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A B S T R A C T

Sustainable coffee production promises to improve production techniques and enhance the socioeconomic
conditions of smallholder farmers. Using primary survey data from 659 coffee producers in Honduras, this study
assesses the impact of voluntary sustainability standards (VSS) on the technical efficiency of smallholder coffee
production. The article uses the Stochastic Production Frontier Analysis model to analyze and compare the
technical efficiency (TE) of certified and non-certified coffee producers. To provide reliable comparability be-
tween groups, the dataset was balanced using Covariate Balancing Propensity Score (CBPS). The results show
that the mean technical efficiency was 52.86% for pooled certified farmers and 55.56% for non-certified
smallholder coffee producers. Specifically, the technical efficiency of 4C farmers was 51.58%, 53.82% for the
Fairtrade group, 60.56% for RA farmers, and 60.15% for the UTZ group, indicating substantial inefficiencies in
the coffee production of the different certified groups. Results from Tobit’s model for the determinants of TE
indicated that variables such as the age of the household head, access to credit, and training attendance are
among the main factors that significantly drive the technical efficiency of certified and non-certified farmers.
Based on the findings, enhancing education opportunities, improving infrastructure for better market access and
farm management, and expanding credit access are recommended to improve efficiency in the study area.
Honduran smallholder coffee producers have considerable potential to increase output with existing technology
by improving their technical efficiency. Therefore, stakeholders’ efforts should focus on enhancing efficiency
levels and capitalizing on potential gains for both certified and non-certified farmers, to ultimately improve the
farmers’ livelihoods.

1. Introduction

Coffee production has grown steadily over the past decades. While
consumption is largely concentrated in the Global North, particularly in
the European Union (EU), the USA, and Japan (Panhuysen & Pierrot,
2020), production is primarily centered in the Global South, within the
tropical regions of developing countries, and predominantly carried out
by small-scale farms (ICO, 2020). The global coffee market is associated
with various socioeconomic and environmental challenges, such as price
fluctuations, asymmetry of income distribution between downstream
and upstream value chain actors, and agricultural intensification
(Lenzen et al., 2012; Panhuysen & Pierrot, 2018).

Over the past three decades, Voluntary Sustainability Standards
(VSS) have emerged as a prominent tool in the private sector to address
these sustainability issues (Giovannucci & Ponte, 2005; Pierrot et al.,
2010). These schemes are designed to improve the socioeconomic well-
being of coffee-growing communities, reduce the environmental foot-
print of coffee production, and protect the health of affected ecosystems
(Potts et al., 2014). However, it remains contested whether VSS truly
leads to the sustainability outcomes they claim to achieve. Results from
various meta-studies summarizing research on the effects of VSS on
environmental, social, and economic sustainability are mixed (Dietz
et al., 2022). This paper focuses on an impact dimension that is of vital
importance, especially for improving the livelihoods of smallholder
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farmers, but has been largely neglected in the existing VSS literature, i.e.
the technical efficiency of smallholder coffee production.

According to Thiam et al. (2001), technical efficiency can be defined
as the ability of a decision-making unit, such as a farm, to produce
maximum output given a set of inputs, such as labor, land, seeds, fer-
tilizers, and technology. It measures how well a farmer uses available
resources to produce certain outputs. A farm is technically efficient if it
produces the highest output given the available inputs and technology
available. Conversely, a farm is technically inefficient if it produces a
lower yield using the same inputs.

Technical inefficiency has been identified as a key factor contrib-
uting to low productivity, limited yields, and ultimately, poverty. To
address these issues, all major VSS in the coffee sector offer specific
training in farm management, good agricultural practices (GAP), and
the efficient use of inputs such as water, fertilizers, and pesticides to
improve the technical efficiency of smallholder coffee producers.
However, despite these efforts by VSS, with the notable exceptions of
studies by Hung et al. (2019) and Paz et al. (2024), there is little research
explicitly examining the effects of VSS on the technical efficiency of
smallholder coffee producers. Unlike studies focusing on yields, income,
or productivity, research on technical efficiency offers deeper insights
into the underlying factors that influence these outcome dimensions of
VSS participation. While Ho et al. (2021) examine coffee farmers in
Vietnam, and Paz et al. (2024) focus on Rwanda, both studies found that
certified farmers demonstrated higher technical efficiency than their
non-certified counterparts, attributing this difference to improved farm
management.

One key takeaway from the general literature assessing the impacts
of VSS on sustainability outcomes is that these effects are highly context-
specific and can vary across countries (Dietz et al. 2021; Sellare et al.,
2020). In this article, we expand the knowledge base by presenting the
first empirical study to assess the impact of VSS on the technical effi-
ciency of smallholder coffee production in Honduras, as well as the key
determinants of this efficiency. We employ both a pooled analysis
comparing certified and non-certified producers, and disaggregated
comparisons of each certification group with non-certified farmers. The
primary objectives of this research are to evaluate the technical effi-
ciency of smallholder coffee farmers in Honduras, analyze the efficiency
disparities between VSS-certified and non-certified producers, and
identify the key factors influencing technical efficiency. By doing so, the
study addresses a significant gap in the literature concerning the impact
of various VSS certifications on technical efficiency in coffee production.

The two commonly used approaches for measuring technical effi-
ciency are Stochastic Frontier Analysis (SFA) and Data Envelopment
Analysis (DEA), representing parametric and nonparametric methods.
(Montaner et al., 1999; Mosheim, 2002; Nchare, 2007; Tran, 2007;
Gregory & Featherstone, 2008; Garcia & Shively, 2011; Ho et al., 2014;
Ho et al., 2018; Hung et al., 2019; Ho et al., 2021). This study uses SFA to
estimate the technical efficiency of different certified and non-certified
groups of smallholder coffee farmers in Honduras.

1.1. Socioeconomic of coffee production in Honduras

In 2022, Honduras’s population was 9.7 million, with 55 % living in
urban areas and 45 % in rural areas (INE, 2022). During the same year,
the GDP per capita was USD 2,771 (World Bank, 2022), one of the lowest
in the world.

Honduras faces a high level of poverty and inequality, holding the
second-highest poverty rate in Latin America. Of the total population,
14.8 % lived on less than USD 1.90 per day, and 49.2% lived on less than
USD 5.5 per day (World Bank, 2021). In rural areas, 70 % of the pop-
ulation lives in poverty (INE, 2022). Moreover, inequality, measured by
the Gini coefficient, was 48.2, one of the highest in Latin America in
2019 (World Bank, 2021). Regarding the Human Development Index
(HDI), the score was 0.634 for 2019, classified as a medium HDI level
(UNDP, 2020).

Coffee plays a significant role in the Honduran economy. The
country is the sixth-largest coffee producer worldwide and the largest in
Central America, producing 5.4 million 60 kg-bags during the coffee
year 2021/2022 (USDA, 2022). Coffee contributes 3 % to the Honduran
GDP and 30 % to its Agricultural GDP (IHCAFE, 2017). Coffee is
extensively grown in rural areas, covering 15 of the 18 Honduran de-
partments and 210 of the 298 municipalities. Smallholder farmers pro-
duce the majority of the coffee; of the 120,000 farmers registered with
the Honduran Coffee Institute (IHCAFE), 95 % or 114,000 are small-
holders, 4.55 % or 5,460 are medium-sized farmers, and only 0.45 % or
540 are large size farmers. Coffee farmers are highly vulnerable to
natural disasters and climate change; for instance, hurricanes Eta and
Iota impacted the coffee sector in Honduras, causing a spike in leaf rust
incidence in November and December 2020 (USDA, 2021), moreover, in
2021, wet weather conditions and the outbreak of leaf rust further
affected the productivity (USDA, 2022).

