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ABSTRACT

Livestock are an important element of the livelihoods of many Ugandan households, and considerable
efforts at economic development by the government of Uganda have focused on the livestock sector.
However, these development efforts have suffered due to a lack of detailed data on the distribution of
livestock in Uganda to guide the targeting of such programs. In this paper we use data from the 2008
National Livestock Census to develop a better understanding of where in Uganda there might be potential
for significant investment to intensify the production of livestock and, conversely, where there are
important challenges, such as conflicts between human populations and livestock that need to be
addressed. This analysis is done by developing a quantitative model to predict mean livestock stocking
rates at sub-county level (r = 929) that uses population density, agroecological factors, and market access
as explanatory variables. A mapping of the model residuals approach is then used to identify areas in
Uganda that are relatively understocked and those that are potentially overstocked. This information is
then used to suggest approaches to livestock development in both types of areas.

Keywords: Uganda, livestock, spatial analysis, development planning
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1. INTRODUCTION

Livestock is an essential agricultural resource for Uganda. Uganda’s populations of cattle, goats, and
poultry are among the highest among African countries—generally in the top quintile. Nomadic
pastoralism constitutes the principal livelihood for many households in the northeastern part of Uganda.
The landscape of the so-called cattle belt, stretching across the middle of Uganda from the base of the
highlands in southwestern Uganda through the area around Lake Kyoga to northeastern Uganda, is
characterized by extensive cattle-dominated farming systems. Intensive livestock production is common
in areas with higher population densities, with dairy cattle ownership being an important characteristic of
economically progressive farmers in these zones. Investment in intensive poultry production, both layers
and broilers, has over the past 15 years become increasingly common in periurban areas of Uganda.
Seventy percent of Ugandan households are engaged in some form of livestock rearing (MAAIF and
UBOS 2009).

Although crop agriculture generally receives more attention than livestock in the development
programs of the government of Uganda, livestock is part of the vision of Uganda’s leaders for economic
development and poverty reduction. Livestock is given attention in Uganda’s National Development Plan
(2010/11-2014/15), which seeks annual growth of 5.4 percent in the sector, up from an average of 3.0
percent in recent years (NPA 2010). Beef and dairy cattle and poultry are identified as strategic
agricultural commodities for the country that are to receive increased investment levels for accelerated
production. Efforts continue to restrict the distribution of tsetse fly and control trypanosomiasis across
Uganda. Since independence, considerable public investments have been made in ranching schemes,
veterinary disease control, and livestock markets. However, many of these investments were planned
without sufficient understanding of the opportunities for and constraints to livestock development
nationally. A principal reason for this has been the lack of good estimates of the distribution of livestock
and of the prevalence of livestock ownership across Uganda.

In February 2008 the National Livestock Census was carried out across Uganda. The livestock
census—in reality, a large sample survey—involved interviewing approximately 950,000 households in
almost all sub-counties across the country concerning their livestock ownership and livestock-related
activities. With the publication of the statistical abstract from the livestock census in May 2009 (MAAIF
and UBOS 2009), livestock development program designers and implementers now have a significant
source of detailed information on livestock to use as evidence to guide their planning activities (see
Figure 1). The research presented in this paper is one of the initial attempts to extract from this important
new dataset information that will be of use to development planners.'

! Data from the 2008 National Livestock Census was provided by the Ministry of Agriculture, Animal Industry and
Fisheries (MAAIF). We are particularly grateful to Mr. George Otim of the Agricultural Planning Department for his support of
this analysis.



Figure 1. Uganda 2008 National Livestock Census results: Percentage of households rearing
livestock, by sub-county
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We use data from the 2008 National Livestock Census to investigate where in Uganda there
might be potential for significant investment to intensify the production of livestock and, conversely,
where there are important challenges, such as conflicts between human populations and livestock, that
need to be addressed. This analysis is done by developing a quantitative model to predict mean livestock
stocking rates, expressed as tropical livestock units (TLU) per square kilometer, at sub-county level (n =
929) using population density, agroecological factors , and market access as explanatory variables. This
model is estimated using a spatial regression technique—a spatial error maximum-likelihood estimation
model—that controls for spatial autocorrelation in our dataset. We then use an exploratory data analysis
method for spatial data, the mapping of the model residuals, to identify sub-counties whose observed
livestock stocking rates are much lower than the model predicts and those whose observed stocking rates
are much higher than the model predicts. Those areas where the model predicts much lower stocking rates
than are actually found are likely overstocked and are candidate areas to target programs that promote
more intensive, land-conserving livestock production methods or even destocking. In contrast, those areas
where the model predicts much higher stocking rates than are actually observed are candidate areas for
targeting programs aimed at enhancing livestock production through increasing the livestock population
there. As this analysis is done at the broad, national scale, further local-level studies will need to be done
to confirm the results presented here. However, this study provides initial guidance on areas of
opportunity and challenge for livestock development in Uganda.



