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Abstract: Scholarly understanding of human migration’s environmental dimen-
sions has greatly advanced in the past several years, motivated in large part by
public and policy dialogue around “climate migrants”. The research presented here
advances current demographic scholarship both through its substantive interpreta-
tions and conclusions, as well as its methodological approach. We examine tempo-
rary rural South African outmigration as related to household-level availability of
proximate natural resources. Such “natural capital” is central to livelihoods in the re-
gion, both for sustenance and as materials for market-bound products. The results
demonstrate that the association between local environmental resource availability
and outmigration is, in general, positive: households with higher levels of proxi-
mate natural capital are more likely to engage in temporary migration. In this way,
the general findings support the “environmental surplus” hypothesis that resource
security provides a foundation from which households can invest in migration as
a livelihood strategy. Such insight stands in contrast to popular dialogue, which
tends to view migration as a last resort undertaken only by the most vulnerable
households. As another important insight, our findings demonstrate important spa-
tial variation, complicating attempts to generalize migration-environment findings
across spatial scales. In our rural South African study site, the positive association
between migration and proximate resources is actually highly localized, varying
from strongly positive in some villages to strongly negative in others. We explore
the socio-demographic factors underlying this “operational scale sensitivity”. The
cross-scale methodologies applied here offer nuance unavailable within more com-
monly used global regression models, although also introducing complexity that
complicates story-telling and inhibits generalizability.
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1 Introduction

Scholarly understanding of human migration’s environmental dimensions has
greatly advanced in the past several years, largely in response to public and policy
dialogue about “climate refugees”. As Gray and Bilsborrow (2013) have noted, the
more public “conventional narrative” of millions of climate-driven international mi-
grants misses the mark; most research places environmental drivers among a host
of other forces shaping migration, with environmentally induced migration tending
to cover shorter distances and remaining within national borders (e.g., Beine/Par-
sons 2015; Gray/Mueller 2012a/b). In this way, migration can be seen as an adaptive
livelihood strategy used historically by human populations responding to environ-
mental shifts (e.g., McLeman 2013a). Even so, given the rising political tensions sur-
rounding migration, understanding its determinants is particularly timely.

The research presented here on the migration-environment connection offers
both new interpretations and a geographically refined and nuanced analytical ap-
proach. We examine temporary outmigration in the Agincourt Health and Demo-
graphic Surveillance site in rural South Africa, especially as related to household-
level availability of proximate natural resources. This “natural capital” is central to
livelihoods in the region, both for sustenance and as input for market-bound prod-
ucts (e.g., Thondhlana et al. 2012). But beyond this paper’s overall examination of
the migration-environment connection in this context, we also contrast the results
across spatial scales demonstrating the importance of considering both regional
and more localized patterns.

In general, our results align with the “environmental surplus” hypothesis that
contends temporary livelihood migration is more likely when households have rela-
tively secure access to environmental assets such as natural resources or produc-
tive agricultural land. In this way, livelihood security may fuel temporary migration
in pursuit of labor diversification. This association contrasts with that of the “envi-
ronmental scarcity” hypothesis which would alternatively contend that temporary
migration occurs more often in times and places characterized by resource strain.
In this way, our results counter the popular narrative of environmentally-induced
migration by the most vulnerable households.

Yet beyond our general results in support of an “environmental surplus” fueling
temporary migration, our findings also demonstrate that the association between
environmental factors and outmigration is highly localized — in our study setting, the
association varies across neighboring rural villages. We characterize this empirical-
ly as “operational scale sensitivity” since the process under examination “operates”
at the household scale where temporary migration decisions are made, yet the sta-
tistical significance of various predictors is sensitive to analytical scale (Maclaurin
et al. 2015).

The paper proceeds as follows. We first offer an overview of recent research on
the migration-environment connection, followed by the presentation of our spe-
cific research objectives. We next describe the rural South African research set-
ting as well as our data and analytical approach. The results are presented in two
phases - first, the findings of global models are reviewed which represent results



Variation by Geographic Scale in the Migration-Environment Association <« 119

of models estimating temporary migration for the Agincourt study site as a whole.
This is followed by the presentation of the findings when estimated for each vil-
lage individually, including overall environmental effects on temporary migration
as well as interactions which explore variation in these effects according to key
household characteristics. We conclude with a discussion of the overall substantive
contributions of the work along with a discussion of methodological implications of
operational scale sensitivity. Overall, we argue that the methodological framework
applied here offers more detailed insight than available through global regression
models. Even so, the complexity introduced also complicates interpretation and
inhibits generalizability regarding the environmental dimensions of temporary mi-
gration.

2 Environmental Dimensions of Migration

Population scholars have long explored the socioeconomic dimensions of migra-
tion, but the contemporary era of climate change has brought increasing research
attention to migration’s environmental aspects (e.g., Hunter et al. 2015). A wide
variety of empirical case studies have emerged offering important theoretical and
methodological advancements (e.g., Aksakal/Schmidt 2015; Nawrotzki et al. 2015;
Thiede et al. 2016). Also, recent research syntheses offer summary lessons (e.g.
Hunter et al. 2015; McLeman 2013a), with most studies finding that environmental
factors do indeed affect migration — although in different ways across settings and
through interactions with economic, political, and cultural forces (e.g., Black et al.
2011).

As the literature on migration-environment connections has emerged and be-
come more sophisticated, theoretical perspectives have also become more refined.
“Maximalists” argued that environmental factors exhibited a strong and direct
causal link with migration. This perspective generally predicted millions of “climate
refugees” (Myers 2002). In contrast, the “minimalist” perspective provided more
nuance — with environmental factors interacting with political, economic, and cul-
tural processes to shape migration patterns (e.g. Morrissey 2012; the “maximal-
ist” vs. “minimalist” debate is outlined by Suhrke 1994). Migration theory, such as
the New Economics of Labor Migration perspective (NELM), have proven useful in
working through this debate. NELM argues that temporary migration in particular
is often used by households as a strategy to diversify livelihoods by spreading risk
through engagement in geographically distinct labor markets (Stark/Bloom 1985).
Although not developed explicitly for research on the environmental aspects of
temporary migration, NELM has proven useful in examining migration, particularly
for households in regions vulnerable to environmental strain and environmental
change, since temporary migration can spread environmental risk through move-
ment to areas with different risk profiles (e.g. Nawrotzki et al. 2015).

