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Abstract

The purpose of this study is to assess the efficiency of national organic sectors
across European countries by distinguishing among export, retail, and consumer
market performance. The methods involve separate panel stochastic frontier
models with Cobb—Douglas function, an integrated domestic market efficiency index
combining retail and consumer dimensions, and a quadrant-based classification of
national development patterns. The main results show that processing infrastructure
is the principal factor supporting domestic organic market efficiency, whereas a strong
domestic market position does not necessarily coincide with high export efficiency.
The organic sectors of European countries generally exhibit decreasing or near-
constant returns to scale, suggesting that expansion of the resource base alone does
not ensure proportional improvements in market outcomes. The scientific novelty of
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the study lies in developing a multidimensional country-level SFA framework that
separately evaluates the export, retail, and consumer-market efficiency of national
organic sectors. The study further introduces an integrated domestic market efficiency
index and combines it with export efficiency to construct a quadrant-based typology of
national organic sector development patterns. The authors’ contribution is to extend
efficiency analysis beyond the conventional farm-level perspective by applying three
SFA models and combining their results to identify distinct patterns of organic sector
development across European countries.
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Problem Statement

Over the past few decades, Europe’s organic agricultural sector has
expanded rapidly and undergone substantial structural change. By 2024, the area
of organically certified land in the EU had reached 18.1 million hectares, accounting
for 11.1% of total agricultural land. In several countries, the share already exceeded
25%; Austria, for instance, recorded 27.3%, thus surpassing the Farm to Fork target
of 25% by 2030 set out by the European Commission (2021). The European organic
retail market also continued to grow, reaching EUR 58.6 billion in 2024. These
aggregate figures, however, conceal pronounced cross-country differences. Per
capita consumption ranged from approximately EUR 2 in Romania to more than EUR
481 in Switzerland, where organic products accounted for around 12% of total retail
food sales, the highest share worldwide (Willer et al., 2026).

Technical efficiency is a central measure of agricultural performance,
reflecting the ability to transform available inputs, such as land, labour, and capital,
into the maximum attainable level of output. Technical efficiency is commonly
assessed using SFA or DEA. SFA was introduced independently by Aigner et al.
(1977) and Meeusen & van Den Broeck (1977), who separated stochastic shocks
from inefficiency. DEA, developed by Charnes et al. (1978), constructs a non-
parametric frontier from observed data but treats all deviations from it as inefficiency.
By contrast, SFA decomposes the error term into random noise and a one-sided
inefficiency component (Nowak et al., 2015).

Comparative assessments of agricultural sector efficiency using SFA remain
relatively uncommon in the European context. The specific characteristics of organic
production should also be taken into account. Available evidence suggests that the
transition to organic farming may initially be accompanied by some loss of productivity,
which can result in lower technical efficiency than in conventional production systems.
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The purpose of this study is to assess the efficiency of the organic sectors
of European countries using stochastic frontier analysis, while distinguishing between
two dimensions of market performance: external, or export, efficiency and internal,
or domestic market, efficiency. In line with this objective, the specific characteristics
of the European organic sector, and the analytical structure of the SFA models, four
research hypotheses are formulated:

H1. Processing infrastructure plays a key role in the development of the
domestic market for organic products.

H2. Countries with high domestic market efficiency are not necessarily
leaders in export efficiency.

H3. The organic sectors of European countries exhibit decreasing or near-
constant returns to scale.

H4. During the period analysed, export efficiency in the organic sectors of
European countries improved more markedly than domestic market efficiency.

Literature Review

Empirical research reveals substantial cross-country differences in agricultural
efficiency, although their magnitude and determinants vary with methodology. Studies
of EU agriculture link efficiency to structural characteristics and trade openness (Nowak
et al., 2015; Hart et al., 2015; Lyzun et al., 2024; Kostetska et al., 2026), while DEA
applications identify persistent disparities within Serbia and between Western Balkan and
EU agricultural systems (Marciki¢ Horvat et al., 2019, 2020). Comparable heterogeneity
is reported using SFA (Poki¢ et al., 2022). More recent studies identify systemic
efficiency reserves through slack-based DEA (Kyshakevych et al., 2025b) and assess
the transformation of agricultural resources into factor income across the EU and Ukraine
using SFA (Kyshakevych et al., 2025a). However, these studies largely treat agriculture
as an aggregate sector rather than examining specialised organic markets.

