Supplementary materials

Determinants of sustainability and cross-dimensional synergies: A comparison of Polish

farms participating and not participating in short food supply chain

Supplementary S1 — detailed description of the study sample

Compared to average results for Polish farms, the surveyed farms had a larger agricultural’area
(by approximately 6 hectares) and a higher value of annual production (by;,over EWR 14,000).
The share of crop production and the level of annual work units werésalso higher. Farm
managers were younger (by over 3 years), and the proportion,of male managers was higher
(76% vs. 66%). The level of education was also slightly higher,Invturn, when comparing SFSC
and non-SFSC farms, the sample selection progess sought to identify farms with similar
characteristics, allowing for comparison of results between the two groups. For example, SFSC
and non-SFSC farms did not differ significantly in terms of average area and production
volume, the share of crop production‘in total production, labour input, and manager age.
However, statistically significant differences were observed in the gender structure of farm
managers, with SFSC_ farmsWhaving a higher proportion of women. Differences were also
observed irf\¢crop structure: SFSC farms had a higher share of fruit and vegetables (24% of
arable land) and alower share of cereals and corn (42.5%), whereas in non-SFSC farms these
valugs were, 10:7% and 55.0%, respectively. At the same time, non-SFSC farms had a higher
livestock density per unit area — 1.2 LU/ha UAA, while in SFSC farms it was 0.9 LU. These
differences in crop structure and livestock density result from the fact that sales in short
channels primarily concern fruit and vegetables. Therefore, the results of the specified
sustainability dimensions may, to some extent, result from differences in crop production

structure and animal density.



Supplementary S2 — construction of sustainability indicators

The selection of a set of variables for each group was based on substantive premises, a
discussion among experts (a total of 16 scientists from 6 academic centers in Poland, Romania
and Serbia), taking into account the literature on the subject and the availability of data collected
during the interviews. The economic component included three classic variables describing
productivity, i.e. production per ha of agricultural land, production per unit of familywork (i.e.
Family Work Unit ), production per unit of productive assets, and also a subjective assessment
of the financial situation, level of saving and debt. A similar approach Wwasiusedwby, among
others, Bartkowiak-Bakun (2025), Bossel (1999), FAO (2017), Farouq ‘and Sulong (2025),
Latruffe (2010), Yu et al. (2025). The economic sustainability ‘of a farm refers to its ability to
efficiently utilize production resources, generate stable incomeyand maintain financial stability
over the long term. Efficient use of basic productienfagtors¥s particularly important for short
supply chains, as they often rely on a greater, amount®f labour, operate on relatively smaller
areas, and require capital investment (processing, logistics, certification, etc.). Using measures
of basic production factor productivity allows us to assess whether farms participating in short
supply chains are able tomeffeCtively convert their resources into income, which is the
foundation of their economie, sustainability. A subjective assessment of a farm's financial
situation complements ‘ebjective measures of efficiency, reflecting the perceived economic
stability and‘the farm's ability to function under the risk conditions typical of short supply
chains.\Censidering savings and debt levels allows us to assess the farm's financial
sustainability and its ability to sustain operations in the long term. It also allows us to assess
investment capacity, which in the case of SFSCs involves, for example, adapting premises for
sales or processing and purchasing necessary infrastructure (machinery and equipment,

refrigerators).



To determine the social component, housing conditions, health and physical condition, and the
level of socialisation of the farm (the so-called socialisation index) were used, the latter
measured by: 1) participation of the farmer in continuing education (training, courses,
workshops, postgraduate schools, etc.) — yes/no answer; 2) participation of the farmer in cultural
and social events (cinema, theatre, concerts, fairs, etc.) — yes/no answer; 3) membership of the
farmer in an organisation, association, producer group, cooperative, etc. — yes/no dngwer. The
above-mentioned elements determine the quality of life. For example, housinggeenditions and
educational needs are identified as some of the key human needs by authersisuchwas Awan et
al. (2025), Beckerman and Bacon (1966), Lebacq et al. (2013) and Stepichyet al. (2017). Last
mentioned, as well as van Cauwenbergh et al. (2007) draw ‘attention to cultural elements,
traditions and ethical values as significant for this assessment: Housing conditions are a
fundamental indicator of the quality of life especiallyfor farms involved in short supply chains,
if only because customer contact often takes placé™within the household. The health and
physical condition of the farm owner reflects the'state of human capital, which plays a key role
in farms participating in short supply chains due to the high level of individual labour and direct
involvement in productiomsand distribution processes. The farmer's involvement in the
functioning of th& local cemmunity, the so-called socialization, is considered an important
factor of sotial dimension in rural areas. Data on this subject are not common, which increases
the value'ef this factor in determining social sustainability (Roobavannan et al, 2025; Vrolijk
et al§; 2016). The degree of socialization of the farm is crucial for the functioning of SFSCs,
which are based on relationships, trust, and interpersonal contacts. Social integration and local
embeddedness increase the farm's adaptability and are one of the factors contributing to the
sustainability of short selling.