The NELM introduces another important consideration in migration-environment
research — the utility of a regional perspective. This argument has recently been
made by Hillmann and colleagues (2015: 2) in a collection presenting the “region”
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as the “place where the local, the national and the global scales meet”. The research
presented here illustrates their emphasis on “bottom up” perspectives through its
explicit consideration of spatial variation.

Other perspectives beyond migration theory have also proven useful in disen-
tangling environmental effects, including the Sustainable Livelihoods Framework
(SLF). The SLF outlines the variety of assets (i.e. “capitals”) households have at
their disposal for the development of livelihood strategies (e.g. temporary migra-
tion) intended to reach particular livelihood goals (e.g. food security). The assets
include human, financial, social, and physical capital, while SLA also integrates
natural capital or elements of the local environment that households use toward
livelihood goals (Scoones 1998, 2009). The central integration of natural capital into
livelihood theory is especially useful when examining temporary migration strate-
gies for natural resource-dependent households. Our research team has long made
use of this framework in the Agincourt context (e.g. Hunter et al. 2007; Hunter et al.
2014; Leyk et al. 2012).

Using these theoretical perspectives and a wide variety of environmental meas-
ures, quantitative migration-environment research has been undertaken in a wide
variety of settings across the globe (Bilsborrow 2009). Examples of such measures
include rainfall and temperature patterns (e.g., Gray/Wise 2016; Nawrotzki/DeWaard
2016), vegetation coverage (Hunter et al. 2014), and indicators of environmental ex-
tremes such as flooding (Gray/Mueller 2012a). In addition, qualitative case studies
have examined the environmental dimensions of migration in “hotspots” including
Egypt, Mozambique, and Viethnam (Warner 2011). Several methodological overviews
have also been published, which offer, for example, descriptions of applications of
survey research, use of secondary data, and different data sources used to reflect
environmental conditions and change (e.g., Fussell et al. 2014; Kniveton et al. 2008;
McLeman 2013b; Piguet 2010).

All in all, several key findings are emerging from the myriad migration-environ-
ment studies undertaken over the past two decades. First, much environment-as-
sociated temporary migration is domestic, short-term, and often cyclical. In Burkina
Faso, for example, rain-fed agriculture is a dominant livelihood strategy, although a
south-north rainfall gradient, combined with poor soils, limits the long-term viability
of agricultural livelihoods, particularly in the nation’s north. Residents of relatively
dry regions are generally more likely to migrate, but short-term rainfall deficits and
harvest failures limit households’ ability to invest in long-distance moves. Rather,
short-distance, cyclical temporary migration is a common strategy in times of envi-
ronmental stress (Henry et al. 2004). Similar findings emerge in other settings, in-
cluding several nations in South Asia (Bhatta/Aggarwal 2016). Such migration may
be seen as aligned with the “environmental scarcity” hypothesis, which argues that
households are more likely to engage in temporary migration as a strategy during
environmentally stressful times. In Ghana, north-south migration has been linked
to land scarcity in sending regions — another example of “environmental scarcity,”
although regional structural differences in economic opportunities also act as an
important pull factor for internal migrants (Van Geest 2011). Outside of Ghana, re-
search reveals similar support for “environmental scarcity” in a number of settings
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as varied as Mexico (Nawrotzki et al. 2015), Bangladesh (Etzold et al. 2014) and Pa-
kistan (Mueller et al. 2014).

Second, longer-distance temporary migration, often (but not always) across in-
ternational borders, tends to be associated with heightened resource availability,
likely reflecting the cost of such migration. This finding has been demonstrated in
the research on Burkina Faso reviewed above, as well as in rural Ecuador, where
land provides capital that can facilitate longer-term temporary migration (Gray
2010). Although such findings are less common than “environmental scarcity,” they
align with the “environmental surplus” hypothesis which argues that households
are more likely to engage temporary migration as a livelihood diversification strat-
egy when acting from a foundation of relative security. A different pattern emerges
in Mexico, however, where rainfall shortages predict international, but not internal,
migration — although research suggests that this distinction is related to the exist-
ence of long-running migration networks between Mexico and the U.S. (Nawrotzki
et al. 2016).

Third, several studies have illustrated gendered distinctions in the migration-
environment association. Of course, migration — as a social process — is clearly a
gendered phenomenon in general (Hunter/David 2011; Debnath 2015). In rural Ec-
uador, for instance, age and education tend to predict male temporary migration
streams, but female streams are more likely to be permanent and associated with
changes in family structure (i.e., marriage) (Barbieri/Carr 2005). Migration streams
are also shaped by gendered norms regarding participation in agriculture, which is
in turn linked to environmental factors. Again in rural Ecuador, access to agricultural
land facilitates international migration for men, but not women - poor agricultural
productivity tends to keep women at home (Gray 2010).

Fourth, as with migration in general, a key factor shaping migration-environment
linkages is the existence of migrant social networks (Nawrotzki et al. 2015). In Mexi-
co, as noted, short-term rainfall deficits are associated with international, temporary
migration from rural villages, but only from regions with long-standing Mexico-U.S.
migration networks (Hunter et al. 2013). Finally, while environmental factors play
a discernible role in migration, particularly from rural regions, there are also close
interactions with political, economic, and cultural forces that need to be taken into
account (Black et al. 2011, and references therein).

