®°| agriculture

Article

Exporting Animals or Exporting Value? Public Policy,
Trade Resilience and Value Creation in the Romanian

Sheep Sector

Ana Gina Armas !

M) Check for updates

Academic Editor: Shiwei Liu

Received: 7 September 2026
Revised: 24 October 2026
Accepted: 27 October 2026
Published: 2 November 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

, Loredana Vaduva 2*(, Nicusor Marius Maritescu ! and Ioan Petroman 1-*

Research and Development Station for Sheep and Goats, Drumul Resitei km 2, 325400 Caransebes, Romania;
gina.armas@scdcoc-caransebes.ro (A.G.A.); marius.maritescu@scdcoc-caransebes.ro (N.M.M.)

Faculty of Management and Rural Tourism, University of Life Sciences “King Mihai I” from Timisoara,
300645 Timisoara, Romania

*  Correspondence: loredanavaduva@usvt.ro (L.V.); ioan.petroman@scdcoc-caransebes.ro (I.P.)

Abstract

Background: Public policies are increasingly judged not only by their support for production
but by how they shape trade structure, value distribution and resilience to shocks. Romania’s
sheep sector has expanded since EU accession, yet whether this has translated into higher-
value exports or more resilient trade destinations remains unclear. Methods: Using UN
Comtrade, FAOSTAT and Eurostat data for 20032024, four dimensions—production base,
trade orientation, value structure and geographical concentration—were examined via
descriptive indicators, Kendall trend tests, permutation Kruskal-Wallis comparisons across
five policy periods, and one-sided sign and Wilcoxon tests, with robustness checks in
constant prices. Results: The sheep population grew by 42.8% (2003-2024), but slaughter
and meat production did not follow proportionally, and the Slaughter Rate fell from 83.6%
to 51.1%. Live Export Value Share exceeded 50% every year (median 92.2%), and live export
value exceeded meat export value in all 22 years (median ratio 11.8). Eight of fourteen
indicators differed significantly across policy periods, and geographical concentration
was confirmed for meat but not live-animal exports. Conclusions: The sector combines
an expanding productive base with a persistently live-animal-centric export structure;
policy should complement production support with investment in slaughter and processing
capacity, quality classification and market diversification, rather than restricting live exports.

Keywords: sheep sector; live-animal exports; value creation; trade resilience; agricultural
policy; export concentration; Romania

1. Introduction

Contemporary agri-food systems operate in an environment characterized by increas-
ing economic interdependencies, price volatility, climate pressures, geopolitical tensions
and frequent disruptions to supply chains. In this context, public policies can no longer be
evaluated solely by their ability to support agricultural production. Equally important is
how they influence the structure of trade, the distribution of value along agri-food chains,
producers’ access to markets and the capacity of agricultural sectors to absorb and overcome
external shocks. The resilience of a food system involves not only maintaining the availabil-
ity of products but also preserving essential economic, social and institutional functions in
times of crisis [1,2]. At the same time, the capacity of supply chains to adapt to disruptions
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depends on the diversity of sources, the flexibility of trade relations and the existence of
internal infrastructures capable of supporting production, processing and distribution [3].

International trade helps balance the gap between production and consumption, facili-
tates access to larger markets and offers producers opportunities for capitalisation. However,
expanding trade can also generate new vulnerabilities: integration into international trading
systems does not automatically guarantee resilience, especially when exports depend on few
products or partner countries. Geographic diversification can improve supply stability, but
growing trade dependence can reduce the autonomy of the national food system [4]. Con-
centrated trade flows and interdependent markets can also favour the rapid transmission of
shocks across regions [5,6]. From this perspective, assessing trade performance must go
beyond the volumes and values exported to include export structure, market concentration
and the national economy’s capacity to retain the value created.

This issue is particularly important in the livestock sectors, where the same productive
potential can be exploited through very different business models: animals can be exported
live, with slaughter, processing and marketing of the meat taking place in the importing
country, or slaughtered and processed domestically for export as chilled or frozen meat,
edible organs, hides and other products. These models are not equivalent from the perspec-
tive of the agri-food chain’s economic organization. The literature on food chains shows
that rural development depends not only on primary production but on the relationships
between producers, processors, distributors and final markets [7]. Value-chain analysis
identifies the activities through which a product acquires higher economic value and how
that value is distributed among participants [8,9].

Participation in international trade can take the form of integration into segments with
different levels of processing and complexity. Exporting primary products can provide
immediate income and meet well-defined external demand, but the activities contributing
most to a product’s final value may take place outside the exporting economy. Studies
on global supply-chain fragmentation demonstrate that the gross value of exports is not
equivalent to the value added retained in the economy of origin [10,11]. For the livestock
sector, this distinction is essential: a high value of live-animal exports may indicate com-
mercial success without demonstrating the development of domestic slaughtering, cutting,
refrigeration, packaging, certification and marketing activities.

Live-animal exports should not, however, be interpreted simplistically as valueless
for the national economy: for farmers, they offer a quick route to capitalise on production,
absorb seasonal domestic demand, and secure liquidity, helping sustain farms and jobs
where domestic slaughter capacity or demand for sheep meat is limited. The public policy
question is, therefore, not whether live exports should be eliminated but whether the current
trade structure balances farmers’ incomes with domestic processing, market diversification
and sector resilience.

Sheep farming is of particular economic, social and ecological importance in many
European regions: sheep systems make use of pastures unsuited to intensive crop pro-
duction, help maintain agricultural activity in mountainous and disadvantaged areas, and
support the conservation of traditional rural landscapes. At the same time, the sector faces
unstable incomes, an ageing farming population, labour shortages, farm fragmentation,
high costs and demand fluctuations. Its sustainability, therefore, depends on harmonis-
ing economic objectives with social, environmental and animal welfare objectives [12,13].
Appropriate technologies, improved management and more efficient marketing channels
can support productivity, but results also depend on the institutional framework and
public interventions [14].

At the EU level, the sheep and goat sector is recognized for its role in maintaining
agricultural activity in vulnerable territories but also for structural difficulties, including low
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producer incomes, limited consumption and dependence on public support [15]. The Com-
mon Agricultural Policy influences the sector through direct payments, coupled support,
rural development measures, investments, environmental standards and animal welfare
conditionality, though its effects are not uniform across Member States or farm types: com-
parative assessments of European sheep and goat farms highlight important differences in
economic, social and environmental performance [16]. The experience of shared pastures
in Romania likewise shows that CAP effects are mediated by local institutions, user rights
and communities’ ability to access available tools [17].

The Common Agricultural Policy is subject to permanent tension between supporting
farm incomes, competitiveness, environmental protection and territorial development, and
the recent literature shows its instruments need to be more firmly adapted to sustainability
objectives and farming-system specificities [18]. Public support can contribute to farm
viability [19], but maintaining primary production does not automatically consolidate
processing chains, diversify markets, or increase the value retained in rural areas—so
evaluating sectoral policies must include effects on the commercial structure, not only on
livestock and production.

Romania’s 2007 EU accession profoundly changed the institutional framework of
national agriculture. Access to the single market, European standards and CAP instruments
created opportunities for modernization but also highlighted structural differences from
the agricultural models prevalent in other Member States [20]. Romanian agriculture
has significant productive potential, but commercial performance and competitiveness
are shaped by farm fragmentation, processing infrastructure, productivity and operators’
capacity to meet market demands [21]—aspects particularly relevant for the sheep sector,
where herd size is not always matched by a proportional capacity for processing and
marketing meat.

Quality standardization and carcass grading are mechanisms through which the mar-
ket can more clearly communicate its requirements to producers. The EUROP classification
system’s application in the Romanian cattle sector has highlighted the link between carcass
quality, producer payment and a common commercial language [22]; although not directly
transferable, this demonstrates the institutional infrastructure needed to move from animal
marketing to a standardized, quality-differentiated product. Similarly, rural development
policy must manage trade-offs between economic performance, resource use and accept-
able environmental impact [23]. Consolidating in-house processing should, therefore, be
conceived not only as economic growth but as part of responsible rural development.

The issue of value retained in the national economy is also linked to food security.
A purely quantitative approach, focused on production or export volume, does not cap-
ture how benefits and costs are distributed among producers, processors, consumers and
communities: food security also implies institutional responsibility, equity and agri-food
systems’ capacity to use resources compatibly with present and future needs [24]. Analyses
for Romania and neighbouring countries show that agricultural performance coexists with
structural vulnerabilities, territorial differences and unequal adaptive capacity [25], and the
resource losses associated with meat consumption highlight the need for more efficient use
of land, water, energy and raw materials [26]. Value creation must, therefore, be assessed
not only as commercial income but also in relation to responsible resource use and the
sustainable development of rural communities.

Live-animal exports also have an ethical and welfare dimension that cannot be fully
separated from economic analysis. Sheep transport involves risks from handling, loading
density, journey time, water and feed availability, and temperature and resting conditions;
the EFSA assessment on small-ruminant transport identifies potential welfare consequences,
including heat stress, thirst, prolonged hunger, fatigue and restricted movement [27]. Com-
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mercial transport of live animals in the EU is regulated by requirements on fitness for
transport, means of transport, journey planning and operators’ responsibilities [28]. Jour-
ney time significantly influences animal welfare [29], and heat stress is a major risk during
long-distance transport in adverse climatic conditions [30].

This dimension does not automatically make live-animal exports unjustifiable, but it
does require public policy to weigh costs not directly reflected in trade values. A sectoral
strategy based predominantly on animal exports must be assessed jointly against farmers’
incomes, trade security, animal welfare, domestic processing capacity and downstream job
creation, rather than judged a success on export volume alone.

The need for such an analysis became more evident after the disruptions caused by
the COVID-19 pandemic: movement restrictions, labour shortages, temporary closures and
changed consumption channels exposed important vulnerabilities in food chains [31]. The
Russia—Ukraine conflict subsequently amplified uncertainty around energy, feed, transport
and input costs, generating new pressures on trade and food security [32]. These shocks
show that trade specialization can be advantageous in stable periods but becomes a source
of vulnerability when a sector depends on few markets, sensitive logistical routes, or a
single exported product type.

Despite the economic importance of the Romanian sheep sector, its productive base,
live-animal exports, meat trade, value retention and geographical concentration of markets
have not been analysed together: existing studies typically treat herd evolution, farm
performance, CAP support, external trade and animal welfare separately, leaving open
whether export expansion has been matched by domestic processing development and
whether trade geography provides resilience or dependency.

The geographical reorientation of Romania’s live sheep exports toward Middle East
and North Africa (MENA) destinations, documented in Section 3.3, occurs within a wider
pattern already described for other live sheep exporters: a large share of international live
sheep trade is directed toward Gulf and Middle Eastern buyers, and the economic effects
of this trade for the exporting country are debated, since higher export demand can raise
prices and commercial value while reducing the volume of local slaughter, processing and
associated employment [33]. Demand for live sheep in these destinations is also strongly
seasonal, concentrated around the Eid al-Adha religious festival, when sheep and goat
prices and market volumes can rise markedly above their level in other periods [34]; this
seasonal demand pattern is not modelled explicitly in the annual indicators used here, but
it is a plausible contributing factor to the destination structure documented in Section 3.3
and is noted as a direction for further research with higher-frequency data. Comparable
international experience also illustrates that reliance on live exports is not a fixed feature of
sheep sector trade structure: Australia, historically one of the largest live sheep exporters,
has legislated an end to live sheep exports by sea from 1 May 2028 on animal welfare
grounds, following a multi-year domestic debate over the respective roles of live export and
domestic processing [35]; this case does not imply a particular policy direction for Romania,
but it illustrates that the live-export/domestic processing balance examined in this study is
an active policy question elsewhere as well.

Starting from this gap, this study assesses the transformation of the Romanian sheep
sector over 2003-2024 by relating the evolution of the productive base to the structure of
foreign trade, comparing live sheep and sheep meat exports in volume, value and unit value,
and examining the geographical concentration of destination markets, with particular atten-
tion to Romania’s EU accession, the successive stages of the Common Agricultural Policy,
the COVID-19 pandemic and the recent period of economic and geopolitical instability.

To achieve the stated objective, this study aims to answer four research questions:
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e RQLI. To what extent is the Romanian sheep sector oriented towards the export of live
animals, compared to the export of sheep meat?

e RQ2. How did the relationship between live sheep exports and sheep meat exports
change during the main periods of agricultural policy and market instability between
2003 and 2024?

e  RQ3. To what extent are Romania’s exports of live sheep and sheep meat geographically
concentrated, and what implications does this concentration have for trade resilience?

e  RQ4. What indications do the volume, value and unit value of exports provide regard-
ing Romania’s capacity to create and retain value within the national sheep chain?

The contribution of this study lies in explicitly differentiating animal exports from
value exports; it does not assume meat exports are always superior to live-animal exports,
nor equate export value with value added retained nationally. The aim is to identify the
current structure of commercial valorization and assess whether it balances farmers’ access
to external markets, the development of domestic processing and sector resilience, provid-
ing an empirical basis for policies aimed at modernizing slaughter and processing units,
improving product classification and differentiation, diversifying commercial destinations,
and consolidating the position of Romanian producers in agri-food chains.

2. Materials and Methods
2.1. Research Design and Analytical Framework

The research was conceived as a longitudinal quantitative study, with an exploratory
and explanatory nature, dedicated to the evolution of the sheep sector in Romania and
the way in which it has integrated into international trade systems. The analysis follows
the period 2003-2024 and starts from a relevant issue for agricultural policies and rural
development: the orientation of Romanian exports towards live animals, compared to
the export of sheep meat, which involves additional processing stages before external
marketing. The choice of Romania as a case study is justified by the importance of the
sheep sector in national animal husbandry, by its role in the economy of some rural regions
and by the particularities of the integration of Romanian agriculture into the European
single market [17,20,21].

The analytical approach was built around the question of whether the development
of foreign trade in sheep was also accompanied by a greater capacity to capitalise on
production within the national economy. The export of live animals and the export of meat
represent two distinct types of integration into agri-food chains. The first facilitates the rapid
capitalisation of production and access of breeders to external demand, especially when the
domestic market is limited or seasonal. The second involves carrying out, in the country
of origin, activities, such as slaughtering, cutting, refrigeration, packaging, certification,
storage and marketing. These activities can extend the value chain and distribute income
among a larger number of economic operators [7-11].