Evidence on organic farming is less consistent. Efficiency estimates depend
on methodology, production system, and performance criteria (Lakner & Breustedt,
2017; Lishchynskyy & Lyzun, 2024), while studies of conversion and certification
report heterogeneous effects across countries and farm types (Latruffe & Nauges,
2014; Grovermann et al., 2021; Martin-Garcia et al., 2024; Letort & Ridier, 2025).
Blockeel et al. (2025) identify differing effects on costs, labour, and income across the
EU, whereas Cimpoies & Cosalic (2025) reveal substantial variation in organic farm
efficiency in Moldova. Technical efficiency, productivity, income, and environmental
performance may also follow different trajectories (Madau et al., 2017; Fusco et al.,
2026), questioning the adequacy of a single efficiency criterion.

This multidimensionality is reinforced by resource and environmental studies.
Smith et al. (2015) show that energy-efficiency conclusions depend on the selected
denominator, while Seufert & Ramankutty (2017) stress the context-dependent
performance of organic farming. Technological improvements may enhance agronomic
and economic outcomes (Hetmanenko et al., 2021; Kundius, 2024), yet organic
expansion also involves environmental and land-use constraints (Gensch et al., 2025).
Thus, greater production capacity does not necessarily imply higher market efficiency.

Policy research reaches a similar conclusion. Although organic expansion
is an EU strategic priority (European Commission, 2021), its effects vary across
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contexts. European support measures influence farm efficiency (Casolani et al., 2021;
Sokotowicz & Lishchynskyy, 2018), while organic adoption depends on economic,
institutional, and structural conditions (Mohring et al., 2024). Financial factors also
affect certification decisions (Tennhardt et al., 2026), and alternative pathways
towards EU organic targets may produce different economic and environmental
outcomes (Kremmydas et al., 2025). Hence, larger acreage or higher certification
rates do not automatically generate proportional efficiency gains.

Market performance also depends on the wider organic value chain. Sanders
et al. (2016) emphasise the distribution of value added, while Jensen et al. (2011) and
Katt & Meixner (2020) highlight consumer demand and willingness to pay. Institutional
and market barriers remain important (Goralska-Walczak et al., 2025; Kostetska et
al., 2026), as do spatial enabling and constraining factors (Sandstréom et al., 2025).
Comert Acar & Aksoy (2025) likewise conceptualise organic farming as an interaction of
economic, environmental, technological, and organisational dimensions, indicating that
production efficiency alone provides an incomplete measure of sector performance.

Cross-country evidence confirms that production and market development
may diverge. Kociszewski & Szubska-Witodarczyk (2023) identify differences in
organic farming productivity, while Willer et al. (2026) document wide disparities in
organic land, production, consumption, and market size across Europe. Von Witzke
(2025) similarly reports uneven recovery of national organic markets. Information
and distribution channels may further facilitate commercialisation and producer—
consumer links (Arfyanti et al., 2026). A strong production base may therefore coexist
with weak market performance where processing, distribution, demand, or market
access remain constrained.

A critical analysis of the existing literature points to a clear research gap.
Frontier studies mainly assess farms, regions, or aggregate agriculture, whereas
organic-sector research focuses largely on production efficiency, certification and
environmental performance. Relatively little attention has been paid to how effectively
national organic sectors transform their resource base into distinct export, retail, and
consumer-market outcomes, or to whether performance across these dimensions
develops consistently across countries. The present study addresses this gap through
three complementary SFA models of export, retail, and consumer-market efficiency.
The framework shifts attention from production efficiency alone towards the market
realisation of organic-sector potential and enables the identification of balanced,
export-oriented, domestic-market-oriented, and limited-potential-realisation patterns.

Methodology

The research methodology was designed in line with the stated objective
and involves a step-by-step assessment of the main dimensions of organic sector
performance across European countries. At the first stage, a panel dataset covering
2022-2024 was compiled, and a set of indicators was selected to characterise both the
resource and production capacity of the organic sector and its outcomes in domestic
and external markets. At the second stage, three panel SFA models were estimated,
each capturing a distinct dimension of organic sector efficiency. At the final stage, the
resulting technical efficiency scores were used for cross-country comparisons, trend
analysis, and hypothesis testing. To summarise the findings from the two domestic
market models, an integrated index was constructed by combining the efficiency of
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this index with export efficiency makes it possible to distinguish between the external-
market and domestic-market orientations of national organic sectors.

Table 1 presents the variables used to specify the SFA models for assessing
national organic sector efficiency.

