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Abstract 

Dairy systems, which are the main pillars of rural livelihoods in north-eastern Europe 
encounter ecological, economic, and political changes in their operating environ-
ments which threaten their capacity to provide dairy supply. As uncertainty increases, 
there is a need to increase understanding and identify concrete tools to help food 
system actors manage resilience. We defined ‘dairy systems’ as a social-ecological 
system in which milk supply is the primary function, and humans and ecosystems 
endogenous factors. We conducted a qualitative empirical study to develop, enrich, 
and validate a theoretical framework, acknowledging social, economic, and ecologi-
cal perspectives affecting the resilience. This paper identifies critical changes affecting 
the systems and key determinants of dairy system resilience, especially means actors 
can manage, in two socially and ecologically contrasting regions, Finland and Rus-
sia. The data consist of 26 qualitative in-depth interviews conducted in Finland 
and the surroundings of St Petersburg in the Leningrad Oblast. The critical changes 
confronting dairy system actors in both regions were especially related to prices 
and economics, policies, and epidemics. In Finland, possible cuts to agricultural subsi-
dies, as well as an increasing workload, were perceived as a significant threat, whereas 
risks related to investors and resource adequacy were highlighted in Leningrad Oblast. 
Despite the socioeconomic distinctions between the countries, the determinants were 
similar and included ecological, economic, and social issues. However, the form of farm 
ownership proved decisive: for family farms in Finland, social well-being determinants 
were more important than economic ones; for investor-owned businesses in Leningrad 
Oblast, the opposite was the case. The results can be used by dairy systems actors, 
as well as administrators and policymakers, as a tool for understanding, assessing, 
and managing resilience.

Keywords:  Social-ecological system, Changes, Risks, Disturbances, Adaptation, Milk 
production

Introduction
Global changes threaten food systems and food security (Campbell et  al. 2016). In 
recent decades, dairy systems, which are the main pillars of rural livelihoods in north-
eastern Europe, have encountered ecological, economic, and political changes in their 
operating environments (Barkema et al. 2015). The capacity of these systems to face 
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such changes has rapidly grown in importance. This makes dairy system an important 
case for an empirical resilience study.

The changes dairy systems face include climate shocks causing yield losses (Cogato 
et  al. 2019), the increasing market price volatility of agricultural inputs and prod-
ucts, and the resulting market speculation, which together complicate dairy supply 
(Hasegawa et al. 2018; Khabarov and Obersteiner 2017; Tadesse et al. 2014). This has 
influenced farmers’ investment decisions (OECD 2008), retail suppliers, and con-
sumer prices (Kahiluoto et al. 2020). Meanwhile, food scandals have shaken consumer 
confidence (Walker et al. 2013).

We defined resilience in a dairy farming system as the ability to resist, recover, 
adapt to, and transform (Carpenter et al. 2001; Folke et al. 2010; Holling 1973; Meu-
wissen et al. 2019) external shocks and drivers while maintaining primary functions. 
We defined ‘dairy systems’ as a social-ecological system (Berkes et al. 2000; Ericksen 
2008; Paas et al. 2021; Tendall et al. 2015; Walker et al. 2012) in which milk supply is 
the primary function, and humans and ecosystems endogenous factors (Walker et al. 
2012). The resilience literature has multiplied in recent years, but the work on what 
enhances and undermines resilience in food systems remains quite theoretical and few. 
For example, a theoretical orientation is demonstrated by a conceptual model (Ten-
dall et  al. 2015), a resilience indicator-based assessment (Jacobi et  al. 2018), a liveli-
hood resilience framework (Lecegui et al. 2022), as well as the presented dimensions 
of farming (Darnhofer et  al. 2010; Meuwissen et  al. 2019) and households (Missel-
horn 2005). The same concerns studies of disaster response (Béné et al. 2016), the role 
of knowledge (Anderson 2015), and functional and response diversity (Hodbod and 
Eakin 2015), as well as a global comparison (Seekell et al. 2017). Little work has been 
conducted on what concrete tools help food system actors manage resilience (Rim-
hanen et al. 2023).

In the event of a disturbance, determinants critical for maintaining key opera-
tions, i.e. system functions such as dairy supply, are case-specific and influenced by 
interactions of social-ecological factors in the operating environment. In the dairy 
systems of north-eastern Europe, these characteristics have not previously been 
studied. We therefore empirically developed, enriched, and validated a theoretical 
framework, acknowledging social, economic, and ecological perspectives equally. 
We aimed to identify the critical change factors affecting the systems and the key 
determinants of resilience which actors could manage. We also identified the key 
determinants leading to dairy system collapse. Since farmers’ adaptive capacity is 
perceived as weakest among European food supply chain actors (e.g. Himanen et al. 
2016), farmers’ perspectives on the dairy system were emphasised. This study pro-
vides a means for the actors of dairy systems and a model to apply, as well as an 
approach to follow in other cases.

We posed the following research questions:
What are the shocks and changes faced by dairy systems? Further, what enhances dairy 

system resilience to such shocks and changes, and on the other hand, what leads to the 
abandonment of dairy supply operations?
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To achieve an empirical understanding of north-eastern European dairy system resil-
ience, we conducted qualitative empirical study in two contrasting north-eastern Euro-
pean dairy systems in Finland and the Leningrad Oblast in Russia.

