Pre prints.org

Article Not peer-reviewed version

The Efficiency of Poultry Farms: A
Dynamic Analysis Based on a
Stochastic Frontier Approach and Panel
Data

Maria Bonaventura Forleo , Paola Di Renzo, Luca Romagnoli, Vincenzo Giaccio , Alfonso Scardera

Posted Date: 26 August 2025
doi: 10.20944/preprints202508.1929v1

Keywords: financial items; technical inefficiency; fixed effects; panel data; FADN; Italy; SFA; COVID-19

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/605393
https://sciprofiles.com/profile/4004619
https://sciprofiles.com/profile/974590
https://sciprofiles.com/profile/392147
https://sciprofiles.com/profile/4720861

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 August 2025 d0i:10.20944/preprints202508.1929.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

The Efficiency of Poultry Farms: A Dynamic Analysis
Based on a Stochastic Frontier Approach and Panel
Data

Maria Bonaventura Forleo 1#, Paola Di Renzo !, Luca Romagnoli !, Vincenzo Giaccio !
and Alfonso Scardera 2

1 Department of Economics, University of Molise, Via De Sanctis, 86100 Campobasso, Italy
2 Council for Agricultural Research and Economics (CREA), Via G. Vico, 4, 86100, Campobasso, Italy

* Correspondence: forleo@unimol.it

Simple Summary

Global poultry production has seen a dramatic rise over the last 50 years and is expected to increase
further to satisfy the growing demand. Understanding how efficiently firms utilize their inputs to
generate increasing outputs is crucial and takes on greater importance in periods of market
turbulence that can affect the performances of firms, such as the recent years characterized by avian
influenza outbreaks and Covid-19 pandemic. Findings of the study indicate that the efficiency of
Italian poultry farms in the period was attributable to the management of farms’ assets, the
availability of resources, and some characteristics of farms. Improving the management of capital
endowment and current costs is essential for supporting farms' economic performance and resilience,
as well as for ensuring product quality and safety and animal welfare.

Abstract

EU production is important on global poultry markets and is concentrated in a few countries, among
which Italy. Aim of the study is to investigate the technical efficiency of Italian poultry farms in years
2019-2022 characterized by Covid-19 pandemic and avian influenza that occurred almost
simultaneously and that presented poultry farms with important economic challenges. In particular,
the study aims to observe how efficiently poultry farms utilized their inputs due to controllable or
managerial factors and to exogenous shocks and factors beyond the firm's control. Data was retrieved
from the RICA database, the Italian section of the EU Farm Accountancy Data Network. After a
descriptive analysis, a Stochastic Frontier Model was applied to the panel data to estimate the
production frontier and firm-specific inefficiency factors. Results reveal the relevance of certain cost
categories (feed, water, fuel and electricity) and their increase over the observed period. Current and
capital costs have a positive and significant impact on the value of production. As regards the
determinants of technical efficiency, a greater endowment of some inputs (labor, feed, and water)
and the size of farms in terms of livestock units are correlated with an improvement in the technical
efficiency of farms.

Keywords: financial items; technical inefficiency; fixed effects; panel data; FADN; Italy; SFA; COVID-19

1. Introduction

Poultry production plays a central role in the livestock sector. The global production of poultry
meat has seen a dramatic rise over the last 50 years, multiplying significantly since 1961. Poultry is
the livestock species with the strongest relative change over all the period and compared to the first
two decades of the new millennium [1]; from year 2020 to 2023 the increase continued (+7%) and the
production value reached an amount of 144.2 million tons, but it was surpassed by that of pig meat
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production (15%). As regards prospects, according to an OECD-FAOQ report [2], the global poultry
production and demand is expected to increase by 2035, despite the increases in energy and feed
costs, because poultry products are a cheaper alternative to other animal proteins. The EU production
counts for 9.3% of the global total of poultry meat and is highly concentrated in few countries [3]: in
descending order, Poland (20.6%), Spain (12.9%), Germany (11.7%), France (11.5%) and Italy (10%).