1.2. Voluntary sustainability standards

One of the proclaimed approaches and ways to achieving sustain-
ability in coffee production is through different VSS and respective
certification schemes (Potts et al., 2014; Rice, 2015). These non-
mandatory third-party schemes aim to internalize externalities that
arise in coffee production and can be viewed as market-based tools that
motivate smallholder farmers to adopt sustainable production practices
(Bray & Neilson, 2017).

Certification systems have been gaining recognition in broader so-
ciety due to increased awareness of the economic, social, and environ-
mental challenges associated with the intensification of conventional
agricultural practices. This awareness has led to a growing demand for
sustainable options to improve the environmental state and the socio-
economic conditions of local communities and regions involved in coffee
production (Pierrot et al., 2010; Samper & Quiñones-Ruiz, 2017). The
coffee produced under these schemes has risen over the years, reaching
55 % of overall global production in 2019–2020 (Panhuysen & Pierrot,
2020).

The diverse certification systems promote the three components of
economic, environmental, and social sustainability to different extents;
however, they also share a set of common goals, mechanisms, and
operational modes, including improving smallholder farmers’ well-
being through better production techniques and improved market ac-
cess (Millard, 2011). According to the certification’s theory of change, it
is essential to provide farmers with the necessary knowledge, market
tools, and premium payments, along with labor standards that can lead
to increased quantity and quality of the product, as well as improved
productivity and profitability, to improve their socioeconomic condi-
tions (Bitzer & Steijn, 2019; Oya et al., 2018).

According to the certifications, if the promoted changes and condi-
tions are implemented, along with the price premium, this could lead to
the socioeconomic improvement of smallholder coffee farmers’ liveli-
hoods and other offered benefits. However, numerous meta-studies that
have summarized the impact of VSS on socioeconomic indicators show
mixed results and present diverse perspectives according to existing
literature (DeFries et al., 2017; Millard, 2017; Oya et al., 2018; Samper
& Quiñones-Ruiz, 2017).

Some studies point out that certifications do not lead to an increased
income level for farmers (Jena et al., 2012; Jena et al., 2017) due to
factors such as certification fees (Beuchelt& Zeller, 2011; Weber, 2011),
lower yields, higher production costs, and lack of access to credit,
despite the price premiums obtained (Estrella et al., 2022). Moreover,
not all the certified coffee is sold as certified; for instance, in 2021, the
share of certified volume sold relative to certified supply was 52 % for
Rainforest Alliance and 53 % for UTZ (Rainforest Alliance, 2022).
Therefore, producers still have a significant percentage of their coffee
production not sold at the promised price premium. On the other hand,
several studies highlight VSS’s relatively positive effects on smallholder
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farmers’ well-being (Arnould et al., 2009; Bolwig et al., 2009).
The certification type, region or country, legislative framework,

study design, and methodology, among other factors, could contribute
to the mixed and even contradictory results described before (Elliott,
2018).

Differences between various VSS –namely 4C, Fairtrade, Rainforest
Alliance, and UTZ– in achieving overarching sustainability on the farm
are also highlighted in a study by Dietz and Grabs (2021), showing the
limited effectiveness of these schemes in achieving holistic sustainability
and underlined the dependence of VSS on various other factors, such as
maintained or increased yields, to be seen as successful (Dietz & Grabs,
2021). Additionally, smallholder farmers often lack the necessary re-
sources to comply with standards and achieve anticipated sustainability
levels, thus widening the gap between expected and actual outcomes of
VSS application on the ground (Dietz et al., 2021).

In Honduras, most coffee is produced at higher altitudes, and a sig-
nificant percentage falls under different VSS. The main VSS adopted are
4C, Fairtrade, Fairtrade/Organic, Rainforest Alliance, and UTZ. Fair-
trade (32 %) and UTZ (35 %) have the highest adoption rates (Bunn
et al., 2018; Rainforest Alliance, 2022), followed by 4C with 12 % (4C.
2021. Impact and continuous improvement, 2021) and Rainforest Alli-
ance with 10 % of the Honduran coffee production (Rainforest Alliance,
2022).

2. Theoretical framework

In this study, parametric Stochastic Frontier Analysis (SFA) is used to
estimate the efficiency of smallholder coffee farmers. The coffee pro-
duction function is specified as a single output and multiple input
specification that fits the SFA framework. Moreover, the SFA model
enables the estimation of determinants of technical inefficiency (Coelli
et al., 2005). Aigner et al. (1977) and Meeusen and Van den Broeck
(1977) independently proposed that the SFA model helps measure
technical efficiency from the combined error term.

Following the stochastic frontier analysis specification of Aigner
et al. (1977) and Coelli (1995), the Cobb-Douglas production function is
used to estimate the technical efficiency of smallholder coffee farmers’.
Cobb-Douglas specification is the most commonly used analysis method
in developing and developed countries, despite its well-known limita-
tions (Bravo-Ureta & Pinheiro, 1997). Based on the natural logarithm,
the model is specified as follows.

lnYi = β0 +
∑n

J=0
βjlnXji +(vi − ui)i = 1, 2,3⋯n (1)

Where Yi is the total coffee production at the ith farm in kilograms; Xji
represents the vectors of inputs used by the ith farm; βj is the vector of
parameters to be estimated, and (vi + ui) is the combined error term. vi is
a symmetric error that accounts for random output error due to factors
beyond the farmer’s control, such as weather and disease outbreaks, and
is known as statistical noise with the assumed distribution of indepen-
dently and identically distributed. The other component is the non-
negative randomness ui, which represents inefficiency relative to the
frontier in the production of the ith farm. The one-sided randomness is
also assumed independently and identically distributed as ui |N (0, δ2u |.

The choice of the distribution for the one-sided randomness-tech-
nical inefficiency and the composite error term follows different distri-
butions. While there is no prior justification for the choice of any specific
distributional form of technical inefficiency, as different specifications
lead to different estimates of cost inefficiency and make the model
estimable (Førsund et al., 1980), the distribution is assumed and used to
follow a half-normal (Aigner et al., 1977), that is, ui ~ N+ (0, σ2u), while
Meeusen and Van den Broeck (1977) opted for an exponential one.
Others assumed truncated-normal (Stevenson, 1980) and gamma
(Greene, 1980; Greene, 1993; Greene, 2008).

From the above SFA model, the deterministic production function

and the stochastic production frontier can, therefore, be determined like
β0 +

∑n
J=0βjlogXji and β0 +

∑n
J=0βjlogXji +( − ui) respectively. The two

noises are also assumed to be independent of each other and identically
distributed across observations.

Technical efficiency for the ith farm, therefore, can be computed:

TEi =
logYi = β0+

∑n
i=1βjlogXji + (vi − ui)

logYi = β0 +
∑n

i=1βjlogXji + vi (2)

These technical efficiency values fall between zero and one and are used
to estimate the impacts of demographic, socioeconomic, and other
variables on it using the two-limit Tobit model later.