2. ANALYTICAL METHODS

Two analytical techniques are used in this study: (1) derivation of the quantitative model to predict mean
livestock stocking rates and (2) mapping of the residuals from this model.

Modeling Mean Livestock Stocking Rates

Our predictive model of the mean TLU per square kilometer across 929 sub-counties in Uganda relies
upon a small set of explanatory variables: population density, agroecological factors, and market access.”
An ordinary least square (OLS) regression procedure would be the standard way to develop such a
multivariate model. However, livestock stocking densities in Uganda are strongly positively spatially
autocorrelated. That is, the TLU per square kilometer for a particular sub-county is closely correlated with
the TLU density of neighboring sub-counties—that is, sub-counties with high TLU densities form spatial
clusters, as do sub-counties with low TLU densities. In consequence, one of the underlying assumptions
of the OLS regression model, that the error terms for each observation are not correlated with one
another, is violated, and the statistical interpretation of the results will be inefficient at best, biased and
erroneous at worst (Kennedy 1985).

Consequently, this spatial dependence is usually controlled for by using a spatial regression
model that controls for the correlation with neighboring observations in the dependent variable. A
variable representing this spatial dependency of the dependent variable, called a spatial lag variable, is
inserted into the model as a supplementary explanatory variable. The most common way in which this is
done is to use the spatial lag of the dependent variable. In the case presented here, the spatial lag variable
for each sub-county in our dataset is the weighted mean of the TLU density for neighboring sub-counties.

The spatial dependence in the regression model can be conceptualized as being manifested in two
different ways: as a spatial lag or as a spatial error. For the spatial lag, the spatial dependence can be
judged to be a direct effect of the livestock stocking density in neighboring sub-counties on the stocking
density in a particular sub-county in question. For the spatial error manifestation, the error term for the
model in a particular sub-county is correlated with the model error terms of its neighbors, as might occur
due to a missing spatial variable for the model that affects a particular sub-county and its neighbors in a
similar manner. If uncorrected for, the implications of the effects of these two manifestations of spatial
autocorrelation in an OLS base model differ. Where spatial lag dependence is shown, the estimated
coefficients in the OLS model will be both biased and inefficient. In the case of spatial error dependence,
the estimates will not be biased, but they will be inefficient, making interpretation of the significance of
the results difficult. However, although they result from different interpretations of the spatial processes
accounting for the spatial autocorrelation in the model, in practice there is usually very little difference
between the two spatial models. In order to choose which one to use, the preferred model is the one with
the highest Lagrange multiplier (LM) test value (Anselin 1992; Anselin and Rey 1991).

Mapping of Model Residuals

A residual for an observation from a quantitative model represents the difference between the observed
value (y) and the estimated value from the model () for the dependent variable for that observation, or y
— y. Because the units of analysis for our model are geographic units, the sub-counties of Uganda, we can
map the residuals from the model for each sub-county. Such a map portrays the spatial patterns of the
degree of correspondence between, on the one hand, the national average expectations for livestock
stocking densities in the sub-counties of Uganda based on consideration of population density,
agroecological factors, and market access and, on the other hand, the actual stocking densities observed.

