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ABSTRACT
The concept of “environmental refugees” has been put forth to hypothesize a connection
between environmental deterioration and out-migration. In this paper we test this hypothesis using
data from Nepal. We operationalize environmental degradation in terms of declining land cover,
rising times required to gather organic inputs, increasing population density, and perceived declines
in agricultural productivity. Holding constant the effects of other social and economic variables, we
find that population density is unrelated either to short- or long-distance mobility, but that moves
within the immediate vicinity are predicted by perceived declines in productivity and land cover and
increased time required to gather firewood. Long-distance moves are predicted by perceived
declines in productivity, but the effect is weaker than in the model of short-distance mobility and
even this effect is confined only to lower and non-Hindu castes. No other environmental
characteristics affect the odds of making a distant move, thus casting doubt on the utility of the
concept of environmental refugees in explaining interregional or international migration.
Environmental deterioration mostly leads to short-distance moves within the immediate vicinity,
affecting males and females in a manner consistent with Nepal’s gendered division of labor.
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INTRODUCTION
Among social scientists seeking to model human migration theoretically and study it empirically,
attention has generally focused on economic, social, and to a lesser extent, cultural factors.
Neoclassical economists specify geographic discontinuities in wage rates as the driving force behind
migration, whereas those subscribing to the new economics of labor migration attribute it to failures
in local markets for capital, credit, and insurance (cf. Todaro and Maruszko 1987; Stark 1991).
Institutional theorists view migration as a response to structural transformations experienced by
societies as they shift towards markets and integrate within global regimes of trade and investment
(cf. North 1981; Sassen 1988) or as a response to labor demand originating in segmented labor
markets (Piore 1979; Portes and Bach 1985). Sociologists have emphasized the embeddedness of
decision-makers within social organizations (Portes and Sensenbrenner 1993), notably migrant
networks that yield social capital to facilitate movement (Massey 1990). Anthropologists, as well as
sociologists, have sought to incorporate culture into the analysis (Kearney 1986), the former by
considering the subjective meanings of migration to individuals and groups (Rouse 1991, 1992) and
the latter by hypothesizing a “culture of migration” that contributes to the cumulative causation of
migration over time (Kandel and Massey 2002).
In none of these disciplinary accounts do environmental conditions figure as salient
determinants of migrant decision-making. To the extent that environmental conditions are
mentioned, they are either assumed to be a consequence of market expansion (e.g., the consolidation
of landholding and the mechanization of production—see Massey et al. 1998) or they are addressed
under the rubric of “population pressure” (whereby demographic growth increases demands on
natural resources to cause environmental deterioration—see Massey and Taylor 2004).
Though it is now well-established that out-migration stems from economic development
rather its absence, studies have not assessed whether or how environmental conditions mediate
structural economic changes to influence migratory decisions. Moreover, despite historical evidence
indicating a lagged correlation between population growth and emigration (see Thomas 1973;
Hatton and Williamson 1998), contemporary social scientists generally downplay “population
pressure” as a fundamental cause of migration (Massey et al 1998), noting that rates of natural
increase are uncorrelated with rates of international out-migration around the world (Zlotnick 2004)
Despite the lack of credence given to environmental factors among social scientists, many
environmentalists take as an article of faith that population growth, environmental deterioration, and
out-migration are fundamentally interrelated (see Hermsmeyer 2005). The term “environmental
refugees” was introduced by El-Hinnawi (1985) to describe people who have been displaced
through natural disaster and environmental degradation. Based on his review of global conditions,
Jacobson (1988) estimated the number of environmental refugees to be 10 million in the mid-1980s,
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a figure that Myers (1997) put at 25 million by the mid-1990s. Although this concept has been
criticized for its vagueness and lack of specificity and such numbers derided as inflated (see Black
1998, 2001), the notion of environmental refugees remains popular among environmentalists,
ecologists, development activists, and some scholars (Suhrke 1994).
One reason for the lack of consensus about environmental effects on migration is the scarcity
of good data on the subject. In his review of the evidence, Castles (2001) points out that whereas
Myers and Kent (1995) list millions of people at risk of environmental displacement, they never
offer counts of people who actually moved for environmental reasons. However, specific case
studies do appear to link population growth, environmental deterioration, and political violence to
migration (see Homer-Dixon 1991, 1994), an interplay of forces that Lee (2001) calls the
“environment-security nexus.” But these studies also show that environmental conditions are but
one factor in a complex of causally interconnected variables whose mutual influence cannot be
sorted out in qualitative accounts (see Castles 2001; Wood 2001).
In this analysis we seek to assess the causal importance of environmental deterioration on
human migration by taking advantage of prospective longitudinal data gathered in Nepal’s Chitwan
Valley during the late 1990s. These data allow us to assess environmental conditions— actual and
perceived—at the beginning an observation period and to measure their influence on the subsequent
odds of out-migration over the ensuing 36 months while controlling for the social and economic
effects currently favored by social scientists to account for population mobility. This analysis not
only permits us to assess the significance of environmental conditions in determining human
migration; it also allows us to measure the relative importance of environmental versus other factors
in migrant decision-making.
SETTING: NEPAL’S CHITWAN VALLEY
Nepal is one of the world’s most diverse ecological settings (Chaudhary 1998; Majupuria
1999; Shrestha 1993) but also one on the brink of serious environmental degradation (Blaike,
Cameron, and Seddon 1980; Blaike and Brookfield 1987; Eckholm 1976; Ives and Messerli 1989).
The fragile Himalayan environment presently suffers from rapid deforestation and soil erosion,
which threaten native flora and fauna and undermine local bio-diversity. In combination with rapid
population growth, accelerating social change, and ongoing economic development, Nepal offers an
ideal setting to test the relative influence of environmental conditions on migration.
Our study area is the Western Chitwan Valley of South-Central Nepal, a wide, flat valley