This informative collection of new research findings could not have been pos-
sible without substantial methodological innovation. For example, migration-en-
vironment researchers have been quick to integrate advancements in multilevel
modeling (e.g., Nawrotzki e al. 2012), and to explore the utility of approaches such
as Agent-Based Modeling (ABM). In fact, some researchers have used ABM and
sociodemographic correlates of migration to simulate streams as far forward as
2045 (Kniveton et al. 2012). Even so, spatial methodologies represent an important
approach that remains under-represented in migration-environment scholarship.
Such approaches are essential as migration-environment researchers aim to “put
people in place” (Entwisle 2007: 687).

Spatially-refined analytical approaches are particularly relevant to this area of
study because while political and economic forces clearly shape broader migration



122 + Lori M. Hunter et al.

probabilities and directions, environmental influences and forces are likely even
more strongly localized, especially in areas where residents are highly dependent
on proximate resources. In our South African study setting, for example, villagers
rely heavily on the productivity of bordering communal landscapes for fuelwood
and sustenance. In such areas, regressions reflecting average associations across
the entire study setting may mask localized associations (e.g., Leyk et al. 2012).
Such may be the case with a broad regional perspective as well and, as such, atten-
tion must be paid to the scale at which the processes under study operate.

This concern can be situated more generally in the dialogue regarding global
and local modeling approaches (e.g. Fotheringham 1997; Fotheringham/Brundson
1999; Leyk et al. 2012). Our models reflecting all Agincourt households combined
— the “global models” — seek to identify regularities across the setting as a whole.
In contrast, village-scale estimates — the “local models” — demonstrate differences
across space (Fotheringham 1997). The difference between global and local model
results illustrate the impact of decisions regarding geographic scale — impacts re-
lated to the boundaries used to define the importance of the location, as well as the
size and extent of the population in question. We distinguish the geographic scale
from the scale at which the processes under study actually unfold - the operational
scale — and describe this as “operational scale sensitivity”.

The methodological concern demonstrated here is distinct from, but related to,
both the ecological fallacy and the modifiable areal unit problem (MAUP). The eco-
logical fallacy is well known among human ecology scholars, arising from making
conclusions regarding individual or household-level processes based on the analy-
sis of aggregate units (Robinson 1950; Waller/Gotway 2004). The interpretive leap
is problematic due both to potential confounding effects not represented at the
aggregate scale, as well as aggregation bias where model associations could shift
and thus provide a very different picture of the process of interest (e.g., Greeland/
Morgenstern 1989). Similarly, the more geographic perspective on the ecological
fallacy — called the modifiable areal unit problem (Openshaw 1983) — also takes into
consideration that analyzing aggregate data can yield differing conclusions depend-
ing on the level of this aggregation. More specifically, the MAUP entails two sub-
problems: (1) the scale effect suggests that results will differ when analyzing the
same data at different aggregation levels, and (2) the zoning effect suggests that the
form or shape in which spatial analysis units are aggregated will produce different
results (Wong 1995).

In the migration context, recent research on the MAUP effect examines the per-
formance of different predictive variables in models of varying aggregation. This
concept — termed operational scale sensitivity (OSS) — provides a framework for the
examination of how model associations change with increasing levels of aggrega-
tion (when the analytical scale departs from the operational scale which in the case
of temporary migration decisions is often made at the household level) (Maclaurin
et al. 2015).

Within the analyses presented here, the analytical focus remains at the house-
hold level — the appropriate operational scale given that migration represents a
household-level decision in the rural South African setting. Yet we alter the geo-
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graphic scale and thus the spatial extent or population size at which the models are
estimated (Lam/Quattrochi 1992). Differences in household-level analysis results
across different population sizes raise the issue of sensitivity where the explana-
tory power of certain variables depends on the spatial extent or population size for
which the statistical relationship of interest is estimated.

2.1 Research Objectives

This project adds both nuance to substantive understanding of migration-environ-
ment connections while also emphasizing caution regarding generalization when
analyzing this association. The recommended caution results from the distinctions
between the outcomes of “global” and “local” models within our exploration of op-
erational scale sensitivity.

Our specific objectives were to (1) identify the overall “global” association be-
tween temporary migration and proximate natural resource availability in our rural
South African study site; (2) explore variation in this association across “local” mod-
els (i.e., for individual villages); and (3) identify household characteristics that dif-
ferentially shape the migration-environment association at each geographic scale.

2.2 Research Setting

The study site — situated in the far northeast of South Africa - is that of the Agincourt
Health and Socio-Demographic Surveillance System (Agincourt HDSS), operated
by the Rural Public Health and Health Transitions Research Unit (Agincourt Unit)
of the South African Medical Research Council (MRC) and University of the Witwa-
tersrand (Wits) (Fig. 1). The 450 sq. km. area encompasses 31 villages, home to ap-
proximately 110,000 residents in 18,000 households. Since 1992, the Agincourt Unit
has conducted an annual census, including the collection of migration information,
in the entire Agincourt HDSS population.

A “homeland” area for black South Africans during the era of apartheid, the study
site is characterized by high population densities (~170 persons per sq. km), high
poverty, and a longstanding lack of development and access to state services. Two
paved roads, one north-south and the other east-west, provide access to nearby
mid-sized cities. The study site’s eastern border is fenced by private game reserves
that themselves border world-renowned Kruger National Park, famous for wildlife
tourism.

The Agincourt study site’s settlement pattern is fairly typical of rural communi-
ties across South Africa, and socioeconomically it is characterized by a high reliance
on remittances from the large proportion of adults who are migrant laborers on
commercial farms and in towns and cities across the country. A substantial portion
of households also depend heavily on the state pensions of elderly members (Co/-
linson 2010).