2 There likely is endogeneity in our model specification. For example, the livestock population potential of an area could as
well be a determinant of human population density there as the reverse. While there are econometric methods to control for this
sort of simultaneity between dependent and independent variables, since the objective of this modeling of livestock stocking
densities is prediction rather than explanation, they are not employed here.
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This method of exploratory spatial data analysis has a relatively long history within quantitative
geography, being first described in detail by E.N. Thomas in the early 1960s (Thomas 1960) with
refinements to the method developed in the following years (Robinson, Lindberg, and Brinkman 1961;
Robinson and Fairbairn 1969). Early adopters of this approach generally mapped residuals from simple
OLS regressions. With advances in spatial econometric methods and increased computing power, more
recent uses of the technique generally employ spatial regression techniques for model development (for
example, Brown 1996).

Residual mapping is most commonly utilized at the data exploration stage of an analysis in order
to gain insights into additional variables to include in the analysis; the spatial pattern of the residuals may
be reflective of the patterns seen in the spatial distribution of a potential explanatory variable for the
dependent variable being modeled. However, a second important use for residual maps is to identify areas
that deviate significantly from the expected pattern of the relationship being modeled so that these areas
can be the subjects of further study (Thomas 1960). The latter is how we are using the technique in this
paper. Having identified where the modeled pattern is not maintained, area-specific factors can be
considered to account for the divergence from the model. Moreover, those areas that do not match general
trends are likely to be of interest from an applied policy standpoint. This is central to our purpose here:
We map the residuals in order to gain insights for the geographic targeting of public programs for
livestock development.



3. DATA

The dependent variable for the analysis presented here is the average livestock stocking density per sub-
county. This is expressed in mean tropical livestock units (TLU) per square kilometer. A TLU
corresponds to 250 kilograms of animal weight and is a standardized measure of all livestock in an area.
The total TLUs for an area are computed by taking the sum of the following: 0.7 per head of cattle; 0.1
per sheep or goat; 0.2 per pig; 1.0 per camel; and 0.01 per poultry bird (Jahnke et al. 1988). The TLU for
each sub-county was computed from livestock population figures estimated from the 2008 National
Livestock Census. The design of the livestock census was such that sub-county livestock population by
type can be estimated from the dataset.

Three sets of explanatory variables are used to model the livestock stocking density for the sub-
counties in our dataset: human population, agroecological factors, and market access.

® Two variables related to human population density are used:

— The population density of each sub-county in 2008 based on population projections done
by the Uganda Bureau of Statistics (UBOS) from the 2002 Uganda Population and
Housing Census.

— A dummy variable (0 or 1) indicating whether or not a sub-county is wholly urban in
character. This was determined using the master sampling frame of UBOS, in which the
UBOS enumeration areas (EAs) are categorized as urban, mixed, or rural. Sub-counties
in which all EAs in the sub-county were classified as urban received a value of 1 for this
explanatory variable.

® Eight agroecological variables are used.

— Six of these consist of the percentage of total land area in the sub-county covered by six
different land use and land cover types: tropical forest, woodland, bush, grassland,
wetland, and farmland. These data were developed by the Africover project of the Food
and Agriculture Organization of the United Nations (FAO) through the interpretation of
high-resolution satellite imagery (FAO 2003).

— Another agroecological variable used is the median number of months per year with
fewer than 50 millimeters of rainfall. This variable was computed from the WorldClim
monthly rainfall surfaces, which have a resolution of 30 arc seconds (Hijmans et al.
2005).

— Finally, a dummy variable (0 or 1) indicates whether the majority of the sub-county is
likely to have tsetse fly present. This variable was computed from an overlay of the maps
for Uganda of predicted areas of suitability for each of three tsetse species prepared for
the Programme Against African Trypanosomiasis (FAO 2009).

® A single market access variable was used to explain livestock stocking density. This is the
natural log (/n) of the mean travel time in hours from each sub-county to the nearest urban
center with a population greater than 10,000 persons. This variable was extracted from a
travel time surface developed by GIS analysts at the International Food Policy Research
Institute (IFPRI) using spatial data on the Uganda road network, land use and land cover, and
population centers. The natural log was used so that the distribution of the explanatory
variable would more closely approximate a normal distribution.

As noted, the unit of analysis employed here is the sub-county. The sub-county is the second
administrative level below the district in Uganda and the second administrative level above the village,
which is the most local administrative unit. While there are 958 sub-counties nationally, our dataset
contains 929 sub-counties. Twenty-three of the sub-counties that do not feature in our dataset consist of



some urban sub-counties and some island sub-counties in Lake Victoria where the 2008 National
Livestock Census was not conducted. Six sub-counties in the northeastern Karamoja area of Uganda were
also dropped from our analysis because the stocking densities for those sub-counties computed from the
census data were judged implausibly high for the agroecological conditions and extensive livestock
production systems prevalent there.’