Table 1

Variables used in the SFA models

Variable Definition

ORG_PROD Number of agricultural producers operating under organic production standards

ORG_LAND Agricultural land managed under organic farming practices [ha]

ORG_PROC Number of enterprises engaged in the processing of organic products
PROD_DENS | Number of organic producers per 100,000 inhabitants
LAND_PC Organic agricultural land per inhabitant [ha/person]

PROC_DENS | Number of organic processing enterprises per 100,000 inhabitants

CONS_PC Annual consumer expenditure on organic products per inhabitant [€/person]

RET_SALES Total value of organic product sales in the domestic retail market [€ million]

EXP_VALUE Total value of organic products supplied to foreign markets [€ million]

Source: compiled by the authors based on data from Eurostat (n.d.), Organicinfo (n.d.), Research
Institute of Organic Agriculture FiBL (2026) and the State Statistics Service of Ukraine (2026).

Table 2 presents three SFA models, which differ in their combinations of input
and output variables. This design makes it possible to assess distinct dimensions
of national organic sector efficiency: export performance in Model 1, domestic retail
market performance in Model 2, and consumer market performance in Model 3.

Table 2

Input and output variables used in the SFA models

Variable group Model 1 Model 2 Model 3
Organic export Organic retail Organic consumer
efficiency market efficiency market efficiency
Input variables ORG_PROD ORG_PROD PROD_DENS
ORG_LAND ORG_LAND LAND_PC
ORG_PROC ORG_PROC PROC_DENS
Output variable EXP_VALUE RET_SALES CONS_PC

Source: compiled by the authors based on data from Eurostat (n.d.), Organicinfo (n.d.), Research
Institute of Organic Agriculture FiBL (2026) and the State Statistics Service of Ukraine (2026).
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In Model 1, the value of a country’s organic product exports is used as
the output variable. Countries with negligible export values, such as Cyprus and
Luxembourg, were excluded from the model because zero or near-zero observations
cannot be accommodated in the logarithmic function. The model assesses the export
efficiency of each country’s organic sector by estimating how effectively its resource
and production capacity is converted into export value. This capacity is represented
by the number of organic producers, the area of organically managed agricultural
land, and the number of organic processors.

In Model 2, the output variable is the value of domestic retail sales of
organic products. This indicator captures the size and degree of development of the
national organic market. The SFA Model 2 evaluates how efficiently the resource
and production potential of the organic sector is converted into a market outcome
represented by organic retail sales. More specifically, the model assesses the
extent to which a country, given its number of organic producers, area of organically
managed agricultural land, and number of organic processors, is able to generate
retail sales in the domestic organic market.

In Model 3, the output variable is average expenditure on organic products
per capita. Model 3 is intended to assess the efficiency of organic consumer market
development. It captures how effectively the relative resource and production capacity
of the organic sector is transformed into per capita consumption of organic products.

For each of the three models, a separate Cobb—Douglas stochastic frontier
function was estimated in double-logarithmic form. Since the empirical dataset
covers the organic sector of the countries under study for 2022, 2023, and 2024, the
model was specified in a panel-data framework. The general form of the SFA model
is expressed as follows:

In(Y,)= A, + B, -n(ORG_PROD)+ f3, - In(ORG_LAND)+ 4, In(ORG_PROC)+v, —u, (1)

where Y, — denotes the output of country iii in year t, represented by organic
exports, retail sales, or per capita consumption, depending on the model; v, — is a
symmetric random error term capturing stochastic noise; and u, — is a non-negative
inefficiency component. The standard distributional assumptions were adopted:
v, ~N(0,6?) and «, ~[N0.c2] implying a half-normal distribution of inefficiency. The
parameter vector 8 was estimated using the maximum likelihood method.

The Cobb—Douglas functional form was selected as the baseline specification
because its log-linear structure is parsimonious and allows the coefficients to be
interpreted directly as elasticities, which is important for assessing returns to scale.
This choice also reflects the relatively short panel, comprising 63 observations
in Model 1 and 84 observations in Models 2 and 3. With three inputs, a Translog
specification would require six additional second-order parameters, increasing model
complexity and the risk of parameter instability and multicollinearity.

The SFA models were estimated using FRONTIER 4.1, which supports the
estimation of stochastic frontier functions for panel data (Coelli, 1996). The empirical
dataset for Model 1 consists of a balanced panel of 21 countries observed over three
years, yielding 63 observations. Models 2 and 3 cover 28 countries over the same
period and therefore comprise 84 observations each.
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The smaller sample used in Model 1 reflects both the limited availability of
comparable data on organic product exports and the requirements of the logarithmic
Cobb-Douglas function. For a number of European countries, organic exports are
either absent, negligible, or not reported separately in the available statistical sources.

