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1 Introduction and objective  

“It’s crucial to note that we’re talking about the world’s choices,  
not a predetermined path.” 

– Jonathan Foley, 2013 
 

1.1 Research background  

Multiconnected and complex food system with various subsystems 
 
The global food system forms an interconnected and complex net that is facing 
contradictory demands and expectations from various sectors and multiple levels 
of society (Ericksen, 2008a, 2008b; HLPE, 2017; Karttunen et al., 2019; Lang and 
Barling, 2012; Moragues-Faus et al., 2017). Figure 1 demonstrates a simplified 
portrait of the food system that is most commonly formed by the social, economic 
and environmental systems. It is also equally impacted by nutrition and health, 
political and policy, technological and scientific drivers (CIAT, 2020; HLPE, 2017; 
Sheane et al., 2020; Zhang et al., 2019). However, depending on the discipline of 
the research field, contrasting elements are either emphasised or diminished. The 
presented systems and drivers are connected with various linkages, 
interdependencies and feedback loops, making the food system equally intriguing 
and uniformly tricky (Sheane et al., 2020). To better comprehend the complexity 
of the food system, it is good to define more specifically the key concepts that are 
often discussed simultaneously with it, such as the food supply chain and food 
security. 

Firstly, the terms food system and food supply chain are often inadvertently 
used as synonyms. Traditionally, the food supply chain is described linearly from 
primary production to consumption, including food waste and losses as well as 
trade and transportation throughout the chain (FAO, 2014a; HLPE, 2017; 
Kummu et al., 2012). Focusing solely on the food supply chain often neglects the 
drivers and background forces impacting the larger system. But when the supply 
chain is at the core of the food system, it can be seen as linking these different 
systems and drivers. Figure 1 also provides some simplified and selected examples 
of the various interactions occurring within the food system as the environmental, 
social and economic systems are receiving and providing inputs to the larger 
system. As an example, the social system provides knowledge to the supply chain 
while equally receiving employment from it. Another interpretation shows that 
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the economic system offers finances to the supply chain while also gaining income 
from it. Lastly, the environmental system provides natural resources to the supply 
chain while mutually experiencing scarcity caused by the overuse of the resources. 

 

Figure 1. The simplified food system with elements of the social, economic and environmental 
systems. Social, environmental and economic systems are adopted from Sheane et al. 2020, 
drivers from CIAT 2020 and connections from Zhang et al. 2019. 

Secondly, the ultimate purpose of the food system is to provide nutritious food for 
consumers (FAO, 2014a; HLPE, 2017). Based on the World Food Summit in 1996, 
“food security exists when all people, at all times, have physical and economic 
access to sufficient, safe and nutritious food that meets their dietary needs and 
food preferences for an active and healthy life” (FAO, 1996). The concept of food 
security is extremely broad, and it might be challenging to conceive all the 
different dimensions of it. Thus, the concept is divided into four pillars to give it 
more measurable subcategories: 
 

 Availability (e.g. sufficient and reliable supply quantity and quality);  
 Access (e.g. adequate resources to produce and/or purchase food);  
 Utilisation (e.g. basic knowledge and conditions to choose, prepare, 

and distribute food) 
 Stability (e.g. permanent and durable access to food)  

 

Nutrition and 
health drivers

Political and 
policy drivers

Technological and 
scientific drivers

Driver provides e.g. 
- Digitalisation 
- Machinery 
- Genomics

System provides e.g. 
- Available land
- Fresh water
- Sunlight

System receives e.g.
- Biodiversity loss
- Emissions
- Resources scarcity

System provides e.g. 
- Finance
- Infra
- Development

System receives e.g.
- Income
- Taxes
- Markets

System provides e.g. 
- Labour
- Knowledge
- Preferences

System receives e.g.
- Food security 
- Employment
- Services

Driver provides e.g.
- Regulations
- Subsidies
- Legislation

Driver provides e.g.
- Diet recommendations
- Nutrition guidance
- Public health goals

Communal

Regional

Local

Global

Environmental 
system 

Economic 
system 

SUPPLY CHAIN

Primary 
production

Manufacturing 
and processing

Distribution
and retail

Household
 consumption 

Agricultural 
inputs 

SUPPLY

DEMAND

Social
system

Food losses and waste

Trade and transportation



Introduction and objective 
 
 

11 

Previously, research has predominantly focused on food supply quantities (i.e. 
calories or kilograms), where the food availability has been central and 
agricultural production methods have played an important role. Now, however, 
the focus has shifted more towards the quality of the food supply (i.e. nutrition 
and dietetics), and the connection between diets and public health is studied and 
understood even further. 

While Figure 1 presents a general illustration of the food system, it is also 
important to distinguish between the global food system as a whole and the 
separate subsystems that form it. In general, the global food system connects 
almost all countries to be part of it. At the same time, countries can still have their 
own local, regional and even communal food systems with similar principles as 
the global food system. However, depending on the level or scale of the food 
system, particular issues are highlighted, and the national food system might have 
diverse shapes and forms in different countries. Therefore various policies and 
politics have an equal impact on the global food system, making it even more 
complex  (Ericksen, 2008a, 2008b; Lang and Barling, 2012; Moragues-Faus et 
al., 2017). 
 
Increased demand for food supply with limited natural resources 
 
The global food system is facing a severe dilemma: how to provide food to the 
global population in a sustainable way now and, more importantly, in the future 
(Godfray et al., 2010; Springer and Duchin, 2014). Global population has 
increased rapidly over the last decades, and this growth is expected to continue—
at least in many parts of the world—over the upcoming decades (Gerland et al., 
2014; United Nations, 2017). At the same time, food consumption is changing 
towards being more resource-intensive (e.g. in terms of animal products) and 
having larger portion sizes (e.g. in terms of calories) when the population is 
getting wealthier (Kastner et al., 2012; Tilman et al., 2011; West et al., 2014). 
However, natural resources required for food production are not increasing 
proportionally, and in many parts of the world, natural resources for food 
production are already scarce (Foley et al., 2011; Kummu et al., 2016; Ramankutty 
et al., 2018). In other words, the use of natural resources has already exceeded 
sustainable limits, and the existing limited resources are competing with many 
different sectors (Foley et al., 2011; Steffen et al., 2015; Tilman, 1999). 

Agriculture is the world's main source of employment (Lang and Barling, 2012), 
but at an immense cost to the environment—it is also the largest user of water 
resources and a significant user of land resources (FAO, 2014b, 2011). Agriculture 
uses around 70% of global freshwater withdrawals and 90% of consumptive water 
use (Döll, 2009; Siebert et al., 2010) and as a result, over 4 billion people are 
facing water scarcity at least for some time during the year (Mekonnen and 
Hoekstra, 2016). Agriculture also consumes about 38% of the world's terrestrial 
surface (Ramankutty et al., 2008), and 60% of global terrestrial biodiversity loss 
is related to food production (UNEP, 2016). These numbers demonstrate that 
food production has an enormous impact on the use of natural resources, and it 
can therefore also play an important role in saving or protecting these vital 
resources. 
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Along with natural resources, other inputs—such as energy, fertilisers, protein 
feed and agricultural machinery—are also crucial for agricultural production 
(Niemi and Huan-Niemi, 2012). The importance of fertilisers is evident when 
considering what has been achieved by the Green Revolution (Khush, 2001), and 
still to this day different e.g. soil improvers and pesticides are used in various ways 
in crop cultivation. Respectively, Europe’s animal production is heavily 
dependent on imported protein feed, and fluctuations in the global markets might 
pose unexpected impacts on local production (Boerema et al., 2016; de Visser et 
al., 2014). Equally, global demand for agricultural machinery has increased and 
the markets centralised (Metha and Gross, 2007). Meanwhile, energy is required 
in various ways throughout the food system, from fertilisers to machinery (Woods 
et al., 2010). Hence, the whole food system is directly or indirectly dependent on 
these essential inputs. 