nestled in the Himalayan foothills approximately 450 feet above sea level. Until the early 1950s,
Chitwan was covered by virgin forests, infested with malaria-carrying mosquitoes, and home to
many dangerous fauna, ranging from poisonous snakes to Bengal Tigers. Beginning in the mid-
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1950s the Nepalese government began a program to clear the forest, eradicate malaria, and distribute
the cleared land to settlers from the highlands. Approximately one-third of the original forest was
preserved as Chitwan National Park, which remains home to several endangered species today.
Rich soils, flat terrain, and the promise of new opportunities drew highland farmers into the
valley, but it remained a remote and isolated frontier until 1979, when the first all-weather road was
completed (see Shrestha et al. 1993). This road linked Chitwan’s largest town, Narayanghat, to the
eastern portion of Nepal’s East-West highway and, therefore, to cities throughout Eastern Nepal and
India. Two other important roads quickly followed: one to the west that linked Narayanghat to the
western portion of Nepal’s East-West highway and the other to the north that connected
Narayanghat to Kathmandu, Nepal’s capital.
Because of Narayanghat’s central location, by the mid-1980s this once isolated town had
become a major transportation hub for the entire country. This change was accompanied by a
proliferation of government services, business expansion, and growing employment (Pokharel and
Shivakoti 1986; Axinn and Yabiku 2001). The government invested heavily in agriculture, with
large outlays for irrigation, mechanization, improved seeds, pesticides, fertilizer, and new methods
of production and marketing (Shivakoti and Pokharel 1989). Bus service made Narayangha’s jobs
and business opportunities accessible throughout the valley and commercial enterprises—grain mills
and retail outlets, as well as government services such as schools, health clinics, post offices, and
police stations—sprang up everywhere. The valley’s population grew rapidly through both inmigration and natural increase (His Majesty’s Government of Nepal 1987; Shrestha et al. 1993;
Tuladhar 1989).
Within the lifetimes of most residents, therefore, Chitwan’s social and economic structure
was radically transformed, and these shifts brought about rapid change in the natural environment.
Whereas in the 1970s Chitwan was relatively homogeneous in terms of access to natural resources,
by the late 1990s the proliferation of non-family organizations had shifted land use away from
forestry and agriculture toward buildings and physical infrastructure (Axinn and Ghimire 2002;
Shivakoti et al 1999). These changes greatly increased variation in access to firewood and fodder,
which most families use on a daily basis (Axinn and Axinn 1983; Biddlecom et al. 2005). The
macro-level proliferation of non-family organizations was accompanied by significant micro-level
changes in environmental quality, such that many farmers came to see natural resources as
deteriorating (Barber et al. 2003). Taken together, real declines in access to firewood and fodder, a
growing scarcity of agricultural land, increases in population density, and the spreading perception
that farmland was declining in productivity would seem likely to motivate out-migration from
Chitwan, independently of whatever social and economic mechanisms are also in play.
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DIMENSIONS OF ENVIRONMENTAL VARIATION AND MIGRATION
A key issue in all research on the effect of environmental trends on demographic behavior is
how to define the specific aspects of environmental change that are most relevant. Previous research
has considered an extremely broad set of environmental conditions, including population density;
access to natural resources; air, water and soil pollution; land use and land cover; the use of
fertilizers, pesticides, and irrigation; and perceptions of change with respect to pollution, land
productivity, and access to natural resources (Bhandari 2004; Bilsborrow 1992; Bilsborrow and
DeLargy 1991; Blaike and Brookfield 1987; Bongaarts 1996; Boserup 1965 1981; Cohen 1995;
Ehrlich, Ehrlich and Daily 1993; Foster and Rosenzweig 2003, 2004; Heilig 1997; Hill 1990;
Hamilton, Seyfrit, and Bellinger 1997; Moran, Brondizio and VanWey 2005; Moran and Brondizio
1998; Perz 1997).
From these alternatives we chose five to represent the leading dimensions of environmental
change within the Chitwan Valley. This ecosystem is characterized by significant internal variation
with respect to population density, perceptions of agricultural productivity, access to locally
important natural resources, and land use patterns. For several reasons we hypothesize that shifts in
these conditions will significantly affect migratory behavior within and outside the valley.
First, scholars have long argued that out-migration follows from rising population density,
dating back to Davis’ theory of multiphasic demographic change (Bilsborrow 1992; Davis 1963).
Given any particular social and economic infrastructure, rising density affects the environment by
producing greater pollution and degrading natural resources, which, in turn, motivate residents to
leave (Bhandari 2004; Conway and Shrestha 1981; Dignan 1989; Thomas 1973; Gurung 1999;
Hatton and Williamson 1998; Shrestha 1990; Thacker 1991). We thus hypothesize higher levels of
population density to be associated with higher rates of out-migration among residents of the
Chitwan Valley.
Second, because this setting is almost entirely agricultural, perceptions of land productivity
are likely to be particularly powerful in motivating behavior (Ghimire and Mohai 2005, Thacker
1991). Local farmers who believe that land resources in their area have become less productive over
time are more likely to move in search of more productive land elsewhere. Farmers in this part of
Nepal practice an intensive rotation of three crops per year, with rice being the most important.
Land productivity is essential for both subsistence and income generation among local families. We
therefore predict that a perceived decline in agricultural productivity will be associated with a
greater likelihood of out-migration among farm households.
Third, the direction of land use change in this setting is away from open farmland towards a
more developed, built environment, with potentially serious consequences for farmers (Axinn and
Ghimire 2002; Shivakoti et al. 1999). As agricultural land becomes scarcer, families either move to
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find additional land or leave the agricultural sector entirely to pursue other economic activities. The
search for new land clearly promotes migration; but the migration literature also indicates that
moves out of agriculture into other sectors likewise entail geographic mobility. We thus predict that
local areas with less open farmland will have higher rates of out-migration than those where
agriculture is more abundant.
Fourth, in this agrarian setting access to fodder for animals is a critical resource. Husbandry
of large and small animals comprises a key component of food production in the valley, and
virtually every family cares for at least some animals; and among larger farms livestock cultivation
is extensive (Axinn and Axinn 1983; Fox 1987; Ghimire and Mohai 2005). In addition to grazing
land, herds require fodder to be collected from local forests which has steadily been reduced owing
