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Abstract: In this study, we try to capture the degree of specialization or integration, and of
intensification or extensification, of (peri-) urban livestock production, along with the factors that
influence such decisions and their impact on natural resource uses. A total of 181 and 187 structured
questionnaires were completed in livestock-keeping households in Ouagadougou (Burkina Faso) and
Tamale (Ghana). Categorical principal component and two-step cluster analysis were used to identify
homogenous groups of livestock-keeping households. Cross tabulation and logistic regression
analysis revealed factors that influence livestock husbandry, showing their impacts on resource use
by livestock keepers in the two cities. A diversity of livestock species was kept, mostly integrated
with crop farming. Yet, some households specialized in either sheep, pig or commercial milk
production, and partly intensified their production. The decision to specialize and/or intensify
livestock production is site-specific and influenced by the education level of the household head and
security of land ownership. Higher inputs in livestock systems do not necessarily lead to higher
outputs, and specialization inevitably leads to higher manure wastages. Therefore, links of livestock
producers to crop farmers and markets for livestock manure must be strengthened to enable recycling
of resources and limit negative externalities of specialized livestock production. Strategies need to be
identified to improve livestock productivity by enhancing outputs as input use increases.

Keywords: farm typology; development pathways; urban livestock production; specialization;
intensification; West Africa

1. Introduction

The increasing demand for livestock products in developing countries is mainly driven by
urbanization, a notable growth in population and increasing incomes [1,2]. Urbanization has
been associated with changes in lifestyle, particularly with people consuming more animal-derived
foods [1,3]. Given the often poor rural infrastructure, a very dynamic urban and peri-urban livestock
production sector has evolved in many African countries [4–6]. Several factors such as geographical
location, livestock species and numbers, socio-economic background of livestock keepers and livestock
management are important determinants of the diversity of urban and peri-urban livestock farm
types [7–9]. According to [10], urban livestock keeping is small-scale, often dominated by poultry,
pigs and pet animals such as rabbits, and the space devoted to animals is relatively small [11].
Animals are fed on food wastes from the household, restaurants and communal institutions, as well as
from industrial processes of e.g., breweries or canning factories [10]. Abdulkadir et al. [4] identified
households in Kano (Nigeria), Sikasso (Mali) and Bobo Dioulasso (Burkina Faso) that predominantly
managed small ruminants in an extensive way, being integrated with commercial gardening or crop
production. On the other hand, livestock production in and around cities is increasingly commercially
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oriented including large holdings/herds and different livestock species, as shown by [5] for the same
cities. Particularly farms with cattle increase inputs into livestock feeding, turning from the traditional
grazing system towards zero-grazing with concentrate feeding. In Bobo Dioulasso, specialized (semi-)
intensive landless beef cattle farms have been developing in intra-urban areas, while peri-urban
cattle production is mostly oriented towards milk production, still relying on grazing and integrating
milk with crop production [12]. In Pakistan, the high demand of urban dwellers for milk resulted
in the establishment of intensive commercial dairy buffalo farms in urban and peri-urban areas [13].
Especially in many Asian and African countries, livestock production has shifted from extensive
ruminant production in rural areas to intensive pig and poultry production in peri-urban areas, close to
feed markets and consumers [14].

The present study aimed at systematically analyzing the degree of specialization or integration,
and of intensification or extensification of urban livestock production, along with factors that
may influence such management decisions and their impact on resource use of livestock keepers.
We hypothesized that livestock production in the periphery of cities is dominated by dairy cattle as
well as by pig and poultry production. These systems are intensifying due to their proximity to urban
markets for purchasing inputs and selling products to traders/retailers and consumers, and availability
of grazing land for herbivore livestock in the transitional zone between urban centers and rural areas.
We further postulated that livestock production in urban areas is mostly extensive and integrates small
livestock keeping with other income-generating activities.

Following the conceptional framework suggested in [15], we defined livestock intensification
as an increase in the use of external production factors, in our case labor, purchased feeds,
animal health care, improved animal housing as well as breeding management. Extensification of
livestock production, in contrast, is reflected in the limited use of the mentioned production factors.
According to [16], crop and livestock activities are integrated if population density increases and land
becomes scarce, while specialized livestock production is more common in areas with low population
density and therefore more available land for livestock keeping. Through the integration of cropping
and livestock keeping, recycling of resources is enabled: Crop residues are used as animal feed and
manure as crop fertilizer. Specialization, i.e., the focus on one livestock species or livestock product
such as dairy cattle, amplifies negative environmental impacts of livestock production. This study
provides a starting point for further in-depth analyses of the use of resources by urban livestock
producers in fast growing West African cities. Finally, we hope that it advances the knowledge for
the development of appropriate optimization strategies for an economically viable and ecologically
sound urban livestock production for livestock keepers, extensionists, researchers (scientists) and
policy makers.

2. Materials and Methods

2.1. Study Locations

To complement earlier studies on urban livestock farming in West Africa, we selected one capital
and one secondary city in the Sudano-Sahelian zone. This zone currently experiences a particularly
high population growth and urbanization [17] due to immigration of people from the more rural
and politically increasingly insecure (northern) Sahelian zone. Ouagadougou (OUA) is the capital of
Burkina Faso. The rainy season stretches from June to September; the annual rainfall is about 808 mm.
The dry season runs from October to May. Average daily temperature is lowest in December and
January with no rainfall [18]. The municipality (commune urbaine) of Ouagadougou is divided in
12 districts (arrondissements) and 55 sectors and villages (secteurs et villages), forming together the
urban and peri-urban area and covering a surface of about 318 km2. In 2012, the population size of
Ouagadougou was estimated at 1.9 million [19]. Tamale (TAM) Metropolis is one of the 26 districts of
Ghana and the capital of the country’s Northern Region. It is divided into 115 communities. The land
size of the metropolis is approximately 647 km2. According to the 2010 Population and Housing
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Census, Tamale Metropolitan Area hosts a population of 371,351, of which the majority (80.8%) is
living in urban communities [20]. The dry season lasts from November to March and the rainy season
from April to October. The average annual temperature is 27.9 ◦C. The average annual rainfall is
higher than in Ouagadougou (1082 mm) [18].

2.2. Sampling Approach and Data Collection

Lists of livestock keepers provided by public institutions, livestock farmers’ associations and
extension workers were used to randomly select 13 out of 55 sectors in OUA and 15 out of
115 communities in TAM by probability proportional to size (PPS) sampling. In each selected sector
(OUA) or community (TAM), market-oriented livestock keepers were stratified according to livestock
species kept, i.e., ruminant vs. non-ruminant farms. Market orientation was defined as the keeping
of livestock primarily for commercial purposes. Simple random sampling was then applied to select
10 households per community (TAM), 5 out of each stratum. In OUA, 10 households were selected for
12 sectors and 20 households for the 13th sector because of the higher number of households in that
sector as compared to the other sectors. This resulted in 140 households in OUA and 150 households
in TAM. In addition, 41 and 37 households which owned at least 5 tropical livestock units (TLU; 1 TLU
represents 0.8 cattle, 0.2 pigs, 0.1 sheep or goats and 0.01 poultry; [12]) were included from a precedent
survey of the GlobE—UrbanFoodPlus project [21] within which the present study was also realized.
Hence, a total of 181 and 187 households were interviewed in OUA and TAM, respectively. Interviews
were conducted from January to April 2014 using a semi-structured questionnaire to collect data
related to household socio-economic characteristics, farm assets, crop production, livestock ownership
and management, as well as livestock in- and offtakes in the last 12 months, covering the last dry and
rainy season to account for seasonal differences in inputs and outputs (Appendix A). The questionnaire
was developed based on former research in the study area, thereby relating to the conceptional
framework [15] and the above hypotheses. The interviews were conducted in English (Tamale) or
French (Ouagadougou), respectively, with the help of trained local assistants who interpreted into the
local languages (Dagbani in Tamale, Moré in Ouagadougou) if needed.