Furthermore, food supplies are travelling great distances to meet demand—
along with the natural resources and agricultural inputs required in food 
production. It has been estimated that approximately a quarter of food is traded 
internationally (D’Odorico et al., 2014), and around 80% of the population is 
living in areas where at least some food is imported (Porkka et al., 2013). 
Kinnunen et al. (2020) calculated that only 11–28% of the global population has 
access within a 100-km radius to certain crops, while 26–64% of the global 
population has more than a 1,000-km radius access to the same crops. This means 
that in terms of virtual water flow (the hidden flow of water when food 
commodities are traded from one place to another), nearly one-fifth of global 
virtual water relates to production for export (Hoekstra and Mekonnen, 2012). 
Equally, in terms of virtual land (those productive areas hidden in imported or 
exported agricultural goods), around 116 Mha year-1 and over 80% of the exports 
are provided by only ten exporting countries (Würtenberger et al., 2006; Zhang 
et al., 2016). Correspondingly, Nesme et al. (2018) studied the global phosphorus 
flows and Lassaletta et al. (2014) examined the global nitrogen flows embedded 
in the global food trade and agricultural production, and both pieces of research 
reveal that great volumes of nutrients are involved in the trade either in food or 
in feed. 

Yet the problem of providing and securing enough food for everyone is not only 
in the inadequate use of the natural resources (food security pillar I)—it is rather 
in the access, affordability and distribution of nutritious food (food security 
pillars II and IV) (HLPE, 2017). The paradox is that, in theory, there is enough 
food to nourish the global population, but supply and demand are not in 
equilibrium due to various reasons, such as economic or geographical limitations. 
Natural resources (particularly water) are rich in the northern latitudes and in the 
tropics where the population is low, while natural resources are scarce and the 
population high along the Tropic of Cancer (Kummu and Varis, 2011). Even more 
worryingly, over a third of food is wasted while over 821 million people are living 
without enough food and over two billion people do not get enough nutrients from 
their food (FAO, IFAD, UNICEF, WFP and WHO, 2019). Along with food waste, 
valuable resources are also wasted, which is another absurdity with the already 
scarce natural resources for food production (Kummu et al., 2012). 
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Potential to increase global agricultural production by local solutions 
 
Among researchers, there is a consensus that food production needs to be 
increased without expanding current agricultural areas under cultivation 
(Godfray et al., 2010). Fortunately, the global food system is relatively well-known 
and studied—including the potential to increase food production without 
increasing the use of natural resources (Conijn et al., 2018; Gerten et al., 2020; 
Kummu et al., 2017; Springer and Duchin, 2014). For instance, Kummu et al. 
(2017) estimated that global food production could be increased by 111% or even 
223%, depending on the level of implementation. This was studied as the 
combined potential of diet change (reduction of animal products), reduction of 
food waste (from primary production to consumption) and closing the yield gaps 
(either regarding the nutrients or irrigation). Naturally, there are major 
differences among regions to implement these actions, which are based on e.g. the 
potential and restrictions of the local contexts. Nevertheless, these global studies 
provide the basis, and most of all the hope, for the theoretical potential to change 
the direction of where we are heading as a common globe. 

In addition to the best practices in different areas to increase food production, 
existing studies also demonstrate that international food trade can lead to global 
water and land savings (Chapagain and Hoekstra, 2008; Dalin et al., 2012; Fader 
et al., 2011; Liu et al., 2018; Yang et al., 2006; Zhang et al., 2016). It has been 
estimated that annual global virtual water savings are around 263 km3, based on 
the crop trade alone (Fader et al., 2011). Equally, it has been assessed that the 
international cereal trade has the potential to annually achieve land savings of 
around 40-50 Mha (Fader et al., 2011; Zhang et al., 2016). Besides, there are also 
local studies related to agricultural land use efficiency comparing the outsourced 
and relocalised production to meet the domestic demand (see, e.g., UK (Cowell 
and Parkinson, 2003), Sweden (Röös et al., 2016). the United States of America 
(Zumkehr and Campbell, 2015) and Iran (Mesgaran et al., 2017)), and these 
studies presented the benefits of reallocation. Therefore, it is justified to focus or 
even reallocate the resource-intensive production to regions where local natural 
resources are most suitable for that. 

1.2 Research gap and justification 

The challenge of how to provide sustainable and nutritious food to a growing 
population is significant. However, this challenge and related opportunities 
towards improved global food security are not evenly distributed across the globe  
(Conijn et al., 2018; Gerten et al., 2020; Kummu et al., 2017; Springer and Duchin, 
2014), and thus tailored local solutions are needed (West et al., 2014). This 
dissertation provides various national scale case studies, with a focus on Finland. 
The different case studies, and thus the research focus of the dissertation, were 
chosen primarily based on research gaps identified within various stakeholder 



Introduction and objective 
 

14 

consultations of the “From Failand to Winland” -research project that this 
dissertation is part of (see more in Section 1.4). 
The ways in which this dissertation contributes to these research gaps are briefly 
introduced below, and in more detail in the following subsections. It is also 
important to highlight that this dissertation is not able to close all these gaps; it 
contributes only to certain parts of them. Figure 2 presents the focus of this 
dissertation—the topics included in colour, and the subjects outside the scope in 
grey. 

 

Figure 2. Research focus of this dissertation. Illustration is based on Figure 1—in grey the whole 
food system and in colours the parts that this dissertation focuses on. 

Finland was chosen as the case study because of its interesting portfolio. It has 
rich natural resources for food production, but the potential for increased 
domestic agricultural production is not fully utilised (Natural resources -
research gap). When exploiting domestic resources for an increase in 
agricultural production, Finland could decrease some imports of agricultural 
products and simultaneously increase exports of other agricultural products. This 
might reduce the dependence on imported agricultural products and strengthen 
food self-sufficiency (Food self-sufficiency -research gap). However, when 
increasing domestic agricultural production, the importance of agricultural 
inputs is often forgotten in the general discussion (Agricultural input -
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research gap). The countries from which Finland imports foodstuff may be 
different to the countries from which it imports agricultural inputs 
(Agricultural trade -research gap). When taking a more holistic view, the 
Finnish food system does not only follow the global markets, but the consumers 
are often the key influence to the whole food system. Thus, it is important to 
discover what motivates the Finnish consumer in their food preferences (Food 
consumption and feeding practices -research gap). To conclude, it is also 
important to ensure Finland’s own food system resilience while trying to influence 
positively to global food security (Vulnerability -research gap). 
 
Natural resources -research gap 
 
Finland is one of the most northern countries to practise agriculture. It has rich 
but underused natural resources in proportion to its small population, especially 
in terms of water and land resources. In 2008–2013, the country had on average 
237 billion m3 of renewable water resources, of which only a fraction was used 
annually (Eurostat, 2018a). Furthermore, agriculture is responsible for less than 
1% of the total abstraction of groundwater, surface water, cooling water and mains 
water (Lai et al., 2018). While Finland has some sort of agricultural production 
throughout the country, the majority of agricultural production is focused in the 
southwestern and western parts of the country (Niemi and Väre, 2019), leaving 
almost 470,000 ha of underutilised ley potential (Seppälä et al., 2014). On top of 
this, the country is sparsely populated, with the population concentrated mainly 
in a few major urban areas (Statistics Finland, 2018). As a result, 70% of the 
country is covered with forest (Lier et al., 2019). 