to deforestation since the 1960s. Because declining access to fodder implies more labor, farm
families facing a local scarcity of fodder are motivated to relocate to areas closer to forests and
vegetation. We thus predict that families facing less access to fodder will evince higher rates of outmigration.
Fifth, even more than fodder, nearly all households rely on firewood for heating and
cooking, and it also must be collected from local forests that are steadily declining (Biddlecom,
Axinn and Barber 2005; Filmer and Pritchett 1997; Kumar and Hotchkiss 1988; Schmidt-Vogt
1994; Seddon 1989; Shrestha 1999). As with fodder, therefore, less access to firewood is
hypothesized to motivate migration to areas with more abundant forests. In this part of Nepal,
however, the collection of fodder and firewood are highly gendered activities, with women
primarily responsible for gathering fodder and men more likely to collect firewood (Bhandari 2004;
Kumar and Hotchkiss 1988). Because of this important gender differentiation, variations in access to
fodder and firewood are expected to have different effects on the migratory behavior of men and
women.
Finally, we differentiate among moves by distance because we expect environmental change
to have stronger effects on local than long-distance mobility. Given that the Chitwan Valley
continues to exhibit a great deal of environmental variation, we expect local environmental changes
to have a stronger influence on local moves within the valley than on long-distance moves out of the
valley. To the extent that residents are motivated to move by environmental changes, they can
usually find improved conditions without leaving the valley. This distinction is important because it
underscores a salient reason for why the migration literature has overlooked environmental
influences. Whereas most theoretical models and research investigations have focused on longdistance moves, environmental change may primarily influence local geographic mobility, rendering
environmental influences invisible in most studies.
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DATA COLLECTION AND MEASUREMENT
Our analysis draws on data derived from the Chitwan Valley Family Study (CVFS), which
offers a unique resource for studying the effect of environmental change on migration. Not only
does the CVFS database offer objective and subjective assessments of environmental conditions, it
also allows us to distinguish between local and long-distance moves while controlling for the
confounding effects of social and economic variables typically used by social scientists to predict
migration.
The Chitwan Valley Family Study
This Chitwan Valley Family Study gathered four basic kinds of information: household
survey data, individual interviews that included detailed life histories, land use data, and data from a
monthly registry of demographic events. For purposes of sample design, the valley was divided into
mutually exclusive “neighborhoods”—geographic clusters of 5-15 households—and these were
selected on an equal probability basis using a multi-stage cluster design (Barber, Shivakoti, Axinn,
and Gajurel 1997). Once a neighborhood was selected, researchers surveyed every household within
it, yielding a total of 1583 households with a 100% response rate at the household level. The
baseline survey was completed in 1996 and contained basic measures of household consumption,
resources, agricultural practices, and environmental perceptions.
After completing the baseline survey, all individuals aged 15-59 residing in the household
were interviewed separately using a standardized questionnaire that included a life history calendar.
Also interviewed in this manner were spouses of respondents who lived elsewhere or who were
outside the age range. A total of 5,271 individuals were interviewed during this stage with a 97%
response rate. The standardized interviews yielded information on family background, personal
characteristics, daily experiences, community context, and social attitudes. The life history calendar
provided retrospective data on residence, marital status, children, contraceptive use, living
arrangements, schooling, and work experience (Axinn, Pearce, and Ghimire 1999; Belli 1998;
Freedman et al. 1988). Common identifiers allow events from the life history calendar to be linked
to data from the baseline questionnaire.
After these surveys were completed, in early 1997, the study undertook a detailed set of land
use measurements for each neighborhood and launched a monthly registry of demographic events,
including migration, living arrangements, marriage, birth, death, and contraceptive use. The registry
tracked all households in the original sample for three years and followed each household member
even if they left the study area. We draw on the resulting 36 person-months of data to define a
hazard of out-migration, which we predict from each person’s individual, family, and neighborhood
circumstances in 1996. Specifically, we consider all those interviewed at the baseline to be at risk of
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out-migration in the subsequent period and follow them month-by-month, coding the outcome
variable as 0 if they did not migrate in that month and 1 if they did. All person-months subsequent
to the departure were excluded from consideration.
Measures of Migration
Measures used in the study are defined in Table 1 along with their means and standard
deviations. We employ two complimentary definitions of migration. The first defines a move as any
departure from the neighborhood lasting one month or more that did not involve a move out of the
Chitwan Valley. The second defines migration as a departure from the Chitwan Valley lasting at
least a month. The latter obviously captures long-distance mobility, whereas the former measures
only short distance mobility. As shown in the table, around 12% of reported moving within the
valley during the observation period whereas 29% left the valley. For simplicity, we refer to the
former as local moves and the latter as distant moves. These definitions allow us to operationalize
monthly hazards of short and long distance mobility, treating the two kinds of moves as competing,
mutually exclusive risks.
Environmental Measures
We assess local environmental conditions and perceptions using five basic measures:
neighborhood population density, the respondent’s perception of changing agricultural productivity,
the time required to collect firewood, the time required to gather animal fodder, and the share of
neighborhood land covered with flora rather than buildings or infrastructure. We defined population
density as the number of households per 100,000 square feet1. The average density was around 19
households per 100,000 square feet, but the standard deviation of 64.9 indicates there was
substantial variation across neighborhoods in the sample.
To assess agricultural productivity, the baseline questionnaire asked: “Compared to three
years ago, do you think crop production has increased, decreased or stayed about the same?”
Preliminary analyses showed that perceptions of decline had the greatest predictive power so we
coded our measure of agricultural productivity as 1 if crop production was perceived to have
decreased and 0 otherwise. The growing pressure on Chitwan’s land base is indicated by the fact
that 57% of respondents perceived that agricultural productivity was declining.