Basic descriptions of the variables used to construct the model for the 929 sub-counties
considered are presented in Table 1. Maps of the spatial distribution of these sub-county variables, except
for the urban variable, are presented in Figures 2 and 3.

Table 1. Livestock stocking density model variables: Descriptive statistics

. standard mini- . .
Variable mean . . median maximum
deviation mum

Tropical livestock units (TLUs) per square

kilometer—dependent variable 80.4 102.5 0.4 618 1,577.2

Persons per square kilometer 4279 910.3 43 2128 10,579.8
Urban sub-county (0/1) 0.10 0.30 0 0 1
Land cover type, percent of sub-county area
Tropical forest 4.6 12.7 0.0 0.0 98.8
Woodland 8.8 16.8 0.0 0.0 89.9
Bush 2.5 9.0 0.0 0.0 79.9
Grassland 13.8 20.0 0.0 3.8 91.3
Wetland 1.8 54 0.0 0.0 54.0
Farmland 65.7 31.0 0.0 75.2 100.0
Tsetse, majority of sub-county likely to have
tsetse fiy pr}ésent (0/1) g g 0.45 0.50 0 0 !
Months per year with less than 50 mm rainfall, 1.99 195 0 ) 6

median value for sub-county

In (travel time): natural log of hours of travel
time to nearest urban center with population 1.15 0.87 —2.86 1.23 4.39
above 10,000 persons, mean for sub-county

n =929 sub-counties

Source: Authors.

3 The six sub-counties are Panyangara and Rengen in Kotido district, Karita and Loroo in Nakapiripirit district, and Kalapata
and Kaabong in Kaabong district. All had TLUs per square kilometer of above 240 calculated from data of the 2008 National
Livestock Census. Independent observers of livestock populations in the northeastern Karamoja region of Uganda also expressed
skepticism of some of the livestock census estimates for this area of the country (see Anderson and Robinson 2009, 18).
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Figure 2. Maps of variables used in model (1 of 2)
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Figure 3. Maps of variables used in model (2 of 2)
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4. RESULTS

Regression Results

The initial step of the modeling analysis involved undertaking a simple OLS regression to determine
whether spatial autocorrelation was present in the residuals of the OLS regression of livestock stocking
density. The Moran’s I statistic provides a measure of the degree of spatial autocorrelation in a variable.

In order to assess spatial autocorrelation, one must first develop a spatial weights matrix to define
exactly the “neighborhood” for each sub-county. Several different spatial weighting schemes might be
employed that typically are based on distance or contiguity between spatial units or data points (see Lee
and Wong 2001, 136-145). To assess spatial autocorrelation in the OLS residuals, a simple first-order
queen’s spatial weighting matrix was employed: The “neighbors” of any sub-county are defined to be
those other sub-counties that share a border or vertex with it.

The Moran’s I statistic for the residuals from the OLS model is 0.1173, which is statistically
significant at the p < 0.001 level. This is strong evidence that the assumption that the error terms for each
observation are not correlated, which is necessary to obtain valid results from an OLS regression, does not
hold here. There is considerable positive spatial autocorrelation, or spatial clustering, in livestock stocking
densities across Uganda: In relatively large portions of the country one finds sub-counties with high
livestock stocking rates neighboring areas with similar livestock stocking rates and areas with low rates
neighboring other areas with low rates. As such, it would be incorrect to use OLS regression to generate a
model of livestock stocking rates at sub-county level for Uganda. A spatial regression model should be
used to control for this spatial autocorrelation.

As noted above, the choice of which spatial regression model to use—a spatial error or a spatial
lag model—is based on the performance of the respective models. In our analysis, the spatial error model
performed slightly better than the spatial lag model.