2.3. Statistical Analyses

After screening for consistency and completeness of data, 175 (TAM) and 157 (OUA) households
remained for the categorical principal component analysis (catPCA) and two-step cluster analysis.
The latter was used to classify livestock keeping households into homogenous clusters. Classification
was done separately for each city to reduce the need for aggregation and to avoid loss of information.
In total, 29 potential classification variables were pre-selected for catPCA, including socio-economic
variables, farm characteristics and livestock related variables (Supplementary Table S1). Variables were
tested for correlations. Spearman correlation test (correlation coefficient of ≥0.7 as benchmark) was
used to assess the independence of continuous variables, η2 statistics served to estimate the effect
sizes between nominal (independent) and continuous (dependent) variables (benchmark of 0.25 as
suggested by [22]) and the strength of the association between nominal variables was measured by
Cramer’s V using a benchmark of ≥0.7. The significance level for correlations was set at p < 0.01.
The exclusion of strongly correlated variables finally resulted in 24 (OUA) and 20 (TAM) variables
used for catPCA (Supplementary Table S1). The number of dimensions was set at a default value
of 2 [23]. Variables with a loading score ≥0.5 on one of the two components were retained as the
most discriminating ones for the subsequent two-step cluster analysis. The last step resulted in the
exclusion of variables that do not explain heterogeneity in livestock keeping households and are
therefore not useful in differentiating groups of livestock keeping households. It does by no means
ignore the importance of removed variables, such as sheep and goats that are widely used by (peri-)
urban households. They are summarized in Supplementary Table S1. Several cluster solutions were
explored. The variables with the lowest impact on cluster creation were eliminated. The final cluster
solution was selected based on a sound equilibrium between the number of variables and the cluster
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quality (“silhouette measure of cohesion and separation”; [24]). The silhouette value is a measure
of how similar an object is to its own cluster (cohesion) compared to other clusters (separation) and
ranges from −1 to 1. A high value indicates that an object matches well to its own cluster but poor
to other clusters [25]. For OUA, the best cluster solution was found with 6 variables and 4 clusters
with a silhouette measure of cohesion and separation of 0.5 (goodness-of-fit statistics BIC = 1042.69).
For TAM, the best cluster solution included 5 variables and 4 clusters (silhouette measure of cohesion
and separation of 0.6, BIC = 734.29). The cluster-determining variables are summarized in Figure 1
(OUA) and Figure 2 (TAM). Simple descriptive statistics were used to characterize households in each
cluster and to derive names for the clusters. After two-step cluster analysis, another three outliers
were removed from TAM dataset.
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Figure 1. Graphical characterization of livestock farm types in Ouagadougou (OUA, n = 157) using
spider webs: (a) Cluster 1 (OUA-1); (b) Cluster 2 (OUA-2); (c) Cluster 3 (OUA-3); (d) Cluster 4 (OUA-4).
Each dot in the spider web displays the relative importance of each variable for the respective cluster.
The highest relative possible expression of a variable equals a score of 1, e.g., OUA-2 had the largest
mean pig number per household, namely 28.8 pigs. Hence the relative score in the spider web is 1.
The mean number of pigs in OUA-1 was 26.2 pigs, equivalent to a relative score of 0.91 in the spider web.
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Figure 2. Graphical characterization of livestock farm types in Tamale (TAM, n = 172) using spider webs:
(a) Cluster 1 (TAM-1); (b) Cluster 2 (TAM-2); (c) Cluster 3 (TAM-3); (d) Cluster 4 (TAM-4). Each dot in
the spider web displays the relative importance of each variable for the respective cluster. The highest
relative possible expression of a variable equals a score of 1, e.g., TAM-2 had the highest daily milk
production, namely 8.5 kg per farm. Hence the relative score in the spider web is 1. The mean milk
production in TAM-1 was 7.6 kg, equivalent to a relative score of 0.9 in the spider web.

This resulted in 329 households that were subjected to binary logistic regression and cross
tabulation to capture characteristics of livestock production within and across cities, to identify
influential factors and to examine their impacts on the use of feed and manure. For binary logistic
regression, we used the default method of Enter to assess the odds of livestock keepers’ involvement
in crop farming (yes/no), production of milk (yes/no), application of animal health care practices
in the last 12 months (yes/no), keeping of animals in barns (yes/no) and application of controlled
mating (yes/no) from a set of independent predictor variables. The latter included city, location within
the city (urban, peri-urban), education level of the household head, available household labor force,
land ownership and number of TLU owned. Land ownership had three levels, namely land title
(land used for livestock activities was owned by the household, the household had a written land
title), allocated land (the land where animals were kept had been allocated to the household by the
local leadership) and borrowed/rented land (the household used a piece of land for animal activities
that was borrowed or rented from the owner of the land). Labor force was calculated according to
the definition of the International Labor Organization of working age groups which excludes persons
younger than 16 years, and by applying the following conversion factors: 1.0 for males aged 16 to
55 years, 0.75 for females between 16 and 55 years, 0.75 for males above 55 years and 0.5 for females
above 55 years.
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The main occupation of the household head was self-assessed, whereby interviewees
distinguished between livestock keeper, crop-livestock farmer, self-employment off-farm (e.g., butcher,
trader, and entrepreneur), private employment off-farm, employment as public servant and retired.
It served cross tabulation to identify if livestock keepers specialized and/or intensified livestock
production. Intensification of feeding management (grazing/free range, stall feeding) was assessed
through cross tabulation since minor statistical differences did not allow the use of binary logistic
regression. The majority of household heads were men (93.0% in OUA, 98.3% in TAM), who were on
average 51.9 ± 12.01 years old in OUA and 50.3 ± 12.92 years old in TAM, with no differences between
cities and clusters within cities (p > 0.05). Therefore, these variables were not considered as predictor
variables for cross tabulation and logistic regression.

Multicollinearity of predictor variables was tested with Spearman correlation test, using a correlation
coefficient threshold of ≥0.7. Fisher’s exact test was used as statistical significance test for cross tabulation,
and Kruskal-Wallis test by rank was used to assess statistical differences for scale variables between
clusters within the same city and between cities. Significance was declared at p < 0.05.

3. Results

We structured the results as follows: In the first two Sections 3.1 and 3.2, the outcomes from
the two-step cluster analysis and simple descriptive statistics to characterize households in each
cluster are presented. Differences between the clusters within OUA and TAM are emphasized.
In Sections 3.3 and 3.4, factors that influence the decision to specialize or integrate and to intensify or
extensify livestock production are described, comparing households within and between the clusters.
Furthermore, the impacts of such decisions on the use of feed and manure by (peri-) urban livestock
producers (Section 3.5) are explained. The main outcomes are in detail depicted in tables and figures.
Interesting secondary results are summarized in the form of text.

3.1. Identified Types of Livestock Keepers in OUA

3.1.1. OUA, Cluster 1 (OUA-1): No Cattle, Intensifying Pig Production, 40% Urban, 60% Peri-Urban;
n = 50 (31.8%)

Principally, the absence of cattle (and related management variables) differentiated all households
of OUA-1 from households of the other clusters (Figure 1). In addition, pigs were owned by three
quarters of the households which further delimited them from clusters OUA-3 and OUA-4 (Table 1).
Pig herd sizes and feeding management of pigs were similar to households in OUA-2, but a lower
proportion of pig keepers allowed pigs to scavenge (Figure 1, Tables 1 and 2). All but two households
were Mossi, no Fulani households were found in this cluster.
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Table 1. Livestock ownership of (peri-) urban households (HH) in Ouagadougou (OUA; n = 157) and Tamale (TAM; n = 172).