Theoretical framework
We use the concept of resilience in this study to understand social, economic, and 
ecological perspectives and interactions affecting the maintenance of milk supply in 
the event of disturbances (Cradock-Henry 2021; Meuwissen et  al. 2019; Rizzo 2017; 
Himanen et al. 2016; Kahiluoto et al. 2014; Cabell and Oelofse 2012; Naeem et al. 2009). 
Resilience thinking emphasises that change is present everywhere, and it is difficult to 
predict, and that to maintain operations, system need to change (Darnhofer et al. 2016). 
Resilience can be conceptualised as the capacity of a system to cope with changes and 
challenges (Folke et al. 2010, 2016; Bullock et al. 2017). Resilience theory is founded on 
the model of the adaptive cycle, which illustrates the dynamics of social-ecological sys-
tems, distinguishing four system phases: exploitation, conservation, release and reorgan-
isation (Gunderson and Holling 2002). A resilient system can proceed through all the 
system phases, requiring the capacity to buffer shocks (robustness), to adapt to changes 
(adaptability) and to transform (transformability) (Darnhofer et  al. 2016; Meuwissen 
et al. 2019) for exploring and taking advantage of new opportunities (Scheffer and West-
ley 2007). Robustness refers to the dairy system´s capacity to resist disturbances. Dairy 
system needs to be able to buffer sudden price increase or unavailability of employees 
without changes in the supply of dairy products. Adaptability is the capacity to change 
inputs, production, marketing, and risk management without changing dairy system 
structures and feedback mechanisms. Dairy system needs to adapt to new policies, tech-
nologies or consumer habits. Transformability is the capacity to considerably change the 
structures and feedback mechanisms of the dairy system as a response to severe dis-
turbances which prevent the business as usual (Meuwissen et al. 2019). The conversion 
from conventional to organic production is an example of such transformation, if it is 
linked to shifts in values, goals and social networks (Lamine 2011; Darnhofer et al. 2016). 
Like Himanen et al. (2016), we considered useful to identify determinants of resilience 
that actors can utilise in building dairy system resilience in practice. Here we adopt the 
relational approach to dairy system resilience, previously discussed by Darnhofer et al. 
(2016) and applied in dairy farmers resilience by Rizzo (2017). This approach highlights 
interactions of ecological and social processes, enabling the identification of different 
relations in different contexts to manage resilience, and enables placing the ubiquity of 
change in the focus of attention (Darnhofer et al. 2016).

’We developed the analytical framework employing a ‘specified’ resilience approach 
implying the questions ‘resilience of what, to what’ (Carpenter et  al. 2001; Folke et al. 
2010) but attempted to broaden the range of plausible disturbances by involving two 
contrasting social-ecological contexts of north-eastern dairy systems with their distinct 
histories. We followed the five steps of the resilience assessment by Meuwissen et  al. 
(2019). We identified the determinants that enhanced and constrained dairy systems’ 
robustness, adaptability, and transformability.
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1.	 Resilience of what?—dairy system

	 In this study, the main interest is the dairy supply and the farms that produce milk. 
We defined the dairy farming system as including farm households, cropping, and 
animal husbandry. We considered the economic, ecological, and social preconditions 
for maintaining dairy supply. Dairy farming systems are influenced by non-farm 
actors interacting with the farm—namely, processing and trade (Figure 1).

2.	  Resilience to what?—shocks and changes
	 We considered both short- and long-term economic, environmental, and social 

shocks and changes that had affected the operations of the dairy systems, and that 
were expected to affect them in the future.

3.	 Resilience for what purpose? —dairy supply
	 The dairy system’s main function is the production of milk or milk-derived products, 

supplemented by other food items such as meat. We identified functions that were 
desirable for maintaining dairy production at the farm level.

4.	  What resilience capacities?—robustness, adaptability, transformability
	 We examined the ability of the dairy system to withstand shocks and change, adapt 

to change, and transform itself when required in response to change to maintain 
dairy production.

Ecosystem

External shocks and changes

Cropping

Dairy farmers

Animal husbandry

Processors

Traders

Resilience to what?  

Resilience of what? 

What enhances resilience? 

Resilience for what purpose? 

What resilience capacities? 

Fig. 1  System boundary of the study. The main operations of the dairy system considered are marked with 
solid line. Animal husbandry and cropping, marked with a dashed line were considered as key operations 
within the dairy farming system. Humans and the ecosystem were considered as endogenous factors, i.e. 
integral part of the dairy system with the interface between the social and ecological factors
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5.	  What enhances resilience?—determinants
	 We identified goals and means that promoted and enabled the realisation of the resil-

ience capacities and promoted general resilience. In addition, key determinants lead-
ing to dairy farming system collapse were identified (Gunderson and Holling 2002).

Resilience of what?

We defined ‘dairy systems’ as a social-ecological system (Berkes et  al. 2000; Ericksen 
2008; Tendall et al. 2015; Walker et al. 2012) in which dairy supply was the primary func-
tion (Fig. 1). The dairy farming system includes cropping and animal husbandry which 
are linked to ecosystems (soil, climate and water systems). In addition, maintaining dairy 
supply require acknowledging interactions with processing and retail trade. Humans and 
ecosystems were considered as endogenous factors, being a central part of the system, 
with social-ecological interface (Walker et  al. 2012). Instead of considering peoples as 
users of the dairy system operating for securing of natural capital and ecosystem ser-
vices, also dynamics of human well-being was included (Ericksen 2008; Paas et al. 2021).