1

Land area comes from the 1996 land use survey, in which a team of field workers mapped the area of each
neighborhood using compasses and tape measures. These measurements were digitized and used to calculate the
exact area of each neighborhood broken down by category of land use. Neighborhoods ranged in size from 46,762
square feet to 3,223,438 square feet, with a mean of 837,850.
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Definitions, means, and standard deviations of variables used in the analysis
of migration and environment in Nepal’s Chitwan Valley.

Variable
Definition
Mean
SD
MIGRATION (1997-1999)
Local
Left Neighborhood on Trip >1 Month
0.12
0.32
Distant
Left Valley on Trip >1 Month
0.29
0.45
ENVIRONMENTAL CONDITIONS (1996)
Productivity
1 if Perceived as Declining, 0 Otherwise
0.57
0.49
Share Green
% Neighborhood Covered in Flora
72.80
25.33
Time for Firewood
Minutes Required to Gather Firewood (00s)
3.36
2.23
Time for Fodder
Minutes Required to Collect Fodder (00s)
1.07
0.77
Density
Persons per 100,000 Square Feet
19.16
64.93
THEORETICAL CONTROLS (1996)
Human Capital
Enrolled in School
1 if Currently Enrolled, 0 Otherwise
0.15
0.36
Years of Schooling
Years Enrolled Prior to 1996
5.78
5.85
Has Wage Job in 1996
1 if Now Has Wage Job, 0 Otherwise
0.34
0.47
Has Salaried Job in 1996
1 if Now Has Salaried Job, 0 Otherwise
0.09
0.29
Social Capital
Local Network
1 if HH Has Local Migrant, 0 Otherwise
0.19
0.39
Distant Network
1 if HH Has Distant Migrant, 0 Otherwise
0.53
0.50
Local Prevalence
Prop. Local Migrants in Neighborhood
0.08
0.07
Distant Prevalence
Prop. Distant Migrants in Neighborhood
0.25
0.12
Physical Capital
Farmland
1 if Household Owns Land, 0 Otherwise
0.75
0.44
Equipment
Number of Pieces Owned
1.53
1.33
Livestock
Number of Standardized Units
2.02
2.04
House Plot Owned
1 if House Plot Owned, 0 Otherwise
0.80
0.40
Home Quality
Index Ranging from 4-18
9.26
3.57
Market Access
Minutes Walk to Nearest Market (logged)
1.87
1.21
DEMOGRAPHIC CONTROLS (1996)
Gender
Female
1 if Female, 0 if Male
0.53
0.50
Age (Birth Cohort)
15-24 (1972-1981)
1 if Yes, 0 Otherwise
0.36
0.48
25-34 (1962-1971)
1 if Yes, 0 Otherwise
0.24
0.43
25-44 (1952-1961)
1 if Yes, 0 Otherwise
0.19
0.39
45-59 (1936-1951)
1 if Yes, 0 Otherwise
0.20
0.40
Ethnicity
High Caste Hindu
1 if Yes, 0 Otherwise
0.47
0.50
Low Caste Hindu
1 if Yes, 0 Otherwise
0.10
0.30
Hill Tibeto-Burmese 1 if Yes, 0 Otherwise
0.15
0.36
Newar
1 if Yes, 0 Otherwise
0.07
0.25
Terai Tibeto-Burmese
1 if Yes, 0 Otherwise
0.20
0.40
___________________________________________________________________________________
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The survey also asked respondents how long it took them to travel to where fodder or
firewood was located, collect it, and then bring it home. We coded the responses in minutes and for
convenience in presenting coefficients divided the total by 100. On average respondents reported
spending 336 minutes per trip (5.6 hours) collecting firewood and 107 minutes per trip (1.8 hours)
to gather fodder.
We also physically determined the share of each neighborhood that was covered with flora.
Although most studies of land use and land cover rely on data derived from remote sensing devices
(Liverman et al. 1998; Fox et al. 2003), our detailed on-the-ground measures yield highly accurate
and reliable information. Because flora coverage is readily observed remotely, however, our
measures are roughly comparable to those that would be obtained using satellite imagery. On
average, around 73% of neighborhood ground area was covered with flora, although again there was
substantial variability throughout the valley (see the standard deviation of 25.3).
Control Variables
Our interest here is in measuring the independent effects of environmental changes on outmigration while holding constant the effects of social and economic variables that are more typically
included in migration models. Prior research and theory suggest that the critical determinants of
migration fall into three basic categories: human capital, social capital, and physical capital (see
Massey et al. 1998). Given that the likelihood of migration also varies in characteristic ways by age
and gender, controls for these variables are also included, along with indicators of ethnicity.
Human capital refers to skills, experiences, and abilities that raise an individual’s
productivity in the labor force, making it more valuable for him or her to migrate (Sjaastad 1962).
Measures of human capital were derived from responses to a series of questions on the life history
calendar. To measure education, respondents were asked: “Did you ever go to school to study even
for one day?" If the answer was "yes" the interviewer then asked: “In which year did you first go to
school?" Every year the respondent was in school was recorded on the life history calendar. These
questions yield a dichotomous indicator of enrollment in 1996 and the total number of years of
schooling prior to that date. Around 15% of respondents were enrolled in school and average
education stood at 5.8 years.
Respondents were also asked a series of questions about their work history. This history
included measures of both salaried employment and daily wage work and ascertained both the
history of work experience and current work status. In rural Nepal, a salaried job implies stable
employment, high earnings, social benefits, and certain protections whereas daily wage labor lacks
these benefits. We thus developed two different measures of labor force experience: (1) working a
salaried job in 1996; (2) working as a day laborer in 1996. Each of these is a dichotomous measure,
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coded 1 if the respondent experienced the condition and 0 otherwise, thus roughly indicating the
quality of work experience. As can be seen, 34% of respondents held a wage job at the time of the
baseline survey and 9% had a salaried job.
Social capital refers to the instrumental value that people derive from their social
connections to others. In the case of migration, being related to others with prior migratory
experience greatly increases the odds of out-migration by reducing the costs and risks of
undertaking a trip. We measure social capital in two ways: by the presence of others with migratory
experience in the household, and by the relative number of persons within the neighborhood who
have migrated in the past, which following Massey et al (1994) we call the migration prevalence
ratio.
Our measure of household members’ migration experiences comes from the individual
interviews of those aged 15-59 in 1996, which provided a complete record of all moves. To measure
social capital at the household level, we coded a household network tie as 1 if any member of the
household had ever moved out of the current neighborhood before 1996 and 0 otherwise. To
measure social capital at the neighborhood level, we used the same data to determine the relative
number of residents with prior migratory experience in 1996. From the individual life history
calendar, we coded migration experience as 1 if an individual had ever moved out from the sample
neighborhood before 1996 and 0 otherwise and then computed the proportion of individuals for each
neighborhood who ever migrated before 1996.
Because our models analyze both local and distant moves, we constructed the social capital
measures to match the specific kin of migration being predicted. In models predicting local moves
we measured household and neighborhood experience with respect to local moves, whereas in
models predicting distant moves we measured household and neighborhood experience with respect
to moves outside the valley. Among respondents in Chitwan Valley, 19% had a tie to someone who
had migrated locally and the average person lived in a neighborhood where 8% of the residents had
local migration experience. Likewise, 53% had a tie to someone who had migrated outside the
valley and the average person lived in a neighborhood where 25% of residents had undertaken a
distant move.
Physical capital refers to the presence or absence of tangible assets within the household or
neighborhood. On the one hand, ownership of an asset may encourage migration either by providing
collateral for borrowing to finance a trip or by providing a particular motivation for migration, or
both. For example, land ownership, may motivate a household member to migrate in order to selffinance productive agricultural investments in the absence of viable capital markets, while
simultaneously providing the collateral to act on this motivation. On the other hand, the lack of an
asset, may also signal an important motivation for migration (though not, of course, providing any
collateral to finance it, which is where social capital comes in). Throughout the world, one of the
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most powerful motivations for migration is self-financing the construction or improvement of a
home in the absence of effective mortgage and consumer credit markets (see Taylor et al. 1996).
Thus the lack of an owned home, or the possession of a home of marginal quality, generally
increases the odds of out-migration.
