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Abstract: Increasing poultry product consumption trends have attracted researchers and develop-
ment practitioners to look for interventions that transform the low-input low-output-based village
chicken production to a high yielding production system. However, due to the intricate nature of the
production system, there is a dearth of evidence that helps design comprehensive interventions at
the smallholder level. Using national-level representative data collected from 3555 village chicken
producers in Ethiopia, Nigeria, and Tanzania, this study examines the technical efficiency of village
chicken production and investigates the main factors that explain the level of inefficiency. We applied
a stochastic frontier analysis to simultaneously quantify the level of technical efficiency and identify
factors associated with heterogeneity in inefficiency. We found that the level of technical efficiency
is extremely low in the three countries, suggesting enormous opportunities to enhance productiv-
ity using available resources. The heterogeneity in technical efficiency is strongly associated with
producers’ experience in breed improvements and flock management, limited technical knowledge
and skills, limited access to institutions and markets, smaller flock size, gender disparities, and
household livelihood orientation. We argue the need to adopt an integrated approach to enhance
village producers’ productivity and transform the traditional subsistence-based production system
into a commercially oriented semi-intensive production system.

Keywords: productivity; stochastic frontier; smallholder chicken; integrated intervention; Sub-
Saharan Africa; agricultural transformation

1. Introduction

In most developing countries, village chicken production is an essential contributor
of animal-source protein and income to the resource-poor and marginal groups of the
society [1,2]. This sub-sector produces the largest proportion of chicken products consumed
by rural and urban households, and these products have important cultural and religious
values. Additionally, village chicken production is an integral part of the farming system
that converts low-quality feeds and household wastes into high-quality proteins and supply
manure for crop production. Despite the momentous contribution of the sub-sector to
household livelihood and overall wellbeing, the level of production and productivity
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remains very low [3,4]. As a result, the contributions of this sub-sector to household food
security, income, and overall growth and development of society remain unrealized.

The lower production level could be associated with a type of production technologies,
the efficiency of the production, available institutions and markets, and other management
and environment-related factors [5–7]. Changes in production technologies can shift
production functions towards increased quantity or quality of outputs while maintaining
the level of inputs [8]. Additionally, production technologies can also enable sustained
production outputs with fewer inputs. Depending on the production environment, this
could be achieved by introducing suitable technologies, such as improved breeds, quality
feeds, vaccines or other management options. The production efficiency deals with the
process that combines inputs to produce maximum outputs [9]. The institutions and
market-related factors deal with building the capacity of producers and enhancing their
access to better inputs-output markets and services. Changes in technology or technical
efficiency would lead to changes in productivity, as noted by Korres [10].

Given smallholders’ limited access to productive resources, technologies, and markets,
it is imperative to consider productivity improvements through modern technologies and
the use of available inputs and technologies. Sometimes, compared with the technological
change approach, productivity change using existing technologies with better input allo-
cation or modern technologies with available inputs could better contribute to economic
and environmental sustainability. Thus, efforts to improve village chicken productivity
need to follow a comprehensive approach, including consideration of technological change,
improvement of the efficiency of the production process, and enhancing other institutional
and market-related factors [11]. However, lessons learned from research and development
efforts demonstrate that improved efficiency should be the primary driver of productivity
growth and economic development, as it can successfully benefit impoverished populations
in developing economies [10,12,13].

Based on economic theories, production efficiency could be associated with technical,
allocative or economic efficiency [14]. Among these categories, technical efficiency, which
refers to the production of the maximum possible output using a given set of inputs,
is the most commonly reported measure for agricultural commodities and other firms
globally [15–17]. An agricultural firm is considered technically efficient when producing
the maximum output using available inputs [14]. Conversely, a firm is technically inefficient
when it cannot produce the expected output using available inputs. Thus, as producers’
transition to technical efficiency, they either maintain production levels with minimum
inputs or increase outputs while using the same inputs [14].

There is a considerable amount of literature on an increasing trend in using differ-
ent inputs such as supplementary feeds, disease treatments, and improved production
practices by village producers [18,19]. Coupled with existing lower productivity, this
makes understanding the efficiency of the production system a good starting point to
design productivity-enhancing policies and strategies. Notably, given the limited access
to production technologies and inputs, the identification of factors associated with the
technical efficiency of producers is a substantial contribution. However, in most developing
countries, including those in Sub-Saharan Africa, comprehensive evidence on the technical
efficiency of village chicken production and major factors that trigger efficiency/inefficiency
is very scanty. The contributions of Aboki, Jongur [6], and Alabi and Aruna [20] serve as
the exception, but these works have small sample sizes and are specific to distinct loca-
tions. Extensive evidence based on country, multi-country or regional level data is almost
non-existent. As a result, there is no comprehensive evidence to design development
interventions at diverse socio-economic conditions and geographical areas. Therefore,
using national-level representative data from Ethiopia, Nigeria, and Tanzania, this research
presents comprehensive and policy-relevant insights on the level of efficiency and major
factors associated with the existing level of efficiency in the region. This paper explores
the policy-relevant shreds of evidence and entry points for development interventions that
would help transform the sector’s production and productivity. The rest of this paper is
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organized as follows. Section 2 presents the research methods and empirical approaches
adopted. Section 3 explores the results and discussion. Section 4 highlights the conclusions
and policy implications.

2. Research Methodology and Empirical Approaches
2.1. Sampling Methods

The data for this study were generated from a baseline survey of the African Chicken
Genetic Gains (ACGG) project, which was conducted in Ethiopia, Nigeria, and Tanzania
in 2015. This baseline survey adopted multi-stage sampling techniques that include sub-
national areas/regions, zones, districts, villages, and households. Through desk review
and key informant interviews at each administrative level in each country, we identified
the following purposive selection criteria: Chicken production potential, agroecology,
number of holders, and contribution of chicken production to household income and food
security. Based on the above criteria, 203 sample villages were randomly selected from a
thorough list of villages. Finally, from the sampled villages, a total of 3555 (Ethiopia = 1258;
Nigeria = 1146; Tanzania = 1151) households were randomly selected for a structured inter-
view. All the respondents consented to the survey, and data were collected by well-trained
enumerators through face-to-face interviews using tablet computers loaded with Open
Data Kit (ODK). We conducted the data management and analysis using the Stata Version
16 Statistical Package. Based on the major objective of the study, sample village producers
who keep both local and improved chicken breeds were dropped and 3029 (Ethiopia = 932;
Nigeria =1000; Tanzania = 1097) village producers who keep only local breeds were used
for the analysis.

2.2. Dependent and Independent Variables

Unlike commercial agriculture farms, efficiency analysis for the village chicken pro-
duction system is not straightforward due to the following two primary reasons. First,
as Taylor and Adelman [21] indicated, rural households face dual production and con-
sumption decisions that may force them to use outputs for home consumption, income
generation, and other purposes, making the estimation of real output values difficult.
Second, village chicken production generates multiple outputs, live birds, and eggs that
violate the single-output production principle of the most common advanced econometric
models used for technical efficiency analysis. Researchers have recommended various
approaches to conduct efficiency analysis [22,23]. According to Coelli and Perelman [23],
aggregation of the total output into a single index such as revenue, dual cost function,
input-requirement functions, and ‘n’ output- or input-orientated distance function are
some of the possible options. The first options require the observability of the output prices
and the second option requires the cost minimization behavior of the producer. Based on
the nature of our data, we chose the aggregation approach and generated the total value of
eggs and live birds used for different purposes. These include income generated from the
sale of live birds and eggs, the estimated value of live birds and eggs consumed at home,
the estimated value of change in flock size, and the estimated values of output transferred
to others in the form of a gift or used for other social or cultural values. We used this
aggregated value as the output of the frontier function.