The distinction between the two trade flows has not been treated as a simple opposition
between a favourable and an unfavourable option. Livestock exports can support farmers’
incomes, facilitate market access for farms that lack domestic marketing alternatives, and
help maintain livestock activities in rural areas. At the same time, dependence on a single
type of exported product or on a limited number of markets can increase the sector’s
exposure to sanitary and veterinary restrictions, changes in demand, logistical difficulties,
and geopolitical instability [4-6]. The research, therefore, aims to assess the balance between
farmers’ immediate access to external markets, the development of domestic processing,
and the resilience of the trade structure.

The analytical framework brings together four complementary dimensions. The first
dimension is the productive base of the sector and reflects the resources that support
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economic and commercial activity. The second is the orientation of foreign trade and
concerns the relationship between the marketing of live sheep and the marketing of sheep
meat. The third dimension refers to the value structure of exports and the indications
it provides on Romania’s positioning in the value chain. The fourth dimension is trade
resilience, analysed through the diversity and geographical concentration of destination
markets. These dimensions are examined together because a significant productive base
does not automatically lead to the development of processing, and a high value of exports
does not guarantee the existence of a diversified and resilient trade structure.

In this study, value creation and retention are approached through the lens of trade
structure and domestic processing potential. These concepts are not equivalent to gross
value added in the accounting sense. The available data do not include production and
processing costs, operator margins, logistics costs or the distribution of income between
participants in the value chain. Consequently, the research does not estimate the value
added that could have been obtained if the exported animals had been slaughtered and
processed in Romania. Export values and unit values are used as indirect indicators of
trade orientation and the sector’s positioning in the value chain, in line with the distinction
between gross export value and value effectively retained in the economy of origin [10,11].

The policy dimension was integrated by relating sectoral developments to institutional
moments and market shocks that marked the period under review. Romania’s accession
to the European Union, the successive application of the Common Agricultural Policy
instruments, the COVID-19 pandemic and recent economic and geopolitical disruptions
provide benchmarks for comparing the evolution of production and trade [17-21,31,32].
This approach does not assume that all observed changes were produced exclusively by the
policies or events corresponding to each interval. Prices, exchange rates, external demand,
climatic conditions, the sanitary-veterinary situation, processing capacity and operators’
decisions can act simultaneously. Differences between periods are, therefore, interpreted as
temporal and institutional associations, not as definitive evidence of a causal relationship.

In line with the research questions presented in the Introduction, the empirical frame-
work was organized around four hypotheses:

H1. Associated with RQ1, we assume that the Romanian sheep sector is predominantly oriented
towards the export of live animals, compared to the export of sheep meat.

H2. Associated with RQ2, we assume that major periods of agricultural policy and market instability
are associated with significant changes in production, trade orientation, and export structure.

H3. Corresponding to RQ3, we assume the existence of a relevant geographical concentration of
export markets, which may amplify the sector’s vulnerability to external shocks.

H4. Associated with RQ4, we assume that the relative intensity of this live-animal orientation—
expressed as the Live-to-Meat Export Value Ratio, the ratio between the value of live sheep exports
and the value of sheep meat exports in the same year—is not stable over time but differs significantly
across the major periods of agricultural policy and market instability examined under H2. Unlike H1,
which tests whether live-animal exports dominate meat exports in a given year, H4 tests whether the
magnitude of that dominance has itself shifted across institutional and market contexts, rather than
merely whether it is present. As with H1, differences in this ratio are interpreted as an indication of
trade positioning across periods, not as a direct measurement of the value added retained in Romania.

By bringing these dimensions together, the research design allows for examining the
sheep sector not only in terms of the evolution of livestock, production or total value of
trade but also in terms of how production is capitalised, the markets to which it is oriented

https://doi.org/10.3390/agriculture16212393


https://doi.org/10.3390/agriculture16212393

Agriculture 2026, 16, 2393

7 of 42

and the vulnerabilities associated with this orientation. The proposed framework, thus,
provides a basis for evaluating policies related to supporting farmers, developing slaugh-
tering and processing capacities, standardizing quality, diversifying export destinations
and strengthening the resilience of trade chains.

2.2. Data Sources and Study Period

The empirical basis of the research was built by integrating statistical series from
four international sources: FAOSTAT, Our World in Data, UN Comtrade and Eurostat.
For the robustness analysis of trade values in constant prices, the Consumer Price Index
from the United States published by the US Bureau of Labor Statistics was additionally
used. The choice of these sources aimed to combine coverage of the production sector with
detailed information on trade flows, export destinations and price developments. The main
observation unit is Romania—year, and for the analysis of the geographical concentration of
exports, the base was extended to the Romania-year-trading partner level.

FAOSTAT was the main source for the productive base of the sheep sector. From the
Crops and livestock products domain, the series on sheep numbers, number of animals
slaughtered for meat and sheep meat production were extracted. The database also contains
some auxiliary series on by-products, kept for consistency checks and possible further
analyses. The values were imported together with the units of measurement and quality
indicators reported by FAOSTAT, so that official, estimated, imputed or other observations
from other sources could be identified in the audit phase and in sensitivity analyses [36].

The files downloaded through Our World in Data were used to access easily processed
historical series and to cross-check livestock, slaughter and production. Since the metadata of
these indicators indicate FAOSTAT as the original source, the Our World in Data observations
were not treated as an independent statistical source and were not duplicated in the master
database. When the same variable was available in both sources, the FAOSTAT series and
its quality indicators took precedence, and the Our World in Data file performed a check
for concordance and temporal continuity [37].

The data on foreign trade come from UN Comtrade and include the annual flows
reported by Romania for imports and exports, both to the world as a whole and to each
trading partner. For each observation, the year, direction of flow, partner, product code,
quantity, net weight, primary trade value and flags regarding the reported, estimated or
aggregated nature of the record were kept. Trade values are expressed in current US dollars,
net weight in kilograms and the quantity of live sheep in heads. World data were used as
the benchmark for the annual totals, while information on partners was used to calculate
the geographical structure and audit the totals [38]. Tariff codes and aggregation rules are
presented separately in Section 2.3.

Eurostat provided three sets of complementary indicators. The apro_mt_pann set was
used for the number and weight of sheep slaughtered in slaughterhouses, expressed in thou-
sands of heads and thousands of tonnes, respectively. The apri_pi_outa set provided nomi-
nal and real indices of agricultural production prices for the Live sheep and goats category,
with the year 2020 equal to 100. From the economic accounts for agriculture, the aact_eaa0l
set, the value of production at basic prices for the same category, expressed in millions of eu-
ros, was taken. These series are available in the analysed database for the period 2020-2025
and have a complementary role: they support the interpretation of recent developments
and robustness checks but do not replace the FAOSTAT series on total animals slaughtered,
as Eurostat statistics refer to slaughtering reported by slaughterhouses [39]. In response to
review, the robustness analysis in constant prices was extended using two further Eurostat
series: the annual average EUR/USD exchange rate (ert_bil_eur_a) and the euro area Har-
monised Index of Consumer Prices (prc_hicp_aind), which together allow trade values to
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be re-expressed in constant 2024 EUR rather than constant USD; this additional check is
reported in Section S7 (Tables S7 and S8) and did not alter the conclusions of this study.
More generally, the three Eurostat series described above contribute to the results as cross-
checks rather than as inputs to the main hypothesis tests: the apro_mt_pann slaughterhouse
series provides an independent check on the direction of the FAOSTAT-based slaughter and
production trends for the most recent years, while the apri_pi_outa price index and the
aact_eaa(l production-value series situate recent price and value developments alongside
the main UN Comtrade-based trade indicators.

The main study window is 2003-2024. The interval starts four years before Romania’s
accession to the European Union, allowing the construction of a pre-accession reference
period, and ends with the most recent year for which the production and trade series used
in the main comparisons could be treated as sufficiently complete at the time of download.
Although the trade files also include the year 2002, there are no import observations for the
eight selected HS6 sheep meat items for that year. The year 2002 was, therefore, kept in the
raw sheets for traceability but excluded from the symmetric import—-export comparisons
and from the tests applied to the common window. This decision avoids interpreting the
absence of reporting as zero trade value.

Observations are available for 2025 in the UN Comtrade and Eurostat files, but they
have been treated as recent and potentially subject to revision or completion. In addition,
the FAOSTAT series defining the productive base do not provide the same coverage for 2025
as is necessary to calculate all annual indicators. Consequently, 2025 has not been included
in the main estimates, in comparisons between periods or in hypothesis testing. The values
for this year can only be presented separately, with descriptive and provisional status, and
are not used to formulate inferential conclusions.

For robustness analysis, trade values expressed in current US dollars were converted
to constant 2024 dollars using the annual CPI-U series (US city average, all items, not
seasonally adjusted; series ID CUURO000SAQ). The use of a dollar deflator is consistent
with the currency in which UN Comtrade reports the value of trade and allows for partial
separation of nominal growth from the effect of general inflation. This adjustment does not
eliminate the influence of the exchange rate nor specific price variations in the sheep sector,
limitations discussed in Section 2.8 [40].

In the harmonisation process, missing values were kept distinct from zero values and
were not filled in by interpolation. Zero was retained only when explicitly stated in the
original source and was checked against the available detailed records. Only observations
that met the established definitions and units were used for the annual aggregations, and
any discrepancies between the World total and the sum of partners were recorded in a
data quality register and dealt with by explicit rules. Only one quantitative correction was
required in the main series: for the 2024 export of HS code 020430, the World net weight
was reported as zero, although the sum of the records by partners was 398,161.072 kg;
for the calculation of the aggregate volume, the sum of the partners was used, while the
World trade value was retained. The detailed selection, aggregation and harmonisation
procedures are presented in Section 2.3.

2.3. Commodity Coverage and Data Harmonisation

The product coverage was set so that the trade analysis would capture separately
the export of live sheep and the export of the main forms of sheep meat, excluding goat
meat. The selection was made at the six-digit level of the Harmonised System (HS), using
the codes and descriptions provided by UN Comtrade [38]. The live sheep category is
represented by the HS code 010410, and the analytical category sheep meat was constructed
by bringing together eight HS56 codes, which differentiate fresh or chilled meat from frozen
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meat, as well as carcasses from bone-in cuts and boneless meat. The exact structure is
presented in Table 1.

Table 1. Coverage of commercial products included in the analysis.

HS Code Commodity Description Analytical Category
HS 010410  Sheep; live Live sheep
HS 020410 Laml? carcasses and half-carcasses, fresh Sheep meat

or chilled
Sheep carcasses and half-carcasses, excluding
HS 020421 lamb, fresh or chilled Sheep meat
Sheep cuts with bone in, excluding carcasses and
H5 020422 half-carcasses, fresh or chilled Sheep meat
HS 020423  Boneless sheep meat, fresh or chilled Sheep meat
HS 020430  Lamb carcasses and half-carcasses, frozen Sheep meat
HS 020441 Sheep carcasses and half-carcasses, excluding Sheep meat
lamb, frozen
HS 020442 Sheep cuts with bone in, excluding carcasses and Sheep meat
half-carcasses, frozen
HS 020443  Boneless sheep meat, frozen Sheep meat
HS 020450  Goat meat, fresh, chilled or frozen Excluded

Note: Descriptions have been condensed for presentation; selection and calculations used HS6 codes
and full descriptions from UN Comtrade. HS 020450 was not included in the trade indicators.

HS code 020450, which covers fresh, chilled or frozen goat meat, has been explicitly
excluded. This delimitation is necessary because some international series present sheep
meat and goat meat together, although the two sectors are not equivalent in terms of
production base, trade channels or prices. In the master base, the combined sheep and goat
meat series from Our World in Data were retained only as auxiliary verification sources
and were not used in the construction of the main trade indicators. Similarly, the Eurostat
category Live sheep and goats was used only as a complement to the interpretation of prices
and production value, not as a substitute for sheep-specific trade or production variables.

The UN Comtrade series for the period under review are reported in several successive
versions of the HS nomenclature, identified in the files by the classification codes H2, H3, H4,
H5 and Hé. Before aggregation, the product codes were converted into a six-digit textual
format by filling in the leading zero where it had been removed by the numerical format of
the spreadsheet. It was then verified that the nine codes included in the selection retain their
relevant economic meaning in the successive versions found in the downloaded database.
Therefore, temporal harmonisation did not require conversions between different products
but standardization of the code format and the use of the same operational definition
throughout the period.

The trade files were filtered for Romania as a reporter, with an annual frequency and a
second partner fixed to World. Only the standard Import and Export flows were kept. The
Re-import and Re-export categories were not selected in the download used and were not
subsequently added to the main flows. Imports and exports were processed separately, so
that neither their values nor their quantities were offset. For live sheep, the main quantity
was expressed in heads, and the net weight was kept as an additional variable. For meat,
the trade volume was measured by net weight, expressed in kilograms, and the primary
value, expressed in current US dollars, was used as a value measure [38].

The annual sheep meat total was obtained by summing the values and net weights for
the eight HS6 codes included, separately for each year and each direction of flow. At the
level of national totals, records where World was the partner were used with priority, as
these represent the total reported by Romania to UN Comtrade. The partners’ sum was
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not added to the World total, which would have produced double counting. Instead, it was
calculated separately and used as a tool to check the consistency of the values, quantities
and weights reported.

For the geographical analysis, the rule was reversed: all records with a partner equal
to World were removed before calculating the indicators by destination. The remaining
observations were aggregated on the year—partner—flow combination, and in the case of
sheep meat, also on all eight HS6 codes. Thus, the same destination appears only once each
year for the live sheep category and only once for the sheep meat category. The partners’
shares were calculated from the value of exports, not their weight, to maintain the link
with the value dimension of trade. Only the Export flow was used in the analysis of the
concentration of destination markets; imports remained available for the balance indicators
and descriptive checks.

The duplicate control was performed in two stages. First, identical records were
searched for in all imported fields. Then, the combinations of year, flow, partner, second
partner and HS code were checked, completed with the corresponding descriptive fields.
The final files used for live sheep and sheep meat did not contain exact duplicates. In
situations where multiple rows appeared for the same year and partner because they referred
to different HS6 codes, these were not treated as duplicates but as distinct components of
the sheep meat category and were summed only after validation of the product code.

The check of totals compared, for each year, stream and code, the World values with
the sums resulting from the partner records. The World total was retained as the primary
source when it was available and had a plausible value. Deviations were documented in the
data quality register and were not automatically corrected. This rule is important because
minor differences between the two levels can arise from rounding, statistical confidentiality,
unspecified partners or updates to the database, and systematically replacing the reported
total with the sum of partners would introduce an arbitrary rule.