The area is generally dry (annual rainfall of 550-700 mm), although an east-west
rainfall gradient shapes locally varying resource availability. Household plots are
typically too small to fully support subsistence agriculture; some households farm
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Fig. 1: Study Area, Agincourt Health and Demographic Surveillance Site,
Mpumalanga Province, South Africa
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assigned plots in the surrounding communal lands. Residents are typically quite de-
pendent on the natural environment for a range of uses, including grazing livestock
and collecting fuelwood, wild foods, thatching grass, construction timber, and oth-
er domestic products both for household consumption and for generating income
(Shackleton/Shackleton 2000).

3 Data

In the South African context, a household can be loosely defined as “a group of
people living on the same property who eat from the same pot of food” (Madhavan
et al. 2009: 39). In many rural regions of developing areas, including the Agincourt
study site, such households — which often include extended kinship networks —
act as the primary unit of production and consumption, reaching decisions regard-
ing livelihood activities based on household needs. Migration represents one such
livelihood decision. Indeed, in rural South Africa, migration decision-making oc-
curs primarily at the household level, as opposed to representing a decision made
solely by an individual (Cohen 2004; Collinson et al. 2006; Taylor 1999). As such,
the household is our analytical unit, and all variables are aggregated to this level. In
some cases, we use information about the household head as representative of the
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larger household unit, since the household head often dominates decision-making
about livelihood strategies.

We use demographic data from the Agincourt Health and Demographic Surveil-
lance System (Agincourt HDSS) for the year 2007. For this year, the sample com-
prised 9,625 households located in 21 villages (see Fig. 2)." The Agincourt HDSS
dataset includes geo-referenced location information for each household, allowing
information about the availability of natural resources to be appended through a
Geographical Information System (GIS). Details are given below.

Fig. 2: Village Names and Identifying Numbers, Agincourt Health and
Demographic Surveillance Site, Mpumalanga Province, South Africa

Source: own design

L The Agincourt HDSS site has expanded geographically and now includes 31 villages, although

we make use only of 21 villages that have been included in the study site for much of its history.
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3.1 Dependent Variable

A measure of temporary migration represents our dependent variable. Temporary
migration is a well-established phenomenon with a long tradition in Agincourt (see
Tollman et al. 1999), with 60 percent of men and 14 percent of women aged 30-49
years recorded as migrants each year (Collinson et al. 2006). In this way, the region
can be said to have a “culture of migration” as has been identified in Mexico (Kan-
del/Massey 2002). Our measure of temporary migration status is based on “resident
months,” which record the amount of time each person is physically present in the
household during the year preceding the census interview. In the Agincourt con-
text, a temporary migrant is defined as a household member who is away for more
than 6 months in that year but retains a livelihood connection (e.g. through remit-
tances) to the sending household (Agincourt HDSS 2011; Collinson 2010).2

We consider only the temporary migration of adults (age 15+), since we are
interested in livelihood migration, which is predominantly labor-related. For mod-
eling purposes, instead of dichotomizing the variable to represent migrant vs. non-
migrant households, we employ a count measure allowing for the maximum use
of information available within the data, a common strategy in migration research
(Bohara/Krieg 1996; Leyk et al. 2012). Descriptive statistics can be found in Table 1,
demonstrating that across Agincourt, households had 1.2 temporary migrants on
average in 2007, with a range of 0 to 12.3

3.2 Independent Variables
3.2.1 Primary Predictor

The environmental data were derived from Moderate Resolution Imaging Spec-
troradiometer (MODIS) remote sensing imagery (http:/modis.gsfc.nasa.gov) pro-
vided by the National Aeronautics and Space Administration (NASA), and locally
processed by the Institute for Soil, Climate and Water (ISCW) of South Africa’s Ag-
ricultural Research Council (ARC). Our primary predictor reflects a satellite-derived
index indicating the availability, and recent changes in the availability, of proximate
natural resources. The normalized difference vegetation index (NDVI) is one of a
number of commonly used indicators that enable the evaluation of environmental
change’s impact on vegetation greenness (Roerink et al. 2003; Wang et al. 2003;

2 Agincourt HDSS employs a de jure household definition that retains links between temporary
migrants and their rural household (Co//inson 2010).

It is important to acknowledge that our analytical focus on temporary migration neglects con-
siderations of permanent movement out of the Agincourt study area. In fact, our use of data
from only the 2007 round of the Agincourt annual census precludes consideration of permanent
migration of full households since they would not be observable. Even so, as noted, temporary
migration, taken as a household livelihood decision, is a common phenomenon within this con-
text (Collinson et al. 2006) and most aligns with research in other settings on the environmental
correlates of migration processes and patterns.
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Zhou et al. 2003). Chlorophyll absorbs red light and the mesophyll tissues in plants
scatter near infrared light; the NDVI is the difference between the values in the red
and near-infrared spectral bands divided by the sum of these same values (Tucker
1979). This ratio has a theoretical range from -1 to 1, with negative values indicating
senescent or dead vegetation. Positive values reflect actively growing green veg-
etation. NDVI values saturate at high biomass (Huete et al. 2002), but preliminary
field work shows that Agincourt, which falls in a semiarid savanna region, does not
contain areas with high enough biomass to approach this saturation point. Thus,
NDVI can be used as an effective proxy for vegetation cover in this region. Tree
biomass (e.g., fuelwood) and non-timber productivity (e.g., seed production, stem
growth) are also positively correlated with NDVI (Foody et al. 2001; Mutanga/Skid-
more 2004a/b; Wang et al. 2004). Therefore, this greenness proxy effectively maps
the availability of natural resources used directly by Agincourt residents (fuelwood,
wild foods). NDVI has also been successfully employed in livelihood-focused stud-
ies of the environment-migration association elsewhere in southern Africa (Naw-
rotzki et al. 2012).