A spatial weights matrix is also needed for implementing the spatial error maximum-likelihood
estimation model. We performed a sensitivity analysis of the spatial autocorrelation in the residuals of the
different results obtained from our model using different definitions of neighboring sub-counties. We
chose a 20"™-order queen’s spatial weighting matrix. That is, the “neighborhood” consists of sub-counties
that share a border or vertex with the sub-county in question plus the neighbors of those sub-counties and
their neighbors out to and including 20 concentric rings of sub-counties. It was only by imposing this
large neighborhood to generate the spatial lag variable for our analysis—the weighted mean of the TLU
density for these neighboring sub-counties—that we eliminated significant spatial autocorrelation in the
residuals from the model. Significant spatial error dependence was seen in the model residuals for the
lower-order spatial weights matrices.

The results of the spatial error maximum-likelihood estimation model of the livestock stocking
density in the sub-counties of Uganda are shown in Table 2. A visual assessment of the results is provided
in Figure 4, which compares the maps of the observed livestock stocking densities for Uganda’s sub-
counties from the analysis of the National Livestock Census and that predicted from the spatial error
model.



Table 2. Results of spatial error maximum-likelihood estimation model of the livestock stocking
density in the sub-counties of Uganda

Variable Coefficient Z-value Significance
Persons per square kilometer 0.037 8.05 HAE
Urban sub-county (0/1) 114.768 8.72 oo
Tropical forest 1.299 2.90 *x
Woodland 1.008 241 *
Bush 1.551 2.96 **
Grassland 1.828 4.36 HAK
Wetland 1.919 2.84 **
Farmland 1.916 5.06 HAH
Tsetse (0/1) —7.390 —-1.18 ns
Months with less than 50 mm rainfall 3.685 1.21 ns
Travel time to nearest urban center, /n(hrs) 14.252 2.98 oo
Spatia'l lag szriable (mean. TLU density for 0.509 266 -
neighboring sub-counties)
Constant —137.987 —3.48 HAx

Note: Dependent variable: Tropical livestock units per square kilometer
Spatial weight matrix: 20" order queen’s; n = 929 sub-counties
R-squared: 0.275

Spatial error dependence, likelihood ratio test: 2.928; p = 0.087

**%p <0.001 level; **p <0.01 level; *p < 0.05 level; ns: not significant

Figure 4. Maps of the observed and predicted livestock stocking rates for the sub-counties of
Uganda
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As indicated by the R-squared statistic, 27.5 percent of the variation in livestock stocking density
across the sub-counties of Uganda is accounted for by this model. As such, there likely are several other
factors, both national and, especially, local, that could be brought into the model to better predict
livestock stocking density. However, human population, agroecological factors, and market access
provide a useful basic set of factors to explain the distribution and intensity of livestock production.
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Moreover, reasonable explanations can be offered for the specific nature of the relationship between the
explanatory variables in our model and livestock stocking densities at sub-county level.

Both of the variables related to human population—population density and whether the sub-
county is urban—are positively correlated with livestock stocking density. It may be expected that where
there are fewer people there is more space for larger livestock populations. However, most livestock
production in Uganda is done in a semi-intensive fashion at household level. More than 70 percent of
Ugandan households rear some livestock. Generally households own only a few animals; results of the
2008 National Livestock Census show that the median herd size for the 26 percent of households that own
cattle is 3; for the 39 percent that own goats, 3 goats; and for the 50 percent of households that own
chickens, 8 birds. As such, large herds and flocks are somewhat exceptional. Consequently, it is to be
expected that greater absolute numbers of livestock will be found where there are greater absolute
numbers of people.

Even at the extreme of human population densities in Uganda, this relationship is maintained, as
indicated by the positive relationship between urban sub-counties and livestock stocking rates. Most of
the urban sub-counties are district centers surrounded by rural areas where grazing and fodder is readily
available. However, even in Kampala, where urban and suburban land pressures are highest, agriculture,
including livestock husbandry, remains an important component of the livelihood strategies urban
households pursue (Hooton et al. 2007).

