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Abstract

Soil degradation is widely considered to be a key factor undermining agricultural livelihoods in
the developing world and contributing to rural out-migration. To date, however, few quantitative
studies have examined the effects of soil characteristics on human migration or other social
outcomes for potentially vulnerable households. This study takes advantage of a unique
longitudinal survey dataset from Kenya and Uganda containing information on household-level
soil properties to investigate the effects of soil quality on population mobility. Random effects
multinomial logit models are used to test for effects of soil quality on both temporary and
permanent migration while accounting for a variety of potential confounders. The analysis reveals
that soil quality significantly reduces migration in Kenya, particularly for temporary labor
migration, but marginally increases migration in Uganda. These findings are consistent with
several previous studies in showing that adverse environmental conditions tend to increase
migration but not universally, contrary to common assumptions about environmentally-induced
migration.
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1. Introduction

Soil degradation, including soil erosion and nutrient depletion, is widely considered to be an
important factor undermining the livelihoods of smallholder agriculturalists in the
developing world (Stocking et al., 2003). Smallholders often lack the capital to maintain soil
resources, but without external inputs the productivity of soils under continuous cultivation
inevitably declines, potentially exacerbating rural poverty and creating a poverty trap
(Barrett, 2008). Drawing on field measures of soil erosion and nutrient balance, soil
scientists have long argued that the scope of this problem is severe (Stoorvogel and Smaling,
1990; Sanchez, 2002), particularly in the East African highlands where rural population
densities are high, poverty is endemic, and access to modern agricultural inputs is poor
(Pender et al., 2006).

© 2011 Elsevier Ltd. All rights reserved.

Contacts: Phone: (919) 843-1010, Fax: (919) 962-1537, Cell: (919) 960-5808, Express shipping: Department of Geography, 205
Saunders Hall; Chapel Hill, NC 27599; USA clarklgray@gmail.com.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gray

Page 2

More recently, however, a collection of social scientists have challenged this interpretation
on the basis of smallholder experiences and the limitations of soil studies (Scoones and
Toulmin, 1998; Mortimore and Harris, 2005), arguing instead that “soil fertility is a major
constraint to production for some people in some places at some times” (Scoones, 1997,
p162). Perpetuating this debate is the absence of any large-scale program to monitor soil
degradation (Richter, 2007), though an effort to systematically map soil types across Africa
is now underway (Sanchez et al., 2009). Also lacking are studies to assess the consequences
of soil degradation for social and economic outcomes beyond agricultural production,
particularly at the household scale. Together these lacunae leave unclear the extent to which
soil degradation undermines the well-being of smallholder households in vulnerable regions
such as the East African highlands.

Among potential social outcomes of soil degradation, human migration is of particular
interest. A parallel debate has considered the extent to which a variety of forms of
environmental change contribute to rural out-migration and population mobility. This issue
rose to prominence with a widely-cited study by Myers (1997), who claimed that 25 million
people were displaced by soil degradation and other forms of environmental change as of
1995. This specific claim has since largely been dismissed (Kniveton et al., 2008), but
accumulating evidence of global environmental change has reinforced the salience of this
issue (Laczko and Aghazarm, 2009; Warner, 2010). Only recently, however, have
quantitative studies begun to address these claims by linking survey data on migration to
high-resolution environmental datasets, with results that only partly support the assumption
that environmental change is an important driver of migration (Henry et al., 2004; Massey et
al., 2010). Very few of these studies have investigated the effects of soil quality on
migration (Laurian et al., 1998; Gray, 2010), and none have used data from soil samples.

This study addresses both of these debates by evaluating the effects of soil quality on
internal migration from grain-producing households in highland Kenya and Uganda. These
two countries have featured prominently in the debate over the consequences of soil
degradation and a large proportion of their populations are poor smallholders dependent on
vulnerable soil resources (Ehui and Pender, 2005). The study takes advantage of a unique
longitudinal survey dataset collected by the REPEAT project that includes data on both
migration and soil properties for 1200 households (Matsumotoa et al., 2006). These data are
used to build a household-level measure of soil quality and individual-level measures of
temporary and permanent out-migration for labor and other reasons. Random effects
multinomial logit models are then used to test the effects of soil quality on migration while
controlling for a variety of individual and household characteristics. The results indicate
that, consistent with common assumptions, out-migration declined with soil quality in
Kenya, particularly for households with small farms. However, reflecting important
differences between these two countries, migration in Uganda marginally increased with soil
quality, consistent instead with the existence of a poverty trap.

2. Literature Review

2.1 Soils as Natural Capital

For agricultural households, soils can be thought of as a form of natural capital that supports
rural livelihoods and complements reserves of human, social and physical capitals (Ellis,
2000). Physical, chemical and biological properties of soils all contribute to their suitability
for agriculture or soil quality, and these properties vary over space and time at scales that are
highly salient to household decision-making (Tittonell et al., 2005; Govaerts et al., 2006).
Soil quality can also serve as a key form of household wealth and is an important contributor
to land value (Gardner and Barrows, 1985). Just as for other forms of capital, households
can also act to both improve and degrade soil quality. Inorganic or organic inputs can be
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applied to maintain or improve the quality of soils under cultivation, but unchecked erosion
or continuous cultivation without inputs (e.g., soil mining) will eventually undermine the
quality of even highly-productive agricultural soils (Kapkiyai et al., 1999; Richter et al.,
2007).