As regards Italy, the sector represents 7.8% of the value of the national agricultural production
and 3.9% of the agro-industrial turnover, and it constitutes a significant part of the livestock market
[4]. From 2019 to 2021, the Italian sector experienced declines in production volumes because of
COVID-19 and avian influenza, and it was unable to satisfy the domestic demand. Chicken prices at
source found new momentum in 2022, supported by a sharp reduction in supply and an increase in
the costs of raw materials which had a significant impact on production costs and net profit, most of
all in the first period of COVID-19 lockdown [5,6].

Considering above trends, understanding how efficiently firms utilize their inputs to generate
outputs is crucial in economic analysis and takes on greater importance in periods characterized by
turbulence that can affect the performances of firms.

Since the beginning of the decade, and especially in the years 2019-2022, several exogenous
shocks, such as the pandemic and avian influenza events, have hit the sector at global level and raised
the cost of raw materials, mainly energy and feed. The European poultry sector suffered a contraction
in production, mainly because of avian influenza (which mostly concerned the northern countries),
but it recovered in recent years, on both the demand and the supply sides. A moderate growth in
production was recorded in the most important European countries in the poultry sector, such as
Poland, Spain and Germany.

The extant literature draws attention to the considerable number of variables that must be given
consideration when assessing a farm's technical efficiency. This concept pertains to the efficiency with
which farms utilize their inputs to achieve optimal output. This process entails the minimization of
waste and the maximization of productivity, given the available resources and technological
capabilities [7]. In other words, it is considered that a farm is technically efficient when it operates at
maximum output capacity, considering the inputs and technology utilized. Conversely, this denotes
the process of attaining the desired level of production with the minimum possible input [8]. That
means lower costs and higher profits.

The measurement of technical efficiency is typically accomplished through the utilization of a
"frontier" of best-practice farms as a benchmark. This approach serves to indicate the proximity of a
given farm's production to its maximum potential.

It is hypothesized that large farms may enhance technical efficiency by leveraging economies of
scale [9], thereby facilitating the adoption of novel technologies and optimal management practices
[10,11], including planning and organizational strategies [12]. Regarding the inputs employed in
production processes, the efficient utilization of fertilizers, energy, water, and labor is imperative [13].
Poultry production systems should be optimized to enhance their energy/resource efficiency by
developing the necessary infrastructure across all stages of production; digital technologies may
support maximizing production efficiency, most of all in contexts of growing frequency of crises,
such as the recent COVID-19 epidemic [14].

As indicated by extant literature, additional variables have been shown to be positively
correlated with technical efficiency: these include farmers' level of education and training [15], access
to credit, and access to extension and information services [16].

In the context of livestock farming, the measurement of technical efficiency and profitability is
predicated on the consideration of key inputs, including feed, labor and land use, with a view to
producing outputs such as milk, eggs and meat [17]. A further key objective is the minimization of
production costs. It is evident that the costs associated with feeding, labor, and medical care are
significant factors in determining the technical efficiency and profitability of a livestock farm. This is
of relevance to the poultry sector, where a significant proportion of these costs could be governed by
contracts [18].
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The analysis of technical efficiency in livestock farming, as in agriculture, facilitates the
assessment of the extent to which a farm successfully converts input into outputs (e.g. livestock or
crops) and the degree to which those outputs translate into financial performance. This analysis can
reveal areas where a farm excels or struggles, thus guiding decisions to improve both technical and
financial results. In this regard, certain studies have employed a stochastic frontier production
approach to estimate the efficiency of poultry farms [19,20].

In the context of financial assessment, revenues, capital costs, and current costs are the most used
items to evaluate the financial results of the technical performance of an agricultural or livestock
business.