Cattle per HH Goats per HH Sheep per HH Pigs per HH Poultry per HH

Cluster 1 n % of HH Mean % of HH Mean % of HH Mean % of HH Mean % of HH Mean

OUA-1 50 0.0 NA 40.0 13.2 36.0 18.2 74.0 26.2 58.0 29.7 a

OUA-2 17 100.0 8.3 a 76.5 9.8 76.5 11.9 100.0 28.8 94.1 50.7 c

OUA-3 54 100.0 15.9 a 63.0 12.2 77.8 18.7 0.0 NA 81.5 33.0 b,c

OUA-4 36 100.0 35.0 b 66.7 15.5 80.6 20.3 0.0 NA 91.7 26.3 b

OUA 157 68.2 21.1 58.0 13.0 65.0 18.2 A 34.4 27.0 77.7 32.7
SEM (OUA) 1.91 1.17 1.41 3.21 2.48

p-value (OUA) <0.01 <0.001 <0.05 0.476 <0.01 0.358 <0.01 0.711 <0.01 <0.05

TAM-1 57 50.9 14.8 57.9 11.7 84.2 16.1 0.0 NA 50.9 35.3
TAM-2 35 85.7 22.4 74.3 12.0 77.1 11.9 0.0 NA 60.0 31.9
TAM-3 38 50.0 14.3 57.9 8.3 81.6 13.5 0.0 NA 68.4 39.0
TAM-4 42 40.5 18.8 71.4 10.7 69.0 10.1 23.8 11.9 69.0 33.4
TAM 172 55.2 17.8 64.5 10.8 78.5 13.4 B 5.8 11.9 61.0 35.0

SEM (TAM) 1.80 0.83 0.96 2.74 2.87
p-value (TAM) <0.001 0.296 0.245 0.443 0.311 0.123 <0.001 NA 0.213 0.852

Both cities 329 61.4 19.5 61.4 11.8 72.0 15.4 19.5 24.6 69.0 33.8
SEM (cities) 1.32 0.70 0.83 2.82 1.88

p-value (cities) <0.05 0.209 0.257 0.128 <0.01 <0.01 <0.001 0.052 <0.001 0.546
1 OUA-1: No cattle, intensifying pig production; OUA-2: Mixed crop-cattle/pig production; OUA-3: Mixed crop-cattle production; OUA-4: Mixed crop-dairy production (Fulani
keepers); TAM-1: Urban specializing ruminant production; TAM-2: Peri-urban mixed crop-dairy production, TAM-3: Urban mixed crop-livestock production, TAM-4: Peri-urban
mixed crop-livestock production; p-value (TAM) and (OUA) for differences between clusters within cities, p-value (cities) for differences between cities, Fisher’s exact test for
proportions and Kruskal-Wallis for interval-scaled data. Mean only calculated for those households with the respective livestock species. Small superscript letters for significant
differences between clusters within cities. NA: Not applicable, SEM: Standard error of the mean.
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Table 2. Feeding management of livestock owned by (peri-) urban households (HH) in Ouagadougou (OUA; n = 157) and Tamale (TAM; n = 172).

HH with Ruminants Ruminant Grazing Stall Feeding (Ruminants) HH with Pigs Scavenge (Pigs) Stall Feeding (Pigs)

Cluster n % of HH % of HH n % of HH % of HH

OUA-1 27 100.0 74.1 37 24.3 100.0
OUA-2 17 94.1 88.2 17 41.2 94.1
OUA-3 54 92.6 100.0 - - -
OUA-4 36 100.0 100.0 - - -
OUA 134 96.3 93.3 54 29.6 98.1

p-value (OUA) 0.196 <0.001 0.221 0.315

TAM-1 55 92.7 94.5 - - -
TAM-2 35 85.7 88.6 - - -
TAM-3 37 97.3 94.6 - - -
TAM-4 37 94.6 78.4 10 70.0 80.0
TAM 164 92.7 89.6 10 70.0 80.0

p-value (TAM) 0.276 0.058 NA NA

Both cities 298 94.3 91.3 64 35.9 95.3
p-value (cities) 0.217 0.307 <0.05 <0.05

p-value (TAM) and (OUA) for differences between clusters within cities, p-value (cities) for differences between cities. Fisher’s exact test. NA: Not applicable. For cluster definition see
footnote of Table 1 and text.
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3.1.2. OUA, Cluster 2 (OUA-2): Mixed Crop-Cattle/Pig Production, 100% Peri-Urban; n = 17 (10.8%)

The presence of cattle separated households in OUA-2 from households in OUA-1. None of the
households sold milk and transhumance for cattle was not practiced, which, in addition to pig keeping,
also delineated households in OUA-2 from OUA-3 and OUA-4 (Figure 1). Again, the majority of
households were Mossi (88.2%), and no Fulani were present in this cluster.

3.1.3. OUA, Cluster 3 (OUA-3): Mixed Crop-Cattle Production, 33.3% Urban, 66.7% Peri-Urban;
n = 54 (34.4%)

All households owned cattle of which 25.9% produced milk (Figure 1; Table 3). Among these
households, the average amount of milk produced per household and day was higher than in OUA-4,
as was the amount of milk sold (Table 3). Cattle transhumance was less frequently practiced than in
OUA-4, but like in OUA-4, ruminant grazing was the main feeding system used by households in
OUA-3 (Table 2). The majority of households were Mossi which further delimited households in this
cluster from households in OUA-4 (Figure 1).

3.1.4. OUA, Cluster 4 (OUA-4): Mixed Crop-Dairy Production (Fulani Keepers), 11.1% Urban,
88.9% Peri-Urban; n = 36 (22.9%)

Ethnicity of the household head (Fulani; 100%) was different from the other clusters (Figure 1).
All households owned cattle and produced milk (Table 1, Table 3). Grazing of cattle was common
among households. Yet, in contrast to OUA-2 and OUA-3, about 20% of OUA-4 households practiced
transhumance, mostly during the dry (57.1%) but also in the rainy season (28.6%) and year round
(14.3%). Mean duration of cattle transhumance was 3.1 ± 1.35 months and total travel distance covered
59.3 ± 66.74 km.

3.2. Identified Types of Livestock Keepers in TAM

3.2.1. TAM, Cluster 1 (TAM-1): Specializing Urban Ruminant Production, 86% Urban, 14% Peri-Urban;
n = 57 (33.1%)

Nearly one third of households of TAM-1 were not involved in crop farming. This mostly
differentiated them from households in the other three clusters (Figure 2). As a consequence, a higher
proportion of TAM-1 households wasted manure while a lower proportion used it as crop fertilizer
(Figures 2 and 3). Despite a relatively high prevalence of households in urban areas, households
cultivated larger areas than in the other clusters in TAM (15.4 ± 16.52 ha vs. 8.3 ± 5.28 ha, 7.0 ± 4.53 ha
and 9.9 ± 6.33 ha in TAM-2, TAM-3 and TAM-4; p < 0.05 with TAM-3). Milking cattle and selling milk
was less widespread than in TAM-2 (Figure 2, Table 3). The highest proportion of households with
sheep and largest sheep flocks were found among households in this cluster; yet differences with other
clusters were not significant (Table 1). In contrast, animal sales per household and year were higher
than in TAM-3 and TAM-4 (Table 3).
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Table 3. Milk, egg and livestock offtake by (peri-) urban livestock keepers in Ouagadougou (OUA; n = 157) and Tamale (TAM; n = 172).