The Nordic climate sets certain restrictions on Finnish agricultural production, 
such as a single short growing season, late spring and early autumn frosts, low 
temperatures and low solar radiation, and drastic changes in daylight during the 
year (Olesen et al., 2011; Olesen and Bindi, 2002). The country’s agriculture can 
be partly described as a monoculture, where mainly barley and oats dominate the 
cereal species monocultures. This is partly because the choice of crops available 
for diversifying crop rotations is limited (Peltonen-Sainio et al., 2017, 2016). With 
around 23% of underutilised agricultural land, Finland could have the potential 
to diversify agricultural production without increasing land use—with the expense 
of cereal cultivation, reducing the overproduction of low-bulk cereals and their 
exports as unprocessed grains (Peltonen-Sainio et al., 2017). 

 
This dissertation aims to find concrete ways to exploit Finland’s rich land and water 
resources by creating case studies for decreasing imports (Paper III) and increasing 
exports (Paper IV), based on the agricultural potential recognised by other scholars. The 
case studies would utilise domestic production by the diversification of crops and equally 
ease global water scarcity by focusing water-intensive production on water abundant 
areas.  

Food self-sufficiency -research gap 
 
Clapp (2017) stated that, in practice, food self-sufficiency is defined and measured 
in various ways. Perhaps the most basic and commonly used definition was 
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introduced by the Food and Agricultural Organization of the United Nations 
(FAO), stating that a country is considered to be food self-sufficient when it 
achieves its food needs from its own domestic production. However, Clapp (2017) 
justly argued that this definition leaves it unclear whether a country is still 
dependent on global food trade. She clarified that more concrete understanding 
of food self-sufficiency is needed because of the nature of today’s complex global 
markets and economy (Clapp, 2017). Therefore, food self-sufficiency can further 
be defined as a domestic food production that is equal or exceeds 100% of a 
country’s food consumption (FAO, 2012). Clapp (2017) clarified that trade is not 
ruled out within this definition, as food self-sufficiency is defined by the ratio of 
food produced to food consumed at the domestic level. 

Niemi and Väre (2019) calculated that Finland’s food self-sufficiency is around 
80% when considering the import and export markets in monetary values. 
However, Niemi et al. (2013) explained that the monetary value presents only one 
aspect of Finland’s self-sufficiency and does not measure the actual food 
quantities or calories needed in securing the food supply. They continue that 
rather, it reflects the general competitiveness of Finnish agriculture in the 
national and international markets. Porkka et al. (2013) compared the national 
average in dietary supply to the relative dietary energy requirements between 
1965 and 2005. They discovered that Finland’s potential in food self-sufficiency 
increased from sufficient (2500–3000 kcal cap-1 d-1) to high (<3000 kcal cap-1 d-

1). Respectively, Sandström et al. (2014) found that Finland’s land use for 
domestic crop consumption was 77% (1,080,000 ha) in 1987, and in 2010 it 
dropped to 59% (847,000 ha), decreasing Finland’s cereal self-sufficiency. 
Finland was also nearly food self-sufficient with direct meat and dairy product 
consumption in the 1960s, but in the 1980s the direct self-sufficiency decreased 
because the imported meat entered the domestic market (Sandström, 2018). 

 
This dissertation presents how trends in Finland’s diversity in domestic food production 
and supply as well as its dependence on imports and a number of import partners have 
changed over the last three decades (Paper I). Although it primarily confirms the current 
knowledge about Finland’s food self-sufficiency, it additionally explains the more detailed 
state of Finland’s international agricultural trade, which naturally also has an impact on 
Finland’s self-sufficiency. 

 
Agricultural inputs -research gap 
 
Definitions for self-sufficiency do not always take into account the importance of 
imported agricultural inputs, such as energy, fertilisers, protein feed and 
agricultural machinery which are all essential for agricultural production. 
Peterman et al. (2014) divided agricultural inputs into three different categories: 
(i) technological resources (e.g. fertilisers and equipment), (ii) natural resources 
(e.g. irrigation and soil fertility) and (iii) human resources (e.g. labour and 
services). Since Finland is a wealthy and developed country with rich natural 
resources and work capacity under normal conditions (Eurostat, 2018a, 2018b; 
ILOSTAT, 2020), it is justified to focus on the technological resources and 
appropriately label them “agricultural inputs” in general for the rest of this 
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dissertation. Nevertheless, it is important to recognise that the agricultural inputs 
can be defined under different subcategories; and even if a country has a domestic 
surplus in one category, it might be very import-dependent on another category. 

Knuuttila and Vatanen (2015) studied the dependence of Finland’s food markets 
on imported food and agricultural inputs by dividing the monetary value of the 
imported inputs by the monetary value of the industry’s output. They discovered 
that during 2003–2012, the largest and most important imported products were 
chemicals and chemical products. Additionally, semi-manufactured goods, such 
as protein feeds, are important to the whole food industry, since Finland’s 
domestic protein feed self-sufficiency is only around 15% (Kaukovirta-Norja et al., 
2015). Fortunately, there is a great potential to increase domestic plant-based 
protein (Heikkilä et al., 2019). Furthermore, energy is required throughout 
the whole food system, and it is often imported as crude oil, coal, natural gas and 
differently refined oil products, and then further processed to meet the needs of 
transportation, packaging and heating (Knuuttila and Vatanen, 2015; Woods et 
al., 2010). Agricultural machinery has also been mentioned as one of the main 
backbones of agricultural production, and the dependence on machinery has been 
also recognised previously by other scholars (Aula et al., 2020; Niemi et al., 2013). 

 
However, not much is known about where these agricultural inputs are imported from, 
and those temporal changes are not systematically documented in the Finnish context. 
This dissertation aims to give an overall picture of the trade of agricultural inputs (energy, 
protein feed, fertilisers and agricultural machinery) over the last two decades and 
provides new information on the trade in quantities (Paper II), as the previous research 
has primarily focused on monetary values. 

 
Agricultural trade -research gap 
 
The increased food trade can have positive or negative impacts on people and 
ecosystems, depending on the point of view (Sandström, 2018). The impacts can 
be positive when securing, supplementing or diversifying the national diets. 
Overall in 2018, the monetary value of Finland’s foodstuff exports was around 1.6 
billion euros (a decrease of  5.1% from 2017), and the monetary value of imports 
was around 4.6 billion (a decrease of 1.6% from 2017) (Hyrylä, 2019). Thus, based 
on monetary values, Finland is a food net importer, despite the relatively high 
food self-sufficiency. Naturally, there are great differences between the foodstuff 
groups, as some imported luxury products might have a significantly higher 
monetary value than some of the exported common agricultural products. A 
report done by the Ministry of Economic Affairs and Employment of Finland 
(Hyrylä, 2019) shows that Finland’s most significant trading partners for imports 
are Germany (13.5% of total import values), Sweden(11.1%) and the Netherlands 
(8.5%); and for exports, they are Sweden (18.6% of total export values), Estonia 
(8.1%) and France (6.7%). The biggest import groups are fruits (8.5% of total 
import values), fresh fish (7.6%) and alcoholic beverages (7.1%). The biggest 
export groups are raw fish (10.0% of total export values), alcoholic beverages 
(9.4%), and butter and other fats (8.9%).  