The financial implications of poultry production have been shown to have a considerable effect
on the overall profitability of poultry farming [21]. This has been particularly pronounced during the
period of the global pandemic of Coronavirus (SARS-CoV-2). As [22] demonstrated, the production
costs enumerated above, market prices, and efficient resource management play a crucial role in
determining the profitability of a poultry operation.

Standardized total gross revenue is widely regarded as the total return on an investment prior
to any deductions and is frequently used to evaluate the genuine financial implications of an
investment, as well as to facilitate a comparative analysis between potential investments. This
variable is preferable to net income, as many poultry farms have contracts that could exclude certain
business costs, such as veterinary fees, external services, etc., which are borne by the chick owner
[23]. Consequently, the cost structure, encompassing both capital and current expenses, incurred by
the farmer exhibits variability across different farms.

The survival of many poultry farms is facilitated by using family members as work units, thus
avoiding involvement in market risks inherent in contractual arrangements. Family labor is
frequently a hidden cost and not considered in calculating farm profitability; however, it is a valuable
variable for calculating the technical efficiency of family-run poultry farms, just like standard work
units, as well as for large, automated contract farms, which require minimal labor and family labor
[24].

The livestock unit is a variable often considered in literature to measure the technical efficiency
of a livestock farm. This is done to evaluate productivity [25], production systems or pasture use by
different types of herbivores. It is a standardized measure that facilitates the comparison and
aggregation of diverse livestock types. Furthermore, it is a variable that is well suited to the two main
categories of poultry farms (layers, broilers) to determine overall poultry density, feed management
strategies, and feed costs [26].

The utilized agricultural area (UAA) is another factor considered when measuring the technical
efficiency of a poultry farm. The land can be used to grow crops for poultry feed and to manage
poultry waste which generates valuable soil fertilizer [27]. This affects both large and small farms,
including contracted and extensive poultry farms [28]. As feed is one of the main production costs
for poultry farms, producing it in-house can provide a competitive advantage [29,30].

As regards the approaches used to investigate firm technical efficiency, researchers have
calculated the technical and productive efficiency of poultry farms using both stochastic frontier
analysis [18,31] and data envelopment analysis [32,33]. As [18] stated, the choice between the two
approaches is dependent on the research objectives, the nature of the farms involved, the available
data, and the sample size.

Aim of the study is to investigate the technical efficiency of Italian poultry farms along the time
span 2019-2022, and to observe how efficiently they utilized their inputs due to controllable or
managerial factors and to exogenous shocks and factors beyond the firm's control. The attention paid
to the Italian case is motivated by two types of factors, mentioned above: the importance that the
country has in the European poultry sector; and the importance that the poultry sector has in the
Italian livestock and agricultural economy. The temporal reference of the analyzes to the years 2019-
2022 places emphasis on a period characterized by events, such as the pandemic and avian influenza,
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that occurred almost simultaneously and that presented poultry farms with important economic
challenges.

After a descriptive analysis of the most relevant economic variables observed in the period and
of their dynamic, a Stochastic Frontier Model applied to panel data of Italian poultry farms allows to
estimate the production frontier and the firm-specific factors of inefficiency over the observed time
span.

2. Materials and Methods

2.1. Materials

The data for the analyses were retrieved from the RICA database, the Italian section of the EU
Farm Accountancy Data Network (FADN) managed by the CREA, the national Council for
Agricultural Research and Economics. The RICA datasets collect detailed technical, economic, and
structural information on Italian agricultural enterprises.

The selection of farms was based on two fundamental criteria. The first criterion concerns the
Technical-Economic Orientation (TEO): only farms whose main activity falls under poultry farming
were included, in accordance with the ISTAT classification of agricultural activities. The second
requirement relates to data completeness during the entire observation period, and consistency,
meaning that the selected farms present a complete and coherent dataset for all recorded economic
and structural variables.

The analyzed sample includes 122 Italian poultry farms observed over the period 2019-2022, for
a total of 488 observations in a balanced panel format. For these farms, balance sheet items and some
structural data were considered.