HH with Cattle Milking Cows Daily Milk Production
(kg/Household) Selling Milk Milk Sold Daily

(kg/Household)
Selling

Animals
TLU Sold

in 2013
Poultry
Keepers Selling Eggs

Cluster n % of HH with Cattle Mean % of HH with Cattle Mean % of Total HH Mean n % of HH

OUA-1 0 NA NA NA NA 78.0 3.7 a 29 3.4
OUA-2 17 0.0 NA 0.0 NA 88.2 4.3 b 16 25.0
OUA-3 54 25.9 46.7 24.1 48.7 77.8 3.8 a 44 6.8
OUA-4 36 100.0 16.4 97.2 12.0 97.2 3.8 a 33 6.1
OUA 107 46.7 24.9 44.9 21.9 83.4 3.8 A 122 8.2

SEM (OUA) 5.92 6.26 0.34
p-value (OUA) <0.001 0.761 <0.001 0.289 0.056 <0.05 0.066

TAM-1 29 34.5 7.6 10.3 4.3 82.5 2.2 a 29 31.0
TAM-2 30 100.0 8.5 80.0 6.3 94.3 1.8 a 21 42.9
TAM-3 19 0.0 NA 0.0 NA 84.2 1.0 b 26 38.5
TAM-4 17 0.0 NA 0.0 NA 97.6 1.1 b 29 41.4
TAM 95 42.1 8.2 28.4 5.9 89.0 1.6 B 105 38.1

SEM (TAM) 0.66 0.72 0.18
p-value (TAM) <0.001 0.468 <0.05 0.183 0.057 <0.05 0.817

Both cities 202 44.6 16.5 37.1 15.3 86.3 2.6 227 22.0
SEM (cities) 3.05 3.76 0.20

p-value (cities) 0.571 <0.001 <0.05 <0.001 0.152 <0.001 <0.001

Total number of households: OUA-1 = 50, OUA-2 = 17, OUA-3 = 54, OUA-4 = 36, OUA = 157; TAM-1 = 57, TAM-2 = 35, TAM-3 = 38; TAM-4 = 42, TAM = 172; both cities = 329; p-value
(TAM) and (OUA) for differences between clusters within cities; p-value (cities) for differences between cities. Fisher’s exact test for proportions and Kruskal-Wallis for interval-scaled
data. Small superscript letters for significant differences between clusters within cities. HH: Household. NA: Not applicable. SEM: Standard error of the mean. For cluster definition
see footnote of Table 1 and text.
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Figure 3. Ways of manure use by (peri-) urban livestock keepers of different livestock farm types in
(a) Ouagadougou (OUA; n = 157) and in (b) Tamale (n = 172). For cluster definition see footnote of
Table 1 and text.

3.2.2. TAM, Cluster 2 (TAM-2): Peri-Urban Mixed Crop-Dairy Production, 34.3% Urban,
65.7% Peri-Urban; n = 35 (20.3%)

The production and sale of milk were the most important variables that differentiated households
of TAM-2 from TAM-3 and TAM-4 (Figure 2, Table 2). Cattle were more important than in other
clusters in TAM, reflected in a larger proportion of households owning cattle (Table 1). All cattle
keepers produced and 80% sold milk. Yet, the daily amount of milk produced and sold were not
different to TAM-1 (Table 1). All households grew crops. About two thirds of households were located
in peri-urban areas, which further differentiated them from TAM-1 and TAM-3 (Figure 2).

3.2.3. TAM, Cluster 3 (TAM-3): Urban Mixed Crop-Livestock Production, 100% Urban; n = 38 (22.1%)

All households of TAM-3 were located in urban areas. Sheep and poultry were the most
frequently kept livestock species (Table 1). The largest poultry flocks were found in this cluster;
yet differences in number of poultry kept per household were not statistically significant to other
clusters in TAM (Table 3). In contrast to TAM-2 and also TAM-1, no milk was produced and sold
by cattle owners (Figure 2, Table 3). As in TAM-4, all households exclusively used manure as crop
fertilizer (Figures 2 and 3).

3.2.4. TAM, Cluster 4 (TAM-4): Peri-Urban Mixed Crop-Small Livestock Production, 100% Peri-Urban;
n = 42 (24.4%)

TAM-4 is the only cluster in the city where some households owned pigs. Their herd size averaged
11.9 ± 8.67 pigs per household. The predominant livestock species kept by households in TAM-4
were however goats, followed by sheep and poultry (Table 1). In contrast, a lower proportion than
in the other three clusters kept cattle. Their peri-urban location (100%) separated TAM-4 from the
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other clusters, particularly from purely urban TAM-3 (Figure 2). All households cultivated crops and
used manure as crop fertilizer, no other manure uses were reported (Figures 2 and 3). No milk was
produced and sold (Figure 2, Table 3).

3.3. Integration or Specialization of Livestock Production

The majority of livestock keepers in both cities integrated livestock with cropping activities (74.8%).
However, in both cities, differences between clusters in the same city were observed, with fewer
households in OUA-1 (50.0% vs. 94.1% in OUA-2, 75.9% in OUA-3 and 80.6% in OUA-4; p < 0.01) and
TAM-1 (35.1% vs. 100% in TAM-2 to TAM-4; p < 0.001) cultivating crops than in the other clusters.
Consequently, a considerably higher share of households in OUA-1 wasted livestock manure or
gave it to other households (Figure 3). Accordingly, fewer livestock keepers in OUA-1 and TAM-1
mentioned to be crop-livestock farmers, while significantly more household heads in TAM-1 considered
themselves as pure livestock keepers (Table 4). According to their own assessment, 46.5% of the
household heads stated to be crop-livestock farmers, 17.3% were self-employed off-farm, e.g., as butcher
or trader, and 12.5% were employed off-farm in the private sector or as public servant.

Table 4. Main occupation (self-assessed) of household heads of (peri-) urban livestock-keeping
households (HH) in Ouagadougou (OUA; n = 157) and Tamale (TAM; n = 172).

HH Livestock
Keeper

Crop-Livestock
Farmer Self-Employed Employed Retired Other

Occupation

Cluster n % % % % % %

OUA-1 50 14.0 30.0 26.0 10.0 4.0 16.0
OUA-2 17 5.9 58.8 17.6 5.9 11.8 0.0
OUA-3 54 11.1 37.0 22.2 16.7 5.6 7.4
OUA-4 36 19.4 58.3 11.1 11.1 0.0 0.0
OUA 157 13.4 42.0 20.4 12.1 4.5 7.6

p-value (OUA) 0.574 <0.05 0.398 0.669 0.229 <0.05

TAM-1 57 15.8 22.8 22.8 14.0 8.8 15.8
TAM-2 35 5.7 65.7 8.6 8.6 0.0 11.4
TAM-3 38 0.0 57.9 10.5 15.8 2.6 13.2
TAM-4 42 4.8 69.0 11.9 11.9 0.0 2.4
TAM 172 7.6 50.6 0.230 12.8 3.5 11.0

p-value (TAM) <0.05 <0.001 0.826 0.063 0.150

Both cities 329 10.3 46.5 17.3 12.5 4.0 9.4
p-value (cities) 0.103 0.123 0.190 0.869 0.779 0.347

p-value (TAM) and (OUA) for differences between clusters within cities; p-value (cities) for differences between
cities. Fisher’s exact test. For cluster definition see footnote of Table 1 and text.

Generally, 87.8% of households across OUA and TAM owned more than one livestock species.
A significantly higher proportion of households in OUA than in TAM owned three livestock species
(Table 5). Across cities, sheep were the most frequently encountered species, followed by chickens
and guinea fowl (69.0%), cattle and goats (61.4% each). Pigs were less important, with more pig
keepers in OUA than in TAM (Table 1). In OUA, the majority of pig keepers clustered in OUA-1
(68.5% of all pig keepers, representing 74% of households in OUA-1), the remaining 31.5% in OUA-2,
representing 100% of all households in OUA-2. In TAM, all pig keepers were found in TAM-4. In OUA,
local poultry (chickens, guinea fowl) were generally the most widespread livestock species, followed by
cattle. Exotic poultry (broilers, layers) were uncommon in both cities and none of the finally analyzed
household used exotic poultry types. Unlike households in OUA, most households in TAM owned
sheep. Except for local poultry, livestock herds/flocks were larger in OUA than in TAM, whereby
significant differences between the two cities only existed for sizes of pig herd and sheep flock (Table 1).
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Table 5. Number of livestock species per household (HH) and livestock species used by specialized
(peri-) urban livestock-keeping HH in Ouagadougou (OUA; n = 157) and Tamale (TAM; n = 172).