The resilience of dairy systems is based on the concept of adaptive cycles, describing 
different stages of a system in response to change (Gunderson and Holling 2002). The 
concept includes the system capacity not only to buffer the change and maintain the cur-
rent state of equilibrium but to adapt to change and transform functions if necessary 
(Walker et al. 2004; Folke et al. 2010; Meuwissen et al. 2019). Due to these capacities, the 
system can move along the cycle and undergo the different stages of exploitation, con-
servation, release, and reorganisation (Gunderson and Holling 2002; Fath et al. 2015).

By empirically identifying the critical change factors and key determinants of the resil-
ience of dairy systems, this research advances the operationalisation, management, and 
assessment of resilience in food systems.

Materials and methods
Case regions

Dairy production is the most important agricultural sector and rural livelihood in north-
eastern Europe, accounting for 50% and 60% of the annual agricultural gross product 
in Finland and the Leningrad Oblast in Russia respectively (Serova and Karlova 2010; 
Virkajärvi et al. 2015). Structural change in agriculture has especially affected milk pro-
duction in both countries (Table 1).

Table 1  Comparison of the case regions

Characteristic Leningrad Oblast Finland Literature

Share of dairy production of the 
annual agricultural gross product

60% 50% Serova and Karlova (2010), Virkajärvi 
et al. (2015)

Development of the number of 
farms over the last 25 years

Decreased Decreased O’Brien and Wegren (2002), OSF 
(2020a)

Self-sufficiency rate of milk in 
2014

50% 100% Serova and Karlova (2010), Luke 
(2022)

Ownership of farms Corporate-owned farms Family farms Hockmann et al. (2005), OSF (2020a)

Average milk yield per cow 5500 kg 9095 kg Serova and Karlova (2010), OSF 
(2020a)
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Before Finland joined the EU, the food sector operated in a strongly subsidised and 
protected environment (Jansik et  al. 2014). Since EU accession in 1995, the number 
of dairy farms has decreased from 33,000 to approximately 5800 farms in 2019 (OSF 
2020a). Nevertheless, the simultaneous increase in herd size and average milk yield have 
kept the volume of total milk production relatively stable; since joining the EU, it has 
fallen by only 3.6% (OSF 2020a). The production and consumption of dairy products 
are identical, the self-sufficiency for milk is almost 100% in Finland (Luke 2022). Most 
dairy farms are located in the Ostrobothnia regions in Western Finland and North Savo 
and North Karelia in Eastern Finland (Statista 2023). During the Soviet era, self-suffi-
cient milk production was a target across all regions of the current Russian Federation 
(Serova and Karlova 2010). After the collapse of the Soviet Union in 1992, the liberali-
sation of markets resulted in the unprofitability of dairy production in certain regions, 
increases in consumer prices, a decrease in consumption, and an increase in imports 
(O’Brien and Wegren 2002). After the 1998 economic crisis, the devaluation of the rou-
ble saw the food sector beginning to recover. Declining imports spurred on and devel-
oped the domestic dairy sector (Serova and Karlova 2010). At the time when the data 
was collected, in 2014, the dairy industry in Russia suffered from a milk shortage: the 
self-sufficiency of milk and dairy production was 50% in northwest Russia (Serova and 
Karlova 2010). Nowadays Russia is 82% self-sufficient in milk, aiming to achieve 100% 
self-sufficiency for dairy production in the next 3–4 years (Tass 2023). In the Leningrad 
Oblast, the intensive milk production with the highest milk yields per cow is concen-
trated in the northwest and central regions, close to the processing industries around St 
Petersburg (Serova and Karlova 2010). In 2008, there were 126 dairy farming enterprises 
in the Leningrad Oblast (Serova and Karlova 2010).

Farms are typically owned and managed by families in Finland. The average farm 
size is 74 hectares, the average number of cows is 41, and the average milk yield is 
9095 kg per cow, well above the EU average of 7280 kg (OSF 2020a). Both the dairy 
supply and industry in Finland are cooperative, strongly intertwined, and monopo-
lised by one major dairy supplier, accounting for 80% of milk deliveries (Arovuori 
et  al. 2019). Of all dairy farmers, approximately 98% are owners in this cooperative 
(Jansik et al. 2014). In the Leningrad oblast, dairy enterprises represent mostly corpo-
rate-owned farms, privatised former sovkhozes producing about 90% of the milk and 
typically specialising in multiple agricultural activities (Hockmann et  al. 2005). On 
such farms, the manager is typically hired from outside agriculture, coordinating all 
investment, staff, production, and marketing activities (Hockmann et al. 2005). There 
are usually more employees in agricultural enterprises than on family farms. In 2008, 
the average milk yield per cow was 5500  kg—nearly 25% less than the EU average 
(Serova and Karlova 2010).

Across Europe, most milk sector exports to Russia are from Finland—at more than 8000 
tonnes per month—but this collapsed to zero after the embargo of imports to Russia1 in 

1  The Russian Federation imposed countersanctions in August 2014 which banned dairy products from EU member 
states in response to EU sanctions against Russia in response to annexation of Crimea and the nonimplementation of 
the Minsk agreements. After this, EU has expanded the sanctions against Russia in response to the war against Ukraine 
started on 24 February 2022.
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August 2014 (Customs 2020). Nevertheless, by changing the product portfolio and finding 
compensatory market channels, Finland was able to cap its 2014–2015 production price 
decline at only 13% (OSF 2020a).