The inputs used in the frontier function include the value of purchased and owned
feed used, the total number of local hens, cost of vaccination and disease treatment, time al-
located for chicken management, total land holding, and average household annual income
(a proxy for capital). To explore the factors associated with the level of technical inefficiency,
which is the main purpose of this analysis, we included various farm, institutional, and
environment-related indicators in the inefficiency model.

Furthermore, considering the reported production and productivity indicators of the
local breeds in the three countries and assuming a similar level of access to technologies
in the study areas, we used the pooled and country-level data to estimate the efficiency.
In the pooled data, the frontier is based on the best practices in the three countries. This
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does not only enable us to undertake cross-country comparison, but it also helps generate
policy-relevant evidence to be used both at the country and regional levels. In addition, to
capture unmeasured and unobservable sources of inefficiency at the country-level, such
as macroeconomic policy, institutional, and infrastructural issues, we included a country
dummy indicator in the pooled frontier model. The value of inputs and outputs in each
country is converted to its USD equivalent using the average annual official exchange rate
of 2015 [24].

2.3. Theoretical and Empirical Approaches

Empirical researchers use different econometric models to assess the productivity and
efficiency of agricultural commodities in developed and developing countries. Mostly,
researchers have adopted parametric and non-parametric approaches [25]. The most
commonly used non-parametric approaches are the Data Envelopment Analysis (DEA)
and Free Disposal Hull models [16,26,27]. Although the DEA technique does not require
a prior specific functional form for the production frontier, researchers primarily use this
technique to handle multiple outputs and multiple inputs without aggregation [25]. While
the absence of any prior assumption or lack of parameterization is an important strength
for DEA, its sensitivity to extreme observations and attribution of all deviations from the
frontier as inefficiency are its drawbacks. The drawbacks lead to biased parameter estimates
in the frontier and inefficiency models. Furthermore, if one is interested in estimating both
the level of efficiency and factors associated with inefficiency, it should be done using a
two-stage analysis.

The main parametric approaches used in empirical studies, including frontier pro-
duction functions and distance functions, can be categorized as stochastic or deterministic
functions [9]. In Stochastic Frontier Analysis (SFA), unlike DEA, the deviation from the
frontier function is attributed to firm characteristics and other external factors that affect
the level of efficiency [28]. In other words, while DEA considers the random noise as
inefficiency, SFA separates statistical noise associated with other factors outside the control
of the firm and technical inefficiency. The ability to determine the efficiency and factors
associated with efficiency simultaneously is considered an important feature in SFA [29].
As a result, SFA has been used by many researchers to assess the efficiency of agricul-
tural productions in different countries [30–33]. Sometimes researchers use parametric
and non-parametric approaches to check the consistency of estimates and compare their
robustness [32,34]. Empirical researches show that the choice of models depends on the
type of analysis, nature of the data, and the researchers underlying assumptions.

Considering the aim of the analysis, we applied SFA to estimate the level of efficiency
and identify factors associated with inefficiency. SFA estimates the parameters using a
two-step approach: Estimating the model parameters using maximum likelihood followed
by estimating the inefficiency point estimate through conditional mean distribution using
f (ui/ε̂i ), where ε̂i = yi − α̂− x′i β̂ [14]. The level of inefficiency is estimated by using
mean E (U|ε̂) . After obtaining the estimated values of point estimate u, the technical
efficiency is obtained by E f f = exp (−û ). The formula for SFA is represented by the
following equation:

yi = α + x′i β + εi, i = 1 . . . . . . ..N (1)

εi = vi − ui (2)

vi ∼ N
(

0 , σ2
v

)
(3)

ui ∼ F (4)

where yi is the logarithm of the output, x′i is the vector of inputs, such as feed, labor,
vaccination, capital, land size, and number of chickens. The composite error term εi stands
for the measurement and specification error terms represented by vi and the inefficiency
component ui. Both the error terms are assumed to be independent and identically dis-
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tributed across observations. Furthermore, vi and ui are statistically Independent and
Identically Distributed (IID) across observations, and f (vi) have symmetric distribution.

One prominent issue in efficiency analysis is determining the functional form of
equations that designate the relationship between inputs and outputs. According to
Greene [14] and Kumbhakar, Wang [9], Cobb-Douglas, and Trans Log functions are the
most common functional forms used by most empirical research in stochastic frontier
analysis. Considering the nature of our data, we applied the Cobb-Douglas production
function as indicated below [9]:

ln yi = ln y∗i − ui, ui ≥ 0 (5)

ln y∗i = f (x∗i ; β) + vi, (6)

where yi represents the observed output of village producer ‘i’ and y∗i is the potential
output with zero mean and random error. The error term ui is the effect of technical
inefficiency on the outputs. The vectors xi and β are distinct types of inputs used and their
corresponding coefficients, respectively. The stochastic frontier is defined by Equation (5)
due to the ui and the model without ui represents the classical production function. We
assumed that vi has a normal distribution with mean zero and variance σ2

v and ui has
truncated normal distribution with mean µ and variance σ2

u . The notation N+
(
µ , σ2

u
)

shows the truncation of the normal distribution from above.

ui ∼ N+
(

µ , σ2
u

)
(7)

vi ∼ N
(

0 , σ2
v

)
(8)

Some of the explanatory variables in the frontier model have zero values. This is
common in agricultural data as some producers may not use all the inputs for different
reasons [35]. However, this leads to a significant loss of sample sizes, as the logarithm of
zero gives missing data and results in biased coefficients estimates. Empirical research
suggests the following approaches to handle the problem of zeros in Cobb-Douglas pro-
duction functions. The first approach is adding one or any arbitrary number and including
all the observations in the analysis. Although this approach helps keep a higher sample
size, researchers criticize this approach due to its significant effect on the estimated param-
eters when the zero observations are large. The second approach uses Inverse Hyperbolic
Sine (IHS) transformation, an innovative approach in econometric applications. However,
as Bellemare and Wichman [36] explained, using this transformation would change the
expected level of input elasticity. The third approach uses dummy variables associated
with each of the independent variables that indicate the incidence of zeros. According
to Battese [37], this approach gives unbiased parameter estimates and is applied to esti-
mate the technical efficiency of smallholder farmers in developing countries [38]. This
paper adopted this approach to include a maximum number of observations and generate
unbiased parameter estimates.