An explicit exception was applied to HS code 020430 for the 2024 export. The World
record indicated a quantity equal to zero, and the net weight field was blank, although
the rows by partner totalled 398,161.072 kg. The World trade value of USD 3,765,343.87
coincided with the sum of the values reported by partners. Consequently, the sum of the
weights of the partners was used for the quantity component of the total sheep meat, and
the primary value World was retained. The intervention is not a trend-based imputation
but a reconciliation of two levels of the same trade reporting; the year, code, affected field
and replacement value were recorded in the audit log.

In the final stage, the harmonised trade series were joined to the production variables
by the year key. The units were kept distinct, head for livestock, slaughter and live trade;
kilograms for net meat weight; tonnes for meat production; current USD for trade values, and
conversions were only made in the indicator formulas that required them. Missing values
were left blank, and divisions were not calculated when the denominator was missing or
equal to zero. Through this sequence of filtering, standardization, aggregation and auditing,
each indicator in the master database can be traced back to the flow, product code and
partner level from which it originates.

2.4. Production, Trade Orientation and Value Creation Indicators

The indicators were constructed to capture three components of the sheep sector:
the use of the productive base, the orientation of trade flows and the value structure of
exports. The calculations were performed annually, for Romania, using the harmonised
series described in Sections 2.2 and 2.3. In the formulas, the index t represents the year, and
the results of the rate or weight type are expressed as a percentage. The indicators were not
calculated when the denominator was absent or equal to zero.
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The first component of the analysis tracks the relationship between sheep stock, slaugh-
tering, and meat production. The level variables—Sheep Stock (SS;), Sheep Slaughtered
(SH;), and Sheep Meat Production (SMP,)—were initially analysed as annual series be-
cause their changes provide distinct information about herd size, utilization, and productive
output. Two derived indicators were calculated to compare series with different scales.

Slaughter Rate (SR;) expresses the share of animals slaughtered for meat in the sheep

herd in the same year:

SR, = ?S_I;: x 100 (1)
where SH, is the number of sheep slaughtered for meat, expressed in heads, and SS,
represents the sheep population, also in heads. The indicator is used as a measure of
the annual intensity of capitalisation through slaughter. It should not be interpreted as
an individual probability of slaughter nor as a strict biological rate, since the population
is a stock variable, while slaughters constitute an annual flow; animal movements and
differences between reporting times can affect the ratio.

Carcass Yield (CY,) approximates the average amount of meat produced for each

animal reported as slaughtered:

SMP, x 1000

CY, = (2)
SH,

where SMP, is the sheep meat production expressed in tonnes, and multiplication by
1000 converts tonnes to kilograms. The result is expressed in kg/head. The indicator
combines two FAOSTAT series and should be interpreted as apparent average yield, not as
individual weight measured directly in the slaughterhouse. It may reflect the structure by
animal category, slaughter weight and the particularities of statistical reporting.

In response to review, net live exports were combined with recorded slaughter to test
whether the decline in the Slaughter Rate reflects a shift from domestic slaughter toward
live export rather than a general reduction in herd utilization. A Total Utilization Rate was
defined as (animals slaughtered + net live exports) /sheep stock for each year, where net live
exports is the live-animal export quantity minus the live-animal import quantity. Unlike the
Slaughter Rate alone, this indicator credits animals leaving the national herd through either
outlet, so that a shift between the two channels does not by itself change its value. The annual
series and period averages for this indicator are reported in Section 54 (Tables S4 and S4b),
and its trend test is reported in Section S6 (Table S6).

The orientation towards live-animal exports was measured by Live Export Inten-
sity (LEIL;), defined as the ratio between the number of live sheep exported and the

LEQ,
S5,

where LEQ, represents Live Export Quantity, expressed in heads. The indicator shows what

national livestock:

LEIL, = x 100 (3)

proportion of the annual productive base is equivalent to the volume of live animal exports.
As in the case of the Slaughter Rate, the numerator is a flow and the denominator a stock;
therefore, the indicator describes the trade intensity, not the individual route of animals in
the herd.

To capture the net trade position, the quantitative balances for live animals and meat
were calculated separately. Live Trade Balance (LTB,) is expressed in heads:

LTB, = LEQ, — LIQ, (4)

where LIQ; represents Live Import Quantity. A positive value indicates a quantitative
surplus of live sheep exports, and a negative value indicates a volume of imports greater
than that of exports.
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Meat Trade Balance (MTB,) is expressed in kilograms:
MTB, = MEW, — MIW, (5)

where MEW, and MIW, represent Meat Export Net Weight and Meat Import Net Weight,
respectively. The two balances have not been summed and have not been directly compared
in physical units, since one is expressed in heads and the other in kilograms. Their role is to
show Romania’s trade position separately on the two segments. Unit values were calculated
as the ratio of the commercial value to the corresponding quantity or weight.

For live sheep, Live Export Unit Value per Head (LEUVH,) was defined as follows:

(6)

where LEV, represents the Live Export Value, expressed in current USD. The result, ex-
pressed in USD/head, provides an apparent average value for an exported animal.

Since UN Comtrade also reports the net weight of live animals, the Live Export Unit
Value per Kilogram (LEUVW,) was additionally calculated:

LEV,

LEUVW, = rpo (7)

where LEW, represents Live Export Net Weight. The result is expressed in USD/kg. This
indicator facilitates a prudent comparison with the unit value of meat but does not convert
the live animal into a meat equivalent: live weight includes components that do not become
a marketable product after slaughter, and processing costs and yields are not observed in
the basis used.

For sheep meat, the Meat Export Unit Value (MEUV,) was calculated by relating the
value of exports to the net weight exported:

MEV,
MEW, (8)

MEUV, =

where MEV, represents Meat Export Value. Similarly, Meat Import Unit Value (MIUV,)
was calculated to verify the value profile of imports:

MIV,
MIW, ©)

MIUV, =

where MIV, represents Meat Import Value. Both indicators are expressed in USD/kg. The
unit values calculated from UN Comtrade are apparent average values, obtained by dividing
the total value by the total quantity, and not observed prices for perfectly homogeneous
contracts or products. Their change can simultaneously reflect price variation, HS6 code
composition, quality, destination, seasonality and costs included in trade reporting [38].

The value structure of exports was assessed by two complementary weights. Live
Value Share () measures the share of live sheep exports in the cumulative value of live
sheep and sheep meat exports:

LEV,

LV = Tev s MEY,

x 100 (10)

Meat Value Share (MVS;) represents the share of meat exports in the same total:

MEV,

VS = ok
MV = Trv S MEV,

100 (11)

By construction, the two weights satisfy the relationship:

LVS, + MVS, = 100 (12)
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These indicators allow for the assessment of the change in the structure of exports
without the total size of the sector dominating the comparison. A high value of a indicates
that external trade revenues come mainly from the sale of live animals, while an increase
signals a higher participation of sheep meat in the exported value. However, it does not
directly measure the value added created or retained in Romania. Raw trade data do not
separate the cost of the animal, processing, logistics services, intermediaries’ margins and
the value of intermediate imports. Consequently, the term value creation is operationalized
in this research through proxy indicators of processing and trade structure, in line with the
distinction between the gross value of exports and domestic value added [10,11].

For hypothesis testing, the indicators were used in a complementary manner. LEI,, LVS,,
and MVS; describe the relative orientation towards live or meat exports; LEUVH,LEUVW,,
and MEUV, capture the profile of unit values; and LTB, and MTB, show the net trade
position of each segment. The common interpretation of these measures reduces the risk
that a single series (e.g., total export value) is considered sufficient to characterize the
performance and value creation capacity of the sheep sector.

2.5. Export Market Concentration and Trade Resilience Indicators

The geographical concentration of exports was analysed separately for live sheep and
sheep meat, as the two categories may have different destinations, logistical conditions and
degrees of trade dependency. The calculations used annual UN Comtrade records at partner
level, after removing aggregated rows where the partner was World. In the case of sheep
meat, the values of the eight HS6 codes were summed for each year—partner combination,
before calculating market shares. The indicators were constructed based on the value of
exports in current USD, not quantities or weights, to measure the distribution of foreign
trade revenues across destinations [38].

The common notation starts from EV,;, which represents Export Value to partner i, for
trade category x, in year t. The category x takes the value L for live sheep and M for sheep meat
alternatively. The total value of exports of the respective category was calculated as follows:

N

TEVy =) EVi (13)
i=1

The value share of each partner in the annual total, s;,;, was defined by the relationship:

EViy
Sixt TEth ( )

Consequently, 0 < s;,; < 1, and the sum of the partners’ shares is equal to 1. Only
destinations with a positive export value have been retained in the distribution. The residual
categories reported by UN Comtrade, such as Areas, nes (“not elsewhere specified”) and
Other Europe, nes, have not been eliminated, as their values are part of the reported trade
total. For this reason, partner is used in the sense of reported trade destination and does
not always designate an individual country.

Number of Export Partners (NEP,,) represents the number of destinations with positive
exports for the category x in the year t:

Nt
NEP, =) I(EV, >0) (15)
i=1
where I(+) is an indicator function, equal to 1 when the condition is met and 0 otherwise. A
higher value of NEP indicates a broader geographical base of exports but does not alone
demonstrate the existence of a diversified structure. A high number of partners can coexist
with dependence on one or a few dominant destinations; therefore, NEP was interpreted
together with concentration indicators.

https://doi.org/10.3390/agriculture16212393


https://doi.org/10.3390/agriculture16212393

Agriculture 2026, 16, 2393

14 of 42

To calculate Concentration Ratios, the partners’ shares were ordered in descending
order, so that 51y, > §(5)=+"28(nyx- Concentration Ratio for the Largest Partner (CR1,;)
measures the share of the most important destination:

CRlxt = S(l)xt x 100 (16)

Concentration Ratio for the Three Largest Partners (CR3,,) represents the cumulative
weight of the first three destinations:
min(3,N,;)
CR3,= ) 54 x100 (17)
i=1
Similarly, the Concentration Ratio for the Five Largest Partners (CR5,,) was calculated

as follows:
min(5,N,,)

CR5,= ) 54 x100 (18)
i=1
Using the function min(-) allows for the calculation of indicators, even if less than three
or five destinations are reported in a year. The values of CR1, CR3, and CR5 are between 0
and 100%. A high value shows that a significant part of the export value is dependent on a
small group of markets. Unlike HHI, these indicators do not include the full distribution of
shares outside the selected group; however, their advantage is the direct interpretation of
the dependence on the first, the first three or the first five partners.
Herfindahl-Hirschman Index () integrates the shares of all partners and gives greater
weight to dominant destinations by squaring the shares [41,42]:

NX;‘
HHI,; = Zszzxt (19)
i=1

In this research, HHI it is expressed on a scale of 0-1. For a given number of partners,
the theoretical minimum value 1/N,, occurs when exports are equally distributed, and the
maximum value is 1 and corresponds to the situation where the entire value is directed
towards a single destination. An increase in the index signals a greater concentration, while
its decrease indicates a more balanced distribution of the value of exports.

To facilitate comparative interpretation, three categories were established before exam-
ining the results: HHI < 0.15 indicates low concentration; 0.15 < HHI < 0.25 indicates moder-
ate concentration; and HHI > 0.25 indicates high concentration. These limits correspond to
the thresholds of 1500 and 2500 used in the HHI convention on the 0-10,000 scale [43]. The
classification is used in this study as a heuristic reference for describing the concentration
of export destinations. It does not represent a legal assessment of competition and does not
assume that trading partners are equivalent to the firms analysed in antitrust policy. To
avoid conclusions dependent solely on thresholds, continuous values of HHI are reported
together with the assigned category.

Commercial resilience was interpreted by reading the five indicators together. A
structure with higher NEP and lower CR1, CR3, CR5 and HHI was considered relatively
more diversified and, therefore, less exposed to the loss of a single market. Conversely, a
dominant share or a high value of these indicators signals a concentrated export structure,
which exposes the sector to a greater risk of disruption if access to the leading destination
changes. The classification of destinations into the EU-27 and MENA groups used in the
regional analysis (Section 3 and Section S5) follows a fixed, time-invariant rule applied
uniformly over 2003-2024. EU-27 comprises the 27 current Member States of the European
Union; the United Kingdom, a Member State until 2020, is classified under the residual
Other category rather than EU-27, so that the regional comparison is not affected by the
discontinuity created by its withdrawal. MENA comprises the Middle East and North
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African destinations that appear as reporting partners in the trade data (Algeria, Bahrain,
Egypt, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Qatar, Saudi Arabia,
State of Palestine, Syria, Tunisia and the United Arab Emirates, with the exact subset differing
slightly between the live-animal and sheep meat flows according to which destinations
reported positive trade in each commodity). All remaining partner countries, together
with unspecified or residual partner aggregates, were classified as Other and excluded
from the region-restricted indicators; their combined share of annual export value was
generally small over 20032024 (median of approximately 1.5% for live-animal exports
and 0.6% for sheep meat exports) but occasionally larger in individual years, reaching
about 11% for live-animal exports and 33% for sheep meat exports (the complete annual
series is reported in the Supplementary Materials). Using this classification, a region-
restricted HHI was additionally calculated separately for the EU-27 and MENA subsets of
each flow as a robustness check, reported in Section S5 (Table S5), to assess whether the
overall concentration result reflects a reorientation toward MENA destinations rather than
a general fragmentation of trade.

2.6. Public Policy and Market Shock Periodization

To capture the changes in the Romanian sheep sector in distinct institutional and
economic contexts, the 2003—-2024 time series has been divided into five sub-periods. The
delimitation combines milestones of European integration and the Common Agricultural
Policy with two major external shocks, the COVID-19 pandemic and the inflationary and
geopolitical instability triggered since 2022. The choice does not aim to arbitrarily fragment
the series but to provide a coherent framework for comparing production, trade orientation,
value creation and export resilience under different policy and market conditions.

The first sub-period, 2003-2006, was defined as the Pre-EU Accession Period. This
represents the baseline situation prior to accession, marked by the preparation for integration
into the single market, the progressive harmonisation of the institutional framework and the
adaptation of the agricultural sector to Community requirements. At this stage, Romania
did not yet benefit from the full application of the Common Agricultural Policy (CAP)
instruments, and the performance of the sheep sector mainly reflects the productive and
commercial structure existing before accession [20,21].

The second sub-period, 2007-2013, was called Early EU Membership and First CAP Im-
plementation Period. Romania became a Member State of the European Union in 2007 [44],
and the period covers the first years of the sheep sector operating within the single market
and the first full cycle of application of CAP instruments in Romania. Trade integration,
access to direct payments and rural development measures, and adaptation to European
standards could simultaneously modify production capacity, the choice between live-animal
and meat exports, and the geographical distribution of trade flows. The name does not
suggest that this was the first historical stage of the CAP at Union level but, rather, the first
period of its implementation for Romania as a Member State.