Based on the estimated variance components, the parameter
2
O-ll
"o @
was calculated. It was statistically significant in all three models, confirming
the presence of technical inefficiency and supporting the use of the SFA framework.
Accordingly, the null hypothesis HO: y=0 was rejected.

Country- and year-specific technical efficiency scores were then obtained as
TE, =exp(~u,)€ (0.1] (3)

The panel specification with a time-varying inefficiency component makes it
possible to estimate individual technical efficiency scores for each country in every
year of the study period (Fusco et al., 2026).

In the Battese—Coelli panel SFA model with time-varying inefficiency, the
inefficiency component is specified as follows (Battese & Coelli, 1995):

u, =u, exp[-n(t—T)] (4)

To summarise the results of Models 2 and 3, an integrated index of organic
domestic market efficiency IE was constructed as the geometric mean of the
corresponding SFA efficiency scores:

IE” — TEvl.]tl/[ude]l ) TEvli\/IodﬁlZ (5)

This approach combines two complementary dimensions of the domestic
organic market: the efficiency of generating retail sales and the efficiency of developing
consumer demand, measured through per capita consumption of organic products.

We further propose classifying countries according to the relationship
between the SFA-based efficiency of organic exports and the integrated domestic
organic market efficiency index IE,. For this purpose, a two-dimensional quadrant
diagram (Fig. 7) is constructed, with export SFA efficiency plotted on the horizontal
axis and IE, on the vertical axis. A threshold value of 0.7 is used to distinguish
relatively high efficiency, thereby dividing the analytical space into four quadrants.

Quadrant | comprises countries with high values for both indicators
and represents a balanced model of organic sector development. Quadrant I
includes countries with high domestic market efficiency but lower export efficiency,
corresponding to a domestic-market-oriented model. Quadrant Ill consists of
countries for which both indicators fall below 0.7, indicating a limited realisation of the
organic sector’s potential. Quadrant IV includes countries with high export efficiency
but a comparatively underdeveloped domestic market and therefore represents an
export-oriented model.
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Research Results

Using the Battese—Coelli specification, technical efficiency scores for organic
exports were estimated for 21 countries under Model 1 (Table 3). The parameter
estimates indicate a positive relationship between the main resource and production
characteristics of the organic sector and the value of organic exports. Organic
agricultural land and number of organic processors also had a positive effect,
although its contribution was smaller than that of the number of producers. The sum
of the estimated elasticities is 0.384+0.291+0.247=0.922, indicating returns to scale
that are close to constant but slightly decreasing. In practical terms, a proportional
increase in all three resource inputs is associated with a less than proportional
increase in organic exports.

Table 3

Parameters and diagnostic statistics of the panel SFA model 1 for organic
product exports

Parameter | Symbol | Coefficient | Standard error | t-statistic/comment
Constant B, -1.842 0.713 -2.58
Organic producers B, 0.384 0.118 3.25
Organic area B, 0.291 0.087 3.34
Organic processors B, 0.247 0.096 2.57
Sigma-squared o? 0.046 0.014 3.29
Gamma s 0.821 0.137 5.99
Eta n 0.027 0.011 2.45
LR test of one-sided error LR 12.284 — H,:y=0, rejected
Number of countries N 21 — cross-sections
Number of observations NT 63 — balanced panel

Source: authors’ calculations using FRONTIER 4.1 based on data from OrganicInfo (n.d.) and
the Research Institute of Organic Agriculture FiBL (2026).

The country ranking reveals substantial heterogeneity in export efficiency,
with Turkey, Spain, the Netherlands, Italy, the Czech Republic, and Ukraine forming
the leading group (Figure 1 and 2). Rather than reflecting the scale of organic
production alone, these positions indicate differences in countries’ ability to convert
their production and processing capacity into commercially viable export flows. A
broad producer base may support larger and more stable export volumes, while
processing capacity facilitates product differentiation and access to higher-value
foreign market segments. Countries located further from the frontier therefore appear
to face constraints not only in resource availability but also in the market realisation
of that resource potential.
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Figure 1

Mean SFA efficiency scores for organic sector export performance across
European countries
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Source: compiled by the authors based on data from Organiclnfo (n.d.) and the Research
Institute of Organic Agriculture FiBL (2026).

Obtained results point to only partial realisation of the European organic
sector’s export potential and suggest the presence of constraints related to export
scaling, processing capacity, or integration into international markets. Overall, the
parameter estimates for Model 1 suggest that export performance is shaped by both
the scale of the organic sector’s resource base and countries’ ability to combine
production capacity, land resources, and processing infrastructure effectively in
accessing external markets.
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Figure 2

Heatmap of SFA efficiency in organic product exports based on Model 1
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Source: authors’ calculations using FRONTIER 4.1 based on data from Organiclnfo (n.d.) and
the Research Institute of Organic Agriculture FiBL (2026).