HH One Livestock
Species Type of Single Livestock Species Two Livestock

Species
Three or More

Livestock Species

Cluster n % % % %

OUA-1 50 26.0 Pigs (100.0) 48.0 26.0

OUA-2 17 0.0 - 0.0 100.0

OUA-3 54 1.9 Cattle (100.0) 11.1 87.0

OUA-4 36 5.6 Cattle (100.0) 5.6 88.9

OUA 157 10.2 Pigs (81.2), cattle (18.8) 20.4 69.4

p-value (OUA) <0.001 <0.001 <0.001

TAM-1 57 21.1 Sheep (66.7), cattle (16.7),
local poultry (16.7) 31.6 47.4

TAM-2 35 5.7 Cattle (50.0), goats (50.0) 17.1 77.1

TAM-3 38 15.8 Sheep (50.0), cattle, goats,
local poultry (16.7 each) 31.6 52.6

TAM-4 42 9.5 Pigs (75.0), local poultry (25.0) 28.6 61.9

TAM 172 14.0 Sheep (45.8), cattle (16.7), local
poultry (16.7), pigs (12.5), goats (8.3) 27.9 58.1

p-value (TAM) 0.173 0.438 < 0.05

Both cities 329 12.2 Pigs (40.0), sheep (27.5), cattle (17.5),
local poultry (10.0), goats (5.0) 24.3 63.5

p-value (cities) 0.316 0.124 < 0.05

p-value (TAM) and (OUA) for differences between clusters within cities; p-value (cities) for differences between
cities. Fisher’s exact test. For cluster definition see footnote of Table 1 and text.

However, some livestock keepers used a single species or produced a single product, e.g., milk.
In OUA, most households with one species owned pigs (81.2%), all of which were grouped in OUA-1,
and the remaining households owned cattle (18.8%) (Table 5). In TAM, livestock species kept by
specialized producers were more divers. Most of the specialized livestock keepers focused on sheep
(grouped in TAM-1 and in TAM-3), 16.7% each on cattle or local poultry, 12.5% on pigs and the
remaining 8.3% on goats (Table 5). Finally, about 45% of all cattle keepers produced milk, with no
differences between OUA and TAM. In TAM, a larger share of milk producers was classified into
TAM-2, the remaining clustered in TAM-1. In OUA, milk producers were predominantly grouped in
OUA-4 (Table 3).

Households with just one species less frequently integrated livestock keeping with crop farming
(52.5% vs. 77.9%; p < 0.001), and more often considered livestock keeping as their principal activity
(25% vs. 8.2% for households keeping more than one livestock species; p < 0.01). They were
predominantly located in urban areas of the cities (60% in urban vs. 40% in peri-urban areas; p < 0.05).
Therefore, their cultivated land area was smaller than that of farms keeping multiple species (p > 0.05).
Particularly households that only kept sheep or poultry (all in TAM) were exclusively (sheep; p < 0.001)
or mostly (poultry: 75.0%; p < 0.001) located in urban areas of the city. In contrast, dairy cattle owners
and specialized pig producers were more frequently located in peri-urban areas (dairy cattle: 66.3% and
pigs: 81.2%, together in both cities), compared to 18.8% and 33.7% in urban areas, respectively (p < 0.05).

The results of the logistic regression analysis (Table 6) indicated that households in TAM were
more likely to cultivate crops and produce milk than households in OUA. In addition, the education of
household head affected livestock keepers’ decision to cultivate crops or to produce milk. Households
in which the head had completed secondary or tertiary school less likely cultivated crops than those
without formal education, while livestock keepers who had completed primary school were less likely
to adopt milk production than those with no formal education. Crop cultivation was also more likely to
be practiced by households living in peri-urban than in urban areas and by households with borrowed
land. As could be expected, milk production was more likely adopted with increasing number of
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TLU owned, because one cattle head is equivalent to 0.8 TLU compared to 0.001 TLU for one chicken
or 0.1 TLU for one sheep or goat. Accordingly, clusters with a high proportion of milk producers,
namely OUA-4 and TAM-2, owned a larger number of TLU with larger cattle herds (Table 1).

Table 6. Logistic regression parameters for variables predicting integration of livestock keeping and
cropping or specialization in milk production across households (n = 329) in Tamale (TAM) and
Ouagadougou (OUA).

Predictors ß SE Wald’s χ2 Df p-Value Odds Ratio

Integration of livestock and crops

Constant −0.775 0.451 2.953 1 0.086 NA
TAM 1.932 0.407 21.012 1 0.000 6.902

Peri-urban location 2.183 0.429 25.920 1 0.000 8.870
Education level 15.114 3 0.002

Education level 1 (primary education) −0.431 0.465 0.858 1 0.354 0.650
Education level 2 (secondary education) −0.974 0.386 6.367 1 0.012 0.378

Education level 3 (tertiary education) −1.844 0.506 13.302 1 0.000 0.158
Land ownership 6.150 2 0.046

Land ownership 1 (allocated land ) 0.672 0.455 2.186 1 0.139 1.959
Land ownership 2 (borrowed, leased) 1.814 0.825 4.831 1 0.028 6.137

Total TLU owned (n) 0.024 0.015 2.475 1 0.116 1.024
Available labor force (n) −0.021 0.045 0.223 1 0.637 0.979

Goodness-of-fit test (model χ2) 96.698 9 0.000

Milk production

Constant −2.179 0.483 20.362 1 0.000 NA
TAM 0.924 0.348 7.036 1 0.008 2.519

Peri-urban location −0.409 0.396 1.069 1 0.301 0.664
Education level 6.620 3 0.085

Education level 1 (primary education) −1.226 0.598 4.196 1 0.041 0.294
Education level 2 (secondary education) 0.396 0.356 1.240 1 0.265 1.486

Education level 3 (tertiary education) 0.104 0.509 0.042 1 0.839 1.109
Land ownership 5.886 2 0.053

Land ownership 1 (allocated land) 0.723 0.417 3.000 1 0.083 2.060
Land ownership 2 (borrowed, leased) −0.933 0.705 1.748 1 0.186 0.394

Total TLU owned (n) 0.108 0.017 42.640 1 0.000 1.114
Available labor force (n) −0.073 0.050 2.129 1 0.145 0.930

Goodness-of-fit test (model χ2) 106.21 9 0.000

NA: Not applicable.

3.4. Intensification or Extensification of Livestock Production

Intensification of livestock production was assumed if inputs such as labor, feed, housing facilities,
breeding and health care and if also the output of animal-based outputs was comparatively high.
In contrast, extensification was characterized by low inputs of labor, materials and management efforts,
and relatively low animal-derived outputs.

Our results showed that controlled mating was not widely practiced in both cities (Figure 4).
It was most frequently reported for pigs, particularly in TAM, and cattle in OUA, and least for local
poultry. Artificial insemination (AI) was used by 12.7% of cattle keepers in OUA, mostly in clusters
OUA-3 and OUA-4 (Supplementary Table S2). In addition, animals were rarely kept in barns, with the
exception of predominantly pig-keeping clusters OUA-1 and OUA-2 (Figure 4). Different to the
poor housing and breeding management, the majority of livestock keepers stated to provide health
care to their animals, i.e., prophylactic vaccination, curative medical treatment or veterinary services.
Goats received less health care (affirmative: 37.6% of goat keepers) than cattle (69.3%), pigs (65.6%) and
sheep (60.8%). In OUA, a lower proportion of households in OUA-1 than in the other three clusters
provided health care to their animals (Figure 4).
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Figure 4. Breeding, health care and housing management of livestock of (peri-) urban livestock keepers
of different livestock farm types in (a) Ouagadougou (OUA; n = 157) and in (b) Tamale (TAM; n = 172).
For cluster definition see footnote of Table 1 and text.