Introduction and objective 
 

18 

Equally, the impact of increased global food trade can be negative, such as the 
outsourced environmental impact of food production and increased emissions 
through the food trade. Although according to Sandström et al. (2018) 
international transportation emissions account for only around 6% of total food 
consumption emissions in Europe. The displaced impacts are often easily 
neglected or not even fully understood (Sandström, 2018). As an example, over 
93% of Finnish land use biodiversity impacts are external (Sandström et al., 2017) 
and are not often even detected by the average consumer. Finland’s external land 
use is mainly focused on EU 15 countries (22%), on the former Soviet Union and 
other Europe (26%) and in South America (24%) (Sandström, 2018). 
Respectively, Finland’s external water footprint is 47%, the majority of which is 
caused by agricultural production (Nikula, 2012). These examples again highlight 
Finland’s outsourced use of natural resources. 

 
As the current trade of agricultural products (virtual land and water embedded within) is 
already somewhat known, this dissertation complements existing knowledge by providing 
concrete case studies (Papers III and IV) on how to minimise the negative impact and 
maximise the positive impact Finland could have based on its rich natural resources. 
These case studies introduce different scenarios, which could be implemented gradually 
and could be further duplicated by other countries as well. 

 
Food consumption and feeding practices -research gap 
 
Naturally, some of the food imports, such as fruits and nuts, are well-justified 
based on national (Fogelholm et al., 2014) regional (Nordic Council of Ministers, 
2014) and international (Willett et al., 2019) dietary recommendations. When 
looking more closely at the Finnish dietary guidance, the recommendation for red 
meat is a maximum of 500 grams weekly; and based on the study done in 2017, 
79% of men and 26% of women consume red meat beyond this recommendation. 
However, the options for and consumption of plant-based protein have been 
increasing in Finland over recent years, but improvements are still needed to meet 
the recommendations for vegetables, fruits and berries (Valsta et al., 2018). 
Finnish consumers are typically accustomed to having an unlimited selection of 
foodstuff throughout the year and might even feel that their food security is 
threatened if the selection is temporarily limited. It is still worthy and very 
important to acknowledge that all the above presents only the average Finnish 
consumer, and there is an increasing number of people dependent on food aid, at 
least in some form (Lintula, 2018; Mononen and Silvasti, 2012). 

The discussion should not only concern human diets; animal feeding practices 
should be also part of the solution towards more sustainable food production and 
consumption (van Zanten et al., 2016). As mentioned previously, Finland has the 
potential to increase domestic feed, such as leis and grass, with underutilised 
agricultural land. However, there are great differences in the feeding potential 
between monogastrics and ruminants. Because ruminants have the ability to use 
fibrous feed as feed that is not suitable for monograstics and humans, they do not 
compete directly for human food and can even maintain biodiversity with 
pasturage (van Zanten et al., 2019, 2018). 



Introduction and objective 
 
 

19 

 

As Finnish consumption habits are relatively well-known, this dissertation focuses on the 
citizens’ motivation to favour plant-based diets over animal-based diets (Paper V). 
Additionally, this dissertation investigates how the domestic potential in cereals could be 
exploited as ruminants’ feed (cattle). This would boost domestic production and equally 
reduce feed imports (Paper IV).  

 
Vulnerability -research gap  
 
Cottrell et al. (2019) stated that while the global food system is becoming 
increasingly interdependent, it might be affected over time by the greater diversity 
of external shocks and their increasing frequency. However, those vary across 
different regions, and again calls for case studies. Puupponen et al. (2016) studied 
the weaknesses and strengths of the Finnish food system based on official and 
governmental documents. Their findings reveal that there is no comprehensive 
food policy, and discussion is sectorally fragmented in Finland, as in the rest of 
Europe (Moragues-Faus et al., 2017). In addition, Puupponen et al. (2016) also 
emphasised that price fluctuations are negatively affecting the entire centralised 
Finnish food retail business, and inequality in food availability is growing among 
underprivileged people. Dependence on imported foodstuff and agricultural 
inputs was identified as weaknesses as well as the low profitability of domestic 
agricultural production (Puupponen et al., 2016) However, the strengths of the 
Finnish food system, in addition to rich natural resources, are its sufficient 
infrastructure and progressive security of supply. Overall, the level of food safety 
and hygiene is high in Finland although the practical labour skills are diminishing 
in Finland as farms are specialising, growing in size and decreasing in number 
(Niemi et al., 2014; Niemi and Rikkonen, 2010; Puupponen et al., 2016). 

After understanding the vulnerabilities of the Finnish food system, it is easier to 
estimate how to increase the resilience of the domestic food system. There are 
several ways to maintain or increase the food system resilience, such as creating 
a buffer in the production for the case of unexpected shocks, having emergency 
supplies for the foodstuffs and agricultural inputs, creating backup ways 
distribution in the demanding conditions (Liu et al., 2014; Marchand et al., 2016; 
Schipanski et al., 2016). However, using global trade as a way to secure, 
complement and diversify the domestic food supply, has been a strategy for many 
countries (Porkka et al., 2017). As dependence on the global food system has both 
positive effects (e.g. increased diversity of the food supply) and negative impacts 
(e.g. unpredicted fluctuations in the food supply), the key is to start unfolding the 
connection points and try building resilience on top, which has already been 
started by other scholars (e.g. Knuuttila and Vatanen, 2015, 2015; Niemi et al., 
2013; Paloviita et al., 2016; Paloviita and Järvelä, 2016; Puupponen et al., 2016). 

 
This dissertation adopts the basic principles of trade-related resilience (maintaining 
diversity and redundancy, and managing connectivity) in the Finnish context and 
increases understanding of long-term resilience in food trade-related issues over the last 
three decades. The analysis is done for foodstuff (nutritional components) (Paper I) and 
for agricultural inputs (energy, protein feed, fertilisers and machinery) (Paper II). 



Introduction and objective 
 

20 

1.3 Research objective and questions 

As countries are increasingly connected to the global agricultural trade and 
natural resources for food production are scarce, the primary aim of this 
dissertation is to discover how Finland could positively impact the global food 
system without weakening its own food system resilience. This primary aim is 
divided into three research objectives to detect the connections and opportunities 
embedded in the international agricultural trade. The dissertation has five 
research Papers but not all Papers (I-V) contribute to each objective—rather, they 
collectively contribute to all three objectives. 

The first objective of the dissertation is to examine how the Finnish food 
system is connected to the global food system. This is done by examining Finland’s 
international agricultural trade: how the trading quantities and trading partners 
for the foodstuff and agricultural inputs have changed over time. This provides 
information on Finland’s trade-related resilience based on the trade dependence. 
However, Finland’s connection to the global food system can also offer positive 
opportunities; thus, the second objective of the dissertation is to discover 
how Finland could utilise domestic natural resources to reduce the dependence 
on international trade, and simultaneously how to save global natural resources 
used for food production. This is done by creating case studies on how to decrease 
crop imports and to increase animal product exports. This provides information 
on Finland’s potential to utilise the domestic production and ease the global 
natural resources scarcity. Finally, as the consumers are often in a key position to 
influence the food system, the third objective of the dissertation is to 
discover what actually motivates the Finnish consumer in their food preferences. 
This is done by analysing a national survey about Finnish consumption habits. 
Even though this does not directly link to Finland’s trade-related resilience, this 
provides background information on how to implement the presented case 
studies. The research questions to discover Finland’s trade-related resilience 
are the following: 
 

 RQ1: How is the Finnish food system connected to the global food 
system through international trade—regarding the trading partners, 
imports and exports? 