The equation for the Cobb-Douglas production function of village chicken producers
can be specified as follows:

ln(Yi) = β0 + β1 ln(FDi) + β2 ln(LHi) + β3 ln(VTi) + β4 ln(FLi) + β5 ln(LDi) + β6 ln(KPi)
+B1D1i + B2D2i + B3D3i + B4D4i + B5D5i + B6D6i + (vi − ui), ui ≥ 0

(9)

where Yi is the total value of egg and live bird produced and FDi, LHi, VTi, , FLi, LDi,
and Ki represent the feed, number of local hens, vaccination/treatment, family labor, land,
and capital, respectively. The indicators represented by Di signify dummy indicators for
the inputs, which have zero values. The individual efficiency level (TEi) is estimated
through the following formula:

TEi =
Yi
Y∗

= exp(−ui

)
(10)



Sustainability 2021, 13, 8539 6 of 21

where Y∗ is the frontier output and Yi is the output ith village producer. In the case of a
production frontier, TEi will take a value between zero and one. The overall variance ε is
given by:

σ2 = σ2
u + σ2

v (11)

γ =
σ2

u
(σ2

u + σ2
v )

(12)

γ stands for the proportion variance accounted for technical inefficiency. The higher the pro-
portion, the larger the technical inefficiency that accounts for the village producers’ variability.

2.4. Exogenous Determinants of Inefficiency

As stated above, one of the important advantages of stochastic frontier analysis is the
inclusion of exogenous variables that affect the distribution of the inefficiency term in the
same model. The exogenous variables should be neither input nor output variables that
affect the performance of producers either by shifting or scaling the frontier and distribution
functions or both. The inefficiency determinants model can be specified as follows:

Ui = ∂0 + ∂1xi + ∂2xi + ∂x3 (13)

Ui is the inefficiency component as defined above, and ‘xi’ represents different households
and other socio-economic factors that affect the level of inefficiency. Although the dis-
tributional assumption is considered as the most important aspect in technical efficiency
analysis, empirical findings suggest that models of technical efficiency analysis are robust
for distributional assumptions [14].

3. Results and Discussion
3.1. Descriptive Summary of Output and Input Variables

Table 1 presents a summary of inputs and output variables used in the technical
efficiency analysis. The average 3-month income generated from poultry products is about
USD 18.1, 44.9, and 52.8 in Ethiopia, Nigeria, and Tanzania. The overall average 3-month
income in the three countries is about USD 39.5. The average number of local hens owned
by village producers is five, with a minimum of three in Ethiopia and six in Tanzania and
Nigeria. The average feed cost is USD 16.2 in the three countries. The average feed cost in
Tanzania is greater than in Nigeria and Ethiopia. Despite the higher disease outbreak and
incidence report, the household expenditure for vaccination and disease treatment is low.
The expenditure in Ethiopia is by far lower than in Nigeria and Tanzania.

Table 1. Summary of inputs and outputs used in the stochastic frontier model.

Input/Output
Ethiopia Nigeria Tanzania Overall

Mean (± SD) Mean (± SD) Mean (± SD) Mean (± SD)

Income (USD) 18.1 (±25.3) 44.9 (±42.2) 52.8 (±61.2) 39.5 (±48.5)
Number of Local Hen 2.8 (±2.3) 6.3 (±4.2) 6.2 (±4.8) 5.2 (±4.3)

Feed (USD) 14.9 (±12.8) 15.9 (±18.1) 17.5 (±22.3) 16.2 (±18.4)
Vaccination/

Disease Treatment
(USD)

0.3 (±0.8) 1.7 (±4.7) 3.7 (±5.6) 2.0 (±4.5)

Family Labor (H) 77.7 (±251.7) 34.9 (±88.1) 60.2 (±199.6) 57.3 (±191.7)
Land Holding (Ha) 1.3 (±2.3) 1.3 (±4.9) 2.5 (±4.1) 1.7 (±4.0)

Capital (Yearly
Income-USD) 540.6 (±2141.0) 432.2 (±1138.4) 474.1 (±1611.6) 480.8 (±1667.0)

SD: Standard deviation; USD: United States dollar; H: Hours; Ha: Hectare.
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On average, producers spend about 57.3 h for management, including purchasing
inputs, feeding, watering, cleaning, and other related activities. Producers in Ethiopia
spend more time on management than producers in Nigeria and Tanzania. The average
landholding in the three countries is 1.7 h, and households in Tanzania have the largest
average holding size than Ethiopia and Nigeria. Household capital indicators, the average
yearly income, is the highest in Ethiopia and lowest in Nigeria. This shows that village
chicken producers in Nigeria engage in limited agricultural and non-agricultural income-
generating activities compared with Ethiopia and Tanzania. On average, village, chicken
producers have about 1.7 h of land.

3.2. Summary of Exogenous Variables Used in the Inefficiency Model

We included household and farm characteristics, access to institutions and markets,
and other socio-economic indicators in the inefficiency determinants model. Table 2 details
a summary of these indicators. The length kept indicates producers’ experience in chicken
production. On average, producers in the three countries have 13 years of experience
in village chicken production. Producers in Nigeria and Tanzania have the highest and
the lowest average experience, respectively. The average number of household head
schooling years is about 6 years. Producers in Ethiopia have the lowest schooling years
than producers in Nigeria and Tanzania. Training represents the average number of
poultry-related extension and training activities the producers participated in the previous
12 months. This indicator shows that producers in the three countries have limited access
to poultry production and marketing related education. On average, there are five persons
(adult equivalent) within the producers’ households that could participate in poultry
production and marketing activities. The average number in Nigeria is higher than in
Ethiopia and Tanzania.

Table 2. Descriptive summary of continuous explanatory variables used in the stochastic frontier analysis model.

Variables
Ethiopia Nigeria Tanzania Total Chi. Sq Test

Mean (± SD) Mean (± SD) Mean (± SD) Mean (± SD)

Length Kept 13.08 (± 10.54) 16.70 (±12.14) 8.55 (±7.80) 12.63 (±10.79) 345.7 ***
Head Education 2.79 (±3.56) 6.92 (±5.97) 6.71 (±3.33) 5.58 (±4.81) 472.1 ***

Trainings 0.11 (±0.39) 0.03 (±0.27) 0.23 (±0.61) 0.13 (±0.46) 143.6 ***
Adult Equivalent 4.77 (±2.22) 6.00 (±4.37) 4.49 (±2.67) 5.07 (±3.29) 48.412 ***

Housing Index 0.23 (±0.18) 0.31 (±0.22) 0.30 (±0.24) 0.28 (±0.22) 69.8 ***
Distance to Road 2.75 (±3.53) 2.21 (±3.62) 1.30 (±2.08) 2.05 (±3.18) 171.5 ***

Women
Empowerment

Index
0.44 (±0.18) 0.48 (±0.17) 0.56 (±0.12) 0.49 (±0.16) 135.7 ***

Income Sources 1.63 (±0.82) 1.54 (±0.69) 1.30 (±0.59) 1.48 (±0.71) 125.0 ***
Flock size 8.03 (±0.7.03) 26.45 (±16.54 25.04 (±16.05) 20.27 (±16.58) 1114.2 ***

Inference: *** p < 0.01; SD: Standard deviation.