Across cities, the decision to provide better management and housing conditions to their animals
was influenced by the education level of the household head. Those who had completed secondary
or tertiary school were more likely to keep animals in barns or to control mating than those with no
formal education. In addition, the odds of providing health care to animals were higher for household
heads with a secondary school education as compared to household heads with no formal education.
Households that owned a larger number of TLU were less likely to keep animals in barns. In general,
livestock keepers in TAM were less likely to provide health care to animals and to control mating
of animals as compared to OUA, while households with allocated land were more likely to control
mating of animals (Table 7).

Table 7. Logistic regression parameters for variables predicting intensification of livestock management
in terms of breeding, housing and health care across households (n = 329) in Tamale (TAM) and
Ouagadougou (OUA).

Predictors ß SE Wald’s χ2 Df p-Value Odds Ratio

Controlled mating

Constant −1.179 0.492 5.746 1 0.017 NA
TAM −2.801 0.427 43.101 1 0.000 0.061

Peri-urban location 0.293 0.433 0.456 1 0.499 1.340
Education level 7.868 3 0.049

Education level 1 (primary education) 0.023 0.427 0.003 1 0.956 1.024
Education level 2 (secondary education) 0.992 0.454 4.772 1 0.029 2.698

Education level 3 (tertiary education) 1.362 0.662 4.225 1 0.040 3.903
Land ownership 6.877 2 0.032

Land ownership 1 (allocated land) 1.098 0.427 6.616 1 0.010 2.998
Land ownership 2 (borrowed, leased) 0.897 0.701 1.637 1 0.201 2.451

Total TLU owned (n) 0.020 0.011 3.308 1 0.069 1.020
Available labor force (n) −0.034 0.052 0.421 1 0.516 0.967

Goodness-of-fit test (model χ2) 135.756 9 0.000

Animals kept in barns

Constant 0.113 0.353 0.103 1 0.749 NA
TAM 0.509 0.274 3.461 1 0.063 1.663

Peri-urban location 0.154 0.313 0.240 1 0.624 1.166
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Table 7. Cont.

Predictors ß SE Wald’s χ2 Df p-Value Odds Ratio

Education level 17.523 3 0.001
Education level 1 (primary education) 0.384 0.350 1.209 1 0.272 1.469

Education level 2 (secondary education) 0.884 0.327 7.332 1 0.007 2.422
Education level 3 (tertiary education) 2.383 0.669 12.672 1 0.000 10.838

Land ownership 2.279 3 0.320
Land ownership 1 (allocated land) 0.042 0.334 0.016 1 0.899 1.043

Land ownership 2 (borrowed, leased) −0.751 0.525 2.049 1 0.152 0.472
Total TLU owned (n) −0.024 0.010 6.289 1 0.012 0.976

Available labor force (n) −0.004 0.035 0.014 1 0.905 0.996
Goodness-of-fit test (model χ2) 37.951 9 0.000

Animal health care

Constant 1.649 0.452 13.332 1 0.000 NA
TAM −1.270 0.361 12.358 1 0.000 0.281

Peri-urban location −0.027 0.361 0.005 1 0.941 0.974
Education level 5.694 3 0.127

Education level 1 (primary education) −0.099 0.438 0.051 1 0.821 0.906
Education level 2 (secondary education) 0.927 0.405 5.238 1 0.022 2.526

Education level 3 (tertiary education) 0.231 0.536 0.186 1 0.666 1.260
Land ownership 1.680 2 0.432

Land ownership 1 (allocated land) 0.540 0.429 1.584 1 0.208 1.715
Land ownership 2 (borrowed, leased) −0.022 0.579 0.001 1 0.970 0.978

Total TLU owned (n) 0.015 0.015 1.038 1 0.308 1.015
Available labor force (n) 0.005 0.040 0.013 1 0.908 1.005

Goodness-of-fit test (model χ2) 32.348 9 0.000

NA: Not applicable.

Households predominantly used family labor for livestock activities (95.7%), even though the
proportion was lower in OUA than in TAM. Across the two cities, 31% of households also hired labor
for livestock activities, with a higher number in OUA than in TAM. Within OUA, households in OUA-1
and OUA-3 less frequently used hired labor, although the family labor force was lower in OUA-1
than in the other clusters (3.8 ± 2.39 vs. 5.34 ± 2.42 in OUA-2, 6.1 ± 3.52 in OUA-3 and 5.7 ± 2.54 in
OUA-4; p < 0.001). No differences were obtained for clusters in TAM, although a higher proportion of
households in TAM-2 than in the other clusters used hired labor (Table 8).

Table 8. Use of family labor and hired labor for livestock activities in Ouagadougou (OUA; n = 157)
and Tamale (TAM; n = 172).

HH Family Labor Hired Labor

Cluster n % of HH % of HH

OUA-1 50 98.0 24.0
OUA-2 17 88.2 52.9
OUA-3 54 88.9 37.0
OUA-4 36 88.9 52.8
OUA 157 91.7 38.2

p-value (OUA) 0.282 <0.05

TAM-1 57 100.0 17.5
TAM-2 35 97.1 37.1
TAM-3 38 100.0 28.9
TAM-4 42 100.0 19.0
TAM 172 99.4 24.4

p-value (TAM) 0.268 0.132

Both cities 329 95.7 31.0
p-value (cities) <0.001 <0.01

p-value (TAM) and (OUA) for differences between clusters within cities; p-value (cities) for differences between
cities. Fisher’s exact test. HH: Household. For definition of clusters see footnote of Table 1 and text.
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Similar to the results on inputs into livestock production, the amount of livestock-related outputs
(number of TLU sold, daily amount of eggs and milk produced and sold) was much lower in TAM
than in OUA (Table 3). Within cities, we observed comparatively higher outputs of OUA-2 (animal
sales, sale of eggs) and of TAM-1 (animal sales) households. While the sale of milk was stated more
frequently in OUA than in TAM, the sale of eggs was more common among households in TAM.
Within cities, the proportion of cattle keepers who sold milk was highest in OUA-4 and TAM-2.

3.5. Feed and Manure Use

Almost all ruminant keeping households relied on grazing their animals, but additionally
provided homestead feeding, using forages and/or grains. In TAM, no differences were observed
for the feeding management of ruminants between clusters. Yet, more than half of the households
in TAM-1 were feeding grains to their sheep (56.7% vs. 40.7% in TAM-2, 17.4% in TAM-3 and 33.3%
in TAM-4; p < 0.05). In OUA, all ruminant keeping households in OUA-3 and OUA-4 provided
supplement feeds to their animals at the homestead whereas this was only practiced by 82% in OUA-2.
For pigs, homestead feeding was common (95.3%), but scavenged feeding was also practiced by 35.9%
of pig keepers across the two cities. In OUA-1, homestead feeding of pigs was practiced by all pig
keepers, while scavenged feeding was less common. Similarly in TAM, homestead feeding of pigs
was common; still, 70% of pig keeping households additionally relied on scavenged feeding of pigs
(Table 2).