We created NDVI grids for the years 2005-2007 by calculating the annual NDVI
mean of 16-day composites obtained from MODIS satellite imagery (250-meter res-
olution). To reflect more general patterns of resource availability during this period,
we take the average of these three grids at each pixel to produce a greenness grid.
We then generated 2-kilometer buffers around each household, as this represents a
maximum typical walking distance for natural resource collection in this region (cf.
Fisher et al. 2011; Giannecchini et al. 2007). We excluded productive areas within
village boundaries, since these are typically private homestead gardens unavail-
able for communal collection. To generate a single measure of available natural
resources, we then calculated the sum of all pixels from the greenness grid out-
side the village boundaries and inside the 2-kilometer buffer for each household.
The number of pixels representing communal land varies across households, thus
the sum (rather than the mean) is calculated. This difference in pixels reflects, in a
substantive sense, the ease with which households can access communal lands.
Households with fewer pixels within their 2-kilometer buffer will need to travel fur-
ther for the same access as a household on a village edge and, therefore, with more
communal landscape available within their 2-kilometer buffer. Finally, the measure
was scaled to the range of NDVI. The “NDVI mean” variable represents our central
measure of natural resource availability.

As noted above, a clear west-east rainfall gradient shapes spatial variation in nat-
ural capital. Villages in the northwest are surrounded by communal lands with the
densest vegetation cover — in Figure 2, see Xanthia and Agincourt (the village from
which the study site took its name). However, the communal landscapes surround-
ing eastern villages receive less rainfall and therefore are less productive, while also
experiencing higher collection pressures given the higher concentration of villages.
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3.2.2 Secondary Predictors (Control Variables)

A host of sociodemographic variables that are known determinants of migration
(White/Lindstrom 2006) represent a variety of livelihood capitals and serve as con-
trols.*® Beyond being controls, however, these sociodemographic variables also
serve as secondary predictors of substantive interest. We use interaction terms in
statistical models to shed light on the types of households most likely to demon-
strate significant migration-environment connections at both global and local geo-
graphic scales. Additional detail is provided in the methods section below.

Human capital. Arguably the most important measure of human capital is educa-
tional attainment (Saenz/Morales 2006), which generally exhibits a positive associa-
tion with migration. To capture the overall household educational level, we include
a per capita measure of years of schooling, considering only adult household mem-
bers (age 15+).

A household’s stage in the life cycle also shapes the likelihood of migration (/Vi-
valainen 2004; White/Lindstrom 2006) as well as the level and patterns of natu-
ral capital use (De Sherbinin et al. 2008; Vanwey et al. 2007). In line with previ-
ous research, we use the household head’s age to capture differences in life-cycle
stage (Edmeades 2008; Carr et al. 2006). A third measure of human capital is elder
dependency proportion: the percentage of adult household members age 65 and
above. Elder dependency may shape migration probabilities in two ways: (1) by
decreasing household potential to engage in the labor force (Juelich 2011) and (2)
by enhancing financial security through state-funded pensions, small but stable
sources of income in South Africa (Co/linson 2010).

Research also frequently finds substantial gender differences in the environ-
ment-migration association (Henry et al. 2004; Gray 2010; Gray/Mueller 2012b). In
Agincourt, males have a tradition of labor migration and are more likely to be the
primary household breadwinners, but young women are increasingly migrating
to pursue opportunities and gain freedom from traditional rural society (Col/linson
2010). We incorporate two measures to examine gender effects: (1) a dichotomous

4 Within the Agincourt HDSS, different modules are fielded annually, so that some information
is collected only every second, third, or fourth year. Consequently, we use some data collected
before our study year as proxies. For example, educational data collected in 2006 were used in
the 2007 models, as was labor status information from 2004.

In preliminary analyses we included marital status and Mozambican background in the estima-
tions. They are not, however, included in the final presentation for the following reasons. Marital
status was represented by a set of dummy variables (married 53 percent, divorced 12 percent,
widowed 18 percent and missing 17 percent). Except for the missing category, there was no
evidence for differences in temporary migration based on marital status. On ethnicity, during
the 1990s, Agincourt experienced a high influx of refugees from neighboring Mozambique as a
result of the 1983-1992 Mozambique civil war (Hargreaves et al. 2004; Madhavan et al. 2009). In
our sample, 27 percent of households are headed by individuals of Mozambican background.
Although citizenship was made available to refugees in 1996, this remains a marginalized popu-
lation, as social and cultural barriers prevent equal access to resources (Col/linson 2010). How-
ever, owing to a high level of segregation (two villages are composed almost entirely of house-
holds of Mozambican background), this variable lacks the necessary variation to be included.
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measure for the gender of the household head (1=female) (in Agincourt, poorer
female-headed households send migrants as a means of escaping poverty; see Co/-
linson 2010), and (2) a masculinity proportion, which captures the overall gender
composition of adult household members.

Finally, an important factor shaping household human capital and livelihood
strategies in the study area is prime age adult mortality due to the HIV/AIDS pan-
demic (e.g., Hunter et al. 2011). A dummy variable indicates whether the household
experienced the death of an adult aged 15-49 in the past three years.

Financial and physical capital. Classic migration frameworks stress the impor-
tance of income differentials, relative deprivation, and living conditions as impor-
tant migration motivators (Massey et al. 1993). In Agincourt, these aspects of socio-
economic status, encompassing both financial and physical livelihood capitals, are
most usefully reflected through an asset index (Agincourt HDSS 2011; Mberu 2006).
As in rural regions of many developing areas, income is challenging to measure
because there is a significant informal economy and much employment is seasonal
(Montgomery et al. 2000). To measure socioeconomic status (SES) more generally,
the Agincourt HDSS collects data on five categories of physical capital: modern as-
sets (e.g., cell phones, refrigerators, televisions); livestock (e.g., cattle, goats, pigs);
power supply (e.g., electricity, gas, fuelwood); water and sanitation (e.g., toilet type,
private water supply); and dwelling structure (e.g., roof and floor material, number
of rooms).® We anticipate a positive association between household temporary mi-
gration and SES, as has been shown in recent Agincourt-based scholarship (Co/-
linson 2010). Better-off households can more likely afford the costs of migration
and may have destination connections that facilitate relocation and/or employment.
In turn, migrant remittances reinforce the higher socioeconomic status of migrant-
sending households (7Tay/or et al. 1996).