In many agricultural regions of the developing world, declining soil quality or soil
degradation is believed to be severe and widespread (Sanchez, 2002), though these claims
are not without controversy (Mortimore and Harris, 2005). A common scenario, recognized
by both sides of this debate, is that farmers are aware of soil quality decline but lack the
capital to invest in soil amendments. Positive feedbacks can exacerbate this process in that
falling agricultural yields can undermine the household’s ability to invest in inputs, leading
to further declines in soil quality (Shepherd and Soule, 1998). Some studies have also found
biophysical thresholds in soil quality below which it is not profitable to invest in soil
amendments (Antle and Stoorvogel, 2006; Marenya and Barrett, 2009). Together these
processes could theoretically lead to the formation of poverty traps from which poor
households with low soil quality could not escape (Barrett, 2008), though as of yet little
empirical evidence exists for this outcome. Additionally, it is important to note that the
operation of these processes is likely to differ significantly from site to site given important
heterogeneity in underlying biophysical, social and economic conditions (Blaikie, 1985;
Blaikie and Brookfield, 1987).

2.2 Soils and Migration

One option for households with low soil quality is to send temporary or permanent out-
migrants, a decision which can generate additional income, reduce consumption in the origin
household, and diversify household livelihood strategies against the risk of agricultural
failure (Stark and Bloom, 1985). This process, in which poor environmental quality leads to
out-migration, is consistent with a simple push-pull model of migration (Petersen, 1958) and
with the expectations of the majority of the literature on environmentally-induced migration
(Myers, 1997; Laczko and Aghazarm, 2009).

Multiple qualitative and quantitative studies have also documented a positive relationship
between soil quality decline and rural out-migration. Among qualitative and small-scale
studies, Zweifler et al. (1994) observed that migration, soil degradation and land scarcity
jointly increased over a period of decades in a rural highland community in the Dominican
Republic. Additionally, Warren et al. (2001) documented a positive correlation between soil
erosion and male out-migration for a rural community in southwest Niger. Finally, Carr
(2008) found that community members in two of three regions in rural Guatemala reported
soil degradation as an important underlying cause of out-migration. Among quantitative
studies, Laurian et al. (1998) showed that men’s out-migration declined with self-reported
high soil quality in the Ecuadorian Amazon but women’s migration was not affected. Henry
et al. (2003), using census data from Burkina Faso and a global map of soil degradation,
found that out-migration increased with soil degradation. Finally, Massey et al. (2010) used
longitudinal survey data from lowland Nepal to show that migration increased with
perceived declines in agricultural productivity, particularly for low-caste individuals. The
latter finding is consistent with the common view that poor and marginal populations will be
more severely affected by adverse environmental conditions (Wisner et al. 2004).

The studies suggest that the most common relationship will be for out-migration to be higher
where soil quality is poor. Nonetheless, both migration theory and a subset of previous
studies indicate that the opposite effect is also possible, i.e. that out-migration might be
higher where soil quality is high. The key theoretical issue is that the demands of migration,
such as access to migrant networks and the cost of housing, can be high relative to
household resources and thus create barriers for entry that exclude poor households from
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particular migration streams (White and Lindstrom, 2006). In extreme cases, a poverty trap
might prevent agricultural households from both purchasing agricultural inputs and sending
out-migrants. Consistent with the view are studies showing that international migrants often
originate from land-rich households (Vanwey, 2005; Gray, 2009). Among studies of
environmentally-induced migration, Henry et al. (2004) also found that international
migration of men from Burkina Faso decreased with drought, and Halliday (2006) found
that international migration from El Salvador decreased following an earthquake.
Particularly relevant to this study, Gray (2010) found that international migration of women
from Ecuador decreased with perceived soil erosion. These studies indicate that positive
effects of soil quality on migration are possible, though this has not yet been demonstrated
for the case of internal migration.

3. Data Collection and Study Area

3.1 Data collection

The survey and soils data were collected as part of the REPEAT project (Research on
Poverty, Environment, and Agricultural Technology) based at the National Policy Institute
for Graduate Studies in Tokyo, Japan (GRIPS) (Matsumoto et al., 2006)1. In both Kenya
and Uganda, longitudinal interviews were conducted with approximately 900 households. In
both cases, households were sampled from the respondents to a previous household survey,
conducted by the International Livestock Research Institute in Kenya and by the
International Food Policy Research Institute in Uganda. The first REPEAT survey in Kenya
was conducted in 2004, and 899 households were interviewed from five highland provinces
(Nyanza, Western, Rift Valley, Central and Eastern) and 99 rural sublocations2 (YYamano et
al., 2005). An immediate follow-up survey was conducted in late 2004 with the same
households, but data from both 2004 rounds are combined here and refered to collectively as
the first round. A subsequent follow-up survey was conducted in 2007, and 777 households
were successfully interviewed following the exclusion of 71 households from Eastern
province for logistical reasons. In Uganda, the first round REPEAT survey was conducted in
2003, and 940 households were interviewed in 94 rural local councils in the Eastern, Central
and Western regions (Yamano et al., 2004). The Northern region was excluded due to
security issues. In 2005 a second round was conducted and 895 households were
successfully re-interviewed. Rates of attrition were thus low and regression analyses of this
process indicate that it was not significantly influenced by soil quality.