The housing index indicates the quality of chicken housing used by producers in dry
and wet seasons and during the day- and night-time. This index is generated by weighting
diverse types of housings used by the producers. It shows the level and quality of housing
used for chicken production in wet and dry seasons. A higher value represents better
housing quality. Producers who use separate poultry houses during dry and wet seasons
would have a better index than producers who do not use any type of housing or keep the
chicken in the home. On average, producers in Nigeria and Tanzania have a better housing
system than producers in Ethiopia. The average distance of producers from all-weather
roads is about 2.1 Km, a minimum of 1.30 Km in Tanzania and a maximum of 2.75 Km
in Ethiopia. The distance to all-weather roads is a good indicator for access to input and
output markets and institutions. The women empowerment index (Women Emp. Index)
captures women’s engagement in income use decisions, asset ownership, and employment
opportunities. We generated this index using normalization and aggregation approaches,
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and it shows the relative access of women to resources. The higher the value, the better the
access to and use of resources. This index shows the presence of a statistically significant
difference among the three countries. The overall average flock size is about 20, with a
minimum average of 8 in Ethiopia and a maximum average of 26 in Nigeria. The average
flock size in Nigeria and Tanzania is more than three times higher than the average flock
size in Ethiopia. The last column shows the non-parametric Kruskal-Wallis test used to
assess differences in the median values of indicators among the three countries. This test
revealed statistically significant differences between the average values of all the variables
in the three countries.

Table 3 presents a summary of the categorical variables included in the inefficiency
determinant model. On average, 52.2 and 60.4% of the producers reported their experience
in culling and breed selection activities. Compared with Nigeria, a higher percentage
of producers in Tanzania and Ethiopia have experience in culling activities. A higher
percentage (82.3%) of producers in Ethiopia and a lower percentage (40.7%) of producers in
Nigeria have breed selection experiences. On average, 58.6 and 14.1% of the producers have
access to health and credit services in the three countries. The percentage of producers who
have access to health and credit services is lower in Nigeria than in Ethiopia and Tanzania.

Table 3. Descriptive summary of categorical variables used in the stochastic frontier analysis model.

Indicators
Ethiopia (%) Nigeria (%) Tanzania (%) Overall (%) Pearson

Chi2No Yes No Yes No Yes No Yes

Culling 45.7 54.3 51.4 48.6 46.3 53.7 47.8 52.2 7.8 ***
Breed Selection 17.7 82.3 59.3 40.7 40.3 59.7 39.6 60.4 349.2 ***
Health Access 27.6 72.4 72.2 27.8 25.1 74.9 41.4 58.6 585.0 ***
Credit Access 82.6 17.4 91.1 8.9 84 16 85.9 14.1 34.0 ***

Livelihood
Contributions 55.3 44.7 54.2 45.8 37.8 62.2 48.6 51.4 80.0 ***

Management
None 1.8 12 1.9 5.2

449.7 ***Either 68.9 69.3 41.4 59.1
Both 29.3 18.7 56.7 35.7

Gender
Male 80.9 73 79.7 77.8

Female 19.1 27 20.3 22.2 20.7 ***

Inference: *** p < 0.01.

Contribution to livelihood shows if poultry production is considered among the
three most important livelihood activities in the household. Of the total respondents,
51.4% reported poultry production as being among the three major livelihood activities.
Compared to Ethiopia and Nigeria, a higher percentage of producers in Tanzania consider
poultry production as a major livelihood contributor. Producers’ feeding and watering
practices are included as a categorical variable: Producers who do not provide water
and feed in a container, producers who provide either water or feed in a container, and
provide feed and water in a container. Only 5.2% of the respondents do not supply water
in a container and throw feed on the ground from the total respondents. About 59.1%
of the producers’ practice either of the management options, and the remaining 35.7%
supply both water and feed in a container. Compared to Ethiopia and Nigeria, a higher
percentage of producers in Tanzania are hygienic and use containers to supply feed and
water. Of the total respondents, about 22.2% are female-headed producers. The gender of
the head enables us to assess the associations between the gender of the head and the level
of inefficiency.

3.3. Results of the Stochastic Frontier Model

Table 4 presents results from the stochastic frontier production function model for
pooled and country-specific data. We regressed the aggregated value of total live birds and
eggs produced with different inputs used for production. In the pooled model, the level of
technical efficiency is positively associated with the number of local hens, cost of feed, cost
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of vaccination, amount of labor, and total land holding. The country-specific frontier model
shows variability in the elasticities of different inputs used in each country. The number
of hens has a positive and significant effect in the three countries models. The effect of
vaccination and disease treatment is positive and significant in Ethiopia and Tanzania.
The effect of feed, family labor, and household’s capital is positive and significant only
in Tanzania.

Table 4. Estimated parameters in the stochastic production function.

Frontier Variables
Pooled Ethiopia Nigeria Tanzania

Coef. Coef. Coef. Coef.

Constant
2.999 *** 2.974 *** 3.486 *** −0.315
(0.255) (0.418) (0.402) (0.785)

Feed
0.0413 * 0.00536 −0.0152 0.115 ***
(0.0249) (0.0635) (0.0437) (0.0332)

Number of Local Hens
0.264 *** 0.509 *** 0.286 *** 0.238 ***
(0.0306) (0.0673) (0.0486) (0.0468)

Vaccination/Disease
Treatment

0.153 *** 0.462 ** 0.0661 0.155 ***
(0.0347) (0.228) (0.0571) (0.0467)

Family Labor 0.0482 *** 0.0200 0.0251 0.0914 ***
(0.0148) (0.0323) (0.0248) (0.0234)

Land Holding 0.0262 * −0.00967 0.00822 0.0764 ***
(0.0141) (0.0426) (0.0178) (0.0253)

Capital 0.0161 0.0155 0.0206 0.0144
(0.0166) (0.0405) (0.0263) (0.0243)

D_FDB 0.0679 0.655 *** 0.0659 −0.0959
(0.0889) (0.223) (0.143) (0.141)

D_LHB −0.227 * −0.452 *** −0.133 −0.422
(0.127) (0.159) (0.300) (0.337)

D_VTB −0.0316 −0.234 0.100 −0.0463
(0.0585) (0.147) (0.0933) (0.0919)

D_FLB 0.354 0.545 0.185 4.049 ***
(0.222) (0.363) (0.279) (0.699)

D_LDB 0.0154 −0.207 0.0719 −0.0407
(0.0468) (0.130) (0.0563) (0.0970)

D_KPB 0.134 0.147 0.0649 0.115
(0.103) (0.249) (0.166) (0.148)

Usigma (Cons.) 1.228 *** 0.807 *** 1.740 *** 1.438 ***
(0.102) (0.0941) (0.327) (0.258)

Vsigma (Cons.) −1.309 *** −1.763 *** −1.432 *** −1.165 ***
(0.0776) (0.317) (0.115) (0.105)

Sigma_U 1.848 *** 1.497 *** 2.386 *** 2.0525 ***
(0.00943) (0.0704) (0.3907) (0.2647)

Sigma_V 0.519 *** 0.4141 *** 0.4887 *** 0.5584 ***
(0.0201) (0.06555) (0.0281) (0.0294)

Lambda
3.556 *** 3.615 *** 4.882 *** 3.675 ***
(0.0938) (0.1030) (0.3848) (0.2611)

Nigeria 0.386 ***
(0.0592)

Tanzania
0.380 ***
(0.0590)

Inference: *** p < 0.01; ** p < 0.05; * p < 0.10. D_FDB: Dummy for Feed; D_LHB: Dummy for Local Hen; D_VTB: Dummy for Vaccination
and Treatment; D_FLB: Dummy for Labor; D_LDB: Dummy for Land; D_KPB: Dummy for Capital.