The third sub-period, 2014-2019, has been defined as the CAP 2014-2020 Pre-Pandemic
Period. It corresponds to the years of application of the CAP architecture established for
the 2014-2020 cycle, including the rules on direct payments [45], but ends in 2019 to avoid
including the exceptional effects of the pandemic in the same analytical window. Therefore,
the year 2020 formally belongs to the CAP 2014-2020 programming period but is separated
here on the basis of the market shock. This convention allows for a comparison of a relatively
homogeneous phase, prior to the pandemic, with the years in which health and logistical
restrictions affected agri-food chains.

The fourth sub-period, 2020-2021, was named the COVID-19 Disruption Period. The
interval focuses on the years in which the pandemic disrupted mobility, transport, HoReCa
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activity, and the functioning of some markets and supply chains, with potential effects on
the timing and destination of live-animal and meat exports [31,32]. The window includes
only two annual observations, and, for this reason, the means and differences calculated for
this sub-period are interpreted with caution. It is not treated as a stable structural regime
but as an episode of acute disruption.

The fifth sub-period, 2022-2024, was defined as the Inflationary and Geopolitical
Shock Period. The delimitation captures the overlap between the consequences of Russia’s
invasion of Ukraine; the increase in energy, feed and other input costs; inflationary pressures;
and uncertainty regarding trade routes and conditions. The European Commission has
identified these developments as risks to food security and the resilience of agri-food
systems [46]. In the same interval, on 1 January 2023, the CAP 2023-2027 began to be
applied through national strategic plans, including the Romanian CAP Strategic Plan [47].
The sub-period label, therefore, highlights the dominant market shock, without ignoring
the change in the policy framework produced within the interval (Table 2).

Table 2. Analytical periodization of the study period.

Years n Period Label Analytical Reasoning
2003-2006 4 Pre-EU Accession Period Pre-accession rgference; 1nst1tut10pal ahgpment and
preparation for European integration.
2007-2013 v Early EU Membership and First CAP The first years in the single market and the first
Implementation Period complete CAP implementation cycle in Romania.
20142019 6  CAP2014-2020 Pre-Pandemic Period  **PPlication of the CAP 201472020 framework before
the disruptions associated with the pandemic.
2020-2021 5 COVID-19 Disruption Period Window of sanlta?ry, logistical apd commeraal shock;
results interpreted with caution.
2029-2004 3 Inflationary and Geopolitical Inflationary and geopolitical pressures, coinciding with
Shock Period the start of the CAP 2023-2027.

In the sub-period analysis, descriptive statistics were calculated for each indicator for
the years available in each window. The sub-periods have different lengths (1 = 4,7, 6, 2,
and 3 years, respectively), reflecting the actual duration of institutional stages and shock
episodes. This asymmetry is taken into account in the choice and interpretation of the
tests presented in Section 2.7; in particular, the estimates for 2020-2021 are not considered
equivalent in precision to those obtained for longer intervals.

Periodization has an analytical and institutional function, not one of causal identifica-
tion. The temporal association between a change in indicators and the onset of a sub-period
does not demonstrate that the change was produced by a particular public policy or a single
shock. The effects of CAP, trade integration, pandemic, inflation and geopolitical tensions
may overlap with technological, climatic, demographic and demand developments that
are not isolated by this design. Consequently, comparisons between periods are used to
identify differences, ruptures and regularities compatible with changing policy and market
contexts, and the results are formulated as temporal associations, not as causal effects.

The same cut-off is applied to all indicators to maintain internal comparability of the
analysis. When an indicator is not available for the entire interval, the actual number of
observations is reported, and the missing data are not filled by interpolation. The sensitivity
of the conclusions to the definition of the periods and to the use of commercial values
expressed in constant prices is examined separately in the robustness analysis described
in Section 2.8.
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From a trade resilience perspective, a higher HHI value indicates greater geographical
dependence and potential vulnerability to sanitary and veterinary restrictions, regulatory
changes, logistical disruptions or geopolitical shocks in key destinations. This interpretation
captures a structural dimension of resilience, not the actual observed capacity to recover
from each shock.

Annual changes in the indicators were examined both as levels and as a direction of
evolution during periods of public policy and market shock defined in Section 2.6. The
increase in the number of destinations was considered evidence of diversification only if it
was accompanied by a reduction in the share of dominant partners or a reduction in the
HHI. Similarly, temporary decreases in concentration were not automatically interpreted as
an effect of public policy, since the distribution of exports can be influenced simultaneously
by external demand, prices, sanitary-veterinary access, transport costs and the emergence
or disappearance of trade agreements.

2.7. Statistical Analysis

The statistical analysis was performed for the annual series 2003—2024. The unit of
observation was the calendar year, and the values were grouped, when the analysis required
it, into the five sub-periods defined in Section 2.6. The processing followed three comple-
mentary levels: describing the distribution and variability of the indicators, comparing the
policy and shock sub-periods, and testing the direction or intensity of the relationships
formulated by the study hypotheses. No observations were eliminated simply because they
had extreme values; each value was checked against the source and kept if it represented a
valid record.

2.7.1. Descriptive Statistics and Rates of Change

For each indicator, the number of observations (n), arithmetic mean, median, standard
deviation (SD), minimum, maximum and coefficient of variation (CV) were calculated.
The mean was used to describe the average level, and the median was reported in parallel
because it is less sensitive to exceptional years and asymmetric distributions. For a series x
with n observations, the arithmetic mean and sample standard deviation were calculated
as follows:

X =(1/n) Ziy"x (20)

SD = J[(Zi" (5 = ®)%)/(n = 1)] (21)

Relative variability was expressed by coefficient of variation, calculated only when the
mean was different from zero. In the tables, CV was reported as a percentage:

CV (%) = (SD/[x|) x 100 (22)

The change between the first and last year of a period was expressed as a percentage
change. For strictly positive indicators, the compound annual growth rate (CAGR) was
also calculated:

Percentage change (%) = [ (x; — xy)/xy] x 100 (23)

CAGR (%) = [(x;/x)M(1/T) — 1] x 100 (24)

where X, and x, represent the values at the beginning and end of the interval, and T is the
number of years between the two observations.

Means, medians, SDs, and CVs were calculated separately for each sub-period, using
all available observations. Missing values were not imputed or interpolated; the actual
number of observations was retained for each outcome. Given the unequal length of the
sub-periods, comparisons were based on annual distributions rather than equal weighting
of the five intervals.

https://doi.org/10.3390/agriculture16212393


https://doi.org/10.3390/agriculture16212393

Agriculture 2026, 16, 2393

18 of 42

2.7.2. Distributional Assessment and Selection of Statistical Tests

The normality of the distributions was examined using the Shapiro-Wilk test [48], both
for the complete series and within sub-periods where there were at least three observations.
For the 2020-2021 interval, which contains only two annual values, a normality test is
not informative and was not applied. The result of the Shapiro-Wilk test was interpreted
together with the median, dispersion and graphical inspection, not as a single mechanical
criterion for choosing the inferential procedure.

Although some complete series did not deviate significantly from normality, the groups
were small and unequal (n =4, 7, 6, 2, and 3), and several commercial indicators showed
asymmetry and years with large variations. For this reason, decisions regarding hypotheses
were based primarily on nonparametric tests and permutation procedures. Parametric tests
were not used as the main basis for accepting or rejecting hypotheses. This choice reduces
the dependence of the conclusions on the assumption of normality but does not eliminate
the limitation generated by the small number of observations and the temporal nature of
the data.

2.7.3. Period Comparisons and Multiple Testing

The overall differences between the five sub-periods were assessed with the Kruskal-
Wallis rank-sum test [49]. Since the group sizes are small and unbalanced, the significance
of the H statistic was established by a permutation procedure with 20,000 rearrangements of
observations between groups and with a random seed fixed at 2026-09-02, for reproducibility.
The null hypothesis was that the distributions of the analysed indicator do not differ between
the five sub-periods. The test was applied to the main indicators of production, commercial
orientation, unit value and concentration.

For the family of tests for differences between periods, p-values were corrected using
the Benjamini-Hochberg false discovery rate procedure [50]. The conclusion regarding H2
was established based on the adjusted p-values. The magnitude of the overall differences
was expressed using the rank-based eta-squared:

7?H=(H-k+1)/(N —k) (25)

where H is the Kruskal-Wallis statistic, k is the number of groups, and N is the total number
of valid observations.

Negative values that may arise from this formula in very small samples are interpreted
as a null effect and reported as zero. Descriptive differences between sub-periods were
presented as means, medians, percentage change, and CAGR. Due to only two observations
from the pandemic period, no causal conclusions were made, and no firm statements were
made regarding individual pairs of periods solely based on a post hoc comparison.

2.7 4. Hypothesis-Specific Testing

The hypotheses were operationalized before interpreting the results, so that each
decision could be traced back to an indicator and an explicit statistical rule. Directional
tests were used only when the direction was stated in the hypothesis (Table 3).

For H1, dominance was defined as an annual Live Export Value Share greater than
0.50. The frequency of years meeting this condition was assessed by a one-sided exact
sign test, with a reference probability of 0.50. The median of the share was reported as a
measure of the intensity of dominance. H4 testing whether the live export value exceeds
meat export value in a given year is, by construction, equivalent to testing whether the
Live Value Share exceeds 50% in that year (Equation (10)), which is the test performed
for H1. H4 instead tests whether the relative intensity of this year-by-year dominance,
expressed as the Live-to-Meat Export Value Ratio (equivalently, the Live Value Share), itself
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differs across the five analytical periods defined in Section 2.6, using the same permutation
Kruskal-Wallis procedure and 17?H effect size (Equation (25)) described in Section 2.7.3 for
the other period comparisons. The paired same-year comparison originally proposed for
H4 is retained below as descriptive evidence for H1, reported alongside the sign test, rather
than as an independent hypothesis test.

Table 3. Statistical operationalization of the research hypotheses.

Hypothesis  Tested Component Operational Indicator Primary Test Null Hypothesis
) ) Live export Valug share.z > 0,'50; One-sided exact sign test; Hj: the probability of
Predominance of live number of years in which live . .
Hi . median share and annual prevalence is
animal exports export value exceeds meat
annual frequency. not greater than 0.50.
export value.
Permutation R
Differences between Main indicators compared across ~ Kruskal-Wallis test; Hy: the distributions do
H2 . . . oL not differ between
periods the five sub-periods. Benjamini-Hochberg .
. 2 sub-periods.
adjustment; n°H.
Geographical HHI compared to the 0.25 One-sided one-sample
H3 coer?cintllj‘ aticon of threshold, separately for live Wilcoxon signed-rank Hy: the median HHI
xport sheep and sheep meat; CR1, CR3, test; concentration classes  does not exceed 0.25.
exports CR5 and NEP. and shares.
. Live E xport Value Sh‘are . Permutation H,: the Live-to-Meat
The evolution of the (equivalently, the ratio of live . :
Live-to-Meat Export export value to sheep meat Kruskal-Wallis test Export Value Ratio
H4 tve-to-vieat EXp p p across periods; does not differ across

Value Ratio across the
five analytical periods

export value), compared across
the five analytical periods
defined in Section 2.6.

rank-eta-squared
effect size.

the five analytical
periods.

For H3, the HHI was compared with the threshold of 0.25, corresponding to a
highly concentrated market according to the interpretation rule set out in Section 2.5 [43].
The one-sided one-sample Wilcoxon signed-rank test [51] was applied separately to the
HHI series for live sheep exports and sheep meat exports. CR1, CR3, CR5, NEP and re-
gional distribution were used as complementary structural evidence; thus, a conclusion on
concentration was not based on a single indicator.

As complementary descriptive evidence for H1, the values of live-animal and sheep
meat exports in the same year were also treated as paired observations. A one-sided paired
Wilcoxon signed-rank test [51] was applied, with the alternative Live Export Value > Sheep
Meat Export Value. The effect size was expressed by rank-biserial correlation:

re = [2W*/(n(n +1)/2)] - 1 (26)

where W+ is the sum of the ranks of the positive differences, and n is the number of non-
Zero pairs.

R-values,g close to 1 indicate a consistent dominance of the value of live-animal exports,
values close to —1 indicate dominance of the value of meat exports, and values close to zero
indicate differences without a consistent direction.

2.7.5. Trend and Structural-Change Analysis

Monotonic trends over the entire period 2003-2024 were assessed by Kendall’s tau-
b correlation between Year and Indicator [52]. The test was two-sided, as the analysis
tracked both upward and downward trends. The T coefficient served simultaneously as an
association statistic and as a measure of the strength and direction of the trend.

T:(C—D)/J[(C+D+TX)(C+D+TW)] (27)
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where C and D are the numbers of concordant and discordant pairs, and T, and T, represent
the adjustments for equalities.

Because the classical Kendall test assumes independent observations and annual pro-
duction and trade series can exhibit serial dependence, trend significance for six indicators
highlighted in the Results and Discussion (Live Value Share, Live HHI, Meat HHI, Live
Export Unit Value, Meat Export Unit Value, and the Total Utilization Rate introduced in
Section 2.4) was additionally assessed with the Hamed—Rao (1998) [53] modified Mann—
Kendall test, which adjusts the variance of Kendall’s S statistic for the autocorrelation
structure of the series (lag truncated at 3, the setting recommended by Hamed and Rao that
avoided an unstable variance estimate for one series at this sample size). After Benjamini-
Hochberg adjustment, the modified test agreed with the classical test on both the direction
and the statistical significance of the trend for all six indicators; full results are reported in
Section S6 (Table S6).

To examine whether EU accession coincided with a change in level or slope, an inter-
rupted segmented regression model with a breakpoint in 2007 was additionally estimated:

In(Y(t)) = By + By Time(t) + B, Post2007(t) + B3 TimeAfter2007(t) + £(t) (28)

The variable Time represents the annual trend since 2003; Post2007 has the value 0
before 2007 and 1 since 2007; TimeAfter2007 is 0 before accession and increases annually
from 2007. The coefficient B, expresses the immediate change in level and B; the change in
slope after accession. For strictly positive indicators, the natural logarithm transformation
was used. Standard errors were calculated with the Newey—West heteroskedasticity and
autocorrelation consistent covariance estimator, with lag 1 [54]. Due to the small number
of years before accession and the absence of a control group, the segmented regression was
treated as an associative analysis and not as the identification of a causal effect.