For Model 2, stronger organic retail performance is associated with the
development of processing capacity, retail infrastructure, and domestic demand,
rather than with the scale of primary organic production alone (Table 4).

The positive estimate of n in Model 2 indicates a modest reduction in
inefficiency over time, suggesting that European countries gradually improved their
ability to convert the existing resource and production base of the organic sector
into domestic retail sales during 2022—2024. Economically, this may reflect better
integration between producers, processors, and retail networks, broader market
access, and a more effective commercialisation of organic products. Higher efficiency
is therefore characteristic not simply of countries with larger organic sectors, but of
those where production capacity is more effectively matched with domestic demand
and retail distribution (Figure 3).
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Table 4

Parameters and diagnostic statistics of panel SFA Model 2 for assessing the
efficiency of organic retail sales

Parameter Symbol | Coefficient | Standard error | t-statistic/comment
Constant B, -1.215 0.621 -1.96
Organic producers B, 0.312 0.091 3.43
Organic area B, 0.184 0.074 2.49
Organic processors B, 0.468 0.103 4.54
Sigma-squared o? 0.071 0.019 3.74
Gamma Y 0.862 0.108 7.98
Eta n 0.018 0.009 2.00
LR test of one-sided error LR 15.642 — H,:y=0, rejected
Number of countries N 28 — cross-sections
Number of observations NT 84 — balanced panel

Source: calculated by the authors using FRONTIER 4.1 based on data from Organicinfo (n.d.)
and the Research Institute of Organic Agriculture FiBL (2026).

Figure 3

Heatmap of SFA efficiency in organic retail sales based on Model 2
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The ranking of countries by their mean SFA efficiency scores reveals a clear
polarisation within the sample (Figure 4).

Figure 4
Mean SFA Efficiency Scores for Organic Retail Sales under Model 2, 2022-2024
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Source: authors’ calculations based on data from Organiclnfo (n.d.) and the Research Institute
of Organic Agriculture FiBL (2026).

Model 3 assesses how effectively the relative resource and production
capacity of the organic sector is translated into per capita organic consumption rather
than absolute market size. All input coefficients are positive, with organic processors
exerting the strongest effect (Table 5), indicating that consumer-market development
depends particularly on the availability of processed, diversified, and market-ready
organic products.
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Table 5

Parameters and diagnostic statistics of panel SFA Model 3 for assessing the
efficiency of organic consumer market development

Parameter Symbol | Coefficient | Standard error | t-statistic/comment
Constant B, -0.936 0.548 -1.71
Producers_p B, 0.286 0.084 3.40
Area_p B, 0.213 0.069 3.09
Processors_p B, 0.411 0.097 4.24
Sigma-squared o2 0.058 0.016 3.63
Gamma % 0.837 0.112 7.47

Eta H 0.015 0.008 1.88

LR test of one-sided error LR 14.726 — H,:y=0, rejected
Number of countries N 28 — cross-sections
Number of observations NT 84 — balanced panel

Source: authors’ calculations using FRONTIER 4.1 based on data from Organiclnfo (n.d.),
Research Institute of Organic Agriculture FiBL (2026) and the State Statistics Service of
Ukraine (2026).

Germany, France, the United Kingdom, and Switzerland form the leading
group (Figures 5 and 6), whereas the overall distribution reveals persistent cross-
country disparities. These differences suggest that consumer-market efficiency
depends not only on production capacity but also on the ability to connect organic
supply with effective processing, distribution, and domestic demand.

Overall, Model 3 suggests that developing an organic consumer market is a
more complex process than expanding production or exports. The consumer-market
results further suggest that supply-side capacity alone is insufficient to generate high
organic consumption in European national economies. Once a basic production and
processing infrastructure is in place, additional increases in producers or organic
land yield progressively smaller market effects because consumer expenditure is
constrained by purchasing power, price premiums, established consumption habits,
trust in certification, and access to organic products. This provides an economic
explanation for the decreasing returns identified in Model 3 and for the persistent gap
between countries with similar resource endowments but markedly different levels of
consumer-market efficiency.
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Figure 5

Heatmap of SFA efficiency in the development of the organic consumer market
based on Model 3
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Lithaania 0.38 0.39 0.36
Estonia 0.37 0.35 0.36
Croatia 0.34 0.32 0.34 - 0.4
Latvia 0.28 0.32 0.29
Poland 0.25 0.28 0.29
Ukraine 0.23 0.24 0.26 T
Slovenia .24 0.24 0.22
Bulgaria 0.23 0.19 0.22
Romanis 0.20 0.19 0.21 [02
Turkey 0.19 0.20 0.20 o
Hungary 0.18 0.20 0.19
Gresce 0.19 0.19 0.18

Source: authors’ calculations using FRONTIER 4.1 based on data from Eurostat (n.d.),
Organicinfo (n.d.), Research Institute of Organic Agriculture FiBL (2026) and the State
Statistics Service of Ukraine (2026).