The elasticity of inputs on outputs can be explained using the pooled model results.
The value of total poultry production looks more elastic with the number of hens followed
by vaccination and feed. A 1% increase in the number of hens increases the overall value of
production by 0.264%, revealing that holding a lower number of productive hens reduces
productivity. A small number of productive hens at the village level is attributed to financial
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capacity, high mortality, and the longer time needed to bring hens to reproductive maturity.
Feed is the other production and productivity limiting factor under village management
conditions. A 1% increase in feed expenditure increases the value of output by 0.041%.
Similarly, the effect of vaccination and disease treatment on the value of outputs is positive
and significant. A unit increase in vaccination expenditure increases the production value
by 0.153%, which could be associated with reduced mortality and enhanced productivity.

The effect of time spent on management is also positive and significant. A 1% increase
in an hour spent on management increases the value of production by 0.048%. Correspond-
ingly, the effect of landholding size on the value of production looks elastic and positive. A
1% increase in total landholding size increases the overall value of production by 0.026%.
This is expected as a larger holding size enables producers to keep larger flocks, produce
more feed, and construct better chicken housing. The proxy for household capital, the
average household income, has a positive but insignificant effect on the production value.
The country dummy indicator for the difference in macroeconomic policy, institutional
and environmental-related factors underline significant variations between countries. Con-
sidering Ethiopia as a reference, the indicators for Tanzania and Nigeria are positive and
statistically significant at 1%. This implies that village chicken producers in Tanzania and
Nigeria could produce more outputs by the given inputs than producers in Ethiopia.

Lambda, the ratio of ‘ui’ and ‘vi’, is remarkably high and statistically significant
at 1% in the pooled and country-specific models. This shows that the variation in the
technical inefficiency of chicken producers could be attributed to farm or household-
specific characteristics than random variation. The estimated variance for the pooled model
is 0.93, which indicates that about 93% of the total variation is due to variation in village
producer’s production efficiency and not random variability. The country-specific variance
for Ethiopia and Nigeria is also 93%, while the variance for Nigeria is 96%.

The sum of the partial elasticities of all the inputs or the return to scale for the pooled
data is about 0.55. This highlights a decreasing return to scale and suggests that increasing
all the inputs by 100% leads to an increase of output by 55%. Similarly, the country-specific
return to scale for Nigeria and Tanzania are 0.39 and 0.69, respectively. Unlike Nigeria and
Tanzania, the return to scale in Ethiopia is 1.0, which indicates a constant return to scale.
The decreasing return to scale underscores that current production technologies used by
village producers are not input elastic. This could be associated with the production system
and type of poultry breeds kept by producers. Therefore, illuminating the need to avail
other productive technologies and improved production practices with better elasticity to
inputs. When the production function exhibits a decreasing return to scale, using more and
more inputs would decrease productivity. Alternatively, the use of better technologies is an
appropriate option [9].

3.4. Level of Estimated Technical Efficiency and Exogenous Determinants of Inefficiency

Table 5 presents the estimated overall and country-specific technical efficiency of
village chicken producers in the three countries. The estimated technical efficiency for
the pooled model is about 38%, with a minimum of 28.5% in Ethiopia and a maximum
of 43.6% in Nigeria. This overall technical efficiency indicates that an average village
chicken producer produces 38% of the value of output produced by the most efficient
village chicken producer using the same technology and inputs. The average efficiency
score in the pooled model is less than the country-specific efficiency score in Nigeria and
Tanzania and greater than the country-specific efficiency score in Ethiopia. The pooled
and country-specific models suggest that producers in Nigeria and Tanzania use existing
resources efficiently than producers in Ethiopia. The estimated average technical efficiency
scores prove significant productivity variation among village chicken producers in the
three countries. This shows the presence of a tremendous opportunity to improve village
chicken production and productivity with available inputs without a momentous change
in production practices. A lower technical efficiency also highlights that improving farmers’
access to locally adapted technologies could be another important policy option to enhance
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productivity [39]. The available few empirical studies have also examined lower technical
efficiency levels in the region [6,20,40].

Table 5. Estimated technical efficiency (TE) by quantile flock size in the three countries.

Country
TE (Pooled) TE (Country Specific)

Mean Min. Max. Mean Min. Max.

Ethiopia 0.285 0.016 0.850 0.221 0.007 0.835
Nigeria 0.436 0.009 0.860 0.481 0.012 0.887

Tanzania 0.413 0.011 0.866 0.454 0.013 0.859
Overall 0.381 0.009 0.867

The low level of technical efficiency underlines the need for examining the potential
causes of efficiency differentials. This helps explore entry points for research and devel-
opment activities. Furthermore, including exogenous determinants of inefficiency in the
production function equation helps improve the estimated parameters [9,29]. As stated
above, the dependent variable in the exogenous determinant model is technical inefficiency
generated from the frontier model, and the exogenous determinants are household socio-
economic and other institutional variables. We present a summary of the model results
in Table 6. The estimated parameters from the regression model revealed that the level of
technical inefficiency is strongly affected by household and farm level characteristics. In the
estimated coefficients, a positive sign shows an increasing effect on technical inefficiency or
a decreasing effect on technical efficiency and the negative sign shows a decreasing effect
on technical inefficiency or an increasing effect on technical efficiency. We categorized
these characteristics into lack of experience in breed selection and management, technical
skill and experiences, management practices, access to institution and markets, household
livelihood strategies, farm/flock size, and an inter- and intra-household gender disparity.

3.4.1. Experience in Breed Selection and Management

Improved production practices play a significant role in enhancing the level of pro-
duction and productivity of smallholder farmers. In smallholder chicken production, the
productivity of chicken depends on breeds performances, including sexual maturity age,
the number of eggs/clutches, number of chicks produced per single hatch, adaptability,
and growth performance. The estimated coefficients from the pooled and country-specific
models highlight the presence of a negative and statistically significant association between
breed selection and culling with the level of technical inefficiency.

The marginal effect in the pooled sample shows that producers who practice breed
selection are 18% less inefficient than those who do not. The effect of breed selection in
Ethiopia and Nigeria is higher than in Tanzania. In Ethiopia, producers who practiced
breed selection are 36% less inefficient than others who do not. Breed selection improves
productivity by building a flock with the desired characteristics. According to the sampled
respondents’, producers use body size/weight, egg size/weight, egg productivity, feed re-
quirement, and others to select breeds. Empirical studies in developing countries have also
documented the critical role of breed selection in improving the production and productiv-
ity of chicken [5,41,42]. Despite the long duration it takes, in the rural household settings,
breed improvement through selection is more sustainable than other breed improvement
techniques [5]. The negative and significant association between breed selection and techni-
cal inefficiency also suggests enhancing smallholders’ access to locally adapted improved
breeds that produce better eggs and meat using modest change in management practices.
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Table 6. Stochastic frontier analysis results on determinants of technical inefficiency.

Variables
Coefficients (S.e.) Marginal Effect (S.e.)