2.7.6. Significance Level, Reporting and Software

The statistical significance level was set at & = 0.05. p-values were reported two-sided,
except for directional tests specified for H1 and H3. Results with p < 0.05 were considered
statistically significant, but interpretation also took into account the effect size, the stability
of the result in the robustness analysis, and the economic relevance. Very small p-values
were reported as p < 0.001 and other values to three decimal places, without equating the
lack of statistical significance with the absence of an effect.

The analysis was performed in Python 3.12.13, using pandas 2.2.3 for data organization,
NumPy 2.3.5 for numerical operations, and SciPy 1.17.0 for statistical tests [55]. Permutation
procedures and segmented regression estimation with Newey-West HAC(1) were repro-
ducibly implemented in the analysis scripts. All calculations were performed both on the
basis of nominal commercial values and, where relevant, on the basis of values expressed
in constant 2024 USD, according to the robustness analysis presented in Section 2.8.

2.8. Robustness Analysis and Methodological Limitations
2.8.1. Robustness Analysis

The robustness analysis aimed to determine whether the main conclusions depended
on the monetary expression of trade flows, the presence of exceptional years, the inclusion of
provisional data for 2025, or the correction of a quantitative mismatch. The checks were ap-
plied to the same indicators and statistical decision rules presented in Section 2.7. Robustness
was defined as the maintenance of the direction of the result, the conclusion on statistical
significance and, where relevant, the hypothesis framing after controlled changes to a sin-
gle methodological choice. Full methodological details and the complete robustness and
sensitivity results (Tables S1-S8, Figure S1) are provided in the Supplementary Materials.
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2.8.2. Methodological Limitations

Several methodological limitations apply throughout the analysis and are discussed
together with their implications in Section 4.6: export unit values are aggregate ratios rather
than observed prices for a homogeneous product; the database does not include farm-,
slaughterhouse- or processor-level cost and margin data needed to estimate value added;
comparable data on slaughterhouse capacity, utilization and territorial distribution are not
available; the underlying data sources differ in coverage, definitions and revision practice;
the permutation Kruskal-Wallis tests used for period comparisons (Section 2.7.3) assume
exchangeable observations, an assumption not strictly guaranteed for annual series with
potential serial dependence, so the period comparisons are best read as descriptive contrasts
between historical sub-periods rather than as tests of a general causal hypothesis, whereas
trend significance is corroborated by the autocorrelation-robust Hamed—-Rao modified
Mann-Kendall test reported in Section 2.7.5 and Section S6; the geographical-concentration
thresholds in Section 2.5 are not benchmarked here against other sheep-exporting countries
(e.g., Hungary, Bulgaria, Spain) or against the structure of global demand, so the HHI-based
classification should be read as an internal, heuristic reference rather than as a comparative
ranking of Romania’s export structure against its peers; the trade analysis relies on data
reported by Romania to UN Comtrade and has not been cross-checked against mirror data
reported by MENA importing countries, which are a frequent source of discrepancies in
bilateral trade statistics; the segmented regression described in Section 2.7.5 (Equation (28))
relies on only four annual observations prior to 2007, and the estimated immediate increase
in meat production in 2007 is likely influenced by the unusually low 2006 value (41,993 t),
so the pre-accession segment of this model should be interpreted with caution; and the
annual, unequal-length sub-periods may mask seasonal patterns and reduce the power to
detect short-term disruptions.

3. Results
3.1. Evolution of the Romanian Sheep Production Base

Between 2003 and 2024, the production base of the Romanian sheep sector followed a
divergent evolution. The sheep population expanded almost continuously, but this growth
was not accompanied by a comparable increase in the number of animals slaughtered or in
meat production. Figure 1 highlights the gradual separation between the size of the herd
and the productive outcomes associated with slaughter.

The sheep population increased from 7.312 million heads in 2003 to 10.443 million in
2024, which represents an increase of 42.83%, calculated according to Equation (23). The
value in 2003 was the minimum of the entire series, and that in 2024, the maximum. The
trend, assessed by Kendall’s tau-b according to Equation (27), was strongly upward and
statistically significant (T = 0.861; p < 0.001). The average population, calculated according
to Equation (20), rose steadily across all five periods, from 7.449 million heads before
accession to 10.330 million in 2022-2024 (Table 4). The differences between the five sub-
periods, tested by the Kruskal-Wallis permutation procedure described in Section 2.7, were
significant (H = 18.316; adjusted p < 0.001), and the rank-based effect size, calculated
according to Equation (25), was high (1?H = 0.842).

In contrast, the number of animals slaughtered did not show a significant monotonic
trend, based on Kendall’s tau-b calculated according to Equation (27) (t = 0.108; p = 0.503).
The series started from 6.115 million heads in 2003 and reached 5.334 million in 2024, re-
sulting in a 12.76% decrease between the ends of the interval, according to Equation (23).
The maximum level, 7.737 million heads, was recorded in 2016, after which slaughters de-
creased noticeably. The average increased from 5.392 million heads in the period 2003-2006
to 6.028 million in 2007-2013 and 6.256 million in 2014-2019 but dropped to 5.305 million
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during the pandemic years. In the period 2022-2024, the average partially recovered to
5.590 million head, without returning to the level of the period 2014-2019. The overall
comparison of the five sub-periods was not significant after correction for multiple testing
(H = 6.279; adjusted p = 0.245; Y]ZH = 0.134); the effect size Y]ZH was determined according
to Equation (25).

- g
] S
< -~
IS 3
E
W Sheep stock Sheep slaughtered === Sheep meat production
Figure 1. Evolution of sheep stock, sheep slaughtered and sheep meat production in Romania,
2003-2024. Shaded areas correspond to the five analytical periods defined in Section 2.6.
Table 4. Mean production-base indicators by analytical period.
Period Sheep Stock Sheep Slaughtered Meat Production  Slaughter Rate Carcass Yield
(Million Head) (Million Head) (Thousand t) (%) (kg/Head)
2003-2006 7449 5392 54,883 72.47 10.17
2007-2013 8565 6028 60,326 70.45 9.97
2014-2019 9812 6256 64,438 64.09 10.25
2020-2021 10,184 5305 52,065 52.11 9.81
2022-2024 10,330 5590 54,853 54.13 9.81

Sheep meat production was more volatile than livestock. It decreased from 62,100 tonnes
in 2003 to 51,690 tonnes in 2024, or 16.76%, based on the percentage change defined by
Equation (23). The minimum of the series, 41,993 tonnes, was recorded in 2006, and
the maximum, 77,375 tonnes, in 2016. Over the entire interval, there was no significant
monotonic trend, assessed according to Equation (27) (t = 0.091; p = 0.577). The overall
differences between the five sub-periods were also not significant after correction for multi-
ple testing (H = 3.392; adjusted p = 0.576; 1°H = —0.036), 1*H being calculated according
to Equation (25). The average production reached its highest level in 2014-2019, at approxi-
mately 64.44 thousand tonnes, but decreased to 52.07 thousand tonnes in 2020-2021 and
remained at only 54.85 thousand tonnes in the period 2022-2024.

The divergence between livestock numbers and their productive use is summarized
by the Slaughter Rate, calculated according to Equation (1). The ratio of slaughtered an-
imals to total livestock decreased from 83.63% in 2003 to 51.08% in 2024, a decrease of
32.55 percentage points. The downward trend, assessed according to Equation (27), was

https://doi.org/10.3390/agriculture16212393


https://doi.org/10.3390/agriculture16212393

Agriculture 2026, 16, 2393

23 of 42

significant (T = —0.420; p = 0.006). The average of the indicator progressively decreased
from 72.47% in 2003-2006 and 70.45% in 2007-2013 to 64.09% in 2014-2019 and 52.11%
during the pandemic period. The recovery to 54.13% in 2022-2024 was modest compared
to previous levels. The global test indicated differences between the sub-periodic distribu-
tions before correction, but these did not remain significant after the Benjamini-Hochberg
adjustment described in Section 2.7 (H = 8.464; adjusted p = 0.084; Y]ZH = 0.263); the effect
size was calculated according to Equation (25).

Carcass Yield, calculated according to Equation (2), remained relatively stable at the
aggregate level. The indicator varied between 8.15 kg/head in 2006 and 12.83 kg/head in
2004, and the values at the beginning and end of the period were close: 10.16 kg/head in
2003 and 9.69 kg/head in 2024. No significant monotonic trend was identified based on
Equation (27) (t = —0.022; p = 0.911). The overall differences between the five sub-periods
were also not significant (H = 1.276; adjusted p = 0.886; 1*H = —0.160), the effect size
being determined according to Equation (25). The sub-periodic averages were within a
narrow range, between 9.81 and 10.25 kg/head, which shows that the reduction in meat
production in relation to the expansion of the herd was not mainly determined by a sustained
deterioration in the average yield per slaughtered animal (Table 5).

Table 5. Trend and between-period tests for the Romanian sheep production-base indicators,
2003-2024.

Indicator T Trend p H Adjusted p n*H Statistical Conclusion
Sheep stock 0.861 <0001 18316 <0.001 0.842 Increasing trend; significant
period differences
Sheep slaughtered 0.108 0.503 6.279 0.245 0.134 No significant trend or
period differences
. No significant trend or
Sheep meat production 0.091 0.577 3.392 0.576 —0.036 ; .
period differences
Slaughter Rate ~0.420 0.006 8.464 0.084 0.263 Decreasing trend; period differences
not significant after adjustment
Carcass Yield ~0022 0911 1276 0.886 ~0.160 No significant trend or

period differences

Notes: N = 22 for all indicators. Trend p-values correspond to Kendall’s T calculated according to
Equation (27). Adjusted p-values for permutation Kruskal-Wallis tests were obtained using the
Benjamini-Hochberg procedure described in Section 2.7 across the complete family of 14 between-
period comparisons. 11?H is the rank-based effect-size estimate calculated according to Equation (25).
Negative 1*H estimates may occur when H < k — 1 and are interpreted as no detectable effect.
Statistical significance was assessed at p < 0.05.

Overall, the results depict a numerically expanding livestock base but with a decreasing
conversion of livestock into slaughter and meat production. At the end of the period, Roma-
nia had more sheep than at the beginning but slaughtered fewer animals and produced less
meat. This discrepancy provides the quantitative context for the analysis of the orientation
towards live-animal exports presented in Section 3.2.

3.2. Live Sheep Versus Sheep Meat Export Orientation

The analysis of trade flows confirms that the expansion of the production base pre-
sented in Section 3.1 has been accompanied by a persistent external orientation towards
the trade of live animals. However, this orientation has not remained unchanged in all
its dimensions. Sheep meat exports have increased substantially compared to the level at
the beginning of the period, while the intensity of live sheep exports has fluctuated and
decreased in recent years. Figure 2 separates the two planes of comparison: the volume
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Figure 2. Live sheep export orientation and export-value structure in Romania, 2003—2024. (a) Live-
sheep export quantity and Live Export Intensity; (b) shares of live sheep and sheep meat in their
combined export value. The dashed line marks the 50% predominance threshold used for H1.

The number of live sheep exported ranged from 1.519 million heads in 2006 to
2.995 million in 2019. Although the 2024 value of 1.771 million heads was 4.98% lower
than that of 2003, the series presented a significant monotonic upward trend over the
22 years (t = 0.515; p < 0.001), evaluated according to Equation (27). This seemingly
contradictory combination is explained by the high levels reached in the middle and end
of the range, followed by the decline in 2024. In 2024, Romania also notified an outbreak
of Peste des Petits Ruminants (PPR) to the World Organisation for Animal Health, with
associated zoning and movement restrictions [56]; this contemporaneous animal-health
event is noted here as sector-specific context for the year, without attributing the observed
decline in exported quantity to it in the absence of an identifying analysis. Annual average
exports rose from 1.739 million head before accession to a peak of 2.576 million during the
pandemic years, before easing to 2.131 million in 2022-2024 (Table 6).

Table 6. Mean export orientation indicators by analytical period.

Period

Live Sheep Exports  Sheep Meat Exports Live Export Live Export Live-to-Meat
(Million Head) (Thousand t) Intensity (%) Value Share (%) Export Value Ratio

2003-2006
2007-2013
2014-2019
2020-2021
2022-2024

1739
1700
2440
2576
2131

1120 23.37 94.33 21.42
1887 19.88 92.03 14.50
7080 24.80 85.45 6.25
3504 25.31 93.61 15.31
2978 20.65 92.68 15.63

Live Export Intensity, calculated according to Equation (3), shows that live-animal
exports represented annually the equivalent of 17.0-28.9% of the national livestock. The
average of the indicator ranged from 23.37% before accession to a high of 25.31% during
the pandemic years before dropping to 20.65% in 2022-2024; the 2024 value of 16.96% was
the lowest in the entire series. However, the monotonic trend for the full period was not
significant (Tt = 0.195; p = 0.217). Therefore, the increase in the livestock and value of
live-animal exports cannot be interpreted as a linear and continuous intensification of the
share of the livestock oriented towards exports.

Sheep meat exports increased from 458.9 tonnes in 2003 to 4433.3 tonnes in 2024,
corresponding to an increase of 866.10%, calculated according to Equation (23). The trend
in the exported volume was positive and significant (T = 0.506; p < 0.001). The highest
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average, 7079.9 tonnes per year, was recorded during the period 2014-2019, when exports
reached a maximum of 9470.7 tonnes in 2019. Subsequently, the average decreased to
3504.1 tonnes during the pandemic years and to 2977.7 tonnes in the period 2022-2024.
The result shows that Romania has expanded its capacity to export meat compared to the
beginning of the period, but this evolution has not been stable and has not replaced the
commercial dominance of live animals.

The value structure provides the most direct verification of the orientation formulated
by H1. Live Export Value Share, calculated according to Equation (10), exceeded the 50%
threshold in each of the 22 years analysed. The annual values ranged from 81.80% in 2015 to
97.67% in 2003, and the median for the entire period was 92.20%. In addition, Meat Export
Value Share, defined by Equation (11), did not exceed 18.20% in any year. A one-sided
exact sign test confirmed that the frequency of years in which Live Export Value Share was
higher than 0.50 significantly exceeded the reference probability of 0.50 (22 out of 22 years;
p < 0.001). Consequently, H1 is supported.