The variation of the noise variables relation:

δ2 = δ2v + δ2u; γ =
σ2u
σ2

(3)

The technical efficiency of production for the ith farm, according to
Coelli and Battese (1996), is defined as:
TEi = exp(−Ui) (4)

Estimation provides the coefficients of the explanatory variables, sigma,
lambda, or gamma estimates, and the residuals, which can be computed
from this information. The separate values of the combined error terms
are essential for our objective of computing the (in)efficiency of each
observation. Jondrow et al. (1982) subjected the predictor of Û as
follows:

Ûi = E(Ui
yi = U*

i + σ*

⎡
⎢⎢⎣

∅

(
U*i
σ*

)

Ø

(
U*i
σ*

)

⎤
⎥⎥⎦ (5)

where ∅(.) and ∅(.) are the probability distribution functions and cu-
mulative distribution function of the standard normal variable, which
are again specified as:
Ûi = −

(yi − βXij
)
γ (6)

δ* = δ2v*δ2u
/

δ2 (7)

2.1. Empirical studies on efficiency

Existing empirical studies on efficiency can be categorized into two
broad strands: parametric estimations and nonparametric estimations.
This review compares both categories, focusing on the nonparametric
category. It also considers the regions and samples used, focusing spe-
cifically on coffee production.

Perdomo and Mendieta (2007) estimated technical and allocative
efficiency for Colombian small, medium, and large-scale coffee pro-
ducers using data from three districts and the DEA method. They found
mean technical efficiency of 3.76 %, 51.71 %, and 60.15 % for small,
medium, and large-scale producers, respectively, with an overall mean
of 42.38 %. Allocative efficiency was 36.13 %, 42.98 %, 18.86 %, and
36.50 % for small-scale, medium-scale, large-scale, and overall. Black-
man and Naranjo (2012) studied the impact of organic certification on
the environmental performance of coffee farmers in Costa Rica. Their
results reveal that organic certification improves environmental per-
formance by reducing chemical fertilizer use and increasing the adop-
tion of environmentally friendly management practices. In Colombia,
Ibanez and Blackman (2016) studied the environmental and economic
impacts of organic coffee certification using propensity score matching
and difference in difference method. They found a significant environ-
mental improvement among the certified farmers regarding sewage
disposal and increased use of organic fertilizers, although they failed in
the economic gains difference.

Stochastic production frontier using the Cobb-Douglas production
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function and Translog production frontier are the two commonly used
parametric approaches. Wollni (2007) used a sample of 216 households
in Costa Rica to measure technical efficiency and the sources of effi-
ciency for specialty coffee producers and conventional producers. The
results of the stochastic frontier model indicate that specialty producers
are 81 % technically efficient on average, while conventional farmers
are 61 % technically efficient. Farm experience and age of the household
head are found to be significant sources of technical efficiency, with
experience having a positive effect and age having a negative effect.
Technical efficiency increases with experience but decreases with age. In
another study, Nchare (2007), using a translog stochastic production
frontier function, found a mean technical efficiency of 89.6 % for
Cameron coffee farmers.

The farmer’s education level and credit access were identified as the
two main socioeconomic factors affecting technical efficiency. Using a
stochastic frontier model, Ngango and Kim (2019) found a mean tech-
nical efficiency of 82 % for small-scale coffee producers in Rwanda.
Similar to other studies, they found a positive and significant effect of
education, access to credit, extension services, improved coffee tree
varieties, cropping system, and land consolidation on technical
efficiency.

Ho et al. (2014) found a mean technical efficiency of 68.36 % for
coffee producers in Vietnam, with key determinants including the edu-
cation level of the household head, amount of credit, ethnicity, farm
experience of the head, and extension service. In another study, Hung
et al. (2019), using stochastic frontier and cost-benefit analysis, studied
the technical efficiency of Vietnamese coffee producers by classifying
them into sustainable certified and non-certified farmers. Despite the
difference in technical efficiency between certified and non-certified
farmers was found to be insignificant, they reported mean technical
efficiencies of 88.24 % for sustainable certified farmers and 87.69 % for
conventional farmers. The sources of technical efficiency varied: age and
ethnicity had a negative effect on conventional farmers, while education
and family size had a positive and significant effect on certified farmers.

These studies highlight significant differences in technical efficiency
in coffee production among countries, with the sources of inefficiency
also varying across countries. However, there are almost no studies that
provide a comprehensive understanding of how VSS impacts the tech-
nical efficiency of coffee farmers. To address the gap in the literature,
this study measures and compares the technical efficiency of certified
and non-certified Honduran smallholder coffee farmers for the first time.
Additionally, the factors influencing technical efficiency for these
farmers are estimated and analyzed, offering valuable insights for
improving both farming practices and policy interventions.

3. Methodology

This study compares the average efficiency levels of smallholder
producers with different certifications to those of non-certified small-
holder producers with similar and comparable characteristics. It aims to
demonstrate how efficient or inefficient certified producers are in
different regions of Honduras and identify the variables that affect this
efficiency level.

3.1. Data collection and sample

The primary data used in this paper were collected during the second
semester of 2016. Using a membership list of a large coffee trader in
Honduras, certified and non-certified farmers from five different de-
partments in the North, South, and Western regions were selected
(Fig. 1). The sample comprised 659 households, with 400 certified and
259 non-certified farmers. Of the VSS-certified farmers, 135 were 4C, 95
Fairtrade, 76 Rainforest Alliance, and 94 UTZ (Table 1). To ensure that
the control group was as similar as possible to the certified farmers,
during this process a pre-sampling propensity score matching was
applied to the list of farmers. However, after running the Covariate
Balance Propensity Score on the sample during the analysis phase, the
sample diminished to 330 certified and 211 non-certified households.

3.2. Covariate balancing propensity score

To provide reliable comparability between groups, the dataset was
balanced using Imai and Ratkovic’s (2014) Covariate Balancing Pro-
pensity Score (CBPS) using version 2021 0.22 package for R (Fong et al.,
2021; R Core Team, 2021). CBPS presents significant advantages to
matching methods while providing similar support for causal inference.
Specifically, CBPS “dramatically improves the performance of pro-
pensity score weighting and matching estimators when estimating the
average treatment effects in observational studies” (Imai & Ratkovic,
2014, p. 260). In essence, “CBPS estimates propensity scores such that
both covariate balance and prediction of treatment assignment are
maximized. The method, therefore, avoids an iterative process between
model fitting and balance checking and implements both simulta-
neously” (Fong et al., 2021, p. 10).

CBPS fits covariate balancing propensity scores directly into the
model. Firstly, the treatment for the CBPS model is defined as a dummy
variable indicating whether producers are certified or not. Then, we
considered the covariates for balancing, accounting for endogenous
characteristics that might generate undesired discrepancies in the later
stages of the experiment. Thus, the following covariates were used for
balancing the treatment and control groups: literacy (dummy), coffee

Fig. 1. Study area and sample distribution in Honduras.
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plot size, full tenure (dummy), household size, altitude, sex, age,
whether they are members of IHCAFE or not, distance to the nearest
health center (in minutes), the proportion of shade 25 % to 50 %, dis-
tance to nearest market (in minutes), and quality rejections (dummy). As
a result, the original sample of 659 farmers was reduced to a total of 541
(330 certified, 211 non-certified), as previously mentioned. Importantly,
substantial improvements were observed in the standardized mean dif-
ferences of all employed covariates. For more detailed results and
comparisons between groups, see Fig. 2.

3.3. Stochastic production frontier analysis

The stochastic production frontier (SFA) used to specify the tech-
nology of the coffee farmers in Honduras is specified below (equation
(8)), using STATA 16 for the estimation. All the variables used were in
the natural logarithm forms except for the dummy variables.
lnYi = β0 +

∑
β5ln(Xji

)
+(vi − ui) i = 1, 2,3⋯n (8)

where Yi is the coffee yield in kilogram and i represents the ith coffee
farm of the sample; Xji are the jth inputs used by the ith farmmeasured as
hired labor and family labor (measured in man-days), capital or tools
purchased in that year (total cost in the local currency lempira), coffee
trees (number of trees per ha), age of the coffee trees (years), fertilizer
(kg) and land (measured in hectares of coffee land); β0 and β1, β2⋯β5
are the parameters estimated, and vi and ui are the composed statistical
noise and technical inefficiency measures.