 RQ2: How can Finland utilise the domestic agricultural production to 
have a positive impact on the global food system—regarding the 
natural resources?  

 RQ3: How can the proposed changes in trade and production be 
implemented—regarding the food preferences and motivations of 
Finnish consumer? 
 

To answer the research objective and questions, different upper-level themes 
were created: dependence on international trade (Papers I–II), domestic 
potential in agricultural production (Papers III–IV) and transition 
through food preferences (Papers V) (Figure 3). However, all of the 
presented themes are interconnected, and thus the themes cut through all of the 
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Papers (I–V) directly or indirectly, even those not specifically mentioned. As an 
example, Papers III and IV also deal with international trade (imports of crops 
and exports of animal products), but the focus was kept on the potential of 
domestic agricultural production. Therefore, the solutions to decrease trade 
dependence—or even to create a surplus of domestic production to act as a 
buffer—were easier to discover on the national level. Equally, Papers III and IV 
also deal with diet changes for humans (replacement of crop imports with 
domestic products and reduction of animal products) and feeding practices for 
animals (replacement of imported feed with domestic feed), but did not assess the 
realistic implementation of those. Further, Section 4.5 covers some of the key 
limitations of the dissertation and introduces how future research might 
tackle these research shortages. 

 

Figure 3. Research questions (RQ1-RQ3) for the dissertation. 

1.4 Research context 

The majority of the dissertation’s research (Papers III–V) was done under a 
multidisciplinary consortium called “From Failand to Winland” (Strategic 
Research Council, Academy of Finland) that was exploring future energy, food 
and water security in Finland (Winland, 2018). The research project studied how 
different shocks and pressures to energy, food and water systems and their related 
policy measures affect Finland’s comprehensive security in the future. This 
unique research consortium combined over 30 researchers from seven different 
research institutes and universities. Among this wide range of competences, the 
expertise varied from engineering to social sciences and from communications to 
jurisdiction, while combining experiences from national preparedness exercises 
to creating future research scenarios. Policy briefs and business 
recommendations were created with the help of diverse workshops and 
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stakeholder meetings. Multiple insights of these gatherings gave a good glimpse 
of the complexity of the Finnish food system and this guided the different steps of 
this dissertation. In addition, it is important to emphasise that the analyses were 
done before the global COVID-19 pandemic, and assumptions were made based 
on normal conditions related to agricultural production and trade, in Finland and 
globally. 

To summarise, this dissertation attempts to discover the hidden opportunities 
in the reallocation of natural resources—which can also later serve as a basis for 
future expansion of economic feasibility. The dissertation also provides a much-
needed opening to the importance of agricultural inputs that are needed to 
maintain the food system—which should be increasingly included in future 
comprehensive food system studies. In addition, this dissertation also offers 
information about the motivation of consumers to eat sustainably—which can 
provide valuable information for policymakers to influence consumption 
behaviour. Despite being a small player in the global markets, Finland presents 
an interesting example that emphasises the local context and related hidden 
opportunities. Finland’s potential is proportionally mirrored in its rich natural 
resources and a small population. And if similar approaches are adopted globally 
by bigger countries, there could be the prospect of reorganising the global food 
system into a more sustainable one in the perspective of natural resources. 

As Chapter 1 gives an introduction to the topic and presents the research 
questions (Figure 3), Chapter 2 introduces the research design and methods that 
were used in this dissertation (Figure 4). Instead of Paper by Paper, Chapter 3 
presents the research results based on the presented themes to give the overall 
picture of the topic. Figure 8 introduces particular discussion points that are 
further discussed in Chapter 4 and the limitations of the research are also 
presented in Chapter 4. Finally, Chapter 5 concludes the research by summarising 
the research results by the research questions. 
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2 Research design and methods  

2.1 Research approach  

As this dissertation aims to discover how Finland could positively impact on the 
global food system without weakening its own food system resilience, resilience 
thinking is used as a research approach. Positivity is measured through the use of 
natural resources and, therefore, the resilience thinking uses ecology as a basis. 
The concept of resilience was originally introduced by Holling (1973) stating that 
resilience is a measure of persistence of systems and their ability to absorb change 
and disturbance, and still maintain the same relationships between populations 
or state variables. However, the concept of resilience has further been reviewed 
and developed by other scholars, and the applications and measurements of 
resilience can vary across disciplines (Folke, 2006; Quinlan et al., 2016; Walker 
et al., 2004). 

This dissertation considers resilience through a social-ecological lens. 
Social-ecological resilience is defined as social-ecological system’s capacity to 
adapt or transform during expected, or particularly unexpected, change in ways 
that continue to support human well-being (Biggs et al., 2015; Folke, 2006; Folke 
et al., 2016). When examining the research approach, resilience thinking is 
itself defined as an approach that tries to investigate how these interacting 
systems of people and nature can best be managed. Further, how the interaction 
could ensure a sustainable and resilient supply of the essential ecosystem services 
upon which humanity depends (Biggs et al., 2015; Folke et al., 2010). Folke et al. 
(2016) highlighted that human development cannot be separated from the 
biosphere–at least not as much as people think that human ingenuity and 
technology will allow this. As a conclusion, resilience thinking emphasises that 
even in the times of uncertainty or crises, there could be also hidden opportunities 
embedded in the adaptability and transformability (Folke et al., 2010). This 
dissertation also, partly naïvely and partly optimistically, believes that the 
interaction can be positive for both humanity and nature. 

Once the resilience approach is chosen and clarified, it is equally important to 
ask the basic questions of “resilience of what” and “resilience to what” (Carpenter 
et al., 2001; Herrera, 2017; Meuwissen et al., 2019). This dissertation focuses on 
Finland’s trade-related resilience answering to these questions: it studies the 
dependence on global trade and how to decrease it. Another fundamental step is 
to define the “resilience capacities” which in general are divided into adaptability 
and transformability. This dissertation concentrates only on adaptability, which 
is defined as the capacity to adjust responses to changing external drivers and 
internal processes. This allows for development along the current trajectory 
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(Berkes, 2007; Folke et al., 2010; Meuwissen et al., 2019). In practical terms, it is 
seen that Finland would: still engage in international trade, but decrease its 
dependence on it (Papers I-II); continue agricultural production, but utilise the 
underutilised agricultural areas (Papers III-IV); resume eating the same 
ingredients, but follow the nutritional recommendations and favour domestic 
alternatives (Paper V). Finally, it is good to define “what enhances 
resilience”(Meuwissen et al., 2019) and as this dissertation focuses on the trade-
related resilience, the resilience principles of diversity and connectivity were 
emphasised.  

2.2 Methodological choices 

Godfray et al. (2010) stated that science has a major role to play in providing 
enough food globally. Often, the research is focused on a certain field of science 
to provide the most accurate knowledge on one particular topic, and these single 
studies make a very important contribution to the entirety. However, 
multidisciplinary research is equally needed to detect the possible trade-offs and 
hidden grey areas embedded in the complexity of the food system. This 
dissertation thus takes a multidisciplinary approach and builds on existing 
research from social science, engineering and agroecology. Further, this 
dissertation uses both qualitative and quantitative methods through modelling 
and scenarios to discover the different aspects of the same topic, in order to 
enhance the robustness of the findings (Creswell and Plano Clark, 2011). 

