual
encounter within the past year tended to be older (~30 years) than those without such
experience (~25 years, p<0.00). No significiant bivariate associations were exhibited
between extra-union partners and either SES or natural resource availability or change.

Of course, given that the condition of proximate natural resources is often intimately tied to
household well-being, it is logical to assume that correlation will exist between SES and
proximate resource availability and change. Indeed, our measure of assets is correlated at
—0.20 (p<0.00) with mean NDVI within a 5-km buffer (not shown). Further, the percentage
change in NDVI, 1990-2000, is also significantly correlated with SES, with greater
percentage change associated with lower asset scores (—0.04, p<0.01). As a result, we
include an interaction term reflecting this association within the multivariate logistic
regression models.

As to associations between control variables, awareness of ways to avoid AIDS is associated
with greater condom use (p<0.00). Even so, about 93% of respondents who were aware of
condoms’ preventive uses still did not use a condom at last sex. Women not using condoms
tended to be older (approximately 29 years vs. 26 years, p<0.03) and also less educated
(approximately 3 vs. 4 years of schooling, p<0.00). Women with extra-union partners tended
to be older (approximately 26 vs. 24 years, p<0.00) and Catholic (21% had extra-union
partners, p<0.01). In an effort to examine impacts of multicollinearity, we ran models in a
variety of forms, and concluded that inclusion of all variables did not substantially alter
conclusions on our key predictors.

Multivariate Models

Our logistic regression models estimate the log odds that a woman engaged in risky sexual
behavior (i.e., no condom, or at least one extra-union partner for those in unions) as a
function of poverty and proximate natural resource availability and change, net of control
variables including age, education, partnership status, religion, and awareness of ways to
avoid AIDS. Some factors significantly predict risky sex.

With regard to lack of condom use, women in areas with greater vegetation coverage were
far less likely to engage in such risky sex than women in less vegetated areas (b = —9.56),
who may have been more vulnerable because they lacked proximate natural capital. Women
in households with more assets (i.e., higher SES) also exhibited lesser propensity to engage
in sex without a condom (b = —2.87). Yet the interaction between these variables also
exhibits statistical significance, with a positive estimate. The coefficient of 4.57 suggests
that at higher levels of SES and vegetation coverage, the association changes. In this way,
the data suggest that the negative effect of SES and lack of vegetation exists only for those
most vulnerable, as is evidenced in the predicted probabilities displayed in Figure 2. In this
graph, assets range from 0 to 3 (coded as 1 to 4 for SES), and NDVI ranges from 0.00 to
0.83. As the graph shows, women in particularly low SES households exhibit the highest
probability of engaging in risky sexual behavior when local vegetation coverage is
especially sparse. Yet the opposite is true for women with higher socioeconomic standing —
suggesting that it may be those most impoverished who are particularly vulnerable to the
negative impacts of low levels of proximate natural capital.
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Interestingly, the measures of vegetation change are not importantly associated with lack of
condom use. However, the estimates suggest the importance of several controls. In
particular, more educated women are more likely to regularly use condoms, as are women
with husbands or live-in partners. As one would expect, a lack of awareness of how to avoid
AIDS also predicts less condom use.

On our other dependent variable, extra-union sexual partners among women in unions, we
find no association with either SES or proximate vegetation coverage/change. Most
important in this case are two control variables. In particular, older women are less likely to
have extra-union encounters, and women who are Catholics exhibit slightly higher
probability of engaging in such encounters.

Discussion

We examined the possibility that livelihood vulnerability due to environmental degradation
in rural Haiti may drive women to engage in risky sexual behaviors, as has been documented
in the fish-for-sex trade in Kenya and Tanzania. Acknowledging cultural distinctions across
these study settings, like many rural regions of Africa, the livelihoods of many rural Haitians
centrally integrate the “natural capital” available through local environmental resources. In
these socio-environmental spaces, environmental change has immediate and direct impacts
on the health and well-being of millions of households (Koziell and Saunders 2001). We
model the association between sexual behaviors among women of reproductive age in Haiti
and measures of poverty and proximate resource availability and change. Our data are drawn
from the Demographic and Health Survey, 2000, with a focus on rural women, combined
with vegetation measures generated from satellite imagery. In all, the work has contributed
in two ways: (1) its focus on Haiti, a setting outside sub-Saharan Africa but also impacted by
HIV/AIDS, and (2) its focus on livelihood decline as a potential driver of HIV/AIDS
vulnerability through risky sexual behaviors.