The Coelli and Battese (1996) technical (in)efficiency model is
specified as:
|Ui| = γ0 + γ1X1 + γ2X2 + γ3X3 +⋯+ γ16X16 + Zi (9)

where Ui is the technical (in)efficiency of the ith farm, Xi is the farm-
specific different variables used to estimate the (in) efficiency. Among

others, the right-side variables are: X1 is the age of the farmers (years),
X2 is the sex of the household head (dummy), X3 is the household size
(number of household members), X4 is education level (years in school),
X5 is Access to credit (dummy), X6 is farm size, X7 is the age of the coffee
plantation, X8 is resistant variety (dummy), X9 is the proportion of
shade 25 % to 50 %, X10 is fertilization based on technical assistance
(dummy), X11 is training attendance (dummy), X12 is the distance to
the plot, X13 is IHCAFEmembership (dummy). γ0 is the model intercept,
and γi denotes the estimated unknown parameters; Zi, on the other hand,
is a random error, defined by the truncation normal distribution.

Finally, the two-limit Tobit model was used to examine the impacts
of the demographic, institutional, socioeconomic, environmental, and
marketing factors of farm efficiencies. The two-limit Tobit model
perfectly fits a kind of data censored from both sides for the dependent
variable. In this case, the dependent variable is the technical efficiency,
whose value falls between 0, the most inefficient, and 1, the fully effi-
cient. The consistent estimation method of the unknown parameters for
a type of dependent variable that has a value between 0 and 1, including
the corner values, is the two-limit Tobit model (Maddala, 1983).

The model, therefore, is specified as:
Y* = Xjiβj + ui (10)

where Y* is the latent continuous dependent variable, Xij represents a
matrix of different explanatory variables (including socioeconomic,
demographic, institutional, and environmental variables), βj are the
unknown parameters to be estimated, and ui is a vector of normally
distributed error terms with variance σ2. Then, to denote the observed
variable by Y,

Y = 0 if Y * = < 0
Y = Y* if 0 =< Y* =< 1 (11)

Y = 1 if Y * > = 1d
This is one of the censored regression models due to its dependent

values, including the limits of the values, unlike the case of the truncated
models. The interpretation of the coefficients, as McDonald and Moffitt
(1980) emphasized, is that the coefficients are the marginal effects of the
independent variables on the latent variable Y *.

4. Results

This section highlights the key results of the previously specified
models of the Cobb-Douglas stochastic production frontier and farmers’
measured technical efficiency levels. Furthermore, the estimated tech-
nical efficiency was used to analyze the technical (in)efficiency de-
terminants among certified and non-certified farmers.

Table 2 contains the descriptive statistics of household, farm, and
crop characteristics across the different certification groups, pooled and
non-certified groups. UTZ farmers are, on average, older (50 years old)
than the non-certified farmers and those in the other certified groups.
The proportion of males as the household head is over 80 % for both the
certified and non-certified groups. Households are composed of an
average of four people for the different certified and non-certified
groups. Certified farmers, particularly those in the Rainforest Alliance
group and Fairtrade producers, had a higher proportion of literacy and

Table 1
Sample design and distribution per region and department for certified and non-certified producers.
Region Department 4C Fairtrade Rainforest UTZ Certified Non-certified Total
Western Copan 32  9 12 192 119 172

Lempira 2 49 2 2 1 56
Ocotepeque 13  31 40 1 85

Other El Paraíso 63 46 4 34 208 103 250
Yoro 25  30 6 35 96

Total households 135 95 76 94 400 259 659

Fig. 2. Covariate balance results show improvement for all covariates.
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higher education levels compared to non-certified farmers. The majority
of farmers own the land where they produce coffee. Moreover, certified
groups have higher access to credit compared to the non-certified group.

Regarding farm characteristics, RA and Fairtrade farmers had
slightly larger farm areas than the control group. RA farmers also had a
higher coffee cultivation area than the other groups; however, Fairtrade
farmers had a smaller coffee area, but a higher proportion grew other
crops. The average farm altitude was similar for RA, Fairtrade, and UTZ
farmers and slightly lower for 4C and non-certified groups. The pro-
ductivity levels of RA and UTZ farmers were higher than those of the
control and other certified groups. Additionally, both income from
coffee and production costs per hectare were higher for RA and UTZ
farmers. The share of income from coffee was higher for the 4C and UTZ
groups than RA, UTZ, and non-certified farmers, indicating that the
latter groups have income from sources other than coffee.

Regarding crop characteristics, the most frequent shade coverage for
both certified and non-certified groups was 25 %-50%. The use of native
tree species for shading was higher in the coffee plantations of certified
groups than in non-certified groups. The use of rust-resistant coffee
varieties was common for both certified and non-certified farmers.
Moreover, for both groups, most of the coffee plantations were less than
five years old.

4.1. Maximum likelihood estimate for the stochastic frontier analysis
model

Table 3 below presents the maximum likelihood estimate parameters
of the stochastic frontier Cobb-Douglas production function result ob-
tained. This study classified the sample by certification type: 4C, Fair-
trade, Rainforest Alliance, and UTZ. All certified producers were pooled
and compared to a group of non-certified farmers to examine their ef-
ficiency differences.

All the coefficients for the certified and non-certified groups are
significant at one percent and five percent levels of significance, and the

coefficients’ signs are as expected, except for the Fairtrade group. The
coefficients’ signs and significance indicate that coffee production is
determined by the five main variables included in the model for
Honduras coffee producers.

For the pooled certified farmers, the number of coffee trees per
hectare contributed the largest share (1.106) to the coffee output vari-
ation, followed by fertilization (0.370), the age of the coffee trees
(0.324), and labor (0.0835). However, land was found to have a nega-
tive sign (−0.534).

4C-certified farmers followed a similar pattern, with the number of
coffee trees per hectare representing the largest share (1.432), followed
by fertilization (0.375), the age of the coffee trees (0.319), and labor
(0.0945). The value obtained for land was also negative (−0.622). In the
case of Fairtrade-certified farmers, only the age of the coffee trees var-
iable was found to be statistically significant (0.482).

For RA farmers, the number of coffee trees per hectare (1.693) and
the fertilization variable (0.6043) contributed the most to coffee output
variation, while land had a negative value (−0.406). Similarly, for the
UTZ group, the number of coffee trees per hectare (1.228) represented
the largest share of coffee output variation, followed by the age of the
coffee trees (0.386), fertilization (0.213), and labor (0.109). As with the
other certified groups, land for the UTZ group was found with a negative
sign (−0.496).

In the case of non-certified farmers, the number of coffee trees per
hectare also contributed the largest share (0.516) to coffee output
variation. The age of coffee trees contributed 0.356, fertilization rep-
resented 0.347, and labor added 0.076. The land variable was also found
with a negative sign for this group (−0.463).