At the time of the first-round surveys (but not the second-round surveys), soil samples were
collected from grain-producing households either from the largest plot maize or another
grain-producing plot if maize was not grown. Samples were collected to a depth of 20 cm
from five positions in the plot and mixed. Samples were then analyzed at the World
Agroforestry Center using diffuse reflectance spectroscopy, a method which is particularly
appropriate for large sample sizes (Matsumoto and Yamano, 2009). In this method, soil
reflectance across near-infrared wavelengths is measured using a portable spectrometer.
These values are then transformed into measures of soil chemical and physical properties
using multivariate adaptive regression splines fit to samples which had also undergone
traditional laboratory analysis. These models have R? values of 0.70-0.90 indicating a good
fit (Shepherd and Walsh, 2002). The following soil properties were derived for each sample:
percent carbon, percent nitrogen, extractable calcium, extractable potassium, extractable
phosphorus, percent clay and pH. Following the exclusion of non-grain producing

Ladditional information about the REPEAT project, including how to access the data, can be found here:
http://www3.grips.ac.jp/~globalcoe/e/

Kenyan sublocations and Ugandan local councils are both small administrative units containing one or more rural villages. For

simplicity they are refered to jointly as “locations”.
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households and the loss of a small number of soil samples, these data are available for 682
households in Kenya and 561 households in Uganda.

3.2 Study area

As described above and displayed in Figure 1, the study locations span the majority of the
area of Uganda as well as the adjacent Kenyan highlands, the country’s most populated
region and agricultural center. This binational study area is notable for its high suitability for
agriculture and dense rural populations relative to other parts of Sub-Saharan Africa (Pender
et al., 2006). This study locations range from 1000-2700 meters above sea level and the
climate ranges from semi-arid and subtropical to moist and temperate. The suitability of the
soils for agriculture is moderate to high, and soil types include Oxisols, Ultisols, Inceptisols,
and, in a few areas, Vertisols and Andisols (USDA, 2005). Smallholder agriculture is the
primary land use and farm sizes are relatively small (5.6 acres on average in the study
sample). Nutrient balance studies suggest that soil degradation is severe in many locations
(Stoorvogel and Smaling, 1990; Nkonya et al., 2005), but farmers tend to perceive the
problem as moderate (Kiome and Stocking, 1995; Adams and Watson, 2003) and some
areas have notably escaped predictions of population-induced soil degradation (Tiffen et al.,
1994; Carswell, 2002). Maize, beans and bananas are the primary subsistence crops,
supplemented by income from cattle and milk production, cash crops such as coffee, and
off-farm employment.

Temporary and permanent forms of migration are also important livelihood strategies in
both Kenya and Uganda (Black et al., 2006). Both countries continue to be predominantly
rural, and rural-rural migration is common, particularly in association with lifecourse
transitions such as marriage (Black et al., 2006; Oucho, 2007). Both countries are also
rapidly urbanizing, focused on the capital cities of Nairobi and Kampala, providing many
opportunities for both temporary and permanent urban-bound migrants, who are
disproportionately male and well-educated (Hoddinott, 1994; Agesa, 2001). Many
temporary urban migrants repeatedly return to the same destination and source of
employment, leaving their families in their place of origin (Bigsten, 1996; Matsumoto et al.,
2006). Rates of international migration are low relative to internal migration (Black et al.,
2006). Armed conflict in northern Uganda has also contributed to involuntary displacement
(Vinck and Pham, 2009), but the affected areas were excluded from the REPEAT study.

Despite these commonalities, there are also important differences in the characteristics and
contexts of the study households between Kenya and Uganda (Ehui and Pender 2005;
Pender et al., 2006). In Kenya, especially in the central highlands near Nairobi, there is good
access to urban markets and agricultural inputs, and many households have successfully
diversified their livelihood strategies and intensified their agricultural and animal
production, resulting in significantly higher standards of living. In contrast, in most of rural
Uganda access to urban markets and agricultural inputs remains poor and standards of living
are significantly lower. Uganda is also considerably more diverse both in terms of ethnicity
and land tenure institutions. Nearly all agricultural land in Kenya is under private tenure, but
in Uganda there are at least four distinct tenure systems (customary, mailo, freehold and
leasehold), reflecting the historical experiences of different regions and varying packages of
rights for owners versus users (Nkonya et al. 2008).

These differences are reflected in results from the first-round REPEAT surveys (Yamano et
al., 2004; Matsumoto et al. 2006; Yamano et al., 2006; author’s calculations). The
consumption-based poverty rate was twice as high in Uganda (30%) as in Kenya (15%), and
Ugandan homes were more often made of unimproved materials (mud walls, thatch roofs
and earth floors). Ugandan adults on average also had fewer years of education (8.2) than
Kenyans (5.7), and Ugandan households were more dependent on crop production, which
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represented 59% of their incomes. In contrast, Kenyan livelihoods were considerably more
diversified, with non-farm employment, livestock, and migrant remittances providing 38%,
21% and 7% of household income respectively. Among Kenyan households, 80% used
chemical fertilizers and 63% applied manure, whereas only 7% and 16% of Ugandan
households used these inputs. Similarly, 68% of Kenyan cattle were from improved breeds,
versus only 22% of Ugandan cattle.