The dominance of live animals was persistent, but its value intensity varied between sub-
periods. The average share of live exports decreased from 94.33% before accession to 85.45%
in 2014-2019, when meat exports had the largest relative contribution, before recovering
t0 93.61% and 92.68% in the two most recent periods. The overall differences between the
five sub-periods were significant after the Benjamini-Hochberg adjustment described in
Section 2.7 (permutation Kruskal-Wallis H = 9.689; adjusted p = 0.045; 1*H = 0.335), the
effect size being calculated according to Equation (25). However, for the entire series, no
significant monotonic trend in the weight was identified (Tt = —0.203; p = 0.197). H4—which
concerns whether this intensity of live-animal orientation itself varies across policy and
market periods, rather than whether live exports simply dominate in a given year (H1)—is,
therefore, supported, although the absence of a significant monotonic trend indicates that
the variation is period-specific rather than a steady secular shift (Table 7).

Table 7. Trend and hypothesis tests for export orientation indicators, 2003-2024.

Indicator/Test N Test Statistic 4 Adjusted p n’H Statistical Conclusion
Live sheep export _ } ) L . .
quantity—Kendall trend 22 T=0515 <0.001 Significant increasing trend
Sheep meat export _ ) . N . .
volume—Kendall trend 22 T = 0.506 <0.001 Significant increasing trend
Live Export Intensity— _ B B L .
Kendall trend 22 T=0.19 0.217 No significant monotonic trend
Live Export Value _ N )
Share—Kendall trend 22 T =-0.203 0.197 No significant monotonic trend
Live Export Value Share—period ), H = 9.689 0.025 0.045 0.335 H4 supported
comparison (H4)
H1l—one-sided exact sign test 22 22/22 > 0.50 <0.001 - - H1 supported

Notes: Kendall’s T was calculated according to Equation (27). The adjusted p-value for the period
comparison belongs to the complete family of 14 permutation Kruskal-Wallis tests and was obtained
using the Benjamini-Hochberg procedure described in Section 2.7. #*H was calculated according to
Equation (25). H1 used the annual predominance threshold Live Export Value Share > 0.50. Statistical
significance was assessed at p < 0.05.

Taken together, the results indicate an incomplete transformation of the trade profile.
The increase in meat exports, especially in the period 20142019, shows that the processed
segment may gain greater relevance. However, the fact that over four-fifths of the combined
value of exports came from live sheep each year demonstrates the persistence of a live-
animal-centric trade model. This finding describes the way in which the sector accesses
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external markets; it does not directly measure the value added retained in Romania. The
differences between the values and unit values of the two flows are analysed separately
in Section 3.3.

3.3. Export Unit Values and Value Creation Proxies

The analysis of trade values and unit values completes the picture of export orientation
presented in Section 3.2. However, the two dimensions must be separated. The total value
of exports shows the monetary magnitude of each flow, while export unit value relates the
declared value to the quantity exported. Figure 3 shows the evolution of the two categories of
indicators, and the delimitation of sub-periods allows the observation of changes associated
with different institutional and market contexts.

(a)  —e— Live sheep export value Sheep meat export value

million USD
~
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Figure 3. Export values and export unit values for Romanian live sheep and sheep meat, 2003-2024.
(a) Nominal export values; (b) Live Export Unit Value expressed in USD/head and Sheep Meat
Export Unit Value expressed in USD/kg. Shaded areas correspond to the five analytical periods
defined in Section 2.6. The two unit-value series use different measurement units and should not be
interpreted as directly comparable product prices.

The nominal value of live sheep exports increased from USD 81.93 million in 2003 to
USD 282.72 million in 2024, an increase of 245.09%, calculated according to Equation (23).
The trend was strongly upward and statistically significant (Kendall’s T = 0.861; p < 0.001),
based on Equation (27). The annual average rose from USD 90.87 million before accession
to a peak of USD 295.41 million in the pandemic years, then held at USD 289.86 million in
2022-2024 (Table 8). The differences between sub-periods were significant and had a very
large effect size (H = 18.449; adjusted p < 0.001; *H = 0.850).

Sheep meat exports started from a much lower base but had a larger relative increase:
from 1.95 million USD in 2003 to 39.61 million USD in 2024, respectively, +1927.38%, ac-
cording to Equation (23). The trend was positive and significant (T = 0.550; p < 0.001).
Average meat exports peaked at 34.94 million USD in 2014-2019 before declining to 19.78 and
23.19 million USD in the two most recent periods. The comparison between periods indi-
cated significant differences, with a large effect (H = 15.365; adjusted p < 0.001; n”?H = 0.669).
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The growth of the meat segment is, therefore, visible, but it has not eliminated the gap with
live-animal exports.

Table 8. Mean export-value and export-unit-value indicators by analytical period.

Period

Live Export Value Meat Export Value
(Million USD) (Million USD)

Live-to-Meat
Export Value
Ratio

Live Export Unit Meat Export Unit
Value (USD/Head) Value (USD/kg)

2003-2006
2007-2013
2014-2019
2020-2021
2022-2024

90.87
141.03
205.92
295.41
289.86

5.58 21.42 52.90 4.85
12.21 14.50 81.90 6.50
34.94 6.25 84.80 5.08
19.78 15.31 114.37 5.72
23.19 15.63 137.85 7.39

The gap between the two flows is summarized by the Live-to-Meat Export Value Ratio.
The ratio decreased from 41.94 in 2003 to 7.14 in 2024, i.e., by 82.98%, and the median for
the entire period was 11.81. The ratio’s lowest average, 6.25, occurred in 2014-2019, when
meat exports acquired the greatest relative importance, before returning to 15.31 and 15.63
in the two most recent periods. The reduction compared to the initial year indicates some
diversification towards meat, but in each year, the value of live sheep exports remained
higher than the value of meat exports.

Live Export Unit Value per Head, calculated according to Equation (6), increased from
43.96 USD/head in 2003 to 159.65 USD/head in 2024 (+263.19%). The trend was strongly
upward (T = 0.792; p < 0.001), and the differences between periods were significant, with a
large effect size (H = 16.671; adjusted p < 0.001; y*H = 0.745). The average of the indicator
increased progressively from 52.90 USD/head before accession to 137.85 USD/head in
2022-2024. This result reflects the increase in the declared value per exported animal,
without allowing the separation of the price effect from changes in the weight, breed,
quality or destination of the animals.

Sheep Meat Export Unit Value, calculated according to Equation (8), increased from
4.26 USD/kg in 2003 to 8.93 USD/kg in 2024 (+109.85%). Unlike the indicator for live ani-
mals, the series did not show a significant monotonic trend for the entire period (t = 0.126;
p = 0.434), as the increase in the first years after accession was followed by a decrease in the
period 2014-2019 and a recovery after 2020. However, the overall differences between the
sub-periods were significant (H = 13.426; adjusted p = 0.002; 1*H = 0.554), and the highest
average, 7.39 USD/kg, was observed in 2022-2024 (Table 9).

Table 9. Trend, between-period and paired-value tests for export-value indicators, 2003—2024.

Indicator/Test

N  Test Statistic P Adjusted p Effect Size Statistical Conclusion

Live export value—
Kendall trend

22 T=0.861 <0.001 - T =10.861 Significant increasing trend

Meat export value—
Kendall trend

22 T =0.550 <0.001 - T =0.550 Significant increasing trend

Live Export Unit Value—

Kendall trend

22 T=0.792 <0.001 - T=0.792 Significant increasing trend

Meat Export Unit Value—

Kendall trend

No significant

22 T=0.126 0.434 - T=0.126 .
monotonic trend

Live export value—
period comparison

22 H =18.449 <0.001 <0.001 1*H =0.850  Significant period differences
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Table 9. Cont.
Indicator/Test N  Test Statistic p Adjusted p Effect Size Statistical Conclusion
Me?t export Va.l ue— 22 H = 15.365 <0.001 <0.001 1*H =0.669  Significant period differences
period comparison
LIV? Export Un.1t Value— 22 H =16.671 <0.001 <0.001 1*H =0.745 Significant period differences
period comparison
Meat Export Unit Value—period o, 1y _ 43496 0,001 0.002 WH =0554  Significant period differences
comparison
HI (descriptive) —paired live p,  y_»539 <9001 - rtb=1.000  Supports H1 (descriptive)

versus meat export value

Notes: Kendall’s T was calculated according to Equation (27). Adjusted p-values for permutation
Kruskal-Wallis tests were obtained using the Benjamini-Hochberg procedure described in Section 2.7
across the complete family of 14 between-period comparisons. 1*H and rank-biserial correlation
(r_rb) were calculated according to Equations (25) and (26), respectively. H4 used a one-sided
paired Wilcoxon signed-rank test with the alternative Live Export Value > Sheep Meat Export Value.
Statistical significance was assessed at p < 0.05.

The pairwise comparison of annual values provides complementary descriptive evi-
dence for H1. In all 22 years, Live Export Value was higher than Sheep Meat Export Value.
One-sided paired Wilcoxon signed-rank test confirmed the difference (W = 253.0; p < 0.001),
and the rank-biserial correlation calculated according to Equation (26) was r_rb = 1.000,
indicating the same direction of the difference for all annual pairs. Because Live Value
Share exceeding 50% is algebraically equivalent to Live Export Value exceeding Sheep Meat
Export Value in the same year (Equation (10)), this pairwise result corroborates H1 rather
than constituting an independent test of it. H4, which concerns whether the magnitude
of the Live-to-Meat Export Value Ratio itself varies across the five analytical periods, is
evaluated separately through the Kruskal-Wallis period comparison reported above.

The results describe an increase in the trade value associated with both forms of export
but also the persistence of a net value advantage of the flow of live animals. However, export
values and export unit values are only proxies for the form of value creation and trade. They
do not measure the value added retained in Romania and do not include costs, margins,
processing yields or revenues from by-products. Consequently, the dominance of the value
of live exports does not demonstrate that this option maximizes domestic economic value,
nor that full transformation into meat would automatically produce higher net gains. It
shows that, in the observed trade structure, most of the exported value left the sector in
the form of live animals. The geographical dimension and resilience of this structure are
analysed in Section 3.4.

3.4. Geographical Concentration and Trade Resilience

The trade resilience of the sheep sector depends not only on the volume of exports but
also on their distribution across markets. A larger number of partners can expand trade
options but does not guarantee diversification when a dominant part of the value remains
concentrated in a few destinations. In this section, the Number of Export Partners (NEP),
CR1, CR3, CR5 and HHI have been used together to assess the geographical exposure of live
sheep and sheep meat exports. Figure 4 shows the evolution of the HHI and the number
of partners.

For live sheep exports, the NEP calculated according to Equation (15) increased from
16 partners in 2003 to 23 in 2024, and the trend was positive and significant (Kendall’s
T =0.593; p < 0.001), based on Equation (27). The maximum of 32 partners was reached in
2019. However, the expansion of the trade network was not accompanied by a monotonic
reduction in concentration. The HHI, calculated according to Equation (19), ranged between
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0.130 in 2019 and 0.357 in 2013, with no significant trend over the entire period (T = 0.056;
p = 0.738). The 2024 value of 0.199 indicates a moderate level of concentration following
the thresholds set out in Section 2.5.

1.0

(a) —e— Live sheep exports Sheep meat exports = = HHI=0.25 threshold
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0.2

0.0

& (b) —e— Live sheep exports Sheep meat exports
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Figure 4. Export-market concentration and partner diversification in the Romanian sheep sector,
2003-2024. (a) Herfindahl-Hirschman Index for live sheep and sheep meat exports; (b) number of
Export Partners. The dashed line indicates the HHI = 0.25 threshold defined in Section 2.5. Shaded
areas correspond to the five analytical periods defined in Section 2.6.

Concentration Ratio indicators confirm that the diversification of live exports remained
incomplete. In 2024, the main partner, Jordan, absorbed 37.88% of the export value, accord-
ing to CR1 defined by Equation (16). The top three destinations concentrated 65.53% of
the value, and the top five 79.39%, based on Equations (17) and (18). These shares were
lower than in 2003, when CR3 was 75.40%, and CR5 86.50%, but the dependence on a small
group of markets remained relevant. The average CR3 exceeded 68% in all five sub-periods
and rose to 82.87% during the pandemic years (Table 10).

The most obvious change for live animals was regional. The share of EU-27 markets
decreased from 81.41% in 2003 to 24.54% in 2024, and the trend was downward and signifi-
cant (T = —0.584; p < 0.001). In the opposite direction, the MENA share increased from
15.48% to 74.29% (T = 0.541; p < 0.001). The transition from Greece and Italy to Libya,
Jordan and, temporarily, Saudi Arabia reduced dependence on the EU market but created
greater exposure to the demand, logistics and geopolitical conditions of MENA markets.
From a resilience perspective, this represents a reorientation of risk, not its elimination.

Meat exports started from a much more concentrated structure. In 2003, Greece
represented 82.27% of the exported value, CR3 reached 99.57%, CR5 reached 99.80%, and
the HHI was 0.706. By 2024, the number of partners had increased from 9 to 25, CR1 had
decreased to 40.04%, CR3 to 67.40%, CR5 to 84.43%, and the HHI to 0.222. The trends
indicated a significant increase in the number of partners (t = 0.574; p < 0.001) and a
significant reduction in HHI (t = —0.498; p < 0.001), CR1 (t = —0.403; p = 0.008) and
CR3 and CR5 (each, T = —0.688; p < 0.001). As a result, meat exports have experienced
substantial geographical diversification, although indicators in recent years show that the
process has not been linear.
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Table 10. Mean export-market concentration indicators by analytical period.

Trade Flow Period NEP CR1 (%) CR3(%) CR5(%) HHI

Live sheep 20032006 1725  37.10 75.27 86.62 0.231
Live sheep 2007-2013 18.57 37.02 77.28 89.48 0.242
Live sheep 20142019 22.83  34.34 68.79 85.53 0.211
Live sheep 2020-2021 21.50  41.23 82.87 92.19 0.280
Live sheep 2022-2024 21.67 3851 76.81 87.62 0.242
Sheep meat 2003-2006 12.50  76.49 99.43 99.80 0.637
Sheep meat 2007-2013 1129  49.52 89.54 96.97 0.406
Sheep meat 20142019 23.50  41.30 78.10 87.96 0.262
Sheep meat 20202021 2750  36.59 65.36 78.12 0.206
Sheep meat 2022-2024 2633  48.88 75.85 85.92 0.309

The regional orientation of meat remained closer to the EU market than that of live
animals. The EU-27 share decreased from 99.64% in 2003 to 82.54% in 2024, with a significant
downward trend (T = —0.463; p = 0.002). The MENA share increased over the period
(t =0.357; p = 0.021) but varied strongly and represented only 9.23% in 2024. Italy was
the main partner in 2024. The alternation between EU and MENA destinations, together
with the expansion in the number of partners, provides a more diversified base than at the
beginning of the period, but the still-high levels of CR3 and CR5 indicate dependence on a
few major markets.