Interviews

The method followed the criteria set for coupled human–environment systems 
(Schröter et al. 2005), which are characterised as complex, dynamic, interconnected 
and integrated systems in which humans interact with natural environment (Sarkar 
et  al. 2021),  including the participation of various stakeholders. It was place-based, 
considering multiple interacting stresses and capacities, and both prospective and 
historical.

We conducted 26 interviews (Fig. 2) in Finland and the Leningrad Oblast surround-
ing St Petersburg (Fig. 3). Through this selection, we sought to generalise the findings 
beyond the regions. The interviews were performed between June 2013 and Septem-
ber 2014. We also included published news about the causes resulting from the aban-
donment of two dairy processors in Finland in the data.

Primary 
production

•Finland n=13
•Leningrad 
Oblast n=9

Processing

•Finland n=3
•Leningrad 
Oblast n=3

Trade

•Finland n=2
•Leningrad 
Oblast n=3

Regional 
administration of 
agriculture

•Leningrad 
Oblast n=2

Fig. 2  The role and number of interviewees in the dairy system

Helsinki 

Saint  
Petersburg 

FINLAND 

RUSSIA 

FINLAND 

RUSSIA 

Fig. 3  The locations of the interviewees. Source: ESRI 3.4.2020
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The interviewed farmers were selected to differ in terms of farm ownership, nutrient 
and energy economy, diversity in business, and social networking (Table 2). Through 
this selection, we aimed to cover system characteristics and interactions.

In Finland, the interviewees included 12 farmers and two milk processors. Of the 
farmers, ten were active producers, of whom one also participated in processing; two 
were direct sellers of milk; and one had a position of responsibility in a cooperative. 
Three of the interviewees had stopped milk production between 2001 and 2012. One 
had continued crop production, one had started crop and meat production, and one 
had specialised in milk processing. Through this selection, we aimed to understand 
the variables leading to system transformation.

In the Leningrad Oblast, the interviewees included nine farmers or farm manag-
ers (including one family-run farm, one cooperative, and seven non-family-run agri-
cultural enterprises), a manager of a large processing company, and two agricultural 
experts from the regional government.

Concerning ownership, the farms represented independent farms, run by families or 
other private owners, agricultural enterprises such as cooperatives and limited com-
panies of two or more farms, or larger enterprises (agroholdings) operating in agricul-
ture and other sectors. Concerning the nutrient and energy economy, the farms utilised 
commercial synthetic fertilisers or farm-residue-based recycled organic fertilisers and 
bioenergy. Concerning business diversity, the farms specialised in dairy production or 
undertaking other activities such as cash crop production, meat production, the direct 

Table 2  The hypothetical determinants of resilience on the dairy farms studied (number of farms)

Regarding the farms that had stopped milk production at the time of the interview, the information concerns the period 
when the farm produced milk

Hypothetically 
important factor

Determinant Feature Leningrad 
Oblast 
(n = 9)

Finland (n = 13)

Ownership Ownership Independent 1 10

Cooperative, limited 
company

2 3

Agroholdings 6

Nutrient and energy 
economy

Plant nutrient source Synthetic and organic 
fertilisers

9 8

Organic fertilisers 5

Functional diversity in 
business

Line of production in 
addition to dairy produc-
tion

Meat production (raising 
calves)

6 4

Live animals (calves, 
breeding animals)

7 8

Cash crops 6 3

Direct selling of raw milk 1 2

Milk processing 1 2

Contracting 1 1

Marketing channels of 
raw milk

One 3 8

Several 6 5

Social networking Level of cooperation None–Very little 6 3

Some–High 3 10
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sale of raw milk, milk processing, or contracting agricultural machinery, as well as mul-
tiple marketing channels for raw milk. Concerning social networking, the farms had 
either no cooperation, low rates of cooperation, or high rates of cooperation in terms of 
joint ownership, knowledge sharing, or contracting. Farms (Table 3) were larger in the 
Leningrad Oblast than in Finland.

Interview guide

The questions in the semi-structured interviews were related to the functioning of the 
dairy system, including themes related to experienced and expected changes, impacts, 
mechanisms promoting robustness, adaptability and transformability, buyer–supplier 
relations, cooperation networks, and potential futures (“Appendix 1”). A pilot interview 
was conducted in both countries to test the study design. The interviews were conducted 
in Finnish in Finland; in Leningrad Oblast, the researcher’s questions were translated 
from English to Russian, and the responses from Russian to English, with the aid of an 
interpreter. All the interviews in Finland and two in the Leningrad Oblast were tape-
recorded and transcribed. The rest were recorded manually due to concerns about ano-
nymity. The survey results are available from the author on request.