Table 1 summarises the chosen research themes, and presents the primary data 
used and methods applied. The relationship between the Finnish and global food 
systems have examples from the year 1986 to the year 2017 (each Paper has a 
different timeline), and the research flow direction varies from global to local 
(Papers II and III), from local to global (Paper IV), to solely global (Paper I) and 
merely local (Paper V). 

More specifically, Paper V combines both quantitative and qualitative methods, 
while Papers I-IV use quantitative methods. Each research Paper also uses 
multiple indicators such as water footprints (Papers III-IV), land usage (Papers 
III-IV), diet change (Papers III-V) and food preferences (Paper V). As the 
dissertation creates a case study about Finland, Finnish datasets were prioritised 
as much as possible (Papers II-V), such as the Statistics of Finland, Uljas 
Statistical Database (Custom of Finland), and Statistical Services by the Natural 
Resources Institute Finland. Additionally, common international datasets were 
also used to complement the analysis (Papers I-IV) such as the Food and 
Agriculture Organization Corporate Statistical Database (FAOSTAT). 

Papers I-V are also published in the open access journals to gain the broadest 
impact. Different frameworks were created and explained openly (Papers II-IV) 
for other countries to repeat the analysis–for example, to discover their own 
international trade-related connections either as an importing or exporting 
country. 
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Table 1. Combined information about the research Papers (I-V), data and methods. 

 

2.3 Data and methods 

Figure 4 gives a recap of the research entity and recalls which Papers focus on 
which themes. The Sections below (2.3.1-2.3.3.) give further information about 
the data analysis and the main principles of the research choices made.  

2.3.1 Dependence on international trade  

Almost every country is connected to the global food trade either as an exporter, 
an importer, or both (D’Odorico et al., 2014; Porkka et al., 2017, 2013). Trade can 
concern foodstuff directly, or it can relate to agricultural inputs indirectly. 
Furthermore, it is good to recognise that the food processing industry is also 
heavily dependent on imports for some of its ingredients, including food additives 
not manufactured in Finland, but that is outside the scope of this dissertation. 
Papers I and II focus on understanding Finland’s connection to the global food 
system by assessing the trade of foodstuff and agricultural inputs. Imports were 
considered to be more relevant than exports regarding resilience, and thus the 
main focus was on import quantities and the number of trading partners. 
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The study regarding foodstuff (four nutritional components: dietary energy, 
protein, fat and vegetables & fruits) was done for the years 1987–2013 (Paper I), 
and the study on agricultural inputs (energy, protein feed, fertilisers and 
agricultural machinery) was done for the years 1996–2016 (Paper II). Timesteps 
were created for three-year averages for both timelines. Both studies used data 
from FAOSTAT (Food balance and Detailed data matrix), and Paper II also 
benefited from the national statistics (Finland’s customs: Uljas–International 
Trade Statistics and Statistics Finland: Energy). 

Paper I was done globally (including the national level), and specific country 
data for Finland were extracted. Paper II was done at the national level for 
Finland, and international trading partners were identified. Both studies used 
resilience principles to examine how international trade has impacted the 
resilience of the food system. The first principle (i.e. maintaining diversity and 
redundancy (Biggs et al., 2015, 2012)) examined the diversity of the food 
production and food supply (Paper I). Systems with many different 
complementary components from multiple sources are generally considered to be 
more resilient than systems with only a few components. This allows the system 
to compensate for the loss or failure with other functionally redundant 
components (Elmqvist et al., 2003; Folke, 2006). The second principle (i.e. 
managing connectivity (Biggs et al., 2015, 2012)) examined import independence 
and connections (Papers I and II). Equally, well-connected food systems are 
considered to overcome and recover from disturbances faster by using imports as 
one of the sources of resilience. However, a highly connected system can 
correspondingly lead to the rapid spread of disturbances and unintended impacts 
across the entire food system (Biggs et al., 2015, 2012). 

2.3.2 Potential in domestic agriculture  

When a country uses resources from another country or region, it also 
automatically displaces the required resources to the exporting areas (Sandström, 
2018). However Zhang et al. (2016) stated that, by acknowledging the regional 
cultivation potential, more commodities could be produced with the existing land 
resources or even sustain the current production level with fewer resources. 
Global crop production is very focused in terms of varieties and production 
countries. Four major crops (maize, rice, wheat and soybeans) provide nearly two-
thirds of global agricultural calories, and production is primarily focused in Brazil, 
China, India and the United States (Headey, 2011; Ray et al., 2013; Tilman et al., 
2011). Since Finland has rich and underutilised natural resources, two Papers 
studied how Finland could benefit this potential by decreasing imported crops 
(Paper III) as well as increasing exported animal products (Paper VI). 

Finland’s crop imports were studied for the years 1986–2011, and the actual 
analysis for the replacement of crops was done for the years 2009–2011 (Paper 
III). Finland’s potential to increase animal product exports was analysed for the 
years 2012–2017, but also included scenarios for the current potential (2011) and 
the future potential (2055) (Paper IV). Both of the studies used global (FAOSTAT: 
Crops) and national datasets (LukeStat: Agricultural Statistics and Statistics of 
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Finland: Population). Paper III also used agricultural trade data from Kastner et 
al. (2014, 2011) to track down the original trading partners. The protein contents 
for human diets and cattle feed practices used the global (FAOSTAT: Food 
balance) and national datasets (Finnish Institute for Health and Welfare: Fineli, 
National Food Composition Database in Finland). 

For both Papers (III and IV), the focus was on water and land resources. The 
water footprint was used as an indicator of freshwater quantities for certain 
products or services, directly or indirectly (Mekonnen and Hoekstra, 2011, 
2010). Furthermore, the water footprint was divided into blue water (surface and 
groundwater available for complementary irrigation) and green water (soil 
water for cropland evapotranspiration), which are crucial in agriculture 
(Rockström et al., 2009). Grey water (assimilated water) was left outside the 
scope of the studies since it is much more avoidable with agricultural 
management (Mekonnen and Hoekstra, 2011). The green-blue water scarcity 
indicator used in this study was originally developed by Gerten et al. (2011) and 
slightly refined by Kummu et al. (2014). For crop yield estimations, global yield 
averages were used outside of Finland (FAOSTAT, Crops) and national yield 
averages in Finland (LukeStat: Agricultural Statistics). The replacement of 
import crops was based on the protein content and current export volumes 
(Papers III and IV), and the replacement of animal products was based on protein 
content (Paper IV). 

2.3.3 Transition through food preferences  

Even though Papers III and IV present potential ways how Finland could save 
global water and land resources, the potential is based on merely theoretical 
modelling, and real-life changes in diets and feeding practices are needed for the 
actual implementation. Finnish consumers are relatively well aware of their 
consumption habits, and previous research reveals that the problem is not the 
lack of information, but rather the difficulty to digest it all (Holm and Palojoki, 
2004). Consumers might even feel overwhelmed by the increasing new 
information and equally doubt if their individual actions have any concrete impact 
(Järvelä et al., 2006). Paper V studies the motivation Finnish consumers have to 
change their diet towards more sustainable consumption. Even though the 
analysis was done regarding only human consumption habits, it might also reflect 
on feeding practices, since people are generally responsible for feeding the 
animals. 

Paper V analysed a comprehensive national questionnaire survey where Finnish 
consumers had reported their consumption habits (n = 2,052). The data was part 
of a larger survey regarding sustainability and collected by the Finnish Innovation 
Fund Sitra (Hyry, 2017). The data used in this dissertation was delimited to 
dietary choices only and included nine different statements, which were divided 
into: (1) motivation for personal food consumption; (2) environmental awareness 
in food choices; and (3) activity to influence food consumption. 