Formal testing of H3 leads to a different conclusion. For live sheep exports, the median
HHI was 0.237, and the one-sided one-sample Wilcoxon signed-rank test did not show that
the annual level of concentration exceeds the threshold of 0.25 (W = 74.0; p = 0.957). H3
is, therefore, not supported for this flow based on the established HHI criterion. For meat
exports, the median HHI was 0.311, and the test confirmed that the threshold was exceeded
(W = 205.0; p = 0.005); H3 is supported for meat exports. At the sector-wide level, the
hypothesis is partially supported (Table 11).

This conclusion should not be interpreted as an absence of risk for live animals. The
HHI aggregates the distribution of all destinations, while CR3 and CR5 show that a large
part of the value remains concentrated in a few markets. In our view, this distinction is
essential for public policy: the formal multiplication of partners is not enough if effective
market access, logistics infrastructure and certification continue to depend on a limited
number of destinations. Resilience would require both geographical diversification and the
strengthening of domestic processing capacity and access to higher-value segments. The
differences between the five periods are summarized comparatively in Section 3.5.

Table 11. Trend, between-period and H3 tests for geographical concentration, 2003-2024.

Indicator/Test

N Test Statistic p Adjusted p Effect Size Statistical Conclusion

No significant

Live HHI—Kendall trend 22 T =0.056 0.738 - T =0.056 .
monotonic trend

Meat HHI—Kendall trend 22 T=-0498  <0.001 - T = —0.498 Slgmﬁcagtegsmasmg

Live HHI—period comparison 22 H =4.252 0.399 0.466 112H =0.015 No mgmflcant period
differences

Meat HHI—period comparison 22 H =10.161 0.019 0.039 W2H = 0.362 Significant period
differences

Live CR3—period comparison 22 H = 6.008 0.198 0.252 pPH=0118  Nosignificant period

differences
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Table 11. Cont.

Indicator/Test N Test Statistic P Adjusted p Effect Size Statistical Conclusion
Meat CR3—period comparison 22 H=13940  <0.001 0.002 W2H = 0.585 Slgrg.ﬁcant period
ifferences
H3— Live HHI > 0.25 2 W = 74.0 0.957 - Median = 0237 ot supported for
live exports
H3—Meat HHI > 0.25 22 W = 205.0 0.005 - Median = 0.311 Supported for

meat exports

100)

Index (2003—-2006

80

Notes: Kendall’s T was calculated according to Equation (27). Adjusted p-values for permutation
Kruskal-Wallis tests were obtained using the Benjamini-Hochberg procedure described in Section 2.7
across the complete family of 14 comparisons. 1?H was calculated according to Equation (25). H3
was evaluated separately for the two export flows using one-sided one-sample Wilcoxon signed-rank
tests against HHI = 0.25. Statistical significance was assessed at p < 0.05.

3.5. Differences Across Public Policy and Market Shock Periods

The comparison of the five sub-periods provides an overview of how the production
base, trade orientation, value indicators and geographical concentration have evolved in
different institutional and economic contexts. The period averages, calculated according
to Equation (20), are summarized in Figure 5 as indices with the base 20032006 = 100.
This standardization allows for the comparison of indicators expressed in different units,
without changing the results of statistical tests. As noted in Section 2.6, the delimitation of
periods has an analytical and institutional role; the observed differences cannot be causally
attributed to a specific policy or a single shock.

650
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Figure 5. Indexed mean indicators across public-policy and market-shock periods (2003—2006 = 100).
(a) Production-base indicators; (b) export-value and export-unit-value indicators. Period means were
calculated according to Equation (20).

Figure 5 indexes the period means for the production-base and export-value indicators
to 2003-2006 = 100, allowing indicators expressed in different units to be compared directly.
The indexed series confirm the pattern already described in Sections 3.1-3.4: livestock, live
export value and live export unit value increased steadily across successive periods and
reached their highest levels in 2020-2024, whereas sheep meat export value peaked earlier,
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in the CAP 2014-2020 pre-pandemic period, before declining; slaughtering, physical meat
production, sheep meat export unit value and the geographical concentration of exports
followed a less regular, non-monotonic path. Table 12 consolidates the permutation Kruskal-
Wallis test results for all 14 indicators included in the between-period comparison family.

Table 12. Permutation Kruskal-Wallis tests for differences across the five analytical periods.

Indicator N H Permutationp  Adjusted p 7’H Conclusion
Live Export Value 22 18.449 <0.001 <0.001 0.850 Significant
Sheep Meat Export Value 22 15.365 <0.001 <0.001 0.669 Significant
Live Value Share 22 9.689 0.025 0.045 0.335 Significant
Live Export Unit Value 22 16.671 <0.001 <0.001 0.745 Significant
Sheep Meat Export Unit Value = 22 13.426 <0.001 0.002 0.554 Significant
Live Export HHI 22 4.252 0.399 0.466 0.015 Not significant
Live Export CR3 22 6.008 0.198 0.252 0.118 Not significant
Sheep Meat Export HHI 22 10.161 0.019 0.039 0.362 Significant
Sheep Meat Export CR3 22 13.940 <0.001 0.002 0.585 Significant
Sheep Stock 22 18.316 <0.001 <0.001 0.842 Significant
Sheep Slaughtered 22 6.279 0.175 0.245 0.134 Not significant
Sheep Meat Production 22 3.392 0.535 0.576 0.000 Not significant
Slaughter Rate 22 8.464 0.054 0.084 0.263 Not significant
Carcass Yield 22 1.276 0.886 0.886 0.000 Not significant

Notes: Period differences were tested using permutation Kruskal-Wallis tests. Adjusted p-values
were obtained with the Benjamini-Hochberg procedure across the family of 14 comparisons. 1*H
was calculated according to Equation (25); negative sample estimates were reported as zero because
they indicated no detectable effect. Statistical significance was assessed at adjusted p < 0.05.

Kruskal-Wallis permutation tests confirmed differences between periods for 8 of the
14 indicators after Benjamini-Hochberg adjustment (Table 12), with the largest effect sizes
for Live Export Value, Sheep Stock and Live Export Unit Value. The results show that the
delimitation of periods primarily captures changes in the economic size of trade flows, unit
values and geography of meat exports. Differences were not significant for the number of
sheep slaughtered, physical meat production, Slaughter Rate, Carcass Yield, or the HHI
and CR3 of live-animal exports; this absence of statistical significance does not imply that
these series remained unchanged but that the variation between periods was not sufficiently
systematic in relation to the annual variation and the low number of observations in some
sub-periods, in particular 2020-2021.

Therefore, H2 is partially supported. The institutional and shock periods are clearly
differentiated by livestock, export value, unit values, value share of live animals and concen-
tration of meat exports but not by all components of domestic production and processing.
Cumulatively, the results suggest that European integration and the succession of market
shocks were accompanied by an increase in the economic size of the sector and changes in
trade destinations, without an equally robust transformation of the capacity to convert live-
stock into domestic meat production. The integrated analyses of hypotheses and robustness
checks in constant prices are presented in Section 3.6.

3.6. Hypothesis Testing and Robustness Results

The results presented in Sections 3.1-3.5 were integrated to evaluate the four hypothe-
ses and to check the robustness of the conclusions against the methodological alternatives
defined in Section 2.8. Table 13 summarizes the main statistical evidence. The interpre-
tation of the hypotheses is based simultaneously on the direction of the effect, statistical
significance, effect size, and the consistency of the complementary indicators, not on a
single p-value.
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Table 13. Integrated hypothesis-testing results.
H Tested Proposition Primary Test Statistical Evidence Decision
. . 22/22 years with Live Value
H1 Predommance of Qne—51ded exact Share > 0.50; median = 0.922; Supported
live-animal exports sign test
p < 0.001
Differences across 14 permutation 8/14 ad]ustgd significant tests; strongest
. . effects for Live Export Value, Sheep .
H2  policies and shock Kruskal-Wallis tests; . Partially supported
. . Stock and Live Export
periods BH correction Unit Value
Geographical One-sided Live: median = 0.237, W = 74.0,
H3  concentration of one-sample Wilcoxon p = 0.957; meat: Partially supported
export markets versus HHI = 0.25 median = 0.311, W = 205.0, p = 0.005
Live-to-Meat Export . H = 9.689; adjusted p = 0.045;
Value Ratio differs Permutation 1*H = 0.335; median ratio =
H4 Kruskal-Wallis test L Supported

across analytical
periods

11.81; paired Wilcoxon W = 253.0,

across periods p < 0.001, rrb = 1.000

Note: BH = Benjamini-Hochberg; HHI = Herfindahl-Hirschman Index; rrb = rank-biserial correlation
calculated according to Equation (26). Statistical significance was assessed at p < 0.05.

H1 is unambiguously supported by the persistence of the value predominance of
live animals (Table 13): Live Export Value Share exceeded the 0.50 threshold in every year
analysed, and the one-sided exact sign test rejected the hypothesis of a chance predominance.
The result shows that the orientation towards live-animal exports was not an isolated episode
but a structural feature of the entire analysed interval.

H2 is partially supported: after Benjamini-Hochberg correction, 8 of the 14 compar-
isons between periods were significant, chiefly for sheep stock, export values, export unit
values, Live Value Share and meat export concentration (Table 12). The segmented analysis,
estimated according to Equation (28), identified in 2007 a significant immediate increase
in the level for Sheep Stock (p = 0.068; p = 0.024) and Sheep Meat Production (p = 0.371;
p = 0.004) but not for export values. Therefore, temporal changes are compatible with the
change in the institutional context but do not form causal evidence of the effect of accession
or the CAP.

For H3, the result differs between the two trade flows (Table 13): live-animal exports
did not systematically exceed the HHI threshold of 0.25, while meat exports remained
significantly above this threshold over the entire period. CR3 and CR5, however, show
that live exports also depend on a few dominant destinations, which justifies the aggregate
verdict of partial support.

H4 is fully supported (Table 13): the Live-to-Meat Export Value Ratio differed sig-
nificantly across the five analytical periods (permutation Kruskal-Wallis test, H = 9.689;
adjusted p = 0.045; 1?H = 0.335), indicating that the intensity of the sector’s live-animal
orientation was not stable over time. As complementary descriptive evidence, the value
of live sheep exports was also higher than the value of meat exports in all of the 22 years,
supporting H1 (rank-biserial correlation r_rb = 1.000; median ratio = 11.81); this pairwise
result is interpreted as an expression of the trade structure, not as a direct measure of the
added value that could have been retained through domestic processing.

Robustness checks confirmed the stability of the main findings; full results are reported
in the Supplementary Materials (Tables S1-S8, Figure S1). All four period-comparison
tests for the main monetary indicators remained significant after deflation to constant 2024
USD, and the paired live-versus-meat export value comparison corroborating H1 retested
at constant prices produced an identical result (W = 253.0; p < 0.001; rrb = 1.000); the

https://doi.org/10.3390/agriculture16212393


https://doi.org/10.3390/agriculture16212393

Agriculture 2026, 16, 2393

34 of 42

Live Value Share period-comparison test underlying H4 is, by construction, unaffected by
the price deflator used, since both its nominal and real forms are computed as the same
ratio of same-year values. The segmented regressions were likewise stable: no significant
immediate change was identified for Live Export Value after 2007, while the post-2007
slope reduction for Sheep Meat Export Value remained significant in both nominal and
real terms. Leave-one-year-out analysis confirmed that H1 does not depend on any single
observation, and separate exclusion of 2018, 2020 and 2021, as well as the supplementary
inclusion of 2025, left the direction of all main conclusions unchanged; for H2, six of the
strongest indicators retained their decision under this test, while Live Value Share and Sheep
Meat Export HHI were more sensitive, consistent with the “partially supported” verdict.
Because the Live Value Share period-comparison test also underlies the reformulated H4,
this same leave-one-year-out sensitivity applies to H4, and the “fully supported” verdict
for H4 reported above should be read together with this caveat. Verification of the HS
020430 correction confirmed that the 2024 Meat Export Unit Value estimate (8.934 versus an
uncorrected 9.815 USD/kg) does not change the period-comparison decision. Overall, these
checks show that the central conclusions—the predominance of live-animal export value
and its structural, not inflation-driven, persistence—are robust to alternative monetary
specifications, influential observations, and the identified data correction.

4. Discussion

The results outline a more nuanced evolution than the increase in the sheep herd or the
increase in the value of exports would suggest, separately. Between 2003 and 2024, Romania
expanded its biological production base and consolidated its presence on external markets,
but this expansion was not accompanied by a proportional development of slaughter and
domestic meat production. At the same time, the dominant form of external valorization
remained the live animal. H1 was fully supported, and H4, as a test of whether the magni-
tude of the live-to-meat export value advantage varied across periods, was also supported.
H2 and H3 received only partial support. This combination is important for interpretation:
the sector can neither be described as lacking commercial performance nor as one that has
fully transformed its productive advantage into domestic processing activities and exports
of products with a higher degree of processing.

From this perspective, this study is directly related to the issue of the relationship
between public policies, agri-food security, market prices and trade systems. The case of
the Romanian sheep sector shows that the same public instruments and market conditions
can be associated with different outcomes along the chain: livestock and trade value can
expand without domestic meat production, diversification of destinations and processing
capacity evolving at the same pace. Therefore, the performance of the policy should not be
assessed only by the number of animals or the gross value exported but also by the stability
of market access, the transmission of price signals, the exploitation options available to
producers and the capacity of the system to absorb shocks.

4.1. Expansion of the Productive Base and the Gap with Domestic Processing

The 42.82% increase in the sheep population between 2003 and 2024, supported by
a strong positive trend, shows that Romania has preserved and developed an important
productive resource. However, the number of animals slaughtered and the physical meat
production did not follow a comparable upward trend, and the Slaughter Rate decreased
from 83.63% to 51.08%. The relative stability of the Carcass Yield suggests that the divergence
cannot be explained primarily by a systematic deterioration in the yield per animal. Rather,
the data indicate a progressive separation between the size of the herd and the capacity of
the domestic chain to transform this base into meat for the market.
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This interpretation was tested directly by combining recorded slaughter with net live
exports (live-animal export quantity minus import quantity) into a single Total Utilization
Rate, defined as (animals slaughtered + net live exports)/sheep stock for each year. If
the decline in the Slaughter Rate reflected only a substitution of domestic slaughter by
live export, with the herd’s combined annual offtake otherwise unchanged, this combined
indicator would have remained broadly stable over time. Instead, the Total Utilization Rate
itself declined significantly, from a mean of 0.958 in the Pre-EU Accession Period to 0.747 in
the 2022-2024 Inflationary and Geopolitical Shock Period (Kendall T = —0.463; p = 0.003;
the full annual series and period averages are reported in the Supplementary Materials
Section S4, Tables S4 and S4b). This result reinforces, rather than overturns, the decoupling
interpretation: the combined offtake of the herd through either channel has grown more
slowly than the herd itself, rather than simply moving from one channel to the other.