The most common feedstuffs used for homestead feeding included maize bran, cowpea and
groundnut hay, cereal straws, fresh grass, brewer’s spent grain (OUA), rice bran and cassava peels
(TAM). Although some of the feed was home-grown, other feed sources were more important in both
cities. Brans mostly originated from mills (92% in TAM, 58% in OUA), but also from fodder markets
(OUA: 38.9% for maize bran; TAM: 7.7% for rice bran, 28.6% for maize bran). In OUA, fodder markets
were also an important source of cereal straws (14%), groundnut hay (25%), grass hay (21%) and
cotton seed cake (88.1%). Households in OUA also used crop residues from the own farm (55.9% for
cowpea hay, 32.1% for groundnut hay, 27.1% for cereal straws) or from peri-urban farms (26.5% for
cowpea hay, 19.4% for grass hay, 14% for cereal straw); furthermore hay (43.5% of households) and
fresh grasses (86.9%) were cut and carried from open grasslands in peri-urban areas. Within this city,
more households in OUA-1 purchased livestock feed, e.g., maize bran from grain mills (80.4% vs.
52.9% in OUA-2, 45.0% in OUA-3 and 42.9% in OUA-4; p < 0.05) or groundnut hay from urban fodder
markets (81.4% vs. 17.5% in OUA-3 and 0% in OUA-2 and OUA-4; p < 0.001). For households in
OUA-4, peri-urban farms were the most important suppliers of groundnut hay (55.6% vs. 18.2% in
OUA-1, 25% in OUA-2 and 10.7% in OUA-3; p < 0.001), while other sources were less important.
In TAM, cowpea hay mostly originated from peri-urban (52.5%) or rural farms (20.0%), only 13.8%
of households produced their own cowpea hay, with the highest share being observed in TAM-3
(42.9% in TAM-3 vs. 7.7% in TAM-1, 4.3% in TAM-2 and 11.8% in TAM-4; p < 0.001). In addition,
cassava peels mostly originated from other farms (52.3% from peri-urban farms, 23.3% from rural
farms, 11.6% own production).

Manure use was different between TAM and OUA. In TAM, the majority of livestock keepers
used manure as crop fertilizer on their own land. In OUA, the highest share of households that used
manure as fertilizer on their cropland was found in OUA-2, whereas particularly livestock keepers
from cluster OUA-4 sold their manure to other farmers. This practice was not found in TAM where
some livestock keepers however exchanged manure mostly against crop residues for animal feeding;
on the other hand, a higher proportion of households in TAM, particularly in TAM-1 just wasted the
manure (Figure 3).

4. Discussion

In OUA as well as in TAM, four distinct types of urban and peri-livestock keepers were identified.
In OUA, the importance attached to different livestock species, their management intensity and main
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production purpose differentiated the surveyed livestock keepers. In TAM, location of the household,
integration of livestock keeping with crop farming and the related manure management, as well as the
engagement in milk production and the amount of milk produced separated clusters, whereas livestock
management intensity was similar between the four clusters of livestock keepers in this city. Similarly,
different household-based livestock production systems have been identified in other West African
cities, which differed in their integration of farming activities, production orientation and input
intensities as well as in the socio-economic characteristics of households [4,6,12,26].

Livestock production in OUA and TAM was frequently integrated with crop farming and
included a variety of livestock species. The integration with crop farming in one farm unit enables
livestock-keeping households to recycle animal wastes as crop fertilizer, particularly in TAM where
more livestock-keeping households also practiced crop cultivation on comparatively larger cropping
areas. In addition, in other parts of Africa, manure is used as crop fertilizer, e.g., 90% of livestock
keepers in (peri-) urban areas of Morogoro in Tanzania fertilize their fields with animal manure [27].
The application of livestock manure as crop fertilizer bears the risk of microbial contamination of crops
and vegetables, e.g., with Salmonella spp. and Escherichia coli, and of excess nutrient accumulations
in the soil, as has been reported for Niamey in Niger [28]. The limited provision of health care to
livestock herds and restricted confinement of animals, particularly among the participating households
in TAM, can be an additional risk factor for increased infectious disease transmission and outbreaks
due to the proximity to other livestock herds and humans and high population densities, not only
through inappropriate livestock waste disposal (uncovered manure heaps and slurry pits, livestock
waste disposal in the streets) but also through direct contact of humans with the animals. Furthermore,
informal food markets increase the risk for the spread of zoonotic diseases in cities, as concluded
by [29] for four zoonotic diseases in urban and peri-urban areas of Kampala in Uganda. While in
OUA some livestock keepers sold manure to crop/vegetable farmers, livestock keepers in TAM lacked
this opportunity, probably due to highly subsidized mineral fertilizer in the region which limited
the demand for organic fertilizer [30]. Moreover, a higher degree of specialized livestock keeping,
as observed in clusters TAM-1 (sheep) and OUA-1 (pigs), was associated with higher manure wastage
and a higher reliance on purchased feeds. At present, the share of urban production systems in the
global non-CO2 greenhouse gas (GHG) emissions from ruminant production is low as compared to
mixed-farming systems, particularly in sub-Saharan Africa [31]. If (peri-) urban livestock production
in the region intensifies and specializes, we will inevitably observe an overall increase in non-CO2

GHG emissions, particularly due to a shift from nitrogen balance deficits to surpluses [32]. Measures to
reduce nitrogen losses include improved handling of livestock manure (e.g., covering manure heaps)
and feeding management (feeding animals based on their nutrient requirements) [33,34]. Purchasing
feedstuffs at local fodder markets and grain mills tended to be more important for households in
TAM-1 and OUA-1 than for the other clusters, while feeding of crop residues was less important.
For the other clusters in TAM, purchases of feedstuffs—mostly cereal straws and legume hays—from
farms in peri-urban or rural areas were widespread. Overall, most livestock keepers in our sample
still strongly relied on grazing and scavenge systems for their livestock, which might explain the low
outputs and low use of hired labor of most (peri-) urban livestock-keeping households. In addition,
many households of our study used crop residues for feeding livestock, particularly in OUA, which was
also reported for OUA by [35]. Tiffen [36] underlined the increasing importance of crop residue feeding
in West Africa due to an increasing population, particularly in urban areas, and shrinking grazing
areas, such as in the northern region of Ghana [37], as well as feed scarcity [38]. Strong reliance on
poor quality crop residue feeding, which was also observed in the present study, points to a still
quite extensive nature of livestock production, particularly in TAM (TAM-1—except sheep, TAM-2,
TAM-3) (Figure 5). Due to the low intensification level of livestock production, livestock outputs per
farm (live animals, milk, eggs) were generally low, particularly so in those HHs within OUA-1 that
do not keep pigs, and in TAM-3. The high intake of forage feed together with the low production
performances in (peri-) urban livestock production systems in TAM and OUA result in high methane
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emissions from ruminants which could be reduced through improved feeding (higher quality feed)
and higher production efficiency [39,40].Sustainability 2016, 8, 1199  19 of 25 
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At the same time, we observed that some households specialized, as hypothesized, in intensive
dairy cattle (OUA-3) and pig production (OUA-1) in the peri-urban areas of OUA, as well as in sheep
rearing in the urban areas of TAM (TAM-1). Contrary to our assumption that livestock production
in more densely populated areas of the cities will be extensive, specialized urban sheep production
(TAM-1) was more intensive than other livestock operations that were located in peri-urban areas
of TAM (Figure 5). This also contradicts [41] who reported that agricultural intensification and
commercialization takes place in peri-urban areas of TAM. Yet, a relatively high intensity of inputs into
feeding, housing and health care was also reported for urban sheep keeping households in Kumasi and
Effiduasi in Ghana [42]. The specialization and intensification towards sheep production and the low
importance of pigs in TAM are explained by a predominantly Muslim population in the metropolis
and the high importance of sheep for the two Muslim Eid festivals celebrated in TAM [20].