For the agroecological variables, all of the land cover types included in our model have
significant positive coefficients, suggesting that livestock-rearing households make use of all available
land for pasture and fodder for their animals. Across the land cover types considered, the coefficient for
wetlands is highest, likely reflecting the reliable access to fodder throughout the year wetlands provide.
Woodlands have the lowest coefficient, which may reflect both less-than-ideal pasture in such landscapes
and tsetse-related constraints in some areas, since the spatial distribution of woodlands, particularly in
western Uganda, roughly parallels that of tsetse (compare Figures 2 and 3). Given the common mixed
livestock and cropping farming systems of Uganda, it is expected that areas with extensive tracts of
farmland will be associated with higher livestock densities, and this is reflected in the highly significant
positive association between the proportion of the sub-county land that is under farmland and the
livestock stocking density for the sub-county.

For the other agroecological variables, the tsetse variable was not statistically significant. This
may reflect the success of efforts to control trypanosomiasis in livestock across the country in general.
Although our expectation was that livestock husbandry would be associated with areas of Uganda that
have longer dry spells, since, relative to crops, livestock husbandry would be expected to be a more
appropriate agricultural use in these areas, the results of our model show that there is no significant
association between these drier lands and livestock stocking densities, all other things being equal.

The travel time to urban centers variable, which serves as a proxy for market access, somewhat
surprisingly has a positive coefficient—the further away an area is from an urban center, the greater the
livestock stocking rates observed. Much livestock production in Uganda, as with most agricultural
activities, is done principally with subsistence rather than commercial objectives. Livestock also is
important as a store of wealth for the household. As such, market access should not be a key determinant
of livestock stocking rates in Uganda. Moreover, particularly for cattle raised in an extensive manner,
larger cattle herds can be expected to be found at greater distances from urban centers simply because
away from urban centers there are not as many commercial land uses competing with grazing.

Mapping of Regression Model Residuals

In order to interpret the spatial pattern of the residual for each sub-county from our model, we convert the
actual difference in TLUs between the observed value computed from the 2008 livestock census data and
the value estimated from the model into a relative residual (Thomas 1960). This is done by dividing the
residual by the observed value and expressing the result as a percent, or 100 (y — y) / y. Sub-counties in
which the observed livestock stocking density is greater than that estimated by the model will have
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positive relative residuals, while those where the model predicts higher livestock stocking densities than
those observed will have negative relative residuals.

The mean relative residual for the 929 sub-counties is —121.7 percent, while the median is —20.9
percent. There are several large negative outliers. The relative residuals for the sub-counties are mapped
in Figure 5. This figure also presents a dot map of the distribution of observed TLUs across Uganda,
drawn from the 2008 National Livestock Census.

Figure 5. Relative residual from model estimate of livestock stocking density for sub-counties in
Uganda compared to observed, in percent; dot map of distribution of tropical livestock units
(TLUs) in Uganda
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Positive relative residuals: On the basis of the statistical relationships of the model, sub-counties with
strongly positive relative residuals may be experiencing higher livestock populations than are
sustainable—they are overstocked relative to the livestock carrying capacity of the land. There are far
fewer sub-counties with strongly positive relative residuals than with strongly negative. Of note are
clusters of sub-counties in the northern West Nile area of the northwest, parts of Karamoja in the
northeast, some densely populated sub-counties around Mount Elgon on the eastern border, scattered sub-
counties along the densely populated northern shore of Lake Victoria, a cluster in the middle of the cattle
belt in Kiboga and Masindi districts, an erratic cluster of sub-counties in the districts bordering Lake
Kyoga and its wetlands, and the lowlands of Bundibugyo district at the southern end of Lake Albert.

These strongly positive relative residuals provide an initial indication of areas of interest for
undertaking interventions to support more sustainable livestock production systems. In those areas with
high densities of both human and livestock populations, considerably more intensive livestock production
systems, possibly based on the importation of livestock feed from surrounding districts and on zero-
grazing systems, would be merited. In the areas of the cattle belt experiencing significant livestock
pressure, greater regulation of the use of common pastures may be required, possibly through
strengthening local natural resource management institutions, both traditional and those established under
local governments.

However, the evidence presented here, which indicates those areas of Uganda that may be
experiencing overstocking of livestock, is insufficient alone to justify developing livestock development
programs. More detailed field analyses to determine whether these data are an accurate reflection of
livestock populations in these areas are required before determining whether some programmatic response
is merited.
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Negative relative residuals: Sub-counties with strongly negative relative residuals may be characterized
as being understocked relative to what should be expected given their characteristics of human
population, agroecological conditions, and market access. If there are no local binding constraints on
increasing livestock production, these areas should be candidates for accelerated efforts at livestock
development, if the initial indications shown here are confirmed by field investigations.