Overall, the production function has a good fit, with certified pro-
ducers’ production function showing decreasing returns to scale –except
the Fairtrade group– while non-certified producers exhibit increasing
returns to scale. By adding the significant coefficients, the returns to
scale indicate the proportion of output change when all inputs included
in the model are changed in the same proportion, which is 1.350 for the

Table 2
Descriptive statistics and variables used for the analysis of certified and non-certified farmers.
Indicators 4C Fairtrade RA UTZ Certified Non-certified
Household Characteristics      
Age 48 47 45 50 48 44
Male (%) 0.81 0.89 0.84 0.83 0.85 0.80
Female (%) 0.19 0.11 0.16 0.17 0.15 0.20
Household size 4.39 4.48 4.16 4.04 4.27 4.44
Own house (%) 0.96 0.95 0.99 0.95 0.96 0.92
Literacy (%) 0.90 0.94 0.99 0.93 0.94 0.90
Years of schooling 5.50 7.72 8.49 4.88 6.65 5.15
Higher education (University) 0.01 0.14 0.16 0.01 0.08 0.00
Distance to market (min) 45 43 45 46 45 50
Distance to coffee plot (min) 19 14 27 20 20 23
Own land (%) 0.77 0.87 0.78 0.77 0.80 0.77
Access to credit (%) 0.56 0.65 0.74 0.64 0.65 0.48
Farm Characteristics      
Farm area (ha) 5.29 6.76 13.79 6.58 8.10 4.84
Coffee area (ha) 4.30 3.29 9.26 4.18 5.26 3.78
Altitude (masl) 1059 1165 1182 1175 1145 1042
Forest Area (ha) 0.33 1.90 2.88 1.86 1.74 0.55
Share of income from coffee 0.96 0.85 0.88 0.94 0.91 0.91
Productivity qq/ha 23.95 16.90 41.04 29.71 27.90 26.47
Income coffee per ha $ 1,916.16 $ 1,473.79 $ 3,408.40 $ 2,463.13 $ 2,315.37 $ 2,021.71
Production costs per ha $ 942.18 $ 705.35 $ 1,268.10 $ 879.09 $ 948.68 $ 988.83
Gross profit per ha $ 973.98 $ 768.44 $ 2,140.29 $ 1,584.04 $ 1,366.69 $ 1,032.88
Crop Characteristics      
Shade < than 25 % 0.13 0.03 0.30 0.19 0.16 0.20
Shade 25 % − 50 % 0.75 0.75 0.53 0.68 0.68 0.65
Shade 50 % − 75 % 0.12 0.22 0.16 0.13 0.16 0.14
Native Species (shade) (%) 0.40 0.62 0.62 0.57 0.55 0.35
Coffee plant rust resistant (%) 0.98 0.90 0.94 0.95 0.94 0.96
Coffee plant age
<5, 5–8 years, > 8

0.63, 0.19, 0.13 0.46, 0.20, 0,24 0.41, 0.24, 0.30 0.51, 0.29, 0.12 0.50, 0.23, 0.20 0.55, 0.24, 0.12

Notes: 1 quintal (qq) = 46 kg.; ha = hectare.
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pooled certified group and 0.832 for the non-certified group. The returns
to scale for each certified group are as follows: 1.598 for 4C, 0.482 for
Fairtrade, 1.891 for Rainforest Alliance, and 1.441 for UTZ.

From the standard error ratio of u (σu) and standard error of v (σv),
the lambda (λ) values for the certified and non-certified farmers are
3.602 and 2.605, respectively. The lambda values were 3.562 for the 4C
group, 2.937 for Fairtrade, 6.090 for Rainforest Alliance, and 3.397 for
the UTZ group.

Based on these lambda values, another value of variation measure
gamma (γ) can be computed using the formula

(
γ = λ2/ [1+ λ2] = σ2u

σ2

)
.

The computed gamma values for certified and non-certified farmers are
0.9285 and 0.8715, respectively, which means that 92.85 % and 87.15
% of the coffee output variation is due to the existence of technical in-
efficiency. The gamma values for the 4C, Fairtrade, Rainforest Alliance,
and UTZ groups are 0.9262, 0.8961, 0.9737, and 0.9202, respectively.
These results are also comparable with previous studies by Hung et al.
(2019) for Vietnamese coffee farmers, which reported about 91.79 %
and 71.68 % for certified and conventional farmers, respectively.

The mean technical efficiency scores (Table 4) were moderate for
pooled certified and non-certified farmers, with non-certified farmers
showing higher efficiency than the certified farmers. However, the re-
sults indicate that there is still a considerable level of inefficiency in
using inputs for the corresponding output levels in both groups.

The average technical efficiency of the sample farms is 52.86 % for
certified farmers, with a minimum of 2.6 % and a maximum of 90.68 %,
and 55.56 % for non-certified farmers, with a minimum of 5.9 % and a
maximum of 90.21 %. This means that, on average, certified and non-
certified farmers would need to increase their output by 37.8 % and
34.6 %, respectively, to achieve the efficiency levels of their more effi-
cient counterparts using the existing technology.

On average, the technical efficiency of both 4C (51.38 %) and Fair-
trade (53.83 %) groups is lower than that of the non-certified group.
Meanwhile, the average technical efficiency of Rainforest Alliance
(60.56 %) and UTZ farmers (60.15 %) is higher than that of the non-
certified group.

The relatively high technical efficiencies among non-certified
farmers compared to the pooled group of certified farmers question
the notion that sustainable-certified farmers would be more efficient
than conventional farmers due to advantages such as more training and
extension services on production, inputs, markets, and access to infor-
mation. On the other hand, while potentially more profitable,
sustainable-certified farmers were less technically efficient, suggesting
that they have the potential for further output gains from technical ef-
ficiency with existing technology without compromising sustainability.
Another possible reason for the lower efficiency levels among certified
farmers may be that their agricultural practices hinder resource allo-
cation, at least in the short term.

However, it is essential to note that when the certified groups are
analyzed individually, the 4C and Fairtrade groups show lower technical
efficiency than the non-certified groups. In contrast, the technical effi-
ciency levels for the RA and UTZ groups are higher than those of the non-
certified group. Therefore, in this case, the differences in technical ef-
ficiency must be examined on a certification-by-certification basis.

Moreover, the distribution summary statistics for the technical effi-
ciency scores of the sampled study area, grouped as pooled certified and
non-certified farmers, are presented in Table 4. From this table, most
farmers are located in the technical efficiency score range of 40 %-60
and 60 %-80 %. The percentage of non-certified farmers was higher in
both score ranges, with 36 % and 38 % of the sample, respectively,
compared to 32% of certified farmers in each score range. Regarding the
certification groups, only the UTZ group (44 %) showed a higher per-
centage of farmers in the 60 %-80% score range. On the contrary, the 4C
group (30 %) had a higher percentage of farmers with technical effi-
ciency below 40 %.

Ta
bl
e3

ML
Er

esu
lt
for

the
sto

ch
ast

ic
pr
od
uc
tio
nf
ro
nti

er
mo

de
l.