The construction of the dataset required a careful selection and organization of variables that are
essential for specifying both the production frontier and the inefficiency model.

The whole dataset includes several variables concerning the structural characteristics of the farm
and all items included in their financial statements. A preliminary analysis of the literature was useful
for selecting the main variables adopted in the studies.

The main variables included in the econometric analysis are described below:

Value of Production (VoP, €): captures the total value of the revenue from livestock production
of the farm, expressed in euros. It represents the output of the production function, reflecting the
farm’s income-generating capacity from poultry activities;

Current Costs (CurC, €): include all operating expenses incurred in the current year, such as
feed, veterinary drugs, energy, routine maintenance and external services. They reflect the short-term
intensity of input use;

External Services Costs (ESC, €): include expenses related to ancillary activities, health and
veterinary services, and insurance, provided by third parties;

Capital Costs (CapC, €): comprise depreciation of fixed assets and other capitalized
expenditures, representing long-term investment in assets;

Livestock Units (LivU): this dimensional variable quantifies the farm’s livestock capital by
converting different categories of poultry (e.g., laying hens, broilers) into a standard unit. It serves as
a proxy for the scale of poultry production;

Utilized Agricultural Area (UAA, ha): indicates the land area (in hectares) used for agricultural
activities. While poultry farming is typically intensive and land-light, UAA may capture integration
with on-farm feed production or the management of manure;

Labor Units (LabU): measures total labor input, whether hired or family-based, expressed in
standard annual labor units. It reflects the overall labor intensity of the production process;

Family Labor Units (FLU): as a subset of total labor, this variable measures the contribution of
family members. It allows differentiation of labor organization strategies and may have implications
for technical efficiency;

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1929.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 August 2025 d0i:10.20944/preprints202508.1929.v1

5 of 13

TEO_Poultry (TEO_P): a categorical variable expressing the principal Technical-Economic
Orientation in poultry farming. It was subdivided into two categories: TEO_PMeat, for the firms
having the highest VoP share in meat production, and TEO_POther, for firms with principal
orientation towards the eggs or mixed meat-eggs production.

2.2. Methods

As previously argued, understanding how efficiently firms utilize their inputs to generate
outputs is crucial in economic analysis. Traditionally, production functions represent the maximum
possible relationship between inputs and outputs. However, in practice, firms rarely operate at their
full potential capacity.

Two methods are mostly used in literature for the estimation of the efficiency of livestock
farming, Stochastic Frontier Analysis (SFA) and non-parametric Data Envelopment Analysis (DEA).

Stochastic Frontier Analysis (SFA), a powerful econometric methodology introduced by [34] and
developed by [35], measures and explains a firm's deviations from its potential production frontier
by focusing on the nature of such deviations.

Other approaches, such as Data Envelopment Analysis (DEA), a non-parametric and
deterministic method, attribute every deviation from the estimated efficiency frontier entirely to
technical inefficiency. According to the DEA, if a firm fails to achieve the maximum possible output
from its inputs, this is solely due to intrinsic managerial or operational shortcomings. These models
do not account for the influence of random external factors or measurement errors in the observed
data.

In contrast, SFA adopts an approach that explicitly recognizes that deviations from the
production frontier may arise from two distinct sources:

1. technical inefficiency: intrinsic shortcomings in the firm’s ability to operate on the frontier
due to controllable or managerial factors;

2. stochastic noise: exogenous shocks, measurement errors, or other random factors beyond
the firm's control (e.g., weather events, market fluctuations).

This crucial ability to separate technical inefficiency from stochastic noise represents the main
advantage of SFA over purely deterministic methods and was the reason that guided the choice of
this method instead of the DEA. It allows for a more realistic estimation of inefficiency, free from
random disturbances, thereby providing a more accurate and informed picture of productive
performance and areas for improvement.

The core principle behind SFA lies in the specification of the production function and in the
composition of its error term.