Table 3  The scale of production of the dairy farms studied

If the farms had stopped producing milk, the information concerns the period of dairy production

Leningrad Oblast (n = 9) Finland (n = 13)

Number of dairy cows

 1–25 7

 26–50 2

 51–100 1

 101–300 3

 301–1000 3

 1001–2000 6

Milk yield, M kg a−1

 0.1–0.5 10

 0.6–2.0 3

 2.1–5.0 2

 5.1–8.0 3

 8.1–11.0 1

 11.1–14 2

 14.1–17.0 1

Field area, ha

 1–30 1

 31–80 6

 81–150 1

 151–500 5

 501–2000 2

 2001–4000 2

 4001–6000 5
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Analysis

In the analysis, we sought answers to our research questions. The unit of analysis was 
individual interviewees’ perspectives and opinions. The data were analysed using rela-
tional content analysis (Elo et al. 2014) which explores the relationships between con-
cepts to determine if concepts are interrelated. The transcribed data were coded and 
structured into the themes emerging from the data (“Appendix 2 and 3”) (Creswell 
2014), which formed the key goals and means of resilience. Coding and condensing 
were fully based on the data. The emerging themes corresponded to the change fac-
tors and key determinants in the empirical conceptual model. As a result, the emerg-
ing themes and their interactions validated and developed the empirical conceptual 
model.

Results and discussion
Resilience to what?

The main changes faced by the dairy systems reflected major political shifts. Interna-
tional relations and policies were perceived as unpredictable, constantly changing, and 
as threats in both countries. Current war in Ukraine is again an example of how far-
reaching consequences can be. In the recent history, the most extreme examples, Fin-
land joining the EU and the collapse of the Soviet Union—caused most of the distinctive 
changes (Fig. 4). They exposed the entire dairy system to the free market, and this caused 

Resilience to what? Policies Prices Investors Climate Resource adequacy Epidemics

Resilience of what?

What resilience capacities?

Resilience for what purpose?

What enhances resilience?

Adequacy of quality milk and fodder
Profitability
Well-being

Goals
Resource sovereignty

Soil productivity
Trust between actors

System understanding

Means
Cooperation

Fairness
Diversity 
Incentives 
Insurances

Fig. 4  The empirical conceptual model of dairy system resilience with critical change factors and key 
determinants, including goals and means ensuring the supply of dairy products in the event of disruptions
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a decrease in the number of farms. The invasion of Crimea led to trade embargoes and a 
reconstruction of the dairy sector in both countries. In the Leningrad Oblast, embargoes 
and economic sanctions resulted in two types of opinions. They were perceived to result 
in a decline in dairy supply and to confuse markets, but also to provide an opportunity 
for an increase in domestic production. The Russian dairy system returned to increased 
self-sufficiency, with a narrower product selection for consumers, while a more competi-
tive market was expected in Finland.

The reduction or ending of subsidies, especially the national northern aid in Finland 
and the subsidies for milk, machinery, fertilisers, and fuel in the Leningrad Oblast, was 
considered a threat, because they constituted a considerable share of income in both 
countries. A few interviewees criticised subsidies for commercial synthetic fertilisers, 
which directed agricultural production towards high input dependency in the Leningrad 
Oblast and thus accelerated the loss of soil organic matter.

Since the end of the twentieth century, the costs and volatility of inputs such as syn-
thetic fertilisers, protein fodder, and energy, increased in both countries. Simultaneously, 
subsidies decreased, and producer prices remained low, decreasing profitability; these 
remain notably increasing future threats. In the Leningrad Oblast increased production 
costs were reflected as increases in market prices for food, resulting in a reduction in 
the consumption of dairy products during the 1998 Russian financial crisis. After the 
economy recovered, agricultural support from society gradually strengthened, and the 
purchase volume began to improve, which revived the dairy sector.

An increasing number of landowners who provided arable land for rent were reported 
to be investors (especially in the Leningrad Oblast, but also in Finland) or urban resi-
dents. In the Leningrad Oblast, participants voiced a fear of investors leaving the 
dairy sector due to dissatisfaction. Their exit from the dairy sector would considerably 
decrease the volume of milk produced.

Changing climate was mentioned as the major ecological change in both countries. 
Climate change was perceived as potentially benefiting crop production and enabling 
the cultivation of new crops. Longer growing season and diverse crop choices are indeed 
projected to bring opportunities for Northern European agriculture (Peltonen-Sainio 
et  al. 2018, 2020), whereas rising temperature and shortage of water are expected to 
cause severe threats for crop production in tropics and semi-desert areas (Parker et al. 
2019). However, the interviewees also worried about the impact on crop yields, prices 
of products, and animal health. However, none of the interviewees saw eutrophication 
as a threat, although agriculture in both countries is the major source of nitrogen and 
phosphorus runoffs to the Baltic Sea and inland water ecosystems (Räike et  al. 2019). 
This affects agriculture through policies, and reflects the tension between top-down and 
bottom-up approaches to assessing resilience (Eakin et al. 2017). Actors tend to identify 
their immediate personal threats, excluding the interrelated environmental problems 
(Mäkinen et al. 2017) which affect them in the long term.

The availability of fields was considered uncertain in both case regions. Buying fields 
was rarely an option due to high prices and lack of supply. Particularly in the Leningrad 
Oblast, field prices were expected to increase further in the future. Expanding settle-
ments were perceived as a threat to maintaining or expanding arable areas. The difficulty 
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in finding high-quality staff was emphasised, and this was fundamental for improving 
the quality of milk, culminating in silage production in the Leningrad Oblast.