PL ET NG TZ PL ET NG TZ

Breed
Selection −0.57 *** −0.54 *** −1.81 ** −0.77 ** −0.18 −0.36 −0.30 −0.18

(−0.16) (−0.18) (−0.79) (−0.39) (0.00) (0.00) (0.00) (0.00)
Culling −0.48 *** −0.42 *** 0.20 −0.75 * −0.15 −0.28 0.03 −0.18

(−0.15) (−0.15) (−0.48) (−0.41) (0.00) (0.00) (0.00) (0.00)
Length

Kept −0.04 *** −0.02 *** −0.05 ** −0.05 * −0.01 −0.01 −0.01 −0.01

(−0.01) (−0.01) (−0.02) (−0.02) (0.00) (0.00) (0.00) (0.00)
Trainings −0.45 ** −0.13 0.58 −1.01 * −0.15 −0.08 0.10 −0.24

(−0.21) (−0.18) (−0.84) (−0.53) (0.00) (0.00) (0.00) (0.00)
Credit
Access −0.46 ** −0.54 *** −1.59 −0.28 −0.15 −0.36 −0.27 −0.07

(−0.21) (−0.19) (−1.10) (−0.49) (0.00) (0.00) (0.00) (0.00)
Health
Access 0.42 *** −0.03 0.01 0.42 0.14 −0.02 0.00 0.10

(−0.15) (−0.150 (−0.560 (−0.39) (0.00) (0.00) (0.00) (0.00)
Housing

Index −0.57 * −1.44 *** 1.49 −0.43 −0.18 −0.96 0.25 −0.10

(−0.33) (−0.42) −1.12 −0.75 0.00 0.00 0.00 0.00
Management:

Either −0.18 −0.05 (−1.09) (−0.71) (−0.06) (−0.04) (−0.18) (−0.170

(−0.30) (−0.45) (−0.69) (−0.97) (0.00) (0.00) (0.00) (0.00)
Management:

Both −0.40 −0.14 −0.97 −1.11 −0.13 −0.09 −0.16 −0.26

(−0.32) (−0.46) (−0.83) (−1.01) (0.00) (0.00) (0.00) (0.000
Distance to

Road 0.12 *** 0.10 *** 0.14 * −0.15 0.04 0.07 0.02 −0.03

(−0.02) (−0.02) (−0.07) (−0.11) (0.00) (0.00) (0.00) (0.00)
Head

Education 0.00 −0.03 0.09 * −0.0) 0.00 −0.02 0.02 −0.01

(−0.02) (−0.02) (−0.05) (−0.05) (0.00) (0.00) (0.00) (0.000
Adult

Equivalent −0.07 *** 0.01 −0.20 ** −0.10 −0.02 0.01 −0.03 −0.02

(−0.03) (−0.03) (−0.09) (−0.07) (0.00) (0.00) (0.00) (0.00)
Livelihood
Contribu-

tion
−0.29 ** −0.15 −0.43 −0.51 −0.09 −0.10 −0.07 −0.12

(−0.14) (−0.14) (−0.48) (−0.35) (0.00) (0.00) (0.00) (0.00)
Income
Sources −0.25 ** −0.19 ** −0.07 −0.55 −0.08 −0.13 −0.01 −0.13

(−0.11) (−0.10) (−0.36) (−0.40) (0.00) (0.00) (0.00) (0.00)
Gender:
Female 0.31 * 0.04 0.3 1.11 ** 0.10 0.03 0.05 0.26

(−0.16) (−0.17) (−0.53) (−0.46) (0.00) (0.00) (0.00) (0.00)
Women

Emp. Index −0.75 * −0.44 −0.61 −2.23 −0.24 −0.29 −0.10 −0.53

(−0.43) (−0.39) (−1.45) (−1.62) (0.00) (0.00) (0.00) (−0.01)
Flock Size:

Q2 −0.76 *** −0.27 * −1.76 ** −1.05 ** −0.24 −0.18 −0.29 −0.25

(−0.17) (−0.15) (−0.73) (−0.47) (0.00) (0.00) (0.00) (0.00)
Flock Size:

Q3 −2.23 *** −0.48 * −4.16 *** −3.03 *** −0.72 −0.32 −0.70 −0.72

(−0.26) (−0.25) (−1.26) (−0.78) (−0.01) (0.00) (−0.01) (−0.01)
Flock Size:

Q4 −4.05 *** 0.50 −7.30 *** −5.55 *** −1.30 0.34 −1.24 −1.32

(−0.46) (−0.48) (−2.25) (−1.40) (−0.01) (0.00) (−0.01) (−0.02)

Inference: *** p < 0.01; ** p < 0.05; * p < 0.10; ET: Ethiopia; TZ: Tanzania; NG: Nigeria; PL: Pooled; S.e.: Standard error.



Sustainability 2021, 13, 8539 13 of 21

The pooled model shows that producers who practice culling are 15% less inefficient
than others. The effect of culling in Ethiopia is higher than the effect in Tanzania and
Nigeria. In Ethiopia, producers who practiced culling are 28% less inefficient than others.
Village producers cull chickens based on criteria related to farmers’ production objectives,
mainly income generation and consumption of products [43]. Culling helps remove low
productive and undesirable chickens. According to the sample respondents, most of
them use egg productivity, age, disease concern, body weight, and broodiness as the
most important criteria for culling. The strong relation between culling and technical
efficiency underlines the important role of building producers’ capacity in this aspect
through proper guidelines.

3.4.2. Technical Skills and Experiences

Village chicken producers’ skills and abilities in production and marketing decisions
have a significant role in improving the production and productivity of the sector. Expe-
rience in poultry production and participation in poultry production and management
training are the skill-related factors included in the inefficiency determinant model. There
is a negative and statistically significant association between experience in production
and technical inefficiency in the pooled and country-specific models. The marginal es-
timate shows that a unit increase in chicken production experience decreases technical
inefficiency by 1%. There is a negative and significant association between the producer
participation in training and technical inefficiency in the pooled and Tanzania models. The
pooled model shows that producers’ participation in poultry production and marketing
training decreases technical inefficiency by 15%. Producers who participated in poultry
management (feeding, watering, housing, breeding, health) and marketing training are
more technically efficient than others.

Moreover, to strengthen smallholders’ competitiveness with the emerging commer-
cial sector, their entrepreneurial skills such as record keeping (e.g., breeding, financial),
networking, and exploiting marketing opportunities need to be capacitated. The above
findings highlight the critical role of building the smallholder ability to enhance production
and productivity. Empirical studies have also documented the positive roles of skills and
experiences in smallholder’s technical efficiency [44–46].