Model is formulated as follows:

Yiemexp (xiB + Vi - Ujp) 1)

Each component of the model can be interpreted as follows:

Y;: represents the value of the livestock output achieved by firm i in period t. It is the variable
to be explained;

x;¢ : this is a vector of explanatory variables (production inputs such as capital, labor, raw
materials, and other factors influencing production) for firm i in period t. These are the factors
controlled by the firm that affect its productive capacity;

f : a vector of unknown coefficients quantifying the impact of each variable in x; on
production, whose estimation is fundamental for defining the potential “frontier”;

Vi : this component captures the “stochastic noise” or random error. It is assumed that the
Vi, are independent and identically distributed (i.i.d.) random errors following a normal distribution
with zero mean and variance ¢Z, i.e. N(0,072). These errors represent factors beyond the firm’s
control, such as unexpected weather variations, measurement errors in the data, or temporary
economic shocks. It is important to emphasize that they are independent of Uy;
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U;; : this is the crucial component representing technical inefficiency in production. Unlike Vj,,
the Uj, are non-negative random variables. This makes sense: a firm can operate below the frontier
(positive inefficiency) but cannot produce more than what the stochastic frontier (which already
includes noise) allows. The greater the value of Uy, the higher the technical inefficiency.

A key innovation in SFA, particularly evident in the context of panel data and developed by [35],
is the assumption that the inefficiency effects U;, are not simply random variables with a fixed
distribution (such as the half-normal) but may instead be influenced by firm-specific factors that vary
over time. The U;; values are obtained from the truncation (at zero) of a normal distribution with
mean z;;§ and variance ¢2. More formally, the technical inefficiency effect U;, can be specified as:

U= 78 + Hj; )

where:

z; : this is a vector of explanatory variables that influence the technical inefficiency of firm i in
period t. These variables may include managerial, structural, or environmental factors, or any
element believed to affect the firm's ability to operate efficiently;

6 : a vector of unknown coefficients that describe the impact of each variable in z; on
inefficiency;

H;; : arandom variable defined by the truncation of a normal distribution with mean zero and
variance o2, with truncation point —z;;§. This specification ensures that U;, is non-negative, as
required by inefficiency theory.

The estimation of the parameters in the SFA model is generally carried out using the Maximum
Likelihood Estimation (MLE) method. This approach allows for the simultaneous estimation of both
the production frontier parameters f and the inefficiency model parameters §. The likelihood
function is expressed in terms of the variance parameters o7=02 +0?2, and the ratio a=0%/0#, which
indicates the proportion of the total error variance attributable to inefficiency. A value of a close to
one suggests that most of the deviation from the frontier is due to technical inefficiency, whereas a
value close to zero indicates that stochastic noise prevails.

Once the model parameters are estimated, the ultimate goal is to predict the technical efficiency
for each firm and time period. The technical efficiency of production for firm i at observation ¢ is
defined as:

TE;=exp exp (—z;t6 — H;p) 3)

The values of TE;; range between 0 and 1, where 1 indicates full efficiency (i.e., the firm operates
on the stochastic frontier), and values below 1 represent increasing degrees of inefficiency. The
prediction of these efficiency scores is based on the conditional expectation of —Uj;, given the model
assumptions, thus providing an estimate of the relative efficiency of each production unit.

In the present study, the production function was specified in a log-linear form, with the
logarithm of total farm revenue used as the dependent variable, while the explanatory variables
(productive inputs) included in the model are the logarithms of all the considered costs.

The functional form adopted is therefore:

log(VoP,) = By + B1log(CurC;,) + B,log(ESC;y) + Bslog(CapCip) + Vi — Uj; 4)

Regarding the technical inefficiency model, in accordance with the specification proposed by
[35], it was assumed that inefficiency depends on a set of structural and managerial characteristics of
the firm; specifically, the inefficiency term U;; was modelled as:

Ui = &g + 6, (LivU;p) + 8, (UAA;,) + 83(LabU;) + 6,(TEO_PMeat) + Hj, 5)
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3. Results and Discussions

The present section is organized firstly giving brief information and descriptive statistics
regarding the characteristics of the farms in the sample and the variables used in the econometric
analyses; then, econometrics results are presented.