Our measures of physical capital come from the baseline interview, which asked a series of
question about different types of property ownership, including whether the household owned any
agricultural land, whether it owned the house plot, the number of farm animals it owned, and the
number of pieces of farm and household equipment it possessed. For the first two variables we
developed dichotomous indicators, coded 1 if the household owned farmland or the house plot and 0
otherwise. These two pieces of property are rather widely owned. Some 80% of respondents
reported owning the plot upon which their house stood and 75% said they owned farmland.
Our count of livestock owned takes into account the numbers of buffalo, cattle, sheep, goats,
and pigs owned by the household. The number of each kind of livestock was converted into a
standard “livestock unit” using a conversion factor and these standard units were then summed to
create a comparable count of total livestock owned. The average household owned around two units
of standardized livestock. The number of pieces of equipment was determined from questions that
asked whether the household owned a radio, television, bicycle, motorbike, tractor, cart, pumpset, or
gober gas plant. For each item present in the household, the index of household goods increased by
1, yielding an index that ranged from 0 to 8. The average on this indicator was 1.52 pieces of
equipment.
We measured housing quality from interviewer observations concerning four attributes of
the dwelling: number of stories, material used to make the walls, material used to make the roof, and
material used to make the floor. Number of stories is coded from 1 to 5 corresponding to the number
of floors in the house. Material used to make the walls is coded from 1 to 6 (concrete = 6, brick = 5,
stone = 4, wood = 3, mud = 2, and cane with mud = 1). Material used to make the roof is coded
from 1 to 4 (concrete = 4, tin = 3, slate = 2, and thatch = 1). Material used to make the floor is coded
from 1 to 4 (concrete = 4, brick = 3, wood = 2, and mud = 1). Overall, the housing quality scale is
constructed by summing these four measures, yielding a measure that ranged from 4 to 18 with an
average of around 9.3.
Finally, we included an indicator of access to markets as an indicator of the stock of capital
accessible to each household. This variable was measured as the number of minutes required to
reach the nearest market on foot, where a market is defined by the presence of two or more shops.
This variable was highly skewed and in order to improve fit, we took the natural log of the number
of minutes, yielding a mean value of 1.87 (around 6.5 minutes).
Demographic controls were measured in straightforward fashion by specifying dummy
variables for gender, age category, and ethnic group. Previous research in Chitwan has found that
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ethnicity exerts a strong effects on fertility intentions (Pearce 2000) and family formation (Axinn &
Barber 2001; Ghimire et al. 2006; Thapa 1989, 1997; Yabiku 2006) and for this reason we include
controls to capture any effects of ethnicity on migratory behavior. Nepalese society includes more
than 60 linguistic subgroups (Bista 1972; Caplan 2000; Dahal 1993; Gurung 1980, 1998; Niraula
1994) that may be grouped into five categories for analytical purposes: high caste Hindus, low caste
Hindus, Newar, Hill Tibeto-Burmese, and Terai Tibeto-Burmese (Axinn & Yabiku 2001; Blaikie et
al. 1980). We indicate these categories using dummy variables and take high caste Hindus as the
reference category.
ENVIRONMENT AND OUT-MIGRATION
The Chitwan Valley Family Study thus offers a promising opportunity to measure the effects
of environmental conditions on out-migration while simultaneously controlling for other social and
economic factors known to influence mobility. We use discrete time event history methods to model
the monthly hazard of out-migration, with person months serving as the unit of analysis (Allison
1982, 1984; Petersen 1986, 1991). We follow individual sample members month-by- month for 36
months beginning on February 1997 and each month regress the 0-1 migration outcome on
independent variables defined as of the 1996 baseline. All person-months subsequent to the one in
which a trip was taken are excluded. As already noted, local moves within the Chitwan Valley and
long-distance moves out of the valley are each treated as competing risks. As a result, in the
analyses of local moves individuals are treated as censored if they make a long-distance move
before moving locally and in the analyses of long-distance moves individuals are treated as censored
if they make a local move before leaving the valley. We control for duration by counting the
number of months transpired since February 1997, along with a squared term, and then estimate the
model using the GLIMMIX macro of SAS, following an estimation strategy advocated by Barber et
al. (2000). This strategy produces a multilevel hazard model that accounts for the clustering of
individuals in our sample by community (see Barber et al. 2000; Yabiku 2004).
Local versus Distant Moves
Table 2 presents the results of two separately estimated models, which are functionally
equivalent to results achieved using a single multinomial logit model. The left-hand columns show
odds ratios and t-tests for a model estimating the effect of independent variables on the relative
likelihood of leaving the neighborhood for a period of at least one month (“local moves”), and the
right-hand columns show odds ratios an t-tests for the same set of independent variables, but
predicting the odds of leaving the Chitwan Valley for one month or more (“distant moves”). In both
cases, the top panel shows the estimated effects for the five environmental indicators, the middle
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panels contain various theoretical controls defined according to the kind of capital they represent,
and the bottom panels hold constant the effects of demographic factors such as gender, age,
ethnicity, and duration.
The estimates reveal that environmental conditions are much more closely tied to local than
to long-distance mobility. Of the five indicators, three are significant in predicting moves within the
Chitwan Valley but only one is significant in predicting the odds of making a distant move. A
perceived decline in agricultural productivity, a lower share of the neighborhood covered in green,
and a greater time to gather firewood are all associated with greater odds of moving locally; but only
perceived decline in productivity is significant in predicting the odds moving over a long distance,
and the effect is considerably less powerful.
In neither equation does time required to gather fodder or neighborhood population density
influence the odds of geographic mobility. It is not the sheer number of people per unit of land that
appears to be important, but the degree to which a neighborhood has been denuded of vegetation
and the effects of such degradation on the time required to collect firewood. Each percentage point
increase in the share of the neighborhood that is covered in flora decreases the odds of local
mobility by 2%, and every hundred minutes of additional travel time required to gather firewood
raises the odds of movement within the valley by 6%. Holding these variables constant, declining
agricultural productivity is associated with both local and long-distance moves, but whereas
declining productivity raises the odds of moving within the Chitwan Valley by 30%, it only
increases the likelihood of leaving the valley by 18%.
The strong connection between local migration and agricultural productivity, relative
vegetation, and access to firewood, and the lack of association between the latter two measures and
long distance migration along with the much weaker effect of agricultural productivity, suggest that
to the extent the term “environmental refugees” applies in Nepal, it refers mainly to localized
displacements. As environmental conditions deteriorate, people indeed leave their immediate
confines in search of opportunity, but mostly they stay within the region.
This pattern of results stands in marked contrast to the effects of the social and economic
factors we consider, which generally display strong effects on distant moves but weaker effects on
local moves. Whereas school enrollment naturally tends to root people to their current location, the
effect is only significant in the equation predicting departure from Chitwan; and whereas each
additional year of schooling raises the odds of long-distance migration by a highly significant 5%,
the effect on local moves is only 2% and is not statistically significant. Holding a salaried job with
privileges and benefits, however, has a stronger effect in promoting local mobility than longdistance migration, although both effects are significant statistically. Holding a wage job has no
effect on the likelihood of either kind of move.
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Multilevel hazard model predicting monthly rate of out-migration in Nepal’s
Chitwan Valley 1997-1999.