The methods were divided into quantitative and qualitative analyses. The 
quantitative analysis focused on variances between different groups of Finnish 
citizens when choosing a sustainable diet, and the Statistical Package for Social 
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Sciences (SPSS) was used. The qualitative analysis studied the main drivers and 
key obstacles when avoiding animal-based or favouring plant-based meals, based 
on open answers. The open answers were clustered by using a qualitative analysis 
and research software (Atlas.ti) for different categories. 

 

Figure 4. Different research themes and research Papers (I–V) of this dissertation. 
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3 Results  

3.1 International trade of foodstuff and agricultural inputs 

Global trade has multiple impacts on the food system’s resilience, and the 
outcomes of those can be diverse, but certain conclusions can be drawn based on 
the trends over the last three decades (Paper I). The systematic trade-related 
analysis was performed for two resilience principles: (i) maintaining diversity and 
redundancy and (ii) managing connectivity. Furthermore, four resilience 
indicators (production diversity, supply diversity, import independence and 
number of trading partners) were created to estimate the changes in those two 
resilience principles—the higher the indicator value, the more positively it 
impacts resilience. It can be observed that a majority of the world population lives 
in countries where food production diversity has decreased while food supply 
diversity has increased (Figure 5). This often implies that the increased supply 
diversity has been achieved by the decreased dependence on international food 
trade. At the same time, the number of trading partners globally has decreased, 
and this often means that agricultural production is focused on specific 
production areas as well as clustered around certain trading partners. In more 
detail (based on the trend analysis for 1987–1989 and 2011–2013), the top five 
countries, where overall trade-related resilience has increased during the study 
period, are Namibia, Malawi, Belarus, Cambodia and Kosovo. The bottom five 
countries, where overall trade-related resilience has decreased, are Afghanistan, 
Sweden, the United States, Thailand and Switzerland. Naturally, there are great 
differences between the different nutritional components (calories, proteins, fats 
and fruits & vegetables). In summary: Figure 5 presents the global trends from 
1987–2013. 

A closer look at the extracted data for Finland reveals that trade-related 
resilience indicators have dropped during the study period (based on the trend 
analysis during 1987–1989 and 2011–2013) (Paper I). Finland has been able to 
increase food supply diversity (positive trends in dietary energy and fruits & 
vegetables) during the past three decades, while domestic food production 
diversity has decreased (negative trends equally in dietary energy and fruits & 
vegetables). This indicates that the improvements came with the help of imported 
foodstuff. Finland’s independence from imports has a positive trend for proteins 
and a negative trend for fat (Figure 6). However, agricultural inputs are required 
when diversifying the agricultural production or food supply, and thus merely 
looking at the quantities of production or supply tells only part of the story. The 
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analysis regarding Finland’s trading quantities on agricultural inputs (Paper II) 
presents that Finland is a net importer of energy (oil and electricity), protein feed 
(rapeseed and soybeans) but a net exporter of fertilisers (crude and 
manufactured) and agricultural machinery (machinery and tractors). 
Nonetheless, import quantities have been increasing for the majority of the 
inputs, with some alteration. Imports for electricity, oil and rapeseed have been 
growing steadily throughout the study period (1996–2016), while for 
manufactured fertilisers, agricultural machinery and tractors the imports have 
been increasing until the last timestep (2014–2016). Soybean imports present the 
most fluctuations in terms of quantity: imports were increasing during 1996–
2001, decreasing again during 2002–2010, and then again increasing until the 
last timestep (2014–2016). Equally, crude fertilisers increased during 2002–2010 
and then started to decrease during the last two timesteps (data only since 2002). 

 

Figure 5. Changes in trade-related resilience for the four indicators (food supply diversity, food 
production diversity, independence from imports, import partners) for proteins and vegetables & 
fruits (1987–2013). Adopted from Paper I. 
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Equally of interest for trading quantities is the number of trading partners and 
how those have fluctuated over the last decades. Regarding the foodstuff trade, 
Figure 6 shows a negative trend for dietary energy, fruits & vegetables and fats, 
while a positive trend only for protein (Paper I). However, regarding agricultural 
inputs, the trend seems to be positive for electricity and rapeseed, negative for 
soybeans, and no trend for oil (Paper II). In more depth, the trade of agricultural 
inputs seems to be very centralised for electricity (Sweden and Russia dominate 
the import share) and oil (Russia dominates the import share), and equally for 
crude and manufactured fertilisers (Russia dominates). For rapeseed, the trade 
seems to be focused mainly on the neighbouring and western European countries; 
and for soybeans, there seems to be a change from the Americas (1996–2007) to 
European countries (2007–2014). For agricultural machinery, the trading 
partners are again mainly in the neighbouring and western European countries 
but for tractors, also from the Americas (especially from Mexico). In general, 
Finland imports agricultural inputs from all continents except Australia (Paper 
II). 

 

Figure 6. Finland's trade-related resilience on foodstuff (Paper I) and agricultural inputs (Paper II) 
based on production and consumption diversity, and the import independence and trading partner 
(From Paper II). 
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3.2 Ways to decrease imports and increase exports 

Finland imports foodstuff from areas that have fewer natural resources per capita 
than Finland and those countries might suffer from water scarcity (Paper III). 
Based on the temporal impact assessment (1986–2011), virtual green water 
imports were notably for coffee, soybeans and rapeseed, and the virtual blue water 
imports remarkable for rice, coffee and fruits (Paper III). Based on the potential 
to replace the imports with domestic equivalent products, three main crops were 
chosen: imported rice to be replaced with domestic oats and barley; imported 
soybeans to be replaced with domestic faba beans and field peas; and imported 
rapeseed to be replaced with domestic oilseed rape and turnip rape (Paper III). 
Furthermore, feed imports for cattle (soybeans and rapeseed) were to be replaced 
with the combination of utilising the underused domestic agricultural land and 
reduced feed exports (cereals) (Paper IV). 

When considering only import quantities of the products (2009-2011), 
Finland’s theoretical potential to replace the chosen crop imports with domestic 
production was very good (Paper III). The replacement for total rice imports 
(25,000 t year-1) and total soybeans imports (188,000 t year-1) was 100%, while 
for total rapeseed imports (245,000 t year-1) it was 98%. The replacements would 
not increase the current agricultural production but would only diversify it based 
on crop rotation. However, there is added potential in the replacement of feed. 
The underutilised grass and leys, which are not suitable for human consumption, 
could be also utilised as cattle feed. Soybeans imports for cattle feed (39,700 t 
year-1) could be replaced partly with current production (baseline 2011, 222,300 
year-1 of rapeseed imports needed) or fully in the future where no cattle feed 
imports are needed (baseline 2050, no rapeseed imports are needed) (Paper IV). 

Changing the perspective from land use capacity to virtual water flows gives 
another aspect to the potential for easing global resource scarcity (Figure 7). 
Finland’s reduction of blue water (BW) imports could be around 18 Mm3 year-1 
(16% of total BW imports) of the total, and the reduction in green water (GW) 
imports would be around 852 Mm3 year-1 (30% of total GW imports) when the 
chosen crop imports would be replaced with domestic production (Paper III). 
Practically speaking, Finland’s virtual water savings could correspond to the 
annual virtual water for almost 200,000 global citizens (when assuming 1,000 m3 

cap−1 year−1 water consumption for food, Falkenmark et al., 1989). The biggest 
savings for blue water would be in rice, with the savings taking place mainly in 
Southern Europe, the United States, Pakistan and Thailand—countries where 
there is a lack of water (Figure 7A). The biggest saving of green water would be in 
rapeseed, and the savings would take place mainly in Argentina, Brazil and 
Germany (Figure 7B). 