3.1. Descriptive Characteristics of Italian Poultry Farms

Following the selection criteria described in the previous section, the sample was composed of
122 livestock farms for a total of 488 observations over the period 2019-2022.

Most of the units (43%) are in Eastern Italy, the 30% and 18% are located respectively in Southern
and Central regions. More than 40% of the firms are in plain areas, 24% and 28% in mountainous and
hilly inland areas. About half of the units were established by inheritance; rent (21%), donation (16%)
and purchase (10%) are less important as a way of starting the livestock businesses. As for the legal
form of the units, 75% of enterprises are sole proprietorship and 22% are simple companies. As
regards the employment profile, two types of farms are represented: firms that are managed with
exclusive family labor (43%) and farms with a predominance of the family labor units (48%). The
livestock entrepreneur has the following main characteristics: young in 13% of firms, female in 24%
of enterprises.

The distribution of units by classes of economic dimensions (defined by Reg CE 1248/2008) is as
follows: about 40% of units is of a big size (1 million € or above), 26% of firms has between 500
thousand and 1 million €, the 28% fall in the class 100-500 thousand euros, and the remaining
percentage has less than 100 thousand €. The sector is highly concentrated and mainly characterized
by large-sized organizations: the biggest firms represent almost 73% of the value of livestock output
and 84% of the livestock units in the sample.

Table 1 reports some descriptive statistics of the farms in the sample. In the period 2019-2022,
the total value of the livestock output shows a slight decrease in the first three years but closes the
period with an increase of 17% over the average in the previous three-year period.

Table 1. Descriptive statistics of the main structural variables and financial items by year.

Item 2019 2020 2021 2022
Mean Céef,f' Mean C(,)Ef,f' Mean C(,)Ef,f' Mean Céef,f'
Variation Variation Variation Variation

LivU 495.1 19 462.6 1.9 507.8 1.9 452.4 19
LabU 2.6 1.3 2.5 1.2 2.5 1.1 2.5 1.1
FLU 1.7 0.5 1.7 0.5 1.7 0.5 1.7 0.5
UAA 12.4 2.0 12.6 2.0 12.7 2.0 13.2 2.1
VoP (€) 149535.8 3.1 148266.8 3.3 147995.2 3.4 175240.1 3.7
CurC (€) 138555.6 2.2 132070.0 2.2 139736.4 2.2 174113.7 2.8
ESC (€) 9158.6 3.2 10252.4 3.0 9129.7 34 7147.8 1.9
CapC (€) 15291.9 1.3 14107.4 1.1 12850.8 1.1 12255.0 1.2

The number of livestock units shows annual changes and an up-and-down pattern, but the
period closes with a reduction in units compared to year 2019 and to the average size of firms in years
2019-2021. As regards the main cost categories, current costs are very relevant and increase in the
period, closing with a surge of about 25% in 2022. Long-term costs and the costs for external services
report on average a decrease in the period, maybe because farms try to face the surge in the amount
of the current costs.

The characteristics of firms in terms of labor are described as follows: in the investigated
population the biggest farms represent 56% of the work units and 47% of family labor units; the
medium-large sized units count for 22% of LabU and 25% of FLU; and medium farms weigh 18% and
24% respectively in terms of LabU and FLU. Indeed, livestock farms are not very labor intensive:
from the group of the smallest firms to the one with the biggest units in terms of economic
dimensions, the average size of farms in the period goes on average from 1.7 to 3.6 LabU, and from
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1.3 to 2.0 in terms of family labor units. Furthermore, as reported in Table 1, both labor aggregates do
not show changes in the period 2019-2022. At this regard, evidence suggests that the employment of
automation and controlled environments in large-scale poultry farming systems results in a
reduction in the overall demand for labor [36,37].