In Finland, animal diseases such as salmonella, EHEC, and listeria were considered 
threats. The participants expected epidemics to increase with globalisation and the 
increasing transport of animals and feed. In the Leningrad Oblast, the low quality of milk 
was emphasised. The lack of microbiological requirements, wide use of antibiotics, and 
insufficient testing in Russia were considered to benefit dairies, because it ensured the 
availability of milk, the quality of which was difficult for the consumer to assess organo-
leptically. The fact that consumers lack information about milk quality was emphasised 
as problematic.

Many of the identified changes such as conflicts, embargoes, and epidemics were fast, 
unpredictable, and abrupt, while slow changes in prices, weather volatility, and resource 
adequacy were observed mainly through the extremes.

Resilience for what purpose?

Despite the differing socioeconomic conditions in Finland and the Leningrad Oblast, the 
need for resilience was similar in both countries. Milk production and animal feeding 
based on fodder produced on farms were the key functions. Most highlighted external 
shocks and changes were directed at the farming system level. The function of the other 
dairy system processes mainly depended on the sufficiency of high-quality milk.

What enhances resilience?—determinants of resilience

The Finnish interviewees emphasised profitability as buffering dairy systems against 
shocks and change, also enabling the implementation of necessary adaptation and trans-
formative investments, as was also found critical for dairy farmers’ resilience by Rizzo 
(2017), agroecosystems by Cabell and Oelofse (2012), and food systems by Himanen 
et  al. (2016). Society’s commitment to supporting dairy production was considered 
important in both case regions. However, the interviewees perceived that the function-
ing of the farm should not depend too heavily on subsidies or large loans.

Well-being was emphasised as critical for overcoming shocks and changes. Financial 
difficulties and an accumulating workload decreased satisfaction and leisure, reduc-
ing well-being. Perrin et al. (2020) also stressed the importance of well-being and sat-
isfaction for resilience. Growing farming sizes and workloads increased stress and 
fatigue, which was also the main reason for abandoning dairy production, underlining 
the importance of investing in well-being. Investing in employee welfare considerably 
reduced the number of illness days in the Leningrad Oblast. Besides the individual level, 
the importance of communal well-being was highlighted in both countries. Taking care 
of the whole surrounding community by channelling the profit from the dairy system to 
improve the community’s welfare was considered important. The importance of com-
munality was highlighted after an unexpected catastrophe—for example, a fire. Besides 
people, the interviewees emphasised that investing in animal welfare improved milk 
yields and milk quality and animal health and increased the average number of calves.

Positive feedback from consumers and the respect of society for dairy production 
increased the interviewees’ self-esteem. They wished society would recognise agricul-
ture as valuable and an opportunity, rather than merely as a source of raw materials.
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In defining humans as endogenous factors of the dairy farming system (Walker et al. 
2012), our study highlighted social and economic determinants (Fig. 4). Cradock-Henry 
(2021) also emphasises the importance of linking the social, economic, and agroeco-
logical attributes of resilience in the dairy farming context. This is in line with Ericksen 
(2008) and Adger et al. (2009), who underline the importance of social factors for adap-
tation, alongside ecological, economic, and technological factors. Such determinants 
are important facilitators of a fast system recovery when disturbances occur (Carpenter 
et  al. 2012; Himanen et  al. 2016). This was evident in our study in the quick help the 
community provided to a dairy farm after a fire, for example; the community’s help ena-
bled farming to continue without interruption.

Goals

Due to the input intensity and dependence of dairy systems, the respondents 
stressed the importance of resource self-sufficiency. A reduced reliance on agricul-
tural trade was thought to increase security in the face of market volatility. Self-suf-
ficiency in fodder and animal reproduction was critical for milk production. Having 
enough field resources was considered critical for the optimal balance of crop and 
animal production, securing silage self-sufficiency, with an adequate buffer in the 
event of yield losses. The interviewees supported the idea of nutrient cycling to 
increase nutrient self-sufficiency, soil productivity, cost reduction, and environmen-
tal benefits. However, actors had difficulties implementing nutrient cycling in prac-
tice. In the Leningrad Oblast, due to incentives for the use of synthetic fertilisers, 
manure management was not a primary focus. Furthermore, feed self-sufficiency 
was not achieved there due to the lack of integration of crop and animal produc-
tion on large farms. In Finland, agricultural policy has steered crop and animal pro-
duction towards regional specialisation. Manure recycling in crop farms’ fields was 
rarely feasible or cost-effective because of high transport costs. A closed nutrient 
cycle would therefore require support in managing material flows.

The importance of soil productivity and health for maintaining fodder production 
was highlighted in both countries. The interviewees perceived that managing field 
drainage, liming, and increasing soil organic matter would ensure the productivity of 
fields during exceptional weather events, as well as in the long term.

Trust on a farm and within a family and among fellow farmers, communities, and 
supply chains was highlighted. On Finnish family farms, this referred to the rela-
tionship between the farming couple. Trust in permanent and substitute employees 
was also important to having time off from the farm. At the community level, good 
relations with neighbours and friends made it possible to turn to them in an hour of 
need. A lack of trust was considered harmful for the whole dairy sector, as it often 
prevented any cooperation. Collective learning, fed by trust, may incite innovation 
(Berkes et al. 2000; Biggs et al. 2012), which is crucial for decision making leading to 
adaptation and transformation (Biggs et al. 2015; Himanen et al. 2016; Polasky et al. 
2011). Trust also contributes to experimentation and enables cooperation and long-
term planning (Olsson et al. 2004; Walker and Salt 2006). These findings may result 
from the significant societal changes in recent history that have impacted dairy sys-
tems, as well as the extent to which foreign managers lead agroholdings. In Finland, 
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the continuance of family farming from generation to generation and cooperative 
processing have increased long-term trust. Yet neighbourly help continues in rural 
areas.