This result is consistent with the literature that describes the European sheep sector as
one with important economic, social and environmental functions but also with vulnerabili-
ties related to income, farm organisation, market access and adaptive capacity [12-16]. In
Romania, the effects of institutional changes and Common Agricultural Policy instruments
are filtered by farm structure, local institutions and effective access to resources and mar-
kets [17-21]. Public support can contribute to maintaining herds and farm viability, but it
does not automatically generate competitive slaughterhouses, cold chains, stable contracts
or access to differentiated commercial segments [18,19]. From this perspective, herd growth
is a necessary condition for the development of the sector but not sufficient evidence of its
vertical integration.

The finding does not imply that all additional animals should have been slaughtered
in Romania. The decision between selling the live animal and processing it internally de-
pends on relative prices, seasonal demand, religious and sanitary-veterinary requirements,
transport costs, slaughterhouse capacity and the distribution of margins between chain
participants. The aggregate series does not allow for the assessment of these choices at the
farm level. However, it shows that the expansion of the productive base was not followed by
a systematic increase in physical indicators of internal transformation. This is the first signal
of a trajectory in which upstream and commercial performance does not fully translate into
a consolidation of the downstream stages.

4.2. Live-Animal Exports and the Issue of Value Created in the Country

The evidence for trade orientation is particularly clear. Live Export Value Share ex-
ceeded 50% in each of the 22 years, with a median of 92.20%, and the value of live sheep
exports was greater than the value of meat exports in each year. The median ratio between
the two flows was 11.81, and the paired test indicated a full directional effect. The stability
of these results in constant prices and after successive removal of each year confirms that the
predominance of live animals is not the product of inflation or a single extreme observation
but a structural feature of the period under analysis.

Economic interpretation requires caution, however. The gross value of exports is not
equivalent to the value added retained in the national economy [10,11]. In the case of live
animals, breeding, feeding and part of the associated services take place in Romania, and
exports can provide farmers with liquidity, access to solvent demand and an alternative to
an insulfficiently developed domestic market. Therefore, the results do not justify presenting
the export of live animals as a valueless activity, nor recommending its general restriction.
Such a measure, adopted in the absence of competitive domestic buyers, could reduce the
bargaining power and income of producers.

At the same time, slaughtering, cutting, chilling or freezing, packaging, certification,
valorization of by-products and building a trademark are activities that can generate ad-
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ditional income, jobs and skills along the value chain [7-9]. When the animal is exported
live, these subsequent stages are mainly carried out in the country of destination. This
study does not measure the margins and costs necessary to demonstrate how much added
value could be retained in Romania but it shows how low the share of meat exports in the
combined commercial value remained. Therefore, the expression “exporting value” should
be understood here as a matter of structure and valorization options, not as an accounting
estimate of an automatic gain from processing.

The evolution of export unit values reinforces the idea that both flows have acquired
greater economic importance, even after deflation. However, these unit values are not prices
for perfectly homogeneous products. They may reflect changes in animal weight, quality,
composition of commercial codes, destination or contractual conditions. Consequently,
their increase cannot be attributed exclusively to quality improvements or public policy.
For a more transparent valorization, consistent carcass classification, quality standards and
payment mechanisms that transmit market information to producers would be useful. The
experience of the EUROP system shows the role of a common classification in communicat-
ing quality and in the commercial relationship between producers and processors [22].

4.3. Geographic Concentration and the Meaning of Trade Resilience

The results for H3 show that the number of destinations and the effective concentration
should be analysed together. For live animals, the median HHI was 0.237 and did not
systematically exceed the threshold of 0.25. Formally, the high-concentration hypothesis
was not confirmed for this flow. However, the CR3 and CR5 values show that a large
proportion of exports continued to depend on a few dominant destinations. In addition, the
reduction in the share of the EU-27 and the strong increase in the share of MENA indicate
a shift in the centre of trade dependence. The sector reduced its relative exposure to EU
markets but became more sensitive to access conditions, demand, logistics and geopolitical
risks specific to the Middle East and North Africa markets.

For meat, the trajectory was different. The number of partners increased, and HHI,
CR1, CR3 and CR5 decreased significantly from the very high levels at the beginning of the
period. Diversification is real, but the median HHI of 0.311 remained significantly above the
threshold used, which is why H3 was supported for this flow. The aggregate conclusion of
partial support captures precisely this asymmetry. More partners do not necessarily mean
a balanced distribution of sales, just as an HHI value below the threshold does not exclude
operational dependence on the first three or five markets [43].

The literature on the resilience of agri-food systems emphasizes the role of diversity,
flexibility and internal adaptive capacity [1-6]. Applied to the sheep sector, resilience
does not mean withdrawing from international trade but rather having multiple options
when a route, market or product form is affected. The disruptions of COVID-19 and the
pressures associated with the war in Ukraine have shown how quickly shocks can be
transmitted through transport, energy, feed and trade relations [31,32]. A resilient portfolio
would combine destinations in multiple regions with the ability to sell live animals, chilled
carcasses, frozen products and different meat categories. Internal processing capacity, thus,
becomes not only a potential source of value but also an option for adaptation when live
exports are temporarily disrupted.

4.4. Interpreting Public Policy and Shock Periods

H2 was only partially supported, as 8 of the 14 indicators showed robust differences
across periods. The largest effects were observed for Live Export Value, Sheep Stock and
Live Export Unit Value. In contrast, slaughtering, physical meat production, Slaughter
Rate, Carcass Yield and live export concentration did not differ significantly across all
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five sub-periods. This distribution of results suggests that institutional changes and market
shocks were more strongly associated with herd size and trade value than with the physical
transformation of production within the country.

The segmented regression complements this interpretation. Significant immediate
increases in the level of Sheep Stock and Sheep Meat Production were observed in 2007
but not for export values. For Sheep Meat Export Value, the immediate change was not
significant, and the slope after 2007 decreased in both nominal and real terms. These
results do not support a simple explanation in which EU accession produced, by itself, the
expansion of exports or an automatic transition to processed meat. Accession changed the
regulatory framework, market access and support instruments [20,44], but the observed
effects were likely mediated by demand, investment, farm structure and the capacity of
operators to meet trade requirements.

The same caution is needed for the CAP 2014-2020, the pandemic and the inflationary
and geopolitical period. CAP instruments can support incomes and business continuity,
including through direct payments and rural development measures [18,19,45]. However,
the fact that the period 2014-2019 had the lowest average share of live animals and the
highest average meat production does not demonstrate that a single measure produced
this convergence towards processing. Similarly, the return to live exports in 2020-2021 is
compatible with the pandemic disruptions, and the high nominal levels in 2022-2024 are
compatible with inflation and geopolitical tensions [31,32,46], without these associations
allowing causal attribution. However, the stability of the tests in constant prices shows that
the monetary differences are not reduced to the general price increase.

From a policy perspective, the results argue for complementing support to the produc-
tion base with instruments geared towards the functioning of the entire chain, including
investment in economically viable slaughter and processing capacity, quality grading and
transparent contracts that can improve the transmission of market signals to farmers [22];
these directions are discussed further, together with the evidentiary limits of recommending
them, in Section 5. In parallel, the promotion of meat exports must be built on verified
demand, competitive costs and sanitary-veterinary access, not on the assumption that any
domestic processing is automatically profitable.

The dimension of market prices must be approached with the same attention. The
increase in export unit values, also confirmed in constant prices, indicates a real change in the
average value associated with trade flows but does not separate the effect of price from the
effects of quality, weight or destination structure. Consequently, market policies should aim
not only at increasing unit value but also at making price formation transparent: publishing
comparable benchmarks, carcass classification, differentiated reporting by category and
contracts that explicitly reward quality. In this way, trade indicators would become more
useful for farmers” decisions, and public support could be targeted at bottlenecks that
prevent the transmission of value along the chain.

4.5. Implications for Agri-Food Security, Rural Development and Animal Welfare

For agri-food security, the relevance of the results goes beyond the trade balance.
A large livestock population contributes to the availability of resources, but resilience
also depends on the capacity to slaughter, store, distribute and redirect production when
bottlenecks occur [1-3,24]. A country that can effectively market multiple forms of the
product has a greater margin for adaptation than one that is dependent on a single trade
route. At the same time, domestic processing can distribute economic activity towards
veterinary services, logistics, packaging and by-product valorization, which are relevant for
rural employment and incomes [7-9,25].
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This orientation must be linked to resource use and environmental constraints. Ex-
panding processing is not an objective in itself if it generates unused capacity, losses or
disproportionate public costs. Investments should be assessed against available volumes,
seasonality, distances, energy and water consumption, by-product management and realistic
market access. A more complete use of carcasses and by-products can reduce losses and
improve the material efficiency of the chain [26]. In this sense, rural policy must balance
competitiveness, territorial cohesion and environmental constraints, rather than pursuing a
single growth indicator [23].

Live-animal exports also have an ethical dimension that cannot be separated from
trade policy. European literature and assessments highlight welfare risks associated with
journey times, handling, density and thermal stress, especially for long journeys [27-30].
The results of this study do not allow for the measurement of these effects and do not justify
their attribution to all journeys. However, they show that Romania is structurally dependent
on a flow for which the enforcement of transport rules, control of journey times, plans for
extreme temperatures and monitoring up to destination are of major economic and ethical
importance [28]. Developing competitive export alternatives in the form of meat could
reduce some of the exposure, while maintaining farmers’ access to external markets.

4.6. Limits of Interpretation and Future Research Directions

The main limitation of this study is the aggregate nature of the data. Export unit
values combine different products, qualities, weights and contracts and cannot be treated
as pure prices. The analysis also does not include the costs and margins of farmers, traders,
transporters and processors, cutting yields, by-product income or the level of slaughterhouse
utilization. For this reason, the difference between live and meat exports describes the form
of commercial exploitation but does not quantify the net value added that would have
been retained under an alternative scenario. Differences in coverage and reporting between
FAOSTAT, Our World in Data, UN Comtrade and Eurostat, as well as annual aggregation,
may hide seasonality and compositional changes.

A second limitation concerns policy inference. The five periods were defined to orga-
nize institutional and economic comparison, not to identify an exogenous treatment. Several
policies, demand changes, and shocks overlap, and the pandemic sub-period includes
only two observations. While segmented analysis and robustness tests reduce the risk of
conclusions driven by inflation or single years, they do not eliminate omitted variables and
do not transform associations into causal effects.

Future research should combine trade series with farm, slaughterhouse and contract-
level microdata to estimate the distribution of margins and the break-even points of domestic
processing. Mapping the capacity, location and utilization of slaughterhouses would allow
for the assessment of real distances and investment requirements. Monthly data could
capture seasonality in demand and the effect of religious holidays, and information on
carcass quality and grading would better separate price from compositional effects. Compar-
ative models with similar countries, including difference-in-differences or synthetic-control
designs, are recommended for policy evaluation, when identification assumptions and avail-
able series allow. Partner network analysis, route disruption scenarios, life cycle assessment
and welfare indicators would extend the concept of resilience beyond the value of exports.

Overall, this study does not advocate the administrative replacement of live-animal
exports but rather the building of a real capacity for choice. The Romanian sheep sector has
demonstrated that it can maintain a broad productive base and respond to external demand.
The challenge for public policy is to complement this performance with infrastructure,
coordination, price transparency and market access, so that farmers and rural businesses
can competitively value both the live animal and the meat and associated services. Such
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diversification would allow Romania to export not only more but in more forms, with a
larger share of economic activities carried out in the country and with better resilience to
changing trade destinations and external shocks. The broader contribution of this study
is to demonstrate that agri-food security, market stability and trade resilience are inter-
dependent outcomes: a policy that supports primary supply, but not processing options,
price information and trade diversification, can strengthen production without reducing all
vulnerabilities of the system.

5. Conclusions

The analysis of the period 2003-2024 highlights a structural contradiction in the Roma-
nian sheep sector: the productive base expanded and the value of foreign trade increased,
but slaughter and domestic meat production did not advance at a comparable pace. The
advantage represented by the large sheep herd was exploited on foreign markets mainly
through the export of live animals, rather than through a comparable expansion of domestic
slaughter and meat production: although sheep meat export volume increased substantially
over the period, slaughter and physical meat production grew far more slowly and meat
remained a minor share of total export value throughout.

H1 was fully supported, as live-animal exports dominated the trade value in each year
analysed, and their value consistently exceeded the value of meat exports; the magnitude of
this live-to-meat export value advantage, assessed under the reformulated H4, also differed
significantly across the analytical periods rather than remaining constant over time, so H4
was likewise fully supported. H2 was partially supported: periods of agricultural policy
and market instability differed mainly in livestock, trade values and unit values but not in
all components of domestic processing. H3 was also partially supported, as concentration
was formally confirmed for meat exports but not for live animals, although the high weights
of the main destinations indicate vulnerabilities in both flows. These conclusions were
maintained after deflating monetary values and in the main sensitivity tests.

From a policy perspective, the results do not, by themselves, support or rule out
administrative restrictions on the export of live animals: this study contains no data on
slaughterhouse capacity, processing costs, or the economic effects of such restrictions, and
no such measure is evaluated here. What the results do indicate is that this flow currently
ensures farmers’ access to external demand and represents an important component of the
sector’s income, and that expanding the options for valorization—through economically
viable slaughter and processing capacities, refrigeration infrastructure, certification for
different markets, transparent quality classification, producer associations and diversifica-
tion of destinations—is a plausible complementary direction worth testing, rather than a
recommendation the present data can substantiate on their own. Future research combining
trade series with slaughterhouse, cost and capacity data, as outlined in Section 4.6, would
be needed before such measures could be evaluated or recommended with confidence.

In this context, agri-food security, market stability and trade resilience depend not
only on the volume of primary production but also on the sector’s capacity to transform,
differentiate and market the product in multiple forms. As the aggregated data do not
directly measure costs, margins or value added retained in Romania, the results should
be interpreted as evidence of trade orientation, not as an estimate of the net benefit of an
alternative scenario. The central challenge for the Romanian sheep sector is, therefore, to
keep the export advantages alive, while simultaneously developing the competitive capacity
to export even more value.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agriculture16212393/s1. Figure S1: Rank-based effect sizes for
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