The stronger contribution of European organic processors to domestic market
performance has a clear economic interpretation. Processing transforms primary
organic output into differentiated, packaged, and retail-ready products, increases
product variety, and facilitates their distribution through conventional retail channels.
A country may therefore possess a substantial organic land base and a large number
of producers without generating proportionately high domestic sales if value-added
processing and market intermediation remain underdeveloped. This helps explain
why differences in domestic market efficiency are more closely associated with the
maturity of the organic value chain than with primary production capacity alone.
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Figure 6

Mean SFA efficiency scores for the development of the organic consumer
market based on Model 3

Germany N 0,99
France N 0,99
United Kingdom I 0,96
switzerland I — 0,92
Austria I 0,83
Sweden I — 0,81
Netherlands I 0,81
spain N 0,80
Denmark M 0,76
Luxembourg I 0,57
Belgium N 0,56
italy T 0,56
Norway [N 0,52
Finland Y 0,45
Czech Republic I 0,39
Ireland NN 0,38
Lithuania (N 0,33
Estonia NN 0,36
Croatia (N 0,33
Latvia I 0,30
Poland N 0,27
Ukraine Y 0,24
Slovenia Y 0,23
Bulgaria Y 0,21
Romania I 0,20
Turkey Y 0,20
Hungary Y 0,19
Greece NN 0,19

Source: authors’ calculations based on data from Organiclnfo (n.d.), Research Institute of
Organic Agriculture FiBL (2026) and the State Statistics Service of Ukraine (2026).

Using Equation (5), the annual organic domestic market efficiency index IE
was calculated for each country as the geometric mean of the SFA efficiency scores
obtained from Models 2 and 3 (Table 6). The Pearson correlation coefficient between
export efficiency and the integrated internal market efficiency index is relatively
low (r=0.18), indicating that countries with high export efficiency do not necessarily
demonstrate a similarly high level of domestic market efficiency, which supports the
methodological relevance of analyzing external and internal market performance as
separate but complementary dimensions.
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Table 6

Dynamics of the organic domestic market efficiency index (IE)

Country 2022 2023 2024 Avr.
Germany 0.99 0.98 0.98 0.98
France 0.98 0.95 0.97 0.97
Switzerland 0.9 0.87 0.94 0.90
United Kingdom 0.86 0.86 0.87 0.86
Netherlands 0.85 0.83 0.84 0.84
Austria 0.77 0.76 0.77 0.77
Sweden 0.75 0.74 0.74 0.74
Spain 0.73 0.73 0.75 0.74
Denmark 0.69 0.7 0.73 0.71
Belgium 0.62 0.62 0.58 0.61
Italy 0.58 0.56 0.59 0.58
Finland 0.49 0.48 0.43 0.47
Norway 0.43 0.46 0.46 0.45
Luxembourg 0.38 0.39 0.41 0.39
Czech Republic 0.32 0.34 0.39 0.35
Ireland 0.3 0.31 0.35 0.32
Estonia 0.33 0.28 0.33 0.31
Lithuania 0.3 0.29 0.27 0.29
Croatia 0.27 0.26 0.29 0.27
Latvia 0.24 0.29 0.27 0.27
Poland 0.25 0.26 0.27 0.26
Greece 0.23 0.23 0.25 0.24
Ukraine 0.21 0.23 0.23 0.22
Bulgaria 0.22 0.2 0.24 0.22
Slovenia 0.21 0.22 0.2 0.21
Hungary 0.22 0.2 0.19 0.20
Romania 0.19 0.18 0.19 0.19
Turkey 0.18 0.18 0.18 0.18

Source: authors’ calculations based on data from Organicinfo (n.d.), Research Institute of
Organic Agriculture FiBL (2026) and the State Statistics Service of Ukraine (2026).

The quadrant diagram (Figure 7) shows that European countries differ
substantially not only in the overall efficiency of their organic sectors, but also in the
way this potential is realised through external and domestic markets.
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Figure 7

Quadrant classification of European countries by export SFA efficiency and the
Internal Market Efficiency Index (IE)
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Source: authors’ calculations based on data from Eurostat (n.d.), Organiclnfo (n.d.), Research
Institute of Organic Agriculture FiBL (2026) and the State Statistics Service of Ukraine (2026).