Sub-counties with strongly negative residuals are certainly much more common than those with
strongly positive residuals in Uganda, indicating considerable scope for increasing the national livestock
herd and strengthening the livestock subsector of the economy. In examining the distribution of such sub-
counties, the simple dominant pattern is that they are principally found in northern Uganda, particularly
the north central area. This is not surprising given the conflict between the government of Uganda and the
Lord’s Resistance Army (LRA) that characterized this area from the late 1980s until quite recently. Many
people of this area were internally displaced, forced to leave their rural homesteads and dispossessed of
any livestock they owned. It is only in the past two to three years that relative peace has returned to the
area and households are returning to their homes and rebuilding their livelihoods. However, it will be
some time before these returnees will be able to rebuild their aggregate livestock herd to a level that
reflects the potential livestock carrying capacity of the area.

Outside the LRA-affected areas of northern Uganda, there are several other clusters where
understocking of livestock may be evident. Some areas of Karamoja in the northeast and neighboring
districts in the Teso area to the northeast of Lake Kyoga show negative relative residuals. This also may
be a result of conflict, particularly recurrent cattle raiding, over the past two decades. The southern part of
the West Nile area in the northwest similarly appears to have lower numbers of livestock than would
otherwise be expected. This area also has not been immune from conflict in recent years, but there may be
other local factors operating as well. In southwestern Uganda, there are scattered sub-counties with
strongly negative relative residuals. Several of these contain significant protected areas—national parks or
forest reserves—that restrict livestock production. Others will require closer study to determine whether
there are local constraints that would limit the potential for increased livestock development. Moreover,
the data quality issue that was highlighted in describing the positive relative residual spatial distribution
also applies to the negative relative residuals pattern—for example, the extremely low numbers of
livestock recorded in the 2008 National Livestock Census in districts in north central Uganda, as shown in
the dot map in Figure 5, should be confirmed through fieldwork.
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5. DISCUSSION

In this paper we have demonstrated some of the value for development planning in the livestock sector in
Uganda that can be derived from recently released data from the 2008 National Livestock Census. Sub-
county—level estimates of livestock stocking densities were computed from the census and served as the
dependent variable in order to model the statistical relationship between, on the one hand, population
density, agroecological factors, and market access and, on the other hand, livestock numbers in an area.
We then examined one of the elements related to the error in our resultant model, the residuals for each
sub-county, to assess where in Uganda livestock stocking rates likely exceeded the carrying capacity of an
area, and, conversely, where the numbers of livestock in an area appear to be far lower than could be
sustained.

Several clusters across Uganda are judged in our analysis to be overstocked in terms of the
livestock numbers that they should be supporting. In such areas, we suggest that livestock development
activities focus on intensifying production systems, possibly based on zero-grazing systems and on
developing markets for livestock feed and fodder imported from surrounding districts that have sufficient
land for their production. In areas with more extensive livestock production systems that are experiencing
overstocking, attention needs to be paid to strengthening the institutional mechanisms, both formal and
informal, through which common pasture and other livestock-related resources are managed.

Much of the explanation for the low livestock stocking densities found in those areas of Uganda
that our results indicate could have significantly larger livestock population lies in the history of conflict
and the dislocation of rural households in these areas over the past 20 years. With peace returning to most
of these areas, there is now the possibility of reconstituting livestock production systems. As such,
livestock development should be a central element of the many efforts now underway in northern Uganda
under the government’s Peace, Recovery and Development Plan for Northern Uganda (PRDP). With
appropriate support from the public sector and access to efficient input and output markets for livestock
production, livestock owners in northern Uganda can make significant and enduring contributions to
strengthening the livestock sub-sector of the economy of Uganda as a whole.

In sum, while this analysis is principally an exploration of the livestock census dataset, the results
contribute to an agenda of action for future livestock development activities in Uganda. Our results
demonstrate that there are many areas of the country where significant increases in livestock production
are possible. Given that the majority of Ugandan households raise some livestock, public investment in
the sub-sector is good for both broad economic growth and improved welfare at the level of the individual
household.
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