Regarding ethnic and tenure diversity, seven ethnicities were represented among the Kenyan
households and nearly half of households were Kikuyu, whereas the Ugandan households
included members of 28 ethnicities with no dominant group. In Kenya, almost all
agricultural plots were privately held (with 13% rented-in), whereas Ugandan plots were
variously held under customary (46%) or freehold tenure (41%), will a smaller proportion
under mailo tenure (13%). Consistent with evidence that all three Ugandan forms of tenure
often serve as de facto individualized tenure (Nkonya et al. 2008), a majority of plot owners
across all three types (64-81%) reported being able to sell their plots.

4. Analysis

The analysis of the effects of soil quality on migration proceeded in three steps as described
below. First, the soils data were used to build a household-level measure of soil quality.
Second, the survey data were used to build four individual-level measures of migration,
which were linked in an individual-level dataset containing potential predictors of migration.
Third, random effects multinomial logit models were used to examine the influences of soil
quality and other factors on migration. Finally, I conclude with a discussion of the strengths
and weaknesses of this approach.

4.1 Soil quality

To build a measure of soil quality, principal components analysis was used to construct an
index of the seven measured soil properties. This is a common approach to reducing data
dimensionality, and creates an index that maximizes the proportion of variance explained in
the underlying data (Sena et al., 2002). Raw values of the seven soil measures are presented
in Table 1. Consistent with previous studies, these values indicate the soils of the study area
are relatively fertile overall but with considerable variability, particularly in Kenya. The
values of five measures, those for carbon, nitrogen, calcium, potassium and phosphorus,
were strongly right-skewed and thus were transformed by In(x+1) prior to the analysis to
reduce the influence of outlying values. To remove any influence of the scale of
measurement, all seven measures were then standardized into z-scores prior to conducting
the analysis. The results of the analysis indicate that the first principal component explained
50% of the variance and the variable loadings for this component are consistent with a
measure of soil quality. The loading increases with the levels of carbon, nitrogen, calcium,
potassium and phosphorus and decreases with the level of clay (Table 1). The value of the
first principal component was rescaled to range from 0-10, and this value is referred to
below as the soil quality index.

The soil quality index is also highly correlated with two other potential measures of soil
productivity: the first principal component of the soil spectrometer readings across all
wavelengths (r = 0.92), and a measure of soil organic matter which was measured using
traditional laboratory techniques for the Uganda samples (r = 0.82). Both of these alternative
measures have been linked to improved crop yields in previous analyses of the REPEAT
data (Matsumoto et al., 2008; Yamano, 2008). These results suggest the highly-correlated
soil quality index constructed here is also an appropriate measure, with the additional
benefits of being available for both countries and being a transparent function of key soil
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properties. Robustness checks incorporating these alternative measures or equivalent indices
derived separately for each country replicate the key features of the results presented below.

The soil quality index has a skewed and multimodal distribution that likely reflects nonlinear
soil processes and the clustering of soil properties around discrete soil types (Figure 2). To
simplify the interpretation of this measure, it is collapsed for the primary regression
specification into a simple dichotomous indicator for index values greater than the global
median (2.79). This indicator is referred to as high soil quality. To capture any limitations of
this approach three alternative specifications are also tested: a linear specification using the
raw soil quality index, a four-category indicator for the quartile of the soil quality
distribution, and an equivalent dichotomous measure for soil carbon only, referred to as high
soil carbon. Soil carbon is a key measure of soil quality that is particularly resistant to
change over time (Kapkiya et al., 1999; Richter et al., 2007), and this measure is included to
address the possibility that other measured soil properties might be responsive in the short-
term to land management decisions and thus endogenous to household livelihood strategies
(see section 4.4).

4.2 Migration

To characterize the diversity of population mobility in the study locations, four migration
outcomes were constructed by drawing on a question about migration asked in both rounds
of the survey and on the longitudinal aspect of the data. In the household roster, the survey
recorded the number of months that each member had lived at home in the previous 12
months, and, for those who were absent, coded the motivation for their absence. Using the
first-round survey, household members who had lived in the household for 1-11 months in
the previous year were defined to be temporary migrants. These were further classified into
those who had departed for employment-related reasons (labor migrants) and for other
reasons (non-labor migrants) to create a multinomial outcome. Non-labor migration was
most commonly for schooling, marriage or to live with other family members. Then,
drawing on the longitudinal aspect of the data, individuals who were resident for one or
more months at baseline but were resident for zero months at follow-up were defined to be
permanent migrants, and again classified as labor or non-labor migrants based on the
motivation for their absence. Individuals can be both temporary and permanent migrants if
they were temporarily absent in the first round and fully absent in the second round.
However only one motivation was recorded for each move, thus both temporary and
permanent moves were classified as either labor-related or non-labor-related but not both.
The destination of moves was not recorded, thus this definition likely includes some moves
that would be excluded by a restrictive definition of migration (see section 4.4).

To analyze these outcomes, an individual-level dataset containing the migration measures
was linked to the household-level measure of soil quality and several control variables, all
measured in the first-round survey (Table 2). At the individual level, control variables
include gender, age, relationship to the household head, marital status and years of
education. At the household level these include household size, gender of the head,
agricultural land area, and the value of livestock. As the latter two variables are censored at
zero and right-skewed, these values were transformed by In(x+1) prior to inclusion, and in
both cases a squared term was added to allow for nonlinear effects. Examination of Table 2
reveals that, consistent with the description above, asset values and levels of education are
higher in Kenya. However, both farm and household sizes are larger in Uganda, and overall
soil quality is similar.