The cross-country differences reveal that organic sector efficiency is
shaped by the way production potential is integrated into national and international
value chains rather than by resource endowment alone. France, the Netherlands,
Austria, and Spain combine high export and domestic market efficiency, suggesting
a relatively balanced interaction between primary production, processing capacity,
access to external markets, and domestic demand. A different pattern is observed
in Ukraine, Turkey, the Czech Republic, Poland, and Croatia, where production
capacity is converted more effectively into export performance than into domestic
market outcomes. This profile is consistent with an export-oriented development path
in which international market access advances faster than domestic demand and
retail market maturity. By contrast, the United Kingdom and Denmark show stronger
domestic-market performance, indicating that an established consumer base and
developed distribution channels can support organic market efficiency even without
comparable export efficiency. Countries with relatively low scores in both dimensions
appear to face a broader problem of transforming available organic resources into
market outcomes. These differences indicate that expanding organic land or the
number of producers alone is unlikely to eliminate efficiency gaps; the development of
processing, distribution, consumer demand, and market access is equally important.
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A sensitivity analysis was conducted to assess whether the main results
depend on the aggregation procedure used for the domestic market efficiency
index or on the threshold applied in the quadrant classification. First, the integrated
domestic market efficiency index was recalculated using the arithmetic mean of the
efficiency scores from Models 2 and 3 instead of the geometric mean adopted in the
baseline approach. This alternative aggregation produced only minor changes in the
index values and did not alter the allocation of countries across the four development
patterns.

The robustness of the quadrant classification was then examined using
alternative threshold values of 0.65 and 0.75. As shown in Table 7, lowering the
threshold to 0.65 left the classification unchanged. When the threshold was increased
to 0.75, 15 of the 17 countries retained their original development pattern. Spain
shifted from the balanced to the export-oriented group, while Denmark moved from
the domestic-market-oriented to the limited-potential-realisation group.

Table 7

Sensitivity of the quadrant classification to alternative efficiency thresholds

Sensitivity Balanced | Domestic- | Export- | Limited- | Classification
specification market- | oriented | potential- retained
oriented realisation
Baseline threshold = 0.70 4 2 6 5 —
Threshold = 0.65 4 2 6 5 100%
Threshold = 0.75 3 1 7 6 88.2%

*Number of countries. Source: calculated by the authors based on data from Eurostat (n.d.),
Organiclnfo (n.d.), Research Institute of Organic Agriculture FiBL (2026) and the State Statistics
Service of Ukraine (2026).

Overall, the sensitivity analysis indicates that the proposed typology is robust
to reasonable changes in both the aggregation rule and the classification threshold.
The distinction between export and domestic market efficiency therefore does not
appear to be driven by a particular methodological choice, while the main country
development patterns remain largely stable under alternative specifications.

The comparison between export SFA efficiency and the integrated domestic
market efficiency index also reveals an important structural asymmetry: a country’s
strong capacity to market organic products abroad does not guarantee a comparable
level of domestic market development.

Hypothesis H1, which posits a key role for processing infrastructure in the
development of the domestic organic market, is supported by the empirical results.
In both domestic-market models, the variables representing the number of organic
processors have the largest coefficients among the resource and production factors.
These findings indicate that the development of processing infrastructure contributes
more strongly to domestic market efficiency than the expansion of the number of
producers or the area under organic farming alone.
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The comparison between export efficiency and the integrated domestic
market efficiency index also shows that these two dimensions of organic sector
development do not fully coincide. The correlation coefficient r=0.18 suggests that
high domestic market efficiency does not automatically translate into strong export
performance. The quadrant classification provides further evidence by identifying
countries with a predominantly domestic-market orientation, including the United
Kingdom and Denmark, as well as export-oriented countries whose domestic market
potential remains less fully realised. Hypothesis H2 can therefore be accepted.

The analysis of the summed elasticities across the three SFA models provide
support for Hypothesis H3. In the export efficiency model, the sum of the estimated
coefficients is 0.922; in the retail sales model, it is 0.964; and in the consumer market
model, it amounts to 0.910. In all three cases, the values are below or close to
unity, indicating decreasing or near-constant returns to scale in the organic sectors
of European countries. This means that an expansion of the sector’s resource and
production capacity has a positive effect on market outcomes, but does not generate
a pronounced effect of increasing returns.