It was stressed that an understanding of the needs and interactions of complex 
processes was important for system management. Good leadership skills, especially 
the ability to share responsibilities, were considered to improve the efficiency, gov-
ernance, and sensitivity of the work. The findings match those of Ericksen (2008), 
underlining the importance of understanding complex interaction between actors 
and processes. The interviewees considered poor motivation and organisational 
skills, as well as a lack of knowledge, to be major problems in the Leningrad Oblast.

The ability to prepare for and adapt to a consistently changing operating environ-
ment requires diverse expertise, continuous learning, and adoption of new technolo-
gies. According to the interviewees in Finland, the most important knowledge came 
from practical skills learned in the childhood home and from colleagues. Experi-
menting was valued because it helped develop operations. In Finland, the inter-
viewees emphasised the pleasure that resulted from successful experiments, which 
was reflected in well-being, while in the Leningrad Oblast, economic points were 
underlined.

Means

In relation to the resilience frameworks of farming (Meuwissen et  al. 2019) and food 
systems (Tendall et al. 2015), our study complemented the actor toolkit with economic 
incentives and fairness. Trust between dairy system actors created cooperation—for 
example, marketing fodder and animals between farms. In Finland, where cooperation 
was more common, the interviewees appreciated collegial support, encouragement in 
decision making, and support in tackling problems. Cooperation reduced workloads and 
financial risks, improved outsourcing volume, and reduced costs.

Cooperation between dairy and crop farms was considered beneficial for both for 
marketing fodder, combining crop rotations, and manure management. Co-ownership 
and contracting made investment in machines possible and cheaper. Good connections 
with the owners of arable land could enable a longer lease period, guaranteeing the suf-
ficiency of fodder production, and encouraging farmers to take better care of soil quality. 
Communication with the authorities was perceived as a channel to be better informed of 
new regulations.

Equal negotiation power between actors was considered to secure fairness in the dairy 
system. Relations between farms and dairy processing were emphasised. The opportu-
nity to make several short-term contracts depending on price conditions maximised 
profits and created a strong negotiating position in the Leningrad Oblast. The equal 
negotiation power was obviously a result of several marketing options and short-term or 
no supply contracts. The negotiation position with retail was considered more difficult, 
resulting in large financial losses for processors. Furthermore, the perceived importance 
of fair compensation for work, also highlighted by (Cabell and Oelofse 2012), was the 
result of competition for skilled workers. Fairness was emphasised less in Finland, per-
haps because milk was typically delivered to just one large farmer-owned cooperative 
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dairy which paid the same price to each supplier and had a strong market position in the 
supply chain.

The resilience literature emphasises diversity as a key determinant in social-ecologi-
cal systems, because it enables functionality across various circumstances (Chapin et al. 
2004; Kahiluoto et al. 2014; Lin 2011; Meuwissen et al. 2019; Naeem et al. 2009; Ostrom 
2009; Stirling 2007; Hertel et  al. 2023; Galappaththi et  al. 2021). In our study, diver-
sity linked to functional (Moonen and Bàrberi 2008), and especially response diversity 
(Elmqvist et  al. 2003), was emphasised, as diverse business activities that reacted dif-
ferently to market changes stabilised the economy. Diversity was implemented through 
direct selling of raw milk, farm-level processing of milk, and the integration of the pro-
duction of meat and crops. For small-scale processors, farm markets enabled forays into 
new markets and a diversification of activities. In Finland, diversification often meant 
incomes from side-lines such as machinery contracting or an external workplace.

Diverse production was considered to compensate each other’s failures due to differ-
ent vulnerabilities and strengths, improve the seasonality of work, and stabilise income, 
working as a buffer against market fluctuations. Diverse cultivation was also considered 
to improve long-term soil productivity. A diversity of market partners was considered 
to enhance flexibility during market turbulence. In the Leningrad Oblast, it was typical 
to have many buyers for raw milk; in Finland, a contract production for just one large-
scale dairy was practised. Moreover, in the Leningrad Oblast, contracts with milk buyers 
were flexible; the amount of milk sold could vary monthly, which was considered posi-
tive when multiple buyers were available. This helped in price negotiations, the selling of 
different milk qualities, and the guaranteeing of sales if a buyer fell through. In Finland, 
cooperative dominance with a strong tradition of contract-based milk production and 
high-grade hygiene legislation limited the possibility and willingness to have multiple 
sale channels.

These findings support the importance of response diversity across the supply chain 
(Kahiluoto et al. 2020). The interviewees remarked that buildings and technology should 
also be flexibly planned for other purposes in changing conditions. Particularly in the 
Leningrad Oblast, holdings could have several activities.

Diversification strategies were implemented more in the Leningrad Oblast than in 
Finland. In Finland, the interviewees were aware of diversification but expended little 
effort on it, because it was thought to cause an additional burden on an already excessive 
workload. In the Leningrad Oblast, the larger size of holdings facilitated diversification; 
on Finnish family farms, the limited work contribution of a family was perceived as a 
restriction to diversification, even if no trade-off between diversity and resource use effi-
ciency was observed (Kahiluoto and Kaseva 2016).