Our results suggest that impoverished women in particularly deforested settings are most
likely to have engaged in sex without condoms at their last sexual encounter — net of age,
education, union status, religion, or knowledge about ways to avoid AIDS. On further
exploration, we find that 172 DHS respondents were in both the most impoverished category
and the lowest quartile of vegetation cover in 2000. The respondents geographically
overrepresented Haiti’s northwestern and Arbonite departments, the two least vegetated of
Haiti’s rural regions. Importantly, women of higher socioeconomic status do not exhibit the
same vulnerability to lack of condom use even within similarly deforested settings. In this
way, the results suggest that sustainable livelihood strategies, particularly those that do not
put the individual’s health in tremendous peril, are not equally available.

Understanding the dynamics of condom use in Haiti is important partly because the HIV/
AIDS pandemic is impairing rural livelihoods there, as in so many other developing regions.
By eroding social networks and social capital (Pronyk et al. 2008, Gaede et al. 2006) and
undermining subsistence strategies and food security (e.g., Kaschula 2008, Murphy 2008,
Hunter et al. 2007), the pandemic is undermining livelihoods already vulnerable. The DHS
data confirm that rural Haitians possess very few livelihood assets and, therefore, few
livelihood options. Indeed, as the aftermath of Hurricane Gustav and the tragic earthquake of
January 2010 have recently demonstrated, the vulnerability of Haitians is extreme.

Our motivating concern is the potential for the “environmental scarcity-risky sex linkage” to
operate in areas where HIV prevalence is already high. Importantly, we found that natural
resource availability and decline were associated with lack of condom use though not with
extra-union sexual partnerships. In this respect, our results are suggestive although not
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definitive. Even so, they do point to the multi-faceted nature of livelihoods and the critical
need for integrated development initiatives that bring health education and services,
combined with environmental and conservation initiatives as well as diversified livelihood
options to rural regions. In this way, improvements may be made within the variety of
capitals necessary to craft sustainable livelihoods. Certainly, endangering one’s health (e.g.
human capital) through risky sexual activity as a result of poverty (e.g. lack of financial
capital) and lack of natural resource based livelihood options (e.g. natural capital scarcity)
only shifts burdens resulting in unsustainable and unhealthy choices. Livelihood choices are
integrated as should be livelihood interventions.

In addition, we recommend additional research more explicitly focused on transactional
sexual partnerships in settings with high HIV prevalence. We also encourage researchers to
consider the environmental context of these partnerships to better understand the processes
fueling the pandemic, especially in regions where households are highly resource-
dependent. It is our hope that the substantive results presented here will spur additional
consideration of this linkage by researchers, policy makers, and practitioners in order to
improve both social and environmental well-being in rural regions hard-hit by the HIV/
AIDS pandemic.
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DHS “cluster” data points, illustrative satellige imagery ca. 1990 and ca. 2000,
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Descriptive Profiles of Incorporated Variables

Table 1

Haiti Demographic and Health Survey, Rural Respondents, 2000

Dependent Variables

Used a condom during last sex?

Yes
4.52%

No Don’t Know

95.48% 0.25%

# partners, other than husband, in last 12 months (for those in unions)

0

1+

Primary Predictor Variables

Assets

Within 5k buffer, NDVI=vegetation coverage
Mean NDVI, 2000

Change Mean NDVI, 1990-2000
Percentage Change Mean NDVI, 1990-2000
Control Variables

Aware of ways to avoid AIDS?

Age (in years)

Education (in years)

With partner (married or cohabiting)
Catholic

77.80%
22.20%
Mean

0.875

0.56
—0.06
-9.41

50.91%
25.52
2.98
52.55%
48.68%

Min Max

0 7

0.00 0.83

-0.23 0.10

—-39.91 17.88
49.09%

15 49

0 7

1013
896

1707

1707
1707
1707

1707
1697
1707
1707
1707

*
Sampling weights used
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