Of course, socioeconomic status is clearly associated with employment status,
so we include a measure of the proportion of adult household members employed
in 2007. Agincourt residents tend to be employed locally, primarily in the public
sector (teaching, clerical work, or police work) or in the informal sector (selling fruit,
cooked food, and snacks) (Co/linson 2010). However, residents may also seek em-
ployment outside the study area, predominantly in the tourism sector (Binns/Nel
2002), agricultural production, or mining (Wilson 2001). Some of these opportunities
require temporary migration, while others do not.”

6 To construct the asset index, each variable was coded such that increasing values correspond to

higher SES and are also effectively given equal weight through rescaling to comparable ranges.
The asset values within a group were added and then rescaled to yield a group-specific value in
the range 0 to 1. Finally, for each household, the five group-specific scaled values were summed
to yield an overall asset score whose values could range from 0 to 5 (Agincourt HDSS 2011).

As in most migration research, questions of endogeneity also arise because of potential corre-
lation between outcome and predictor variables, although none of our predictors exceed a cor-
relation of 0.21 with the household count of temporary outmigrants. Correlations with the count
of temporary migrants that exceed 0.10 include those for asset index (0.19), average household
education (0.21), and proportion male household members male (0.13), elderly, (-0.17), and in
the labor force (0.10). Tests of the impact of specific predictors on the estimations suggest no
substantial change in estimation results or errors.
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Natural capital, recent change. Our central measure of natural capital, described
above, reflects mean natural resource availability for the three years (2005-2007)
before the migration outcome (2007). Since recent shifts in availability may con-
found the impact of this measure, we also include an indicator of recent change in
natural resource availability. In general, the study site experienced a slight increase
in “greenness” during 2005-2007. To account for spatial variation in this upward
trend, we include a measure of “NDVI slope” as a control variable based on the
same underlying greenness pixels used for calculating the average NDVI measure.
For each pixel in the 2km buffer, the slope was computed by simply fitting a regres-
sion line through the NDVI values of the three years.

4 Methods

The modeling process includes “global” estimates across the entire study site as
well as “local” village-scale models, allowing for contrast across the estimated co-
efficients. We also focus on interaction terms, allowing the effect of all sociodemo-
graphic capital variables to vary by a household’s mean NDVI, 2005-2007.

Global and Local Village-Scale Modeling

We compute Poisson Generalized Linear Models (GLM) (McCullagh/Nelder 1989) of
temporary household migration using the full set of predictive variables: the prima-
ry environmental predictor variable (natural capital: NDVI mean), livelihood capital
secondary predictors/controls (human, physical, and financial capitals, and change
in natural capital [slope]), and interactions between NDVI mean and the secondary
predictors/controls.8 The global model has the form

1 =log, (141 ;)
=B+ B(Xy) +..+ B, (Xy)

where log() represents the link function, the natural logarithm, to transform the out-
come variable n;to linearity based on the set of secondary predictors, M indicates
the predicted counts of migrants in household /, and 8, constitutes the intercept
(mean log migrant count), while g, , are the regression coefficients of the central
predictor variable (NDVI mean), secondary predictors/control variables, and interac-
tions between the environmental predictor and secondary predictors X, X .

Since households vary in size, a measure of per-capita migrants is a more objec-
tive way of representing the outcome variable than an absolute number. We there-

fore use household size @, as an offset to convert the number of migrants in house-

Poisson models have been successfully applied in a variety of models with count-dependent
variables (e.g., Boyle/Flowerdew 1993; Congdon 1993; Leyk et al. 2012).
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hold /7 to the rate of migrants per household member. To avoid overdispersion, we
tested whether the variance equaled the mean of the values — a fundamental as-
sumption for Poisson distributions.

We computed household-level Poisson GLMs for the study site as a whole — the
global model — as well as for each village individually. At the local scale, we ran
21 village-scale models. Table 3 summarizes these village-scale results by simply
indicating the number of positive and negative statistically significant coefficient
estimates across the 21 villages for the NDVI mean measure and each secondary
predictor/control. To present specific coefficient estimates at the local scale, we
chose four illustrative villages for the presentation of the GLM village-scale results
as contrasted with the global model (Table 2). The chosen villages represent the
west-east gradient of natural capital within communal lands. Finally, we mapped
model coefficients (and their significance levels) at the village scale to represent
both the coefficients for NDVI mean (Fig. 3) and the most substantive and statistical-
ly significant interaction terms between NDVI and the secondary predictors (Fig. 4).

5 Results
5.1 Global Model Estimates

A key finding is that, considering the Agincourt study site as a whole, the level of
natural resource availability (2005-2007) within a household’s 2km buffer is posi-
tively associated with temporary outmigration (2007) — offering support for the “en-
vironmental surplus” hypothesis. The estimated coefficient is statistically signifi-
cant at the 0.01 level, net of the suite of secondary migration predictors within the
models. The NDVI slope, 2005-2007, exhibits a positive association with temporary
outmigration as well, suggesting that households with higher (and increasing) levels
of natural capital are more likely to send temporary migrants.