Equally, Finland has the potential to increase virtual water exports of water-
intensive bovine meat and milk by 0.1–3.7 billion m3 year-1, depending on the 
chosen diet change (humans) and feeding practices (animals) under twelve 
scenarios (Paper IV). The biggest potential to increase virtual water exports was 
achieved when all the underutilised land was used either for domestic feed 
(rapeseed, others) or exported as cereals (barley, oat and wheat), and the feed 
imports (soybeans and rapeseed) were allowed in the same ratio as currently 
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(mean 2012–2017). This corresponded to 3.7 billion m3 year-1 of virtual water net 
exports—in other words, annual virtual water for 3.6 million global citizens (when 
assuming 1,032 m3 cap−1 year−1 water consumption for food, Hoekstra and 
Mekonnen, 2012). However, in this scenario, virtual water imports were also the 
greatest. Respectively, the minimum import of virtual water was achieved in the 
future scenario (baseline 2055, excluding the current scenario), where feed 
imports were not allowed and only imports for the vegetarian substitute 
(soybeans) were allowed. This corresponded to 2.6 billion m3 year-1 of virtual 
water net exports; in other words, annual virtual water for 2.5 million people 
globally (when assuming 1,032 m3 cap−1 year−1 water consumption for food, 
Hoekstra and Mekonnen, 2012). 

Both of the case studies—reduction of imports (Paper III) and increase of 
exports (Paper IV)—would not only save global water resources but would also 
diversify domestic production by making it more sustainable and possibly even 
more resilient. However, both case studies would also require changes in current 
consumption habits (food consumption) and even some behavioural changes 
(feeding practices), which are discovered more deeply in the following section 
(Section 3.3). 

 

Figure 7. (A) Reduction in blue water imports and (B) green water imports (Mm3 year−1) if the 
imports of rice, soybeans and rapeseed are replaced by domestic cultivation in Finland (Adopted 
from Paper III). 
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3.3 Key motivation of Finnish consumers 

When estimating the motivation of Finnish consumers to change their diet, the 
results of this dissertation show that the key to mainstream sustainable diets (i.e. 
favouring plant-based diets and avoiding animal-based diets) is in the co-benefits 
(Paper IV). A general statement can be made on the analysis: transitioning 
towards more sustainable diets among Finns could be possible if people felt they 
can combine selfish, hedonistic factors (e.g. weight loss) and altruistic factors (e.g. 
ecological concern) in their everyday life.  

When examining the quantitative analysis and the descriptive statistics more 
closely, locality (mean 4.0, sd.) and origin of food (mean 3.5, sd.) were the most 
important indicators for Finnish consumers when evaluating their own 
consumption habits. They also tried to actively influence their everyday food 
choices (mean 3.7, sd.) even though the new information was not considered to 
be so important (mean 3.2, sd.). Respectively, choosing a pro-climate in a 
restaurant was the least important factor for the Finnish consumer (mean 2.3, 
sd.). Interestingly also, clear statements as “favouring something” (mean 2,9, sd.) 
or “avoiding something” (mean 2.5, sd.) also scored low in the analysis (Figure 7).  

 

Figure 7. Descriptive statistics of the statements, analysed quantitatively from the Sitra data (Hyry 
2017), related to food consumption. Ranking from the highest to lowest mean (with standard 
deviation, sd.) (From Paper V). 

When looking at the socio-demographic characteristics of the study, women in 
metropolitan areas had more sustainable food choices (i.e. systematically higher 
scores than men, with a statically significant difference), while high-income 
middle-aged men were the most reluctant towards sustainable choices. 
Furthermore, there is a significant decrease of avoiding meat for citizens earning 
more than annual 30,000 euros. Perhaps surprisingly, the elderly population was 
also considered to have sustainable consumption habits (i.e. avoiding red meat) 
alongside the young population, which however could be explained by several 
reasons and not even related to sustainability. Overall, there was a statistically 
significant difference between living areas: the behavioural activity was higher in 
the metropolitan area than in other areas of the country.  

Open answers were also analysed to explain some of the food preferences. 
Health-related issues were the most common reasons to avoid red meat (25.5% of 
all responses), which were often associated with feared negative impacts, or to 
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favour plant-based diets (36.8% of all responses), which were often associated 
with hoped-for positive impacts. Next to health-related issues were concerns 
about the environment, climate change and exploitation of environmental 
resources for avoiding red meat (16.2%) or for favouring plant-based diets 
(12.4%). Overall, at the top of personal motivations for avoiding animal-based 
meals (10.2%) or favouring plant-based meals (11.9%) were personal preferences 
or taste. 
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4 Discussion  

This dissertation provides insights into some of the most discussed and current 
topics in the Finnish food system. The primary aim is to study how Finland could 
positively impact the global food system without weakening its own food system 
resilience. Firstly, it presents how Finland’s food system is connected to the global 
food system and how its dependence on international trade has changed over the 
last three decades (Paper I). After the global context, the research dives into more 
specific case studies regarding Finland’s foodstuff trade. Finland’s potential in 
decreasing crop imports with local production, and simultaneously diversifying 
domestic agriculture, is assessed (Paper III). Equally, Finland’s potential in 
increasing exports of water-intensive animal products with domestic and 
imported feed, while utilising the underutilised natural resources, is estimated 
(Paper IV). However, conducting these case studies is impossible without the 
inclusion of agricultural inputs such as energy, protein feed, fertilisers and 
agricultural machinery. Import quantities and trading partners for these crucial 
inputs are studied, and a trade-related resilience review is done for the last two 
decades (Paper II). Besides, the presented case studies (Papers III and IV) would 
also require changes in domestic consumption. There exists an extensive 
literature on food preferences for Finnish consumers, and thus this dissertation 
focuses on the motivation behind food preferences (Paper V). Figure 8 presents a 
recap of the research questions and themes, and displays the structure for the 
discussion regarding the results.  

4.1 Understanding the direct and indirect impact of trade 

As trade plays such an important role in the Finnish food system (and therefore 
its resilience), it is good to examine the nature of global trade more specifically. 
Global agricultural trade is not stable—it is affected by short-term and long-term 
shocks, external and internal pressures, and political and economic agendas 
(Ericksen, 2008b; Lang and Barling, 2012; Moragues-Faus et al., 2017). Due to 
the reticulate and complex nature of the global food system, changes in one part 
of the system can have unexpected and altered impacts on other parts of the 
system. These changes can happen directly or indirectly, immediately or with a 
delay, and even mutate along the trading path (Cottrell et al., 2019; Puma et al., 
2015). Especially for an importing country–such as Finland–it is crucial to 
consider that producing countries can regulate or even ban exports if they are 
facing problems or challenges in domestic production. Puma et al. (2015) further 
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stated that this can have an impact on agricultural trade, and even jeopardise the 
food production or supply of the import-dependent countries (MacDonald et al., 
2015; Marchand et al., 2016; Puma et al., 2015; Suweis et al., 2015). However, it 
is equally important to clarify that global trade is not considered to be a negative 
thing in this dissertation. Existing research (e.g. Porkka et al., 2017, 2013), 
supported by this dissertation (Paper I), suggests that global trade has been a 
great contributor in increasing the global food supply, as countries have been able 
to secure, diversify and strengthen their national food supply and diversity by food 