Incentives provided by society were seen as important for promoting nutri-
ent cycling. At the actor level, financial and welfare-enhancing incentives were also 
stressed. In the Leningrad Oblast, where agroholdings employed more people, the 
support of employee motivation through worker benefits was emphasised. In addi-
tion to a good salary, zero-interest loans, health services, education, and recreational 
activities were mentioned.
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Forests represented an integral part of the farming system in Finland and an impor-
tant source of income. Forests were considered an insurance, as they provided capital to 
buffer against change and to bounce back after a disturbance, even though their average 
share of farm incomes in Finland was at most 7% during our study (OSF 2020b). They 
were also relied on when new investments were made. In the Leningrad Oblast, dairy 
enterprises did not manage forests.

What leads farmers to abandon dairy supply operations

Insufficient profitability and the lack of power to negotiate with retail was often a rea-
son to abandon operations. The contamination of milk with pathogenic bacteria and the 
resulting costs of monitoring dairy cows and products, as well as the sterilisation of pro-
duction buildings, led farmers to abandon dairy processing. The well-being and health 
of the farmer couple influenced such decisions. Good relations on a farm were critical 
for the continuity, and this was more important the smaller the farm was. On Finnish 
farms, this refers to the farming couple; divorce was the major reason for abandoning 
dairy farming. Mutual respect and shared time, values, and vision were seen as impor-
tant, as work was often shared.

Generalisation

This comparison of two socioeconomically contrasting major dairy production regions—
family farms and manufacture cooperatives and corporation-dominated supply chains—
revealed an emphasis on whether social or economic aspects were more important for 
dairy system resilience. The critical changes related to climate change, market volatility, 
changing policies, and resource adequacy highlighted in this study are generally faced by 
social-ecological systems. The key determinants observed here are in line with previous 
research.

Conclusions
As uncertainty and disturbances are expected to increase in the future, there is a need to 
increase understanding of the key determinants of resilience in the dairy system which 
ensure the supply of dairy products in the event of disruptions. We created an empiri-
cal conceptual model of dairy system resilience with critical change factors and key 
determinants ensuring the supply of dairy products. Our study increases understand-
ing of complex social-ecological interactions influencing dairy system resilience in the 
north-eastern Europe and provides concrete tools to help food system actors manage 
resilience.

Our findings highlight a diverse group of social, economic, and ecological determi-
nants that are strongly interconnected and manifested independently of socioeco-
nomically contrasting contexts. The implementation of means to enhance resilience in 
practice remains limited and requires support. There is a need for incentives, especially 
related to nutrient cycling and diversification. This should be promoted through national 
and international policy, counselling, research, and education. Projects and platforms 
enabling mutual learning and increasing interaction between different actors would 
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promote the emergence of innovations. The form of farm ownership—that is, a family 
farm vs a corporate-owned farm—appears to determine whether social or economic 
aspects are more important. Social aspects on the family farm proved key to dairy sup-
ply continuity; they would therefore deserve more attention in future research. Coopera-
tive suppliers that equalise negotiation power in a supply chain or the number of market 
channels available for each actor appear decisive for fairness within supply chains and 
should be studied more thoroughly. Further, addressing the determinants of resilience 
empirically in the food system across continents would provide more tools for securing 
the resilient futures of global food systems.

The conceptual model serves dairy system actors as a tool for understanding, monitor-
ing, assessing, and managing resilience. The model can be utilised in decision-making 
and scenario planning as a management tool to creatively think about an alternative 
future. The results will be especially useful for creating and assessing possible policy 
interventions for mitigating the high rate of dairy farm abandonment, enhancing the 
viability of the weakest loop in food supply chains and thus the overall resilience of dairy 
and food systems. The key means of resilience give concrete measures for policymakers 
which should be integrated on the policies guiding agricultural and food sectors. Our 
findings emphasise the importance of holistic and coherent policy planning. Identified 
resilience means give insight into crisis prevention, adaptation and support for sustain-
able transformation towards future resilient food systems. It should be noted that the 
results of this study are based on fairly small number of interviews focusing on primary 
production and as a result, important issues for other dairy system actors may have been 
overlooked.

Appendix 1
Interview guide

1.	 In your own words, could you describe your farms’/company’s operations and oper-
ating environment.

2.	 What have been the biggest changes in your farm/ the company?
3.	 How the changes affected your business?
4.	 How did you respond to the change?
5.	 How did you cope with the change?
6.	 What enhanced coping with the change?
7.	 What reduced coping with the change?
8.	 What changes threaten your operations now and in the future?
9.	 How do you prepare for change?

Appendix 2: critical change factors of dairy system resilience
Notes: Stepwise progress of the analysis presenting the condensed codes and themes 
that emerged from the interviews. Blue font represents condensed codes from Finnish 
data, red font from Leningrad Oblast, and black from both case regions.
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Appendix 3: preconditions, elements and means of dairy system resilience
Notes: Stepwise progress of the analysis presenting condensed codes and themes as they 
emerged from the interviews. Blue font represents condensed codes from Finnish data, 
red from Leningrad Oblast data, and black from both case regions.
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