Virtually all of the secondary predictors obtain statistical significance (with the
exception of prime age mortality), no doubt partly due to the relatively large num-
ber of observations. In line with previous research, human capital and other forms
of assets are important correlates of temporary migration. Households with rela-
tively higher human capital in the form of overall higher education are more likely to
have sent a temporary migrant, while such migration was less likely in households
with lower levels of human capital in the form of more members of pension age.
Temporary migration was also more common among households with more em-
ployed members, testifying to the importance of employment as a foundation for
fueling migration as a further diversification strategy. Recall that the pairwise cor-
relation between household temporary migration and proportion employed is 0.01,
lessening concerns of endogeneity between migration and employment measures.
In addition, the findings suggest that households with a larger proportion of male
members and those with higher overall wealth levels/asset position are more likely
to have sent a member elsewhere.
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At the global geographic scale, interactions are explored to offer insights on the
types of households potentially able to tap into natural capital to fuel temporary
migration — yet only two reach statistical significance. The positive estimated effect
of NDVI mean on temporary outmigration is magnified for relatively old households
as well as those with proportionately fewer men (likely because male members
migrated). In this way, the results may suggest that natural capital enables migra-
tion by offering livelihood diversification strategies particularly for households with
higher levels of human capital in the form of age and male members.

5.2 Village-Scale Model Estimates

The Poisson GLM coefficient estimates by village suggest that the processes indi-
cated by the global models operate quite differently at more local scales — which we
suggest reflects operational scale sensitivity. Table 3 summarizes village-scale re-
sults and illustrates that natural resource availability displays a range of effects, only
some of which reach statistical significance. Figure 3 maps the substantively and
statistically strongest effects of NDVI mean by village; statistical significance is rep-
resented by hatching. In two villages (Kildare A #11 and Kildare B #13), consistent
with the global estimates, the coefficients reflect a positive, statistically significant
association between temporary outmigration and natural resource availability, net
of the control variables. Yet in two other villages, the opposite association emerges.
In the villages of Agincourt (#2) and Newington (#4), a negative, temporary outmi-
gration exhibits a negative, statistically significant association with natural resource
availability. Interestingly, these latter villages (in which lower levels of natural capi-
tal constrains migration) tend to have relatively high levels of resource availability
in general and are on the study site’s northern edge, proximate to roads leading
to slightly larger neighboring towns (e.g. Thulamahashe, ~11,000 residents). Here,
the potential exists for households to make use of local natural resources as liveli-
hood strategies while also tapping into the market and/or employment potential of
nearby communities without necessarily engaging in migration. On the other hand,
the villages in which NDVI facilitates migration (Kildare A and B) tend to be in the
study site’s southeastern corner, more distant from larger neighboring towns and
bounded by fenced game reserves. These villages have relatively low levels of re-
source availability in general while also being further from larger-scale markets and
other employment opportunities. In this way, within these resource-poor contexts,
households with relatively higher levels of proximate natural capital may be engag-
ing those resources as well as temporary migration as livelihood strategies.

However, in 17 of the 21 villages (81 percent), the influence of natural resource
availability on temporary migration did not reach statistical significance net of the
other included secondary predictors/controls (see Table 3) — a result quite different
from the positive, statistically significant effect of NDVI at the global scale. Overall,
a far less consistent migration-environment narrative emerges when using village
boundaries to define study areas.

On the secondary predictor/control variables, at the village scale the most con-
sistent positive predictors of temporary outmigration include measures of human
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Tab. 3: Summary of Village-Level Coefficients Predicting Temporary
Outmigration at the Household-Level, Agincourt Health and
Demographic Surveillance Site, Mpumalanga Province, South Africa,

2007
Positive sig. Negative sig. Not sig.

Primary Predictor

NDVI mean 2 2 17
Secondary Predictors

NDVI slope 1 2 18

Age of HH head 2 0 19

Female HH head 0 0 21

Proportion Male 8 0 13

Proportion Elderly 0 6 15

Proportion Employed 18 0 3

HH Educational Level 9 0 12

SES 3 2 16

Prime age mortality 1 1 19

Source: Agincourt Health and Demographic Surveillance Site (Agincourt HDSS).

capital such as household proportion employed (significant in 18 villages), level of
education (significant in 9 villages), and the male proportion (significant in 8 vil-
lages). On the other hand, households with relatively more elderly members are
consistently /ess likely to send temporary migrants (significant in 6 villages). House-
hold age composition, female headship, and mortality experience exhibit virtually
no association with migration at the village scale (significant in no more than 2 of
the 21 villages).

Interaction terms at the village scale allow us to dive deeper into the mechanisms
potentially underlying village-scale variation in the migration-environment associa-
tion. Figure 4 maps the substantively and statistically strongest interactions with
NDVI mean, by village. Statistical significance is again represented by hatching.

The lack of predictive power among NDVI interactions at the village-scale is no-
table. Among the eight sociodemographic variables combined with NDVI to predict
temporary outmigration across the 21 included villages (21 * 8 = 168 interactions,
not shown), only three (1.7 percent) reached statistical significance, and no distinct
patterns emerged.

Households in Agincourt (Village #2) have relatively high access to natural re-
sources and the probability of temporary outmigration exhibits a significant posi-
tive interaction with the asset index (see Table 2). On the other hand, households
in Rholane (village #15) have relatively low access to natural resources and they
exhibit the same pattern — a significant positive interaction between the asset index
and NDVI as related to temporary outmigration (not shown). This interaction sug-
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Fig. 3: NDVI coefficient estimates predicting temporary outmigration by
household, village-level models, Agincourt Health and Demographic
Surveillance Site, Mpumalanga Province, South Africa
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gests that natural capital may fuel migration particularly for those households that
already have diverse and stable livelihoods — even in natural resource-poor settings.