Va
ria
ble

s
Pa
ram

ete
r

4C
Fa
irt
ra
de

Ra
in
fo
re
st
Al
lia
nc
e

UT
Z

Ce
rti
fie
d

No
n-
ce
rti
fie
d

Co
effi

cie
nt

(SE
)

Co
effi

cie
nt

(SE
)

Co
effi

cie
nt

(SE
)

Co
effi

cie
nt

(SE
)

Co
effi

cie
nt

(SE
)

Co
effi

cie
nt

(SE
)

Pr
od
uc
tio
nF

ro
nt
ier




















Co
ns
tan

t(
int
erc

ep
t)

β
0

−
7.6

66
(5
.36

38
)

13
.50

79
(1
2.2

67
2)

−
12
.04

08
*

(5
.90

39
)

−
5.0

01
7*
*

(2
.63

27
)

−
4.8

34
6*
*

(2
.41

03
)

0.2
07
1

(1
.99

19
)

Ln
Fe
rti
liz
ati
on

(kg
)

β
1

0.3
74
7*
**

(0
.08

10
)

0.0
66
7

(0
.19

12
)

0.6
04
3*
**

(0
.11

69
)

0.2
13
3*
**

(0
.07

56
)

0.3
70
0*
**

(0
.04

65
)

0.3
46
7*
**

(0
.05

35
)

Ln
Ag
eo

fc
off
ee

tre
e

β
2

0.3
19
1*
*

(0
.14

21
)

0.4
82
4*
**

(0
.17

68
)

−
0.0

74
2

(0
.21

39
)

0.3
86
2*
**

(0
.11

38
)

0.3
24
1*
**

(0
.06

72
)

0.3
56
4*
**

(0
.08

64
)

Ln
Nu

mb
er
of
co
ffe
et
ree

β
3

1.4
32
1*
*

(0
.62

45
)

−
0.9

04
4

(1
.45

86
)

1.6
92
5*
*

(0
.70

47
)

1.2
28
3*
**

(0
.30

84
)

1.1
06
0*
**

(0
.28

52
)

0.5
16
2*
*

(0
.23

86
)

Ln
To
tal

lab
or

(m
an
-da

y)
β
4

0.0
94
5*
*

(0
.05

04
)

0.0
48
6

(0
.06

41
)

−
0.0

18
0

(0
.05

49
)

0.1
09
4*
**

(0
.04

23
)

0.0
83
5*
**

(0
.02

56
)

0.0
75
6*

(0
.04

03
)

Ln
La
nd

co
ffe
ea

rea
(h
a)

β
5

−
0.6

22
2*
**

(0
.09

14
)

0.0
08
8

(0
.20

91
)

−
0.4

05
8*
**

(0
.12

39
)

−
0.4

95
8*
**

(0
.11

30
)

−
0.5

33
5*
**

(0
.06

46
)

−
0.4

62
8*
**

(0
.06

12
)

Va
ria
nc
eP

ar
am

ete
rs




















Us
igm

a


1.0
14
5*
**

(0
.11

09
)

0.9
28
3*
**

(0
.20

67
)

0.7
71
2*
**

(0
.11

62
)

0.7
68
1*
**

(0
.08

42
)

0.9
70
7*
**

(0
.06

22
)

0.8
52
7*
**

(0
.08

16
)

Vs
igm

a


0.2
84
9*

(0
.07

01
)

0.3
16
1*

(0
.31

61
)

0.1
26
6*
**

(0
.07

33
)

0.2
26
1*
**

(0
.04

65
)

0.2
69
5*
**

(0
.03

81
)

0.3
27
4*
**

(0
.04

86
)






















Sig
ma

sq
ua
red

1.2
99
4


1.2

44
4


0.8

97
8


0.9

94
2


1.2

40
2


1.1

80
1























La
mb

da
3.5

61
5*
**

(0
.16

24
)

2.9
36
5*
**

(0
.22

72
)

6.0
90
2*
**

(0
.16

59
)

3.3
96
9*
**

(0
.11

15
)

3.6
02
4*
**

(0
.08

86
)

2.6
04
5*
**

(0
.11

84
)

Ga
mm

a
0.9

26
9


0.8

96
1


0.9

73
7


0.9

20
2


0.9

28
5


0.8

71
5


Lo
gl
ike

lih
oo
d


−
11
2.5

64


−
51
.30

2


−
24
.26

11


−
62
.48


−
27
8.4

9


−
18
7.9

0


Effi
cie

nc
yL

ev
el


51
.38

%
(0
.21

59
)

53
.82

%
(0
.19

71
)

60
.56

%
(0
.21

94
)

60
.15

%
(0
.19

56
)

52
.9
%

(0
.21

63
)

55
.6
%

(0
.19

05
)

No
tes
:S
tan

da
rd

err
or
si
np

are
nth

ese
sa
nd

**
*p

<
0.0

1,
**

p<
0.0

5,
*p

<
0.1

sig
nifi

ca
nc
e.

D. Navichoc et al. World Development Perspectives 36 (2024) 100637 

7 



These results contrast with the findings of Hung et al. (2019) on
Vietnamese coffee farmers and Ngango and Kim (2019) on Rwandan
coffee producers, who found that over 50 % of the sampled farmers had
technical efficiency levels above 80 %. However, these results are not
entirely inconsistent with other existing studies. For instance, Bravo-
Ureta and Pinheiro (1997) found that 81.66 % of their sample of
Dominican Republic coffee farmers had technical efficiency levels in the
range of 50 %-80 %. One potential reason for this difference could be the
sample type used in this study, which focuses solely on smallholder
farmers, as well as the differences in technology and production ad-
vancements across countries. Therefore, cross-country comparisons
require cautious interpretation and consideration of other factors.

4.2. Tobit result for the determinates of technical efficiency

From the above Cobb-Douglas stochastic production function, the
maximum likelihood estimate of technical efficiency was directly esti-
mated using the predict command and used to determine the factors
influencing technical efficiency for certified and non-certified farmers’
models. Following the Tobit two-limit model, the impact of de-
mographic, socioeconomic, institutional, and environmental factors on
the technical efficiency of certified and non-certified producers was
estimated and presented in Table 5, along with their respective marginal
effects.

The model’s results revealed that the household head’s age and ac-
cess to credit significantly affect technical efficiency for the pooled
certified group. Meanwhile, the age of the household head, the age of the
coffee plantation, and training attendance significantly affect technical
efficiency for the non-certified group.

For each certification studied, different variables significantly affect
the technical efficiency. Specifically, in the 4C group, the significant
variables are the age of the household head, years of schooling, and
access to credit. In the Fairtrade group, farm size significantly affects
technical efficiency. Regarding Rainforest Alliance farmers, training
attendance and the distance to the plot are significant factors. Lastly, in
the UTZ group, sex is the variable that significantly affects technical
efficiency.

These results show that different variables have varying effects on
the technical efficiency of both certified and non-certified farmers.

Age – The negative significant sign for the age of the household head
for both the pooled certified and non-certified farmers suggests that
technical efficiency decreases with the farmer’s age. This finding in-
dicates that older farmers may be less likely to adopt new coffee pro-
duction techniques, which is consistent with previous studies (Mburu
et al., 2014; Bäckman et al., 2011; Battese & Coelli, 1995; Coelli &
Battese, 1996). However, it contrasts with the argument that age helps
farmers acquire skills, accumulate experience in production techniques,
and become more efficient. However, when analyzed on a certification-
by-certification basis, age is not found to be significant for Fairtrade,
Rainforest Alliance, and UTZ farmers.

Sex – As household heads, male farmers were found to be more
technically efficient than their female counterparts. Nevertheless, for
both the pooled certified and non-certified farmers, the coefficient for
the sex variable was not significant. A similar pattern was observed
when analyzing each certification group individually, except for the UTZ
group, where sex significantly affected technical efficiency. Wollni
(2007) found similar results for Costa Rican coffee production, indi-
cating that sex did not affect technical efficiency, while Nguyen et al.
(2019) observed a decrease in technical efficiency for female-headed
households.

Household size—Household size was found to be insignificant in all
sub-samples studied, including the pooled certified and non-certified
farmers, and when each certification was analyzed separately, suggest-
ing that household size does not affect technical efficiency in the case of
Honduran coffee production.