Local Moves
Distant Moves
___________________
___________________
Independent
Variables
Odds Ratio
t-test
Odds Ratio
t-test
___________________________________________________________________________________
ENVIRONMENTAL CONDITIONS
Perceived Productivity Decline
1.30*
2.23
1.18*
2.05
Share of Neighborhood Green
0.98**
-2.34
1.01
1.25
Time to Gather Firewood
1.06*
2.08
1.03
1.53
Time to Collect Fodder
1.03
0.40
1.08
1.41
Population Density
0.97
-1.40
1.00
0.18
THEORETICAL CONTROLS
Human Capital
Enrolled in School
0.93
-0.49
0.79*
-2.27
Years of Schooling
1.02
1.51
1.05***
5.46
Currently Has Wage Job
0.87
-1.19
0.96
-0.43
Currently Has Salaried Job
2.44***
4.37
1.39*
2.31
Social Capital
Household Has Network Tie
1.02
0.16
1.53***
5.15
Neighborhood Prevalence
9.28
1.64
4.59***
3.32
Physical Capital
Market Access
1.07
0.76
1.03
0.65
Farmland
1.31
0.95
0.70*
-1.68
Equipment
1.05
1.02
1.02
0.65
Livestock
0.94*
-2.07
0.99
-0.43
House Plot Owned
0.50*
-3.03
1.01
0.07
Home Quality
0.96
-1.41
1.02
0.97
DEMOGRAPHIC CONTROLS
Gender
Female
1.04
0.33
0.71***
-4.20
Age (Birth Cohort)
15-24 (1972-1981)
6.63***
8.22
3.00***
7.97
25-34 (1962-1971)
3.10***
5.05
1.43**
2.56
25-44 (1952-1961)
1.75**
2.33
0.81
-1.35
45-59 (1936-1951)
------------Ethnicity
High Caste Hindu
------------Low Caste Hindu
1.00
-0.02
1.21
1.28
Hill Tibeto-Burmese
0.89
-0.56
1.27*
1.91
Newar
0.98
-0.07
0.96
-0.18
Terai Tibeto-Burmese
1.09
0.42
0.89
-0.85
Duration
Month
0.95***
-2.74
0.97**
-2.02
Month Squared
1.00
1.80
1.00
0.64
ICC
0.52
0.08
Deviance
3,241
7,697
Person Years
70,688
_____________________________________________________________________________________
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As other studies have found, social capital is a very powerful predictor of long-distance
migration. Households that contain other members with migratory experience are 53% more likely
to leave the valley and the probability of making such a move increases by a factor of 4.6 for each
point increase in the proportion of migrants living in the surrounding community. In short, people
who are related to others with migrant experience outside the Chitwan Valley— either members of
their own household or simply neighbors in the surrounding community—are much more likely to
become long-distance migrants themselves. Having a tie to another local migrant has no detectable
effect on the odds of moving within the valley, however, and although the coefficient for the relative
number of such migrants in the neighborhood is large, it is imprecisely estimated owing to the low
mean and limited standard deviation on this variable, and is therefore not significant statistically.
The foregoing effects of human and social capital are, in relative terms, generally much
stronger and more powerful in predicting long-distance moves than the environmental conditions
considered here. In contrast to the rather strong effects of human and social capital, physical capital
had fewer significant influences on the likelihood of long-distance mobility. Only land ownership
influences the likelihood of leaving the valley, lowering the odds by around 30%. With respect to
local mobility, moreover, only livestock ownership and house plot ownership influence the odds of
movement, with the former lowering them by 6% for each standardized unit and the latter cutting
the odds of departure by half.
As usual in studies of migration, age was highly significant in both equations. The odds of
local and long-distance mobility both decline with rising age; but the extent of selectivity is more
pronounced for the former than the latter. The effects of gender also differ by distance of the move.
Whereas males and females display about the same likelihood of making a move within the Chitwan
Valley, females are significantly less likely than males (nearly 30%) to leave the valley. Thus local
mobility is highly selective with respect to age but unselective with respect to gender, whereas longdistance mobility is highly selective with respect to gender but less selective with respect to age.
We observe few differences in the propensity to take either a short of long move by ethnicity.
Although the Hill Tibeto Burmese displayed 27% greater odds of moving out of the valley
compared to high caste Hindus this was the only significant effect in the model and it was on the
margins of statistical significance. For both kinds of moves, the odds of migration generally decline
with each passing month during the three year period and this duration effect is roughly linear.
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Gender, Environment, and Mobility
The foregoing results suggest that environmental conditions are strongly linked to local
mobility but weakly connected to long-distance moves. It may be, however, that the influence of
environmental variables varies by gender given the gender-specific nature of the tasks of gathering
firewood versus fodder. As firewood is heavier than fodder, and given the fact that men display
greater upper-body strength than women, collecting the former is generally considered a “male” task
whereas gathering the latter is culturally defined as “female.” Given this gendered division of labor,
we might expect the time spent to gather firewood to affect the mobility of men but not women, and
the time to gather fodder to influence women but not men, and this is generally what our analyses
reveal.
Table 3 contrasts the effect of environmental variables on the odds that men and women
undertake local and distant moves. For the sake of brevity t-tests are not reported and statistical
significance is simply indicated by asterisks. As can be seen, every extra hundred minutes required
to gather firewood increases the odds of male migration by 12% but has no effect on the likelihood
of female migration. Likewise, every 100 additional minutes required to collect fodder increases the
odds of female migration out of the valley by 14% but has no effect on the odds of long-distance
mobility by males. In addition, although local mobility is promoted by perceived declines in
agricultural productivity among both men and women, only among females is the effect statistically
significant and only for short-distance moves, which is consistent with the fact that Nepali women
bear a disproportionate share of the burden of agrarian cultivation (Acharya and Bennett 1983;
Kumar and Hotchkiss 1988). The lack of a significant effect of agricultural productivity on moves
outside the valley once the data are broken down by gender underscores the relative weakness of the
connection between environmental conditions and long-distance migration.
Effects of Ethnicity
Although there are some differences in the strength of effects by gender, the coefficients in
Table 3 generally suggest that human capital, social capital, and demographic factors influence
migration in similar ways for men and women. In terms of ethnicity, however, we often observe
rather large differences in the coefficients of men and women, at least with respect to local moves.
Relative to high caste Hindu males and females, for example, males in other castes are generally
much less likely to migrate locally than women. For example, whereas low-caste males are 50% less
likely to move locally females are 40% more likely to do so, a large and significant difference.
Likewise, Terai Tibeto-Burmese are 46% less likely to move within the valley but coethnic females
are 46% more likely, another large and significant difference.
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Table 3.