Together these controls account for the majority of important small-scale influences on
migration that have been identified by previous studies (White and Lindstrom 2005).
Preliminary analyses also explored the inclusion of measures of migrant networks at the
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level of the household and location (i.e., sublocation/local council), which were derived
from reports of departures prior to the first-round REPEAT survey. Ultimately these were
excluded because (1) household-level networks might reflect the effects of past soil quality,
(2) location-level networks were not well measured for small and singleton clusters, (3)
inclusion of these predictors did not substantially alter the effects of soil quality described
below.

Preliminary regression models of the four outcomes revealed that rates of migration were
very low for household heads, their spouses, and individuals under age 18 and over age 49,
and they were thus excluded from the analysis as not at risk of migration. This finding and
analytical approach are both consistent with previous studies (e.g., Hoddinott 1994; Gray
2009). Households without soils data were also excluded. The results can thus be interpreted
as applying to individuals who are at risk for migration in grain-producing households.
Following these exclusions, the dataset contains 1343 individuals from 518 households in
Kenya and 778 individuals from 307 households in Uganda. Due to attrition and sample
exclusions for the second-round surveys, the sample size for permanent migration is smaller,
and includes 1013 individuals from Kenya and 654 individuals from Uganda.

Table 3 displays propensities of migration for the four migration streams stratified by
country and by the dichotomous measure of soil quality. Chi-squared tests were used to
compare migration propensities across soil quality categories, and adjusted for clustering at
the level of the location. The results reveal that rates of temporary migration are much
higher in Kenya, consistent with reports in the literature (Black et al., 2006). Additionally,
approximately one half of temporary migration and one third of permanent migration are
motivated by the search for employment. Comparisons between households with high and
low soil quality reveal that temporary migration and labor-motivated temporary migration in
particular were significantly lower from Kenyan households with high soil quality. Thus in
Kenyan households with low soil quality 29% of all individuals were temporary migrants,
versus 18% in households with high soil quality (p < 0.001). Permanent labor migration was
also marginally lower from households with high soil quality in Kenya (p = 0.07). In
contrast, permanent non-labor migration was marginally higher from households with high
soil quality in Uganda (p = 0.06). These results suggest that soil quality influences migration
in the study area, but the results do not account for any other individual, household or
contextual characteristics that might be correlated with soil quality. These additional factors
are accounted for using multivariate regression models as described below.

4.3 Regression models

Random effects multinomial logit models (Skrondal and Rabe-Hesketh 2004) were
estimated to investigate the influences of soil quality on migration while accounting for
other factors. This model is appropriate for categorical outcomes and, as described below,
accounts for clustering and contextual effects at the level of the household, location and
region. For this model, the outcome is coded 0 for no migration, 1 for labor migration, and 2
for non-labor migration. The model is estimated separately for temporary and permanent
migration in both Kenya and Uganda, i.e. four versions of the model. The model has one
equation for each form of migration (labor and non-labor), with the following form:

Ttmij

lOg ( ) zﬁm()"'ﬁmkxmijk+0’mr+€mj

1- T nij

where 7y is the odds of migration for individual i in household j for migration stream m
(Iabor or non-labor migration), yjj is the odds of no migration, S is a stream-specific
constant, S is a vector of parameters for the effects of the independent variables (k), Xpijk
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is a vector of the independent variables including soil quality, ey is a household-level
random effect, and oy is a fixed effect for the region, defined as provinces in Kenya and
administrative regions in Uganda. All models are also adjusted for clustering at the level of
the location (Angeles et al. 2005). For presentation, coefficients are exponentiated (e?) to
create odds ratios, which can be interpreted as the multiplicative effect of a one unit increase
in the predictor on the odds of migration. Predicted probabilities of migration can also be
derived from this equation.

This model corrects for clustering and contextual effects at three levels: the household, the
location and the region. The inclusion of household-level random effects accounts for any
unobserved characteristics at the household level under the assumption that they are not
correlated with the observed characteristics. The adjustment for clustering at the location
level additionally corrects for any location-level correlation arising from the clustered
sampling strategy. Finally, the inclusion of fixed effects at the regional level accounts for all
large-scale contextual factors as long as the effects are linear. This collection of approaches
thus accounts for household-level migration strategies, the clustered sampling strategy, and
large-scale contextual influences on migration.

A supplementary set of models was also estimated to tested for interactions between soil
quality and the other predictors, allowing the effects of soil quality to vary between
population subgroups. This analysis provides insights into which groups are most vulnerable
soil quality-induced migration, but should be considered exploratory given the large number
of interaction terms that were separately tested for significance.

4.4 Strengths and Weaknesses of the Approach

The methodological approach described above has several notable strengths. First, the data
are derived from a large, binational household survey with a longitudinal component, a type
of data that is rarely available for analyses of agriculture and migration in the developing
world. Second, the data are even more exceptional for including the results of household-
level soil analyses, allowing the construction of multiple measures of biophysical soil
quality that do not rely on self-reporting. Third, specific survey questions on migration and
the longitudinal nature of the data permit the disaggregation of four different kinds of
migration, better capturing the diversity of rural population mobility than many previous
studies. Fourth, the use of random effects regression allows controls for variety of potential
confounders as well as corrections for contextual effects at the household, location and
regional scales.