Education – In this study, the variable education was not statisti-
cally significant for any group analyzed, including the pooled certified
farmers, the individual 4C, FT, RA, and UTZ groups, and the non-
certified farmers. However, previous studies have identified a signifi-
cant and positive influence of education on farmers’ technical efficiency,
suggesting that those with more education tend to be more technically
efficient (Bäckman et al., 2011; Poudel et al., 2015; Ho et al., 2014;
Binam et al., 2008; Ngango & Kim, 2019). Other authors suggest that
more educated farmers are better able to perceive, interpret, and
respond to new information and adopt improved technologies, such as
fertilizers, pesticides, and planting methods, more quickly than their
less-educated counterparts (Mburu et al., 2014; Dessale, 2019).

Access to credit – Access to credit positively impacted technical
efficiency but was only statistically significant for the pooled certified
farmers and the 4C group. For the non-certified farmers, it was not
statistically significant. Nevertheless, the lack of access to credit high-
lights the importance of financial resources in improving the efficiency
of coffee producers, indicating that credit enables farmers to purchase
inputs on time and manage their farms more efficiently, whereas a lack
of credit has the opposite effect. This finding aligns with the results of
Dessale (2019) and Hung et al. (2019).

Farm size – The impact of farm size on technical efficiency was not
statistically significant for the pooled certified farmers, across certifi-
cation types, and non-certified farmers. Therefore, despite the positive
coefficients, farm size does not directly influence technical efficiency in
the Honduran context. However, other empirical studies have found that
large-scale farmers tend to be more technically efficient than small-scale
farmers (Mburu et al., 2014), which contrasts with the argument that
smallholder farm owners can manage their land better than large
landowners (Dessale, 2019), as empirical evidence sometimes shows
that technical efficiency increases with farm size.

Age of the coffee plantation—The age of the coffee plantation was
found to negatively affect the technical efficiency of both certified and
non-certified farmers. However, this effect was statistically significant
only for non-certified farmers, suggesting that older plantations tend to

Table 4
Technical efficiency distributions per certifications.
Technical Efficiency 4C Fairtrade Rainforest

Alliance
UTZ Certified Non-certified

Mean 51.38 %** 53.82 % 60.56 %* 60.15 %** 52.86 %* 55.56 %
Std. Error 0.0200 0.0265 0.0343 0.0207 0.0122
p 0.0358 0.2746 0.0675 0.0298 0.0696
Range ofTechnicalEfficiency (%) No. % No. % No. % No. % No. % No. %
< 20 13 11 %  5 9 %  2 5 %  5 6 %  28 9 %  10 5 %
20–40 22 19 %  8 15 %  6 15 %  8 9 %  53 18 %  32 15 %
40–60 33 28 %  21 38 %  11 27 %  26 29 %  96 32 %  75 36 %
60–80 39 34 %  17 31 %  14 34 %  39 44 %  96 32 %  80 38 %
>80 9 8 %  4 7 %  8 20 %  11 12 %  29 10 %  14 7 %
Total (n) 116   55   41   89   302   211 

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1 significance.
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Table 5
Tobit’s model results in the technical (in)efficiency of certified and non-certified producers.
Variable 4C Fairtrade Rainforest Alliance UTZ Certified Non-certified

Coefficient
(Std. Error)

Marginal
effect (dy/
dx)

Coefficient
(Std. Error)

Marginal
effect (dy/
dx)

Coefficient
(Std. Error)

Marginal
effect (dy/
dx)

Coefficient
(Std. Error)

Marginal
effect (dy/
dx)

Coefficient
(Std. Error)

Marginal
effect (dy/
dx)

Coefficient
(Std. Error)

Marginal
effect (dy/
dx)

Constant 0.7453***  0.8236**  0.4149  0.4834***  0.6890***  0.5955*** 
(0.1655)  (0.3413)  (0.3821)  (0.1636)  (0.1112)  (0.1163) 

Age of the household
head

−0.0036** −0.0036 −0.0023 −0.0049 −0.0002 −0.0002 −0.0013 −0.0013 −0.0026** −0.0026 −0.0016* −0.0016
(0.1655) −0.0013 (0.0032) −0.0046 (0.0035) −0.0002 (0.0017) −0.0013 (0.0011) −0.0022 (0.0012) −0.0015

Sex (dummy) 0.0035 0.0035 0.1156 0.0514 0.0159 0.0159 0.1246** 0.1246 0.0534 0.0534 0.0274 0.0274
(0.0528) 0.0033 (0.1200) 0.0490 (0.1038) 0.0144 (0.0559) 0.1203 (0.0391) 0.0467 (0.0365) 0.0249

Household size 0.0138 0.0138 −0.0196 −0.0029 0.0315 0.0315 −0.0162 −0.0162 0.0057 0.0057 0.0047 0.0047
(0.0105) 0.0128 (0.0161) −0.0028 (0.0220) 0.0285 (0.0129) −0.0154 (0.0071) 0.0049 (0.0065) 0.0043

Education (years of
schooling)

−0.0131 −0.0131 −0.0063 −0.0014 0.0179 0.0179 0.0057 0.0057 −0.0025 −0.0025 −0.0119 −0.0119
(0.0064) −0.0122 (0.0097) −0.0013 (0.0136) 0.0162 (0.0082) 0.0054 (0.0041) −0.0021 (0.0057) −0.0107

Access to credit
(dummy)

0.1168*** 0.1168 −0.0786 −0.0660 0.1529 0.1529 −0.0366 −0.0366 0.0600* 0.0600 0.0278 0.0278
(0.0449) 0.1086 (0.0878) −0.0621 (0.1121) 0.1413 (0.0465) −0.0347 (0.0315) 0.0521 (0.0315) 0.0252

Farm size 0.0021 0.0021 0.0234*** 0.0093 0.00001 0.00001 0.0017 0.0017 0.0011 0.0011 −0.0021 −0.0021
(0.0040) 0.0019 (0.0083) 0.0088 (0.0056) 0.00001 (0.0025) 0.0016 (0.0022) 0.0010 (0.0027) −0.0019

Age of the coffee
plantation

−0.0079 −0.0079 0.0023 0.0024 0.0196 0.0196 −0.0033 −0.0033 −0.0009 −0.0009 −0.0103** −0.0103
(0.0071) −0.0074 (0.0122) 0.0022 (0.0168) 0.0178 (0.0077) −0.0031 (0.0049) −0.0008 (0.0049) −0.0094

Resistant variety 0.0764 0.0764 −0.0709 0.0890 0.22119 0.2219 0.0753 0.0753 −0.0062 −0.0062 0.0350 0.0350
(0.0867) 0.0718 (0.1295) 0.0850 (0.1540) 0.2054 (0.0668) 0.0724 (0.0495) −0.0053 (0.0542) 0.0320

Shade 25 % to 50 % −0.0608 −0.0608 0.0465 0.1224 −0.1481* −0.1481 −0.0318 −0.0318 −0.0412 −0.0412 0.0509 0.0509
(0.0510) −0.0561 (0.0967) 0.1170 (0.0759) −0.1332 (0.0439) −0.0302 (0.0317) −0.0354 (0.0317) 0.0463

Fertilization based
on technical
assistance

0.0086 0.0086 −0.0549 −0.0014 −0.1231 −0.1231 0.0719 0.0719 0.0292 0.0292 −0.0010 −0.0010
(0.0498) 0.0080 (0.0805) −0.0013 (0.1102) −0.1072 (0.0499) 0.0678 (0.0313) 0.0252 (0.0394) −0.0009

Training attendance
(dummy)

0.0472 0.0472 0.0452 −0.0205 −0.2360** −0.2360 −0.0465 −0.0465 0.0377 0.0377 0.0591* 0.0591
(0.0440) 0.0439 (0.1817) −0.0193 (0.0991) −0.1972 (0.0461) −0.0441 (0.0338) 0.0328 (0.0335) 0.0540