Interestingly, households in Justicia B (village #17) exhibit a strong negative in-
teraction between the proportion of elderly household members (the dependency
measure), natural capital, and temporary outmigration. This village has particularly
low levels of natural resources given its proximity to private, fenced game reserves.
In this natural resource-poor village, monthly pensions, albeit low levels of income,
may provide sufficient security to constrain temporary migration. Another interpre-
tation could relate to care-giving, as more elderly household members may suggest
others have caregiving responsibilities, also constraining migration.
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Fig. 4: Largest Standardized Coefficients for Interactions between NDVI and
Secondary Predictors, Village-level Models, Agincourt Health and
Demographic Surveillance Site, Mpumalanga Province, South Africa’
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6 Conclusion

The results for both the global and local scales offer multi-faceted contributions to
the literature on migration-environment connections, particularly the literature on
temporary migration as a livelihood strategy. In rural South Africa, we find support
for the “environmental surplus” hypothesis in that households experiencing less
environmental stress or scarcity are more likely to send temporary migrants. Such
findings stand in contrast to the large flows of refugees converging upon Europe,
who are often fleeing from socio-political pressures potentially exacerbated by en-
vironmental scarcity. Yet an important distinction is relevant — most migrants from
our rural South Africa study site are moving within South Africa and often doing
so as a voluntary livelihood strategy. In contrast, the current refugee crisis faced
by Europe is fueled by a complex mix of conflict, impoverishment, desperation
and environmental challenges — and such movement entails crossing international
boundaries.
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Still, our finding of “environmental surplus” migration parallels prior work in Ec-
uador where migration was facilitated by more productive agricultural lands (Gray
2010). In rural South Africa, households rely heavily on natural resources for both
daily sustenance as well as materials for products sold at market (e.g. Ofoegbu et al.
2016). In this way, access to natural capital may provide a safety net of sorts, from
which livelihoods may be further diversified — including through temporary migra-
tion. The safety net function of local resources has been demonstrated in other
research in the Agincourt HDSS setting focused on household coping strategies in
the face of adult mortality (Hunter et al. 2007).

Our results in support of the “environmental surplus” hypothesis are usefully
considered within the Sustainable Livelihoods Framework in that natural capital in-
tersects with human capital to shape the use of migration as a livelihood strategy.
Importantly, however, the results also are distinct from those finding migration as-
sociated with the push of “environmental scarcity”, as evidenced in settings such as
Burkina Faso and Ghana (Henry et al. 2004; Van der Geest 2011).

Our global results of temporary migration linked with “surplus” contributes to
the many empirical studies that have been added to the migration-environment lit-
erature over the past several years, fueled in part by public and policy concern with
the potential for climate change to spur migration by increasing livelihood vulner-
ability. Indeed, some speculation has been made as to the European refugee crisis
being, at least in part, related to climate pressures (e.g., Brzoska/Fréhlich 2016).
Such concern certainly warrants intensified scientific inquiry with the aim of ulti-
mately generating conclusions about the connection between migration and envi-
ronmental conditions/change. Even so, the research presented here also yields a
cautionary tale.

The coefficient estimates yielded from the analysis of all Agincourt HDSS house-
holds combined may not best reflect the optimal geographic scale to investigate
the household-level process under study. In this setting, migration is typically a
household-level decision (Collinson et al. 2006). Furthermore, since 85.4 percent of
Agincourt households do not own a car, it is likely that the opportunities and con-
straints within the local village setting may particularly influence livelihood strat-
egies. As such, we tested differences in coefficient estimates across geographic
scales to better understand how the migration-environment connection might dif-
ferentially unfold if the study area is partitioned into individual administrative units.

Differences do unfold. At the village scale, the models identify two villages in
which households exhibit a particularly strong positive association between local
natural capital and temporary outmigration — where households with higher levels
of natural resources within a 2km buffer of the homestead were more likely to have
sent a temporary migrant within the past year — a finding in line with the overall
results from the global model. Even so, the local models also identified two vil-
lages with the opposite association — where households with lower levels of natural
resources were more likely to have sent a temporary migrant within the past year.
Natural capital’s negative association with temporary outmigration is intensified for
households in resource-poor regions and with access to elderly pensions.
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The incongruent results across models fit to different geographic scales (or geo-
graphic extents) leave researchers with a puzzle; and although we raise the question
of operational scale sensitivity — we do not propose to have an answer yet. Unlike
the ecological fallacy, the example presented here has retained the household as
the analytical unit and it is, therefore, justifiable to interpret the coefficients as re-
lated to the household level. Unlike the modifiable area unit problem (MAUP), our
models do not operate at aggregate units of different size and shape. Instead, we
have simply shifted the boundaries of the study areas, focusing first on all Agincourt
HDSS households together (global) and then on distinct clusters of households as
defined by village borders.

Models fit to each individual village show high levels of predictive power (Leyk et
al. 2012) and thus provide an objective picture of existing (or non-existing) relation-
ships. The distinction between scales results from variation in the statistical distri-
butions of incorporated variables due to the different boundaries and, therefore,
different study populations. The global model masks associations that are apparent
when using statistical distributions as defined by village scale boundaries, yet the
village scale analyses do not allow for identification of broader scale migration-en-
vironment associations that more generally characterize the entire Agincourt HDSS.

Given this high scale sensitivity, the question remains: what represents a “mean-
ingful” geographic scale to model migration-environment associations? We offer
the unsatisfactory answer that “it depends”. On the one hand, researchers often aim
to identify overarching conclusions that represent broad patterns in migration-envi-
ronment connections. In this case, the global model, covering a broader geographic
region, offers an understanding of how this linkage operates at the scale of a small
region. Yet, since households represent the locus of migration decision-making,
village scale models may represent a more appropriate vantage point since these
decisions are likely influenced by localized livelihood options (including availability
of natural capital) especially given low levels of vehicle ownership. In addition, ex-
amination of goodness-of-fit measures suggest the village-scale models offer bet-
ter prediction of household-level migration as contrasted with the global, regional
estimates (Leyk et al. 2012).

In summary, our results suggest that, generally, natural resource security pro-
vides a foundation from which households may engage in temporary livelihood mi-
gration from rural South Africa. Even so, in some highly localized village settings,
local scarcity also fuels temporary livelihood migration. Of central importance in
future research will be the investigation of temporal variation in the migration-en-
vironment connection and, in particular, under conditions of more chronic and/or
prevalent environmental change across the villages in rural South Africa’s Agincourt
Health and Demographic Surveillance Site.
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