However the methodological approach also has at least two weaknesses that should be
noted, one specific and one general. The specific issue is that, as mentioned above, data on
the distance and destination of moves was not collected, thus it is likely that some moves
were to nearby destinations and would not be considered migration under a restrictive
definition. This is more likely to be the case for moves made for non-labor-related reasons,
such as marriage, relative to labor-related moves which are commonly made to distant
destinations (Hoddinott, 1994; Agesa, 2001). The more general issue is that the analysis
does not attempt to model potential feedbacks between migration and soil quality, i.e. the
possibility that soil quality is endogenous to migration. This problem could arise if past
migration influenced soil quality via a loss of access to agricultural labor or the investment
of migrant remittances in soil amendments (Crowley and Carter, 2000; Warren et al., 2001).
To address this problem, as described above, | have included a measure of soil carbon in an
alternative specification of the regression model. Soil carbon is a long-term measure of soil
quality that only changes slowly under agricultural management (Kapkiya et al., 1999;
Richter et al., 2007), limiting the possibility that it could be endogenous to past migration.
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The results for Kenya are presented in Table 4. First the results for the control factors and
then the results for soil quality are discussed below. Overall the results of the control
variables are consistent with previous studies from East Africa (Hoddinott, 1994; Bigsten,
1996; Agesa, 2001). At the individual level, women and married individuals were more
likely to become non-labor migrants for both temporary and permanent moves, reflecting the
role of women as the most frequent family-related movers and the ties of married
individuals to multiple households. Migration was also strongly stratified by age with most
moves peaking at ages 25-29, with the exception of permanent labor migration where rates
were highest for ages 35-49. The effects of age were strongest for temporary labor
migration, reflecting an important lifecourse dimension to this move, and weakest for
temporary non-labor migration, consistent with moves to visit and assist other family
members. Educated individuals were also more likely to move, particularly for temporary
labor migration. Children of the head, with strong ties to the household, were more likely to
make labor-related moves and less likely to make other types of moves.

Household-level control factors were not as consistently important but also had significant
effects. Non-labor migration increased with household size, likely reflecting moves to live
with other family members, but labor migration was not affected. Female headship did not
influence migration. The nonlinear effects of land area and livestock value were jointly
significant for permanent labor migration but not other migration streams. Permanent labor
migration decreased with land area but at a decreasing rate. Consistent with the complex
nonlinear effects of wealth seen in previous studies (e.g., VanWey, 2005), permanent labor
migration is low for households with no livestock, increases to a maximum at $75 of
livestock value (the 18t percentile for Kenya) and then declines slowly. Thus land appears
to act as an amenity, retaining migrants, as does livestock above a minimum value that is
necessary to migrate, likely due to migration costs.

Consistent with the descriptive results in Table 3, soil quality had negative effects on
migration that were most important for temporary labor migration. In the primary
specification with the dichotomous indicator for high soil quality, the odds of temporary
labor migration were 67% lower for households with high soil quality (p < 0.001) and the
odds of permanent labor migration were 42% lower (p = 0.041). High soil quality was also
associated with marginally lower odds of temporary non-labor migration (p = 0.098), and
had a negative but non-significant effect on permanent labor migration. The negative effect
on temporary labor migration was also evident in the three alternative specifications:
temporary labor migration decreased with the linear quality index, was lower for the highest
two quartiles of soil quality, and was also significantly lower for households with high soil
carbon. Thus there is a clear negative effect of soil quality on temporary labor migration and
some evidence for negative effects on other migration streams.

The results for Uganda are presented in Table 5. Overall the results are not as strong as those
for Kenya, reflecting the smaller sample size, but an interesting story emerges nonetheless
regarding soil quality as described below. Among the control factors, gender did not have
significant effects but age was again important. Temporary labor migration and permanent
non-labor migration peaked at ages 25-29, permanent labor migration peaked at ages 30-34,
and temporary non-labor migration was not affected, similar to the pattern for Kenya. Non-
labor temporary migration was again higher for married individuals, though relationship to
the head was unimportant. Permanent non-labor migration also unexpectedly decreased with
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education, potentially reflecting lower family-related mobility for individuals with access to
skilled employment.

At the household level, temporary non-labor migration and permanent labor migration both
unexpectedly decreased with household size, which may reflect lower per capita resources in
these households that are available to invest in migration. The nonlinear effects of land area
and livestock value were jointly significant only for temporary labor migration, with a
similar pattern to that of permanent labor migration in Kenya. Temporary labor migration
decreased at a decreasing rate with land area, and increased rapidly with livestock value to a
maximum at $20 (at the 20t percentile for Kenya) and then declined.

In contrast to Kenya but consistent with the descriptive results, soil quality had marginally
positive effects on migration, specifcally for permanent non-labor migration. In the primary
specification, the odds of permanent non-labor migration were 91% higher from households
with high soil quality (p = 0.081). This effect was also evident in the linear, categorical and
carbon-only specifications.

5.3 Interaction models

A supplementary set of exploratory models also tested for interactions between soil quality
and the other predictors in all four models. Consistent with expectations, the interaction
between soil quality and land area emerged as the most important interaction, and was
jointly significant for the case of permanent labor migration in Kenya (p = 0.019). Given the
large number of interaction coefficients that were tested for significance as part of this
exploratory analysis, these results should not be considered as definitive but instead as a
point of departure for future studies. To present the results of the interaction between soil
quality and land area, predicted probabilities of permanent labor migration were derived for
households with high and low soil quality using mean values of the other predictors from the
Kenyan sample (Figure 3). This reveals that permanent labor migration is low for
households with high soil quality and low for land-rich households with low soil quality, but
very high for land-poor households with low soil quality.