Distance to plot
(minute)

0.0001 0.0001 −0.0004 −0.0025 −0.0031** −0.0031 0.0013 0.0013 −0.0007 −0.0007 0.0005 0.0005
(0.0010) 0.0001 (0.0025) −0.0024 (0.0015) −0.0028 (0.0010) 0.0012 (0.0007) −0.0006 (0.0006) 0.0004

Member of IHCAFE −0.1370 −0.1370 −0.0433 −0.0433 −0.0046 −0.0046 0.1018 0.1018 −0.0648 −0.0648 0.0472 0.0472
(0.0549) −0.1240 (0.0489) −0.0408 (0.1100) −0.0041 (0.0834) 0.0984 (0.0351) −0.0552 (0.0332) 0.0431

Test statistics            
Log likelihood −1.1038 −42.59450 −0.1234 20.2799 −81.38 −9.53
LR chi2 (13) 15.95** 15.45 13.73 18.42 20.86* 22.5**

Notes: Standard errors in parentheses and *** p < 0.01, ** p < 0.05, * p < 0.1 significance.
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yield lower outputs. However, it is important to highlight the impor-
tance of agricultural practices such as renovation and pruning for
maintaining productivity in coffee production.

Resistant variety – The analysis indicated that the use of rust-
resistant varieties did not have a statistically significant effect on tech-
nical efficiency in coffee production within the Honduran context,
regardless of whether the farmers were certified or non-certified.

Tree shade—Tree shade in the range of 25 % to 50 % had a negative
effect on technical efficiency for the Rainforest Alliance group, with this
effect being statistically significant only for this subsample. In contrast,
the effect was not statistically significant for the other certified groups,
the pooled certified farmers, or non-certified farmers. Therefore,
regardless of whether the effect of tree shade was positive or negative, it
should not be considered as such in the context of this study, except for
the RA subsample.

Fertilization based on technical assistance – The results show that
this variable did not significantly affect technical efficiency across the
different subsamples analyzed in this study. This indicates that, within
the specific context of Honduran coffee production, no apparent positive
or negative effect can be associated with this practice on technical
efficiency.

Training attendance—Training attendance positively affected
technical efficiency for non-certified farmers, with statistical signifi-
cance found only for this group. Although it could also positively affect
the pooled certified farmers, no clear effect could be associated due to
the lack of statistical significance. Nevertheless, some studies suggest
that agricultural training, or any other training related to crop produc-
tion, can enhance farmers’ efficiency compared to those who are not
trained. For instance, farmers trained primarily in agricultural practices
showed a reduction in inefficiencies (Dessale, 2019).

Distance to plot – In the context of this study, distance to the plot
negatively affects technical efficiency, specifically for the Rainforest
Alliance group. The effect of this variable on the technical efficiency of
the other subsamples was not statistically significant. Nevertheless, the
quality of infrastructure development, particularly in rural areas, in-
fluences farmers’ productivity. As the distance from the farm plot to the
home increases, managing the plot becomes more challenging, which
could reduce farmers’ technical efficiency, as observed in the RA group.

Member of IHCAFE—The results indicate that membership in
IHCAFE has a statistically insignificant effect on technical efficiency for
both certified and non-certified farmers, suggesting that being a member
of this organization does not have a clear impact on the technical effi-
ciency of farmers in Honduras.

5. Discussion and conclusions

This study aimed to determine the impact of VSS on the sustain-
ability and efficiency of smallholder coffee farmers in Honduras.

This research found substantial technical inefficiencies in Honduran
coffee production, with non-certified farmers found to be more efficient
than the pooled certified farmers. The average technical efficiency levels
were estimated at 52.86 % for the pooled certified farmers and 55.56 %
for non-certified smallholder coffee producers. These results indicate
that both certified and non-certified coffee farmers have the potential to
increase their coffee output by up to 47.14 % and 44.44 %, respectively,
by increasing their efficiency level.

When examining certification by certification, the technical effi-
ciency of 4C farmers was 51.58 % and 53.82 % for the Fairtrade group,
both lower than the control group. In contrast, the Rainforest Alliance
and UTZ groups were more efficient than both the non-certified and the
other certified groups, with technical efficiency levels of 60.56 % for RA
farmers and 60.15 % for the UTZ group. These findings suggest room for
improvement in their efficiency levels: 48.42 % for 4C, 46.18 % for
Fairtrade, 39.44 % for RA, and 39.85 % for UTZ farmers.

These findings have an important policy implication, demonstrating
that Honduran smallholder coffee producers have considerable potential

to increase output within the existing technology by improving their
technical efficiency. Therefore, policymakers and other stakeholders
should focus on enhancing efficiency levels and capitalizing on potential
gains for the different farmer groups by allocating available resources
effectively and adopting advanced technologies. This would improve
coffee production, smallholder coffee farmers’ livelihoods, the coffee
sector’s sustainability, and the Honduran agricultural sector.

As previously stated, certified producers can increase their coffee
production without compromising social, environmental, or economic
sustainability by better using existing resources on their farms. Identi-
fying the determinants of inefficiency is crucial for addressing and
overcoming these challenges. In this context, the results of the Tobit
model for the determinants of technical efficiency revealed that different
factors directly affect the technical efficiency of the pooled certified, the
various groups of certified farmers, and the non-certified farmers.

For the pooled certified farmers, technical efficiency decreases
significantly with the age of the household head, suggesting that older
coffee producers may not be aware of new technologies or may not have
received adequate training. This trend is also observed in the non-
certified farmers. Moreover, male farmers are found to be more tech-
nically efficient than female farmers, highlighting the need to address
gender-related disparities when tackling inefficiencies for the specific
case of Honduran coffee production.

The effect of education on the technical efficiency of the different
sub-samples was not statistically significant, so its impact is unclear in
the context of Honduran coffee production. However, as other studies
suggest, education still plays an important role in learning new agri-
cultural practices, understanding agricultural instructions, using inputs
efficiently, accessing new products, and adopting new information. This
underscores the need to design and provide adequate basic educational
opportunities for most farmers. Moreover, the effect of training atten-
dance is significant only for non-certified farmers, while its effect on
certified farmers remains unclear due to a lack of statistical significance.
Therefore, stakeholders should promote, reinforce, and enhance
training on good agricultural practices and other related areas, and
follow up on the implementation of this training to improve not only the
technical efficiency of farmers but also their economic sustainability.

Access to credit also plays a crucial role and has a direct positive
impact on technical efficiency for certified farmers, enabling them to
finance inputs, manage resources, and produce more efficiently. How-
ever, it is essential to point out that for non-certified farmers, the effect
of credit is unclear since it is not statistically significant. Therefore,
farmers may need additional financial resources to acquire inputs at the
right time and apply them according to the crop needs. Stakeholders
should strengthen credit availability and promote strategies to
encourage saving habits among farmers.

Other variables analyzed in this study, such as farm size, the age of
the coffee plantation, the use of resistant varieties, tree shade, fertil-
ization based on technical assistance, distance to the plot, and mem-
bership in IHCAFE, have no clear effect on the technical efficiency of
both certified and non-certified farmers due to a lack of statistical sig-
nificance. Therefore, no apparent positive or negative effect can be
associated with these variables in the specific context of Honduran
coffee production.

Finally, this study makes significant contributions to researchers,
policymakers, and NGOs as the first study on technical efficiency
involving Voluntary Sustainability Standards in the Honduran coffee
sector. It opens the field to understanding the technical efficiency of
both certified and non-certified coffee farmers and invites further
research on this topic.
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