Multilevel hazard model predicting monthly rate of out-migration separately
for males and females in Nepal’s Chitwan Valley 1997-1999.

Local Moves
Distant Moves
__________________
______________________
Independent Variables
Males
Females
Males
Females
_____________________________________________________________________________________
ENVIRONMENTAL CONDITIONS
Perceived Productivity Decline
1.24
Share of Neighborhood Green
0.98
Time to Gather Firewood
1.12**
Time to Collect Fodder
1.13
Population Density
0.98
THEORETICAL CONTROLS
Human Capital
Enrolled in School
0.74
Years of Schooling
0.95
Currently Has Wage Job
0.68*
Currently Has Salaried Job
1.65**
Social Capital
Household Network Tie
1.20
Neighborhood Prevalence
7.20
Physical Capital
Access to Markets
0.92
Farmland
1.27
Equipment
1.10
Livestock
0.88**
House Plot Owned
0.41**
Home Quality
0.89**
DEMOGRAPHIC CONTROLS
Age (Birth Cohort)
15-24 (1972-1981)
9.27***
25-34 (1962-1971)
5.84***
25-44 (1952-1961)
1.78*
45-59 (1936-1951)
---Ethnicity
High Caste Hindu
---Low Caste Hindu
0.50**
Hill Tibeto-Burmese
0.62
Newar
0.46
Terai Tibeto-Burmese
0.56*
Duration
Month
0.95*
Month Squared
1.00
ICC
0.58
Deviance
1,310
Person Years
30,261