Due to an increasing demand for pork, the intensification of pig production, i.e., improved
health management and animal nutrition as well as crossbreeding with imported breeds, has been
strongly promoted in Burkina Faso [43]. Accordingly, scavenged feeding is apparently uncommon
for pigs in OUA and almost all pig keepers used stall feeding. Similarly, peri-urban dairy production
is promoted by the National Pilot Dairy Development Programme (PNPDL) of Burkina Faso [44].
Hamadou and Sanon [45] described two peri-urban dairy production systems around Bobo-Dioulasso
and OUA, where the traditional dairy production by Fulani and other people is paralleled by
modern peri-urban production systems run by new players such as retired people, civil servants
and monasteries (e.g., the Monastery Koubri in the periphery of OUA). According to the same authors,
traditional producers mostly rely on local Zebu cattle and still practice transhumance, whereas modern
producers keep a variety of Bos indicus breeds including local Zebu, Azawak, Gudali, and crosses with
high-yielding imported taurine cattle breeds [45]. In combination with improved management such as
supplement feeding and vaccination, improved breeds ensure higher milk production in the modern
system. In our sample, milk producing households of cluster OUA-3 correspond to the modern
type, whereas households in cluster OUA-4 represent the traditional type; both clusters included new
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players such as civil servants and retired people. Contrary to [45], our study revealed that health,
housing and breeding management did not differ between OUA-3 and OUA-4. Yet, Fulani cattle
keepers in OUA-4 still practiced seasonal transhumance. Reported daily milk output per farm was
lower in OUA-4 than in OUA-3 although cattle herds were larger in OUA-4. According to a qualitative
study of [46] on Fulani herders in Cameroon, low milk yields of cows are explained by the milking
practice of Fulani herders who do not always milk cows on a daily basis, and additionally only milk
once a day, namely in the morning before cows leave for grazing. The same authors stated that only
few cows remain for milking at the homestead during transhumance. Another explanation for the low
reported daily milk yield per household in clusters OUA-4, TAM-1 and TAM-2 might be that cows are
only partially milked, as has been reported for peri-urban milk producers in the Accra plains [8].

The predominantly extensive cattle management of most milk-producing household in OUA
(cluster OUA-4) might also be explained by high milk imports into Burkina Faso. Nearly 60% of the per
capita milk consumption in the country (26 kg/year) is covered by imported milk products and only
40% by local milk production [47]; this is due to high producer prices (especially for feed as frequently
mentioned by the interviewed livestock keepers) that are not compensated by the returns from milk
sales. In Ghana, the per capita milk consumption is even lower than in Burkina Faso (8.5 kg/year
in 2011) [48]. Still, the domestic milk production is unable to cover this demand [49]. According
to [48], the national consumption of milk amounted to 87.5 million tons in 2012, whereas the national
production was 41 million tons. In our study, 42% of cattle-keeping households in TAM milked
their cows, which is twice as high as the total national proportion of milked cows in the year 2000
of 20% [48]. The reported milk outputs per household in TAM were low, which can be explained by
a low engagement of cattle keeping households in supplementing their animals with crop by-products
and other feedstuffs.

Dairy production in both cities was mostly integrated with cropping and not considered as
main income generating occupation by the livestock keepers. The type of land ownership strongly
influenced the decision to integrate livestock activities with crop farming. In both cities, a high
urbanization rate drastically changes land use by promoting the conversion of land that was formerly
used for cropping and grazing activities into land used for residential and commercial activities [41].
In TAM, urban agricultural land has been decreasing in the last few years being now used for industrial
activities [50]. Due to increasing land prices, the same trend is currently observed in peri-urban areas
of the city [41]. This development makes land use rights insecure, and households that do not own the
land must fear that land they use for livestock and cropping activities is allocated to people who invest
in industrial or residential building activities.

A higher education level of the household head was positively related to the adoption of improved
management strategies such as use of controlled mating and keeping animals in barns. This is in
accordance with other studies including cattle farmers in northern Namibia [51] and livestock keepers
in Nigeria [52], but contradicts results obtained for urban livestock producers in Bobo-Dioulasso
(Burkina Faso), Kano (Nigeria) and Sikasso (Mali) showing no relationship between education and
adoption of improved management technologies [5]. Our study also revealed that lower educated
people more likely integrated livestock keeping with crop farming. Together with the observed
diversification of livestock species, this clearly demonstrates the risk-minimizing strategy of low
educated people who more strongly rely on livestock and crop farming for income and subsistence.

In TAM, a relatively larger proportion of poultry keepers sold their eggs if compared to OUA.
According to [53], there is a great potential for poultry egg production in Ghana, particularly in
peri-urban areas because of an increasing national demand for eggs and a minor competition on
the market through imports as compared to poultry meat. In recent years, commercial layer egg
production has been continuously increasing, mainly in the southern parts of the country [54]. In how
far small-scale urban egg production with local poultry will be specializing, being able to compete
with commercial layer egg production in the case that this will also develop around Tamale, remains to
be seen in the future. Although market competition with imports and domestic commercial layer
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production is low and producer prices for eggs correspond to average world market prices in Burkina
Faso [55], only a negligible part of the surveyed poultry keeping households in OUA sold eggs.

5. Conclusions

Specialization and intensification of livestock production take place both in urban (sheep) and
peri-urban (dairy cattle, pigs) areas of West-African cities, but are not necessarily closely linked
phenomena: Peri-urban market-oriented pig and dairy production is mostly integrated with crop
production, whereas livestock producers located in urban areas do less frequently cultivate crops.
In addition, their diversity of livestock species and the total number of animals kept is lower than in
peri-urban households. Both might be explained by competitive uses of limited space in the cities.
Intensity levels, both in terms of input use as well as in terms of produced outputs, are usually low.
This points to a still noteworthy subsistence orientation of livestock production in urban and peri-urban
areas. Initiatives that aim at supporting (peri-) urban livestock production towards specialization
and intensification should advance their full integration into markets for animal products including
manure, and strengthen the links between specialized livestock keepers and crop farmers in order
to dispose of manure in an environmentally sound manner. This implies that strategies need to be
identified which enable (specialized) livestock keepers to improve livestock productivity by increasing
outputs such as milk, meat and eggs while at the same time enabling higher (quality) inputs into
livestock production. Only in this way can an increased resource use efficiency be achieved, both on
the input side (higher output per unit of input) and on the output side (recycling of organic matter
and nutrients contained in excreta to crop fields). Yet, in order to compete with imported products,
production costs, especially those of (supplement) feed that has to be purchased by the majority of
urban and peri-urban livestock keepers, must be reasonable as compared to product prices.

The decision of urban and peri-urban livestock producers for specialization of their livestock
unit or its integration with crop and vegetable farming, and for intensification or extensification
is site-specific and depends on the city as well as on the farm location within city. This hampers
a regional blueprint approach to sustainable development of urban livestock production, and calls for
site-specific measures. Yet, as a higher education level of the household head favors specialization
and intensification of livestock production, training measures and continued advisory support can be
recommended across cities and farm clusters. Moreover, land ownership or long-term tenure needs to
be secured to guarantee true sustainability of specialized pig and dairy production in peri-urban areas.
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Appendix A. Key Areas Addressed in the Interviews (Questionnaire Outline)

1 General information: Location (GPS coordinates, district name, urban or peri-urban)
2 Respondent personal information and household composition
3 Occupation of household members
4 Livestock ownership
5 General livestock management: practice of transhumance, grazing/free range, source of drinking

water, housing
6 Purpose of keeping livestock
7 Livestock intake: Purchases, gifts, births
8 Animal offtake and reason: Sales, consumption, deaths, thefts
9 Breeding management
10 Feeding management
11 Provision of animal health care and other services
12 Production and marketing
13 Manure use and storage
14 Cash and fodder crop production
15 Farm assets
16 General problems in livestock and solutions
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