3.4.3. Management Practices

Improved flock management practices such as better housing, feeding and watering
practices enhance smallholders’ production and productivity. The association between
housing index and technical inefficiency is negative and significant in the pooled and
Ethiopia models. The effect of this variable in Ethiopia is highly significant than the pooled
model. The marginal estimate from the pooled model shows that a unit increase in the
housing index reduces the technical inefficiency by 18.3%. In Ethiopia, a unit increase
in the housing index reduces technical inefficiency by 96%. The negative relationship
between these two variables is anticipated as poultry housing protects birds from extreme
weather conditions, disease contamination, predator attacks, accidents, and theft. The
multidimensional role of poultry housing to improve smallholder chicken production and
productivity has been documented by other researchers [4,47]. Although it is not significant,
the estimated parameter highlights the negative association between producers’ feeding
and watering practices and producers’ inefficiency level. Taking producers who do not
provide water and feed with containers as a reference, producers who provide water and
feed with containers look less inefficient. The availability of feeders and drinkers enhances
bird health through increased access to water and food, improved administration of drugs
and vitamins, and reduced contaminations of feeds and clean water. It also prevents mice,
rats, and other birds from eating their feed and transmitting diseases. Other researchers
have also explored the positive role of improved husbandry practices and input use to
enhance the productivity of the poultry sectors in developing countries [12].
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3.4.4. Access to Institutions and Markets

We included producers’ access to credit, access to health services, and access to all-
weather roads as institution and market related exogenous determinants of the inefficiency
term. There is a negative and significant association between producers’ access to credit
and technical inefficiency in the pooled and Ethiopia models. The pooled model show
that producers who have access to credit services are 15% less inefficient than producers
who have no access to credit services. In Ethiopia, producers who have access to credit are
36% less inefficient than others. Access to credit helps use productivity-enhancing inputs
such as feeds, vaccines, and other fixed assets such as feeders, drinkers, and better housing
systems. For instance, due to the limited financial capacity, smallholder producers usually
do not provide adequate vaccines and balanced feeds, leading to substantial loss of chicks
and reduced productivity. However, smallholders’ limited credit use could be attributed to
both supply and demand related challenges [48], and adopting integrated approaches are
feasible solutions. Other researchers have also examined the significant role of access to
credit on the technical efficiency of smallholder farmers in developing countries [49,50].

Vaccination and disease treatment practices are expected to have a positive effect on
technical efficiency. Contrary to expectation, there is a positive and significant association
between access to health services and producers’ inefficiency in the pooled model and
an insignificant positive association in Nigeria and Tanzania models. Although it is
insignificant, access to health services seems to have a negative effect in Ethiopia. There are
several explanations for the positive association between vaccination and disease treatment
practices and technical inefficiencies, such as failures of vaccines/medication and limited
extension and support services. Vaccine/medication failures might have resulted from a
lack of proper handling, quality of vaccines, use of local antigens, immunogenic response
inside the bird’s body, and inability to follow manufacturers’ instructions [51]. For example,
from the total respondents who used vaccines or different medications in 12 months,
more than half reported that the treatment was either poor or fair. Most of the producers
administered the disease treatment by themselves, and only a smaller proportion (4.3%)
received expert services. The limited skills of village producers and inadequate extension
advice would contribute to the reported vaccines or drugs failures.

Furthermore, the availability of health services does not merely lead to using the
services due to producers’ limited financial capacity or inadequate information on the
available services. For instance, out of the total respondents who had access to paid health
services, a sizeable proportion (51.6%) did not take any routine vaccination and treatments
in 12 months. This could be associated with fatigue from repeated drug failure, poor
services, limited capacity of veterinary workers, and inadequate supply of vaccines or
drugs or the workload if it is time-consuming. Alternatively, from the total respondents
who conducted routine vaccination or disease treatment, about 29.4% said they had no
access to paid veterinary services, indicating that producers likely have alternative means
of access to vaccine/disease treatment. The extensive use of traditional treatment options in
the three countries could be the other potential cause for an unexpected relationship. Of the
total respondents who experienced disease outbreaks, 26.2 and 32.3% of the producers used
traditional and modern medicine, respectively. The extensive use of traditional treatment
options may lead to significant loss of chicks due to the unstandardized administration
and limited efficacy of the drugs.

Taken together, the above pieces of evidence demonstrate that the availability of paid
health services may not lead to intensified use and success in disease prevention and
treatments at the smallholder level. This suggests building producers’ capacity in health
management options and establishing innovative health services delivery systems. Such
changes could be achieved through integrated approaches that include building producers’
ability in disease monitoring and identification and improved treatment and prophylaxis
of birds. Different stakeholders (e.g., the private sector, NGOs, cooperatives) that provide
livestock health and extension services need to be engaged for sustained outcomes.
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Producers’ distance from all-weather roads is an important indicator for access to
different institutions and markets. There is a positive and significant association between
distance to all-weather roads and inefficiency in the pooled, Ethiopia and Nigeria models.
In the pooled model, a unit increase from an all-weather road increases technical inefficiency
by 4%. In Ethiopia and Nigeria, a unit increase in distance to roads increases inefficiency
by 7 and 2%, respectively. Access to all-weather roads enhances access to input and output
markets and other productivity-improving services [18]. In developing countries where
there are limited suppliers of inputs and seasonal products consumption, access to central
markets has an irreplaceable role in improving the production and productivity of the
sector. Limited rural road connectivity affects production by increasing the cost of moving
inputs and outputs. Other empirical studies have also documented the positive role of
access to roads in smallholders’ technical efficiency [52,53].

3.4.5. Household Livelihood Strategies

Smallholders’ livelihood strategies involve a range of farms and non-farm activities
that significantly affect agricultural production and productivity. We included chicken
production contribution and an income diversification index in the inefficiency models.
The result highlights that producers who rank poultry production among the top three
livelihood contributors have a negative and significant association only in the pooled
model. The marginal estimate shows that compared to others, these producers are 9.0% less
inefficient. Farmers’ production goals and attitudes can explain the observed significant
association. Smallholder poultry production is mainly driven by economic and non-
economic goals, which dictate the management practices of producers. Smallholders’
production goals affect the choice of input and decision on the size of farms. Producers
who consider poultry production as significant livelihood contributors may invest their
time and resources to maximize economic and other non-economic gains. This illustrates
the role of producers’ orientation on the level of production and productivity.

The effect of the household income diversification index on the technical inefficiency
of households is negative and significant in the pooled and Ethiopia models. This result
implies that village producers who have diverse income sources are less inefficient than
others. In the pooled model, a unit increase in income diversification of households
would decrease the level of inefficiency by 8.0%, while in Ethiopia, it reduces the level of
inefficiency by 13%. This could be associated with better access to liquid capital to purchase
inputs, and improved social capital resulted during diverse activities [54]. In developing
countries, where there is a significant challenge to access liquid capital, diversified income
sources enhance producers’ ability to use the necessary inputs. The role of production
objective and income diversification in smallholder’s technical efficiency has also been
explored by other researchers [55–57].

3.4.6. Inter- and Intra-Household Gender Disparity

Poultry is the major type of livestock owned and managed by women in developing
countries [4,58,59]. This shows the need for considering the role of gender in the production
and productivity of the sector. We included a dummy indicator for head gender and simple
women empowerment index as exogeneous determinants of inefficiency. Considering male
as a reference, the relationship between the gender of head and technical inefficiency is
positive and statistically significant in the pooled and Nigeria models, suggesting that
female-headed households are more technically inefficient than male-headed households.
Compared with male-headed households, female-headed households are 10.0% more
technically inefficient. Higher technical inefficiency for female-headed households could
be associated with limited access to resources, information, and other institutional services
that help enhance production and productivity.