Figure 1 reports the mean value and the standard deviation of costs amount by year and cost
categories showing the relevance of feed costs, the increase of their amount in the last year and a high
standard deviation. The other cost categories reported a slight increase in their absolute amount, and
veterinary costs show the highest variability in each year of observation. As emphasized by [38], in
the observed period the repercussions of the pandemic and the resultant protracted lockdown have
had a substantial impact on the livestock sector, the poultry production system and associated value
chains, nutrition, and healthcare costs.

When the amount of costs is expressed in terms of livestock unit (Figure 2), it is evident that all
categories reported a strong increase in the last three years 2020-2022, especially the costs for feed
and for water, fuel and electricity.
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Figure 1. Mean and standard deviation of the main cost categories (€).
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Figure 2. Mean and standard deviation of the main cost categories by LivUs (€/LivU).

The dynamic of costs described above could reflect the impacts on Italian farms of the epidemic
and pandemic events that occurred in the observed period, consistently with some literature.

The surge in chicken feed costs in the period was attributed to the escalating costs of agricultural
fertilizers observed during the pandemic years, consequently exerting an indirect influence on the
production costs of cereals and, by extension, of feed [39].
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Poultry farming is an energy-intensive sector that requires a significant amount of fossil fuel to
ensure the desired internal temperature for the health and production level of chickens. Fuel is used
for heating and cooling, lighting, ventilation and the functioning of electric motors for the feed lines.
These factors translate into high operating costs [40]. Furthermore, the increase in energy costs in
years 2020-2022 was exacerbated by the protracted storage times for meat and egg-producing poultry
on farms, due to forced transportation slowdowns and a sluggish market during the pandemic; the
reduction of production due to the epidemic outbreaks may have impacted on the energy cost per
unit of animal.

3.2. The Technical Efficiency of Livestock Farms: Results of the Econometric Analysis

Table 2 reports the parametric estimation results for SFA models (4)-(5).

Table 2. Estimation results.

Item Estimate Std. Error z value Pr(>1zl) Signif.
(Intercept) 5.128 0.201 25.478 <0.001 e
log(CurC) 0.643 0.018 35.618 <0.001 o

log(ESC) -0.010 0.008 -1.162 0.245

log(CapC) 0.021 0.007 3.064 0.002 **
Z_(Intercept) 1.401 0.214 6.543 0.000 o
Z_LabU -0.388 0.150 -2.584 0.010 >
Z_LivU -0.001 0.001 -2.824 0.005 o

Z_UAA -0.049 0.029 -1.709 0.087 .
Z_TEO_PMeat -0.295 0.117 -2.510 0.012 *
sigmaSq 0.219 0.037 5.930 0.000 o
alpha 0.564 0.086 6.572 0.000 ok

Scheme 0. “** 0.01 * 0.05 . 0.1 “” 1. Log likelihood value: -186.9423. Mean efficiency in each year.

2019 2020 2021 2022 Global
0.803 0.806 0.803 0.793 0.801

In the first part of the model, the dependent variable, represented by the poultry farms' VoP
(expressed in logarithmic form), is explained by three production inputs: current costs, external
services costs and capital costs, also transformed into logarithms. The results show that the first and
the last of these cost types have a positive and significant impact on production, confirming their
incisive role in creating value.

On the other hand, third-party services do not make a significant contribution to VoP. Veterinary
services are essential to ensure animal welfare and as a preventive measure for disease surveillance;
during the pandemic years, the provision of these services was very difficult, and costs increased [41].
Access to external services, such as veterinary services, is a particularly important issue for small
farms, as they are not covered by the contractual conditions that medium and large poultry farms
rely on, making them vulnerable to any crisis. The situation is different for medium and large poultry
farms, as they have existing sharecropping contracts, meaning these services are most likely paid for
by the chicken owners [5,42]. This could be the reason why the results of the analysis do not highlight
a significant role of external costs due to the characteristics of the sample farms analyzed.