6. Discussion

Taken together, the results provide strong evidence that soil quality is associated with
reduced migration in Kenya, particularly for temporary labor migration, and weak evidence
that soil quality is associated with increased migration in Uganda, most clearly for
permanent non-labor migration. The pattern in Kenya suggests that households respond to
low soil quality, and consequently reduced agricultural yields, by sending temporary
migrants as a way to generate additional household income. Temporary migration is a
common strategy in Kenya (Table 3) that likely has low barriers to entry, potentially
explaining how even households with poor soil quality can afford to participate. In contrast
in Uganda, the pattern is less clear but the results suggest that low soil quality reduces
households’ ability to send permanent non-labor migrants for reasons such as marriage and
schooling. Due to costs such as housing, school fees and bridewealth, these forms of
mobility may have relatively high barriers to entry, perhaps explaining why households with
poor soil quality might be excluded.

The divergent results reflect the quite different economic contexts of these two countries and
reinforce Blaikie and Brookfield’s (1987) claim that land degradation is always contextual.
In Kenya, temporary migration is a common livelihood strategy and there are substantial
opportunities for agricultural intensification and diversification (section 3.2). In this context,
households with low soil quality can afford to send migrants, with the knowledge that they
will be able to profitable invest the wages on their farms. Households with small farms
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appear to be most affected, consistent with expectations that poor households would be more
vulnerable to environmentally-induced migration (Wisner et al., 2004). In Uganda, in
contrast, households have access to fewer resources and fewer opportunities for both
temporary migration and agricultural intensification. In this context, it appears that soil
quality enables costly permanent migrations as a form of capital. This result is consistent
with the existence of a poverty trap which restricts participation in both migration and
agricultural intensification for Ugandan households (Barrett 2008), though confirmation of
this process will require additional empirical research.

7. Conclusions

The findings of this study have important implications for theories of environmentally-
induced migration, for research methods in this field, and for development policy in Kenya
and Uganda. Regarding theories of environmentally-induced migration, the results
contribute to a growing number of empirical studies indicating that while adverse
environmental conditions typically increase migration (section 2.2), local and temporary
moves are often most affected, and effects can also occur in the opposite direction. Thus
Henry et al. (2004) found that migration could decrease with drought, Halliday (2006) found
that migration could decease following a natural disaster, and Massey et al. (2010) found
that local moves were most affected by environmental conditions. Similarly, this study finds
that temporary moves were most affected in Kenya, and that migration marginally increased
with soil quality in Uganda. Together these studies highlight the contextually contingent
nature of migration-environment relationships, and suggest that skepticism is warranted for
broad narratives that predict large-scale and long-distance displacements due to soil
degradation or other forms of local environmental change (e.g., Myers, 1997).

Regarding research methods in this field, this study adds to a small number of previous
studies which have combined household surveys, environmental data sources and
multivariate analyses to examine environmental influences on human migration (Henry et
al., 2004; Gray, 2009). This approach addresses the need for a robust, generalizable
methodology in this field, where sophisticated empirical applications have lagged
significantly behind the high level of interest by academics and policy-makers (Kniveton et
al., 2008). Regarding soil quality specifically, empirical research would clearly benefit from
additional household surveys that collect matched soil samples, as implemented in the
REPEAT project and facilitated by spectroscopic methods of soil analysis (Yamano et al.
2004; Yamano et al. 2005). Future efforts should additionally consider collecting subjective
reports of soil quality, enabling comparisons between the two data sources (Mairura et al.,
2008), as well as repeating soil sampling in the same locations. The latter approach would
enable a variety of analyses of how soil quality, livelihood strategies, and household well-
being interact over time, including potential feedbacks between soil degradation and
migration.

Finally, this study also has important implications for development policy in Kenya and
Uganda. In Kenya, land-poor households with low soil quality appear to be particularly
dependent on labor and temporary migration. This result suggests that expanding
opportunities for labor migration, such as through the construction of rural infrastructure
(Pender et al., 2006), will likely benefit vulnerable households without leading to rural
depopulation. In Uganda, access to chemical fertilizers is very poor (Yamano et al., 2004),
and potentially contributes to rural households being caught in a poverty trap. Policies that
increase access to chemical fertilizers and other agricultural inputs via targeted subsidies,
removal of trade barriers or improvements in infrastructure are needed to increase
agricultural productivity and reduce rural poverty (Matsumoto and Yamano, 2009).
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Map of the study area.
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Figure 2.
Kernel density of the soil quality index in Kenya and Uganda.
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Predicted probabilities of permanent labor migration in Kenya by land area and soil quality.
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Table 1

Results of the principal components analysis of soil quality.