Conversely, there is a negative and significant association between the women em-
powerment index and technical inefficiency in the pooled model. This demonstrates the
role of improving women’s access to resources and their decision-making ability on pro-
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duction and productivity. Due to their crucial role in producing and consuming poultry
products, this depicts the need to identify gender-specific constraints and design interven-
tion that would enhance the sector’s efficiency [60]. Altogether, mainstreaming gender in
the research and development efforts and overcoming existing gender inequality could
be among the essential strategies in developing countries. Few empirical studies have
also documented the significant impact of gender empowerment in agricultural technical
efficiency [61].

3.4.7. Farm/Flock Size

Understanding the relationship between farm size and technical efficiency is a critical
issue given the relevance of the topic and uncertainties in the available researchers [62]. We
included a total number of chickens kept by households, measured by quantile size, in the
inefficiency model to assess the effect of flock size on the level of inefficiency. Considering
the first quantile as a reference, there is a negative and significant association between flock
size and technical inefficiency in the pooled and all country-specific models. However,
unlike Nigeria and Tanzania, the effect in Ethiopia is lower, which could be associated with
the smaller flock size variability among the sampled respondents. Compared with the first
quantile, the pooled model shows that producers in the second, third, and fourth quantile
are 24.3, 71.6, and 130.1% less inefficient, respectively. This result demonstrates that an
increase in flock size decreases the technical inefficiency of producers. Apart from the
economies of scale benefits, holding a larger flock size could be an incentive to use different
inputs (e.g., feed, vaccines, and housing) and improve overall production and productivity.
Empirical studies have also examined the effect of farm size on technical efficiency [63–65].

The farm size indicator strongly asserts the significant role of increasing flock size to
enhance the sector’s productivity. A smaller flock size at smallholder production could
be associated with a high mortality rate and slower replacement of productive stocks.
The mortality rate is highest during the chick stage due to inadequate vaccination, poor
management, and predators’ attack. A slower stock replacement is the result of low
hatchability, longer brooding periods, and small numbers of eggs set in a single hatch. The
availability of multiple factors for flock size-reduction suggests the need for innovative
interventions that would simultaneously address the most critical constraints. This may
demand introducing new chick delivery and raising system in the value chain that may
include integrating smallholder producers into the commercial production system to benefit
the two actors concurrently. However, as Alvarez and Arias [66] examined, increasing the
size of farms without building the technical skills and knowledge of producers may lead to
diseconomies of scale, which also underlines the critical role of integrated interventions to
enhance agricultural production in developing countries.

3.5. Implication for Sustainable Transformation

While the frontier model shows the number of productive hens, vaccination/disease
treatment, feed, and labor as essential inputs to enhance efficiency, the inefficiency model
demonstrates various socio-economic factors as the source of heterogeneous inefficiency.
Remarkably, results from the frontier and inefficiency models underline the need to tackle
multidimensional challenges to transform the inefficient, traditional production sector into
a more productive and efficient sector. These needs integrated interventions that address
the identified production and marketing constraints through innovative approaches. Such
approaches require multi-stakeholder engagement, including village producers, govern-
ment and non-government organizations, the private/commercial sector, marketing actors
such as collectors, and downstream actors such as processors and consumers.

We present a simple graphic summary of the possible integrated interventions in
Figure 1. The left side of the figure depicts major inputs currently used by most village
producers in the traditional production system. These are available resources that village
producers do not efficiently use due to the above-stated constraints. The center of the
figure portrays the integrated interventions identified from the frontier and inefficiency
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models. While some of these interventions focus on addressing specific challenges at the
farm, institutions or production environment level, others need to be integrated as a cross-
cutting issue to address various challenges across the whole value chain. Capacity building
and women empowerment are the two most critical cross-cutting issues that need to be
mainstreamed within all interventions. Aligning these issues in different interventions
would have significant contributions to sustain the sector transformation. Smallholder
producers need to be capacitated in a range of issues, including feed formulation, disease
prevention and treatments, flock management, marketing of products, collective actions,
and networking with other actors. Similarly, due to their vital role in the production,
consumption, and marketing of poultry products, women need to be at the center of any
strategic intervention to transform the sector. Although implementing selected intervention
may have specific outcomes, the sustainable transformation of the sector requires strategies
that incorporate development options listed under the integrated interventions.

Figure 1. Entry points to transform traditional village chicken production.

Moreover, strategies and development options that focus only on some of the sug-
gested interventions may lead to other potential problems that would result in major
economic and social losses. For instance, improved production and productivity without
access to a better market can lead to significant economic and financial losses. Therefore,
any intervention that aims to transform the sector should consider devising integrated
interventions that could be implemented through partnership and collaborations. The
role of integrated interventions for sustainable agricultural development is documented in
various studies [67,68].

The right side of the figure shows the bidirectional interplay between enhanced
efficiency and household livelihood outcomes. As stated above, household livelihood
strategies have a significant effect on the level of technical efficiency. On the other hand,
enhanced efficiency results in better livelihood outcomes through higher productivity gains
and reduced production costs. Figure 2 presents the average number of eggs and chicken
consumed in three months by quantile efficiency. On average, village producers in the lower
quartile have lower egg and chicken consumption levels than producers in higher quantiles.
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For instance, producers in the fifth quantile consumed 13 eggs in three months, while
producers in the first and second quartile consumed about two and seven eggs, respectively.
Higher eggs and live bird productivity help improve household members’ food and
nutritional security (i.e., women and children), increase household income, and even
social capital. The above findings show that the association between enhanced efficiency
and livelihood outcomes seems cyclical. We hypothesize that such cycles of improved
productivity and livelihoods would positively affect the beliefs of village chicken producers,
encouraging them to adopt better management and production practices. Therefore,
enhanced efficiency has a short-term effect on higher production or productivity, but it
also has a repercussive impact on the level of the sector’s overall performance due to the
positive reinforcing changes in perceptions and livelihood outcomes.

Figure 2. Households’ egg and chicken consumption by quantile efficiency.

4. Conclusions and Policy Implications

Village chicken production supports the livelihoods of many smallholder farmers in
Africa, but the sector is widely known for low production and productivity. This could
be associated with a lack of technical efficiency and inadequate technological progress in
the production system. Results from the empirical analysis presented above reveal high
technical inefficiency in the region, suggesting the presence of tremendous opportunities
to enhance the production and productivity of the sector without additional inputs. The
heterogeneity in technical efficiency is associated with multiple factors at household, farm,
and institutional levels. Therefore, policy options that aim to transform the sector should
address various challenges simultaneously at different levels. This may require implement-
ing integrated interventions tailored to the specific socio-economic and environmental
contexts of village producers. Research and development efforts need to give considerable
attention to building the capacity of smallholder farmers in various production and mar-
keting activities, with particular attention to the empowerment of women along the value
chain. A higher level of production efficiency could be achieved through a sizable and
strategical investment in capacity building through extension and training services and
creating enhanced input delivery and output marketing systems. Moreover, a decreasing
return to scale of the production frontier in our empirical model may suggest the limited
potential of existing technologies and production practices to generate higher outputs with
the increasing use of inputs. Shifting the production frontier by introducing improved
technologies that respond to better inputs use could be the other policy option. A po-
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tential and immediate solution would be improving village producers’ access to locally
adapted and farmer preferred improved breeds and production practices. The above policy
options can be realized through innovative public-private partnerships, and stakeholder
engagement approaches.
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