A comparison of the n parameters, which capture changes in the inefficiency
component over time, suggests that the export dimension of the organic sector
improved relatively faster than the domestic market dimension. The lower values in
the domestic market specifications reflect the slower adjustment of national organic
markets, whose development depends not only on the production base, but also
on purchasing power, consumer habits, distribution channels, and trust in organic
products. Hypothesis H4 is therefore supported, although the relative advantage of
the export dimension should be interpreted as moderate rather than pronounced.

Discussion

The findings extend previous cross-country efficiency research by showing
that national organic sectors cannot be adequately assessed through production
efficiency alone. Earlier DEA and SFA studies identified substantial heterogeneity in
European agriculture (Hart et al., 2015; Doki¢ et al., 2022; Kyshakevych et al., 20253,
2025b), whereas the present results demonstrate that such differences also concern
the ability to transform organic-sector potential into external and domestic market
outcomes. The stronger role of producers in export performance and processors in
domestic-market efficiency supports the value-chain perspective of Sanders et al.
(2016) and complements Blockeel et al. (2025), who report heterogeneous economic
effects of organic farming across countries and production systems. Thus, expansion
of primary production without adequate processing and commercialisation capacity
may leave part of the sector’s potential unrealised.

The weak relationship between export and domestic-market efficiency
is consistent with international evidence showing substantial variation in organic
consumption, willingness to pay, and market maturity (Jensen et al., 2011; Katt &
Meixner, 2020; Von Witzke, 2025; Willer et al., 2026). It also supports the findings of
Sandstrom et al. (2025) and Goéralska-Walczak et al. (2025), who emphasise spatial,
institutional, and market constraints on organic-sector development. Theoretically,
these results support a multidimensional interpretation of efficiency in which production
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capacity and its market realisation represent distinct dimensions. Decreasing or near-
constant returns to scale further imply that simply increasing organic land, producers,
or processing capacity is unlikely to generate proportional market gains, consistent
with the context-dependent interpretation of organic efficiency proposed by Lakner &
Breustedt (2017) and Seufert & Ramankutty (2017).

The practical implication is that organic-sector policies should be differentiated
according to national development patterns rather than centred uniformly on expanding
certified acreage or producer numbers. Export-oriented countries may benefit more
from stronger processing, distribution, and domestic demand, whereas countries with
developed domestic markets but weaker exports require support for certification,
logistics, and integration into international value chains. Countries performing
weakly in both dimensions require broader value-chain interventions, consistent
with evidence that organic-sector outcomes depend on structural and institutional
conditions (Casolani et al., 2021; Moéhring et al., 2024; Kremmydas et al., 2025). For
producers and processors, closer vertical cooperation, product differentiation, and
alignment of production with market demand may improve the realisation of organic-
sector potential. At the EU level, the proposed efficiency measures and typology can
therefore serve as a benchmarking tool for targeting support according to country-
specific constraints.

Conclusions

The study demonstrates that the efficiency of national organic sectors is
multidimensional and cannot be inferred from production capacity alone. External
and domestic market performance represent related but distinct dimensions, while
the ability to transform organic-sector resources into market outcomes depends on
how effectively production, processing, distribution, and demand are connected. The
proposed SFA framework therefore extends conventional production-oriented efficiency
analysis towards an assessment of the market realisation of organic-sector potential.

The cross-country results reveal different development trajectories rather
than a single hierarchy of successful and unsuccessful organic sectors. Balanced
systems combine effective participation in external markets with a developed domestic
market, whereas export-oriented and domestic-market-oriented systems exhibit
asymmetric realisation of their potential. The absence of pronounced increasing
returns further suggests that quantitative expansion of organic production alone is
unlikely to eliminate these differences. Sustainable sector development therefore
requires coordination between production capacity, processing infrastructure, market
access, and consumer demand.

These findings support differentiated rather than uniform organic-sector
policies across Europe. The proposed typology can help identify whether national
priorities should focus on exportintegration, domestic market development, processing
capacity, or broader value-chain strengthening, while producers can use the results
to align production expansion more closely with processing and market opportunities.
In this sense, the study provides both an analytical framework for comparing national
organic sectors and a practical basis for targeting EU and national support measures
more closely to the specific constraints affecting market efficiency.
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The study is limited by the short observation period, restricted availability of
comparable organic export data, and the use of aggregated national indicators that
do not capture regional and farm-level heterogeneity. The results may also depend
on the selected functional form and distributional assumptions of the SFA framework.
Future research could extend the time horizon, incorporate institutional, price,
certification, and macroeconomic determinants, and examine transitions between the
identified development patterns using alternative frontier specifications.
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