Mean values (and standard deviations)

Soil property Full sample Kenya Uganda PCA loading
Carbon (%)2 241(149) 2.43(150) 2.38 (L49) 0.50
Nitrogen (%) 022(0.14) 0.22(0.13) 0.23(0.14) 0.47
Extractable calcium (cmolc/kg)? 750 (6.05) 7.76 (6.08) 7.18 (6.01) 0.33
Extractable potassium (cmolc/kg)® 084 (1.33)  0.99(1.76)  0.66 (0.33) 042
Extractable phosphorus (cmolc/kg)® 135 (10.5)  147(119) 12182 0.32
Clay (%)) 281(40) 286(42) 27.6(38) -0.38
oHP 6.39(061) 6.19(061) 6.63(0.51) ~0.01
Nhouseholds 1,243 682 561 1,243

aTransformed by In(x+1) and standardized to z-scores prior to analysis.

b . . .
Standardized to z-scores prior to analysis
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Mean values of the regression predictors for individuals at risk of migration.

Predictor Full sample Kenya Uganda
Individual controls
Female (0/1) 0.48 0.48 0.47
Age 18-19 (/1) 0.23 0.20 0.28
Age 20-24 (0/1) 0.40 0.41 0.39
Agde 25-29 (0/1) 0.19 0.21 0.15
Age 30-24 (0/1) 0.08 0.10 0.07
Age 35-49 (0/1) 0.10 0.09 0.12
Child of head (0/1) 0.72 0.77 0.63
Married (0/1) 0.22 0.20 0.26
Years of education 8.86 9.58 7.61
Household controls
Household size (#) 9.86 8.34 12.49
Female head (0/1) 0.21 0.24 0.15
Land area (acres) 7.07 5.16 10.37
Livestock value (US$) 584 607 543
Soil quality
High soil quality (0/1) 0.49 0.50 0.48
Soil quality score 3.05 3.04 3.07
Soil quality Q1 (0/1) 0.27 0.30 0.22
Soil quality Q2 (0/1)2 0.24 020 02
Soil quality Q3 (0/1) 0.22 0.21 0.25
Soil quality Q4 (0/1) 0.27 0.29 0.24
High soil carbon (0/1) 0.50 0.49 0.51
Nindividuals 2121 1343 778

a
Reference category.
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Table 4

Odds ratios and significance tests from the multinomial logistic regression models of temporary and
permanent migration in Kenya.

Predictor

Temporary

Labor Non-labor

Permanent

Labor  Non-labor

Individual controls

Female 121 2007 o070t 212
Age 20-24 315™ 142 234 209™
Age 25-29 728" 16T 3437 355"
Age 30-34 4.95 1.19 373 239 %
Age 35-49 432 % 1.39 432* 155
Child of head 1.73* 0.50 ** 1.38 062+
Married 1.49 209 ** 050+ 211 %
Years of education 111 *** 1.06 107+ 0.99
Household controls
Household size 1.04 1.09** 1.05 1117
Female head 0.95 1.19 0.92 112
Ln(land area+1) 0.48 0.74 021" 1.00
Ln(land area+1)? 124 % 1.06 1.45** 0.97
Ln(livestock value+1) 1.34 0.99 201 * 111
Ln(livestock value+1) 2 0.96 1.01 091 % 0.98
Soil quality
High soil quality 0.33*** 0.65+ 058 ™ 0.67
Fixed and random effects
Regional fixed effects (42) 1132 1046~ 4.72 6.54 +
HH random effects (e;) 907 *** 2.89 ***
Ninvidivals 1337 1010
Alternative specification 1
Soil quality score 0.82% 0.95 0.94 0.96
Alternative specification 2
Soil quality Q1 0.68 0.74 0.94 1.38
Soil quality Q3 020" o064+ o051t 069
Soil quality Q4 0.33*** 059t 0.62 0.72
Joint test (x?) 16.49 *** 3.67 4.37 1.90
Alternative specification 3
High soil carbon 057 071 0.66 0.82

Reference categories are age 18-19 and soil quality Q2.

+
p<0.10,
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p<0.01,
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p<0.001
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Table 5

Odds ratios and significance tests from the multinomial logistic regression models of temporary and
permanent migration in Uganda.

Temporary Permanent

Predictor Labor Non-labor Labor Non-labor
Individual controls

Female 0.53 1.43 0.50 0.97

Age 20-24 2.34 0.88 3.80" 2.45*

Age 25-29 6.80"" 132 469" 3.64™*

Age 30-34 567 118 963** 136

Age 35-49 2.28 0.85 1.82 0.55

Child of head 0.80 117 1.32 0.64

Married 0.99 6.47* 1.20 1.48

Years of education 1.05 0.98 1.06 0.92%
Household controls

Household size 1.05 0.76™*  0.00™* 0.97

Female head 1.84 135 0.62 0.43+

Ln(land area+1) 0.25% 177 1.39 121

Ln(land area+1)? 1.38™ 0.88 0.94 0.88

Ln(livestock value+1) 1.92% 1.03 0.66 0.94

Ln(livestock value+1)? 0.90™* 0.99 1.04 1.01
Soil quality

High soil quality 1.48 132 1.60 191+
Fixed and random effects

Regional fixed effects (x2)  g.45* 6.17" 435 0.08

HH random effects (e;) 2.97*** 506"
Ninvidials 654
Alternative specification 1

Soil quality score 1.34% 0.99 115 1.25%
Alternative specification 2

Soil quality Q1 1.11 1.40 1.43 1.36

Soil quality Q3 0.95 2.16 2.01 1.91

Soil quality Q4 2.25 0.93 1.76 251*

Joint test (x?) 2.73 2.30 2.10 4.22
Alternative specification 3

High soil carbon 1.30 0.89 1.60 200"

Reference categories are age 18-19 and soil quality Q2.

.
p<0.10,
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