The second part of the model concerns the analysis of the determinants of technical efficiency
based on the following explanatory variables: LabU, LivU, UAA and TEO_Poultry, the latter coded
as a dummy variable (Meat/Other). As can be seen, the selected variables are significantly associated
with a reduction in inefficiency, with negative coefficients presenting a p-value of less than 0.05 (apart
from UAA, which is significant at 10% level): this implies that a greater endowment of these factors
is correlated with a reduction in inefficiency and therefore an improvement in technical efficiency.
The TEO_Poultry variable, which is of special interest in this study, is significant in the sense that
firms specialized in poultry meat production are less inefficient (or more efficient) than the poultry
firms oriented to other outputs.
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Utilizing a stochastic frontier production analysis approach, [18] attained analogous outcomes
by concurrently estimating TE levels and ascertaining the factors influencing the efficiency of poultry
farms in Pakistan. Specifically, the findings indicate a positive correlation between labor units, feed
consumption, and water consumption with poultry production value; as in our study, the cost of
veterinary services for animal vaccination was found to be insignificant.

Regarding family-run poultry farms, the different functional combinations of activities and
resource flows managed by agricultural families allow for good efficiency maintenance as they are
not very dependent on external pressures. However, firm organization and efficiency depend on
several factors, including the level of mechanization, the integration between crops and livestock,
and the market orientation, which is therefore subject to external variables.

The alpha value of 0.564 means that about half of the deviation from the frontier is due to
technical (in)efficiency.

Finally, the analysis of technical efficiency shows a constant mean value of the efficiency over
the period 2019-2022 with an overall average value of 0.801.

Above findings indicate that in the period of investigation the efficiency of Italian poultry farms
was attributable to the management of farms’ assets, the availability of resources, and some
characteristics of farms. Although the period observed was characterized by an increase in certain
costs (most of all, feed and energy costs), farms demonstrated resilience to the external shocks. This
does not mean that poultry farms have not suffered the effects of the external pandemic in the short
term, but that they may have developed strategies to address these events through effective resource
management that must be maintained and improved by acting on key efficiency factors.

The analyses were based on the EU-IT FADN database that focuses on specific farm types and
sizes and may not capture the full spectrum of livestock farm diversity. This could be a limitation of
the sample examined, particularly considering the exclusion of small poultry farms, although the
poultry sector is mainly characterized by medium- and large-sized farms. A future research direction
could consider the size of the farms based on a different data source or on a direct survey, as well as
other variables.

4. Conclusions

Aim of the study was to investigate the technical efficiency of Italian poultry farms over the
period 2019-2022, and to observe how efficiently they utilized their inputs due to controllable or
managerial factors and to exogenous shocks and factors beyond the firm's control. Findings of the
study indicate that the observed technical inefficiency of Italian poultry farms was predominantly
attributable to the management of the farm's assets, the availability of resources and factors, and the
characteristics inherent to the poultry farm. Consequently, firms’ emphasis should be directed at
improving the management of capital endowment and costs as well as of current costs.

The findings of the study are corroborated by the stochastic frontier approach, which
demonstrates a positive correlation between labor units and both feed consumption and production
value. This result implies that the integration of management activities and resources could ensure
that optimal levels of efficiency are maintained, thus reducing dependence on external factors and
sensitivity to external shocks. Furthermore, the relevance of feed costs and water, fuel and electricity
costs and their sharp increase in recent years suggest how crucial the management of these inputs is
to improve the economic performance of firms and their resilience, as well as to ensure product
quality and safety and animal welfare.
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Abbreviations

The following abbreviations are used in this manuscript:

DEA Data Envelopment Analysis
FADN Farm Accountancy Data Network
SFA Stochastic Frontier Analysis

TE Technical Efficiency

TEO Technical-Economic Orientation
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