1.41*
0.97**
1.00
1.08
0.97

1.19
1.02
1.03
1.03
1.02

1.18
1.00
1.03
1.14*
0.99

0.90
1.08***
1.00
6.40***

0.90
1.04***
0.99
1.53***

0.58***
1.08**
0.92
1.57

1.53**
7.28***

1.58***
3.34*

1.15
1.29
1.01
0.98
0.51*
0.97

1.07
0.64*
1.09
0.96
0.68
0.99

0.99
0.69
0.97
1.03
1.71
1.04

6.53***
2.71**
2.53**
----

4.27***
2.13***
0.83
----

1.88***
0.80
0.68
----

---1.40
1.28
1.52
1.46

---1.24
1.27
0.85
0.87

---1.09
1.18
1.08
0.90

0.94
15.39*

0.95*
1.00
0.37
1,887
40,427

0.96**
1.00
0.17
3,825
30,261

1.00
1.00
0.10
3,758
40,427

____________________________________________________________________________________

Environmental Change and Out-Migration in Nepal

20

In order to explore the influence of ethnicity further, in Table 4 we estimated models
separately for high caste Hindus and all others, seeking to learn whether environmental conditions
have differential effects on local mobility by ethnicity. As can be seen, environmental factors do not
appear to affect significantly the migratory behavior of high caste Hindus, the privileged group in
the local ethnic hierarchy. Their mobility is determined entirely by human capital, social capital, and
demographic factors.
In contrast, environmental conditions do affect the mobility within other ethnic groups.
Thus the odds of undertaking a local move are 31% greater for lower-caste Hindu and non-Hindu
groups when they perceive agricultural productivity to be declining, and the odds of moving locally
rise by 10% for these groups with each additional 100 minutes required to gather firewood. On the
other hand, each percentage point increase the share of the neighborhood covered in vegetation
decreases the likelihood of local mobility by 3%. The coefficients in the right-hand column show
that the effect of agricultural productivity on long-distance moves is confined to the lower caste
Hundu and non-Hindu ethnic groups. Within the Chiwan Valley, in other words, environmental
effects on mobility appear to be confined to the less privileged categories of Nepal’s ethnic
hierarchy.
CONCLUSION
In this study we employed a unique data set available from the Chitwan Valley Family Study
to measure the effects of environmental conditions of migration while holding constant the effects
of human, social, and physical capital and controlling for demographic factors such as age, gender,
ethnicity, and duration. We estimated discrete time hazard models to predict the odds of outmigration during the 36 person-months following February 1997 given individual, household, and
environmental characteristics observed in 1996 and using two different definitions of migration:
within and outside the Chitwan Valley.
We found no evidence that migration—either local or distant—was related to demographic
pressure as measured by population density. Neighborhood density had no significant influence on
the likelihood either of moving away from the neighborhood or out of the valley. Perceived agrarian
productivity, the share of the neighborhood covered in flora, and the time required to collect
firewood did influence mobility, but mainly promoted local rather than distant moves. As
agricultural productivity declines and the share of the neighborhood covered in flora falls, and as the
time required to gather firewood correspondingly increases, individuals are more likely to leave
their home neighborhood to look for opportunities elsewhere in the vicinity.
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Table 4.

Multilevel hazard model predicting monthly rate of out-migration separately
for high caste Hindus and other ethnic groups in Nepal’s Chitwan Valley
1997-1999.

Local Moves
Independent Variables
High Caste
Other
ENVIRONMENTAL CONDITIONS
Perceived Productivity Decline
1.30
1.31*
Share of Neighborhood Green
0.99
0.97**
Time to Gather Firewood
1.02
1.10**
Time to Collect Fodder
0.94
1.17
Population Density
0.96
0.98
THEORETICAL CONTROLS
Human Capital
Enrolled in School
1.33
0.52**
Years of Schooling
1.06**
1.00
Currently Has Wage Job
0.77
1.00
Currently Has Salaried Job
1.97**
2.45**
Social Capital
Household Network Tie
1.40*
0.67
Neighborhood Prevalence
0.99
62.15*
Physical Capital
Access to Markets
0.92
1.11
Farmland
3.98*
1.20
Equipment
0.95
1.18**
Livestock
0.95
0.92*
House Plot Owned
0.27***
0.56*
Home Quality
0.91**
0.98
DEMOGRAPHIC CONTROLS
Gender
Female
1.27
0.83
Age (Birth Cohort)
15-24 (1972-1981)
3.60***
9.60***
25-34 (1962-1971)
2.11*
4.53***
25-44 (1952-1961)
1.06
2.45**
45-59 (1936-1951)
------Duration
Month
0.97*
0.94**
Month Squared
1.00
1.00

Distant Moves
High Caste
Other
1.07
1.00
1.05
1.13
1.01

1.30*
1.01
1.01
1.10
1.00

1.07
1.07***
0.82
0.88

0.58***
1.05***
1.16
1.92***

1.62***
3.14*

1.54***
9.64***

1.05
0.51
1.01
1.01
1.62
1.01

1.02
0.73
1.01
0.98
0.80
1.04

0.81*

0.62***

1.98***
1.29
0.75
----

3.63***
1.36
0.83
----

0.98
1.00

0.97
1.00

ICC
0.54
0.58
0.13
0.10
Deviance
1,516
1,663
3,973
3,662
Person Years
34,677
36,011
34,677
36,011
______________________________________________________________________________
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Although the odds of leaving the Chitwan Valley are significantly increased by perceived
decline in agricultural productivity, the effect was much smaller than that observed for local moves
and it was only significant among lower and non-Hindu castes. This single environmental effect,
meanwhile occurred in the context of much more powerful social and economic influences on
migratory behavior. The environment, therefore, is just one of a set of factors that influence longdistance mobility and it is by no means the most important. Both social capital and human capital
have much stronger and more consistent effects on migration out of Chitwan.
The environmental effects on local population mobility that we detected appeared to vary
between men and women in a way that is consistent with the gendered division of labor in Nepal.
The time required to collect firewood—a stereotypically male task in Chitwan—affects the odds of
male but not female mobility within the valley; and the time required to gather fodder, which is
generally considered a female task, affects the odds of female but not male migration outside of the
valley. Female migration within Chitwan was also related to perceived decline in agricultural
productivity, but the effect of falling agricultural productivity on local and distant moves was
confined to lower-caste Hindu and non-Hindu groups. The influence on local mobility of land cover
and time to gather firewood was likewise confined to these groups, suggesting that caste privilege
may insulate people from the negative economic effects of environmental deterioration.
In general, these results cast doubt on the broader validity of the concept of “environmental
refugees,” at least with respect to long distance migration. We find no evidence that rising
population density, declining vegetation, or a growing scarcity of organic inputs play any role in
promoting departures from the Chitwan Valley, and the long-distance mobility provoked by
declining agricultural productivity is relatively weak and confined to the low caste Hindu and nonHindu ethnic groups. As formulated by El-Hinnawi (1985), Jacobson (1988), Myers (1997), and
others, the concept of “environmental refugees” was introduced to frame environmental change as a
major driver of migration worldwide, but our findings suggest that environmental deterioration does
not produce mass migration to distant locales.
Although large numbers of people may often be displaced by natural and human-caused
disasters in Africa and Asia, these moves are generally to adjacent regions and end up being
classified as international owing more to the legacy of colonialism than anything else. Although
more work clearly needs to be done using representative data from other regions, the present
analysis suggests that demographers should evince considerable caution in viewing “environmental
refugees” as a major component of migratory streams around the world. For the most part,
environmental deterioration appears to promote local searches for organic inputs or alternative
employment opportunities, not a desperate search for relief in distant lands.
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