The environmental component, in turn, consists of the following elements: crops monoculture

index, share of cereals in the total crop area, share of arable land coverage outside the season,



share of permanent grasslands in the total area, share of forested land in the total area, livestock
units index , expenditure on energy, fertilisers and pesticides. The justification for the selection
of these variables can be found in the works of Awan et al. (2025), Bathaei & Baum (2011),
Castillo-Diaz et al. (2025), Duer et al. (2002), Harasim (2012), Vereijken (1997).

In that case, three complementary dimensions of a farm's environmental impact were
considered: (1) land use structure and biodiversity, (2) production pressure and degradation
risk, and (3) the intensity of environmentally burdensome inputs. The level ofserop,diversity
and the share of cereals in the crops reflect the degree of diversification oficrop production and
the stability of the agroecosystem. In this context, it is assumed that shortdeod supply chains
promote diverse production, local varieties, and greater product.flexibility. The share of arable
land covered with vegetation in winter, the share of permanent ‘grassland, and the degree of
forestation indicate the use of conservation practiees, attention to long-term soil fertility, and
promote water retention and carbon sequestration, Sifiee one of the success factors of SFSCs is
offering environmentally friendly productsjsueh a set of variables seems justified. The share
of permanent grassland, along Wwith the animal density, allows for an assessment of the
efficiency of animal husbandzty systems, which is important for potential customers involved in
short selling (hightquality ' meat from extensive farming is preferred over meat from industrial,
intensive pfeduction). Energy expenditures are a significant indicator of the environmental
sustainabilitysof farms participating in short supply chains, as they reflect the energy intensity
of bothypreduction processes and the local forms of processing, logistics, and distribution
characteristic of this model. Assessing the level of expenditure on fertilizers and pesticides is
important for building trust and reputation among potential customers by improving food

quality and reducing chemical use.



Supplementary S3 — SEM specification

Structural Equation Modeling (SEM) can be understood as an extension of path analysis that
incorporates latent variables — also referred to as unobserved or theoretical variables — which
underlie observable indicators in the dataset (Hoyle, 2012). These latent variables are not
directly measurable; instead, they are approximated through indicators that represent
components of a given construct (Rabe-Hesketh et al., 2007). Their values can oflly*be inferred
from observable indicators, even though they originate from an unobserved, latent'¢onstruct.
Path analysis provides a graphical way to represent theoretical models, using standard notations
to replace complex sets of equations. This visualization highlights the relationships among
measured variables, capturing direct, indirect, and overall“effects. In such diagrams, ellipses
denote latent variables, while rectangles indicate obseryed enes."Parameters (€) represent the
measurement error associated with observed gvariables.® Covariance, or non-directional
relationships, is shown as a curved double-headedarrow, whereas straight single-headed arrows

indicate directional paths or regressionseffcets.



Supplementary Table 1. Hypotheses verified in the SEM model

No Var_num Relationship Expected Literature references
Sign
Land productivity has a positive Kirmikil & Arici (2013),
H1 el impact on economical + Senanayake et al. (2021)
dimension/construct
Labour productivity has a positive Kirmikil & Arici (2013),
H2 e2 impact on economical + Saad et al. (2025),
dimension/construct Veipane et al. (2025)
Good housing conditions have a Fan et al. (2025), Wu et
H3 sl positive impact on social + al.'(2025)
dimension/construct
Good health condition has a positive Kanggttal. (2025)
H4 s2 . o .
impact on social dimension/construct
High level of socialisation has a Schifer & Morillas
HS5 s3 positive impact on social + (2025)
dimension/construct
Crop monoculture has a negative Olsson.et al, (.2024)’
Ho6 vl impact on environmental - Bouvier, Lav1gn§,
dimension/construct Sentenac, & Boivin,
(2024)
High share of cereals has a negatiy€ Gharaei et al. (2025),
H7 v2 impact on environmental - Istudor et al. (2025)
dimension/construct
High animal density per unitareathas Nacimento et al. (2022),
HS8 v3 a negative impact on enyvironmental - Yildirim (2025)
dimension/construct
High usage of pesticides has anegative Geballa-Koukoula et al.
H9 v4 impaet on enyironmental - (2026)
dimension/construct
cor ECO- economie,and social Ninh & Tam (2026),
H10 SOC dimenSiens/constructs are positively + Ishaq et al. (2026)
correlated
Acevedo-Arenas,
economic and environmental Guerrero-Macias,
H11 corE_ﬁso- dimensions/constructs are positively + Muiioz-Maldonado,
correlated Amado-Alvarado, &
Petit-Suarez (2026)
environmental and social Ishaq et al., (2026)
cor ENV= . . .\
H12 SOC dimensions/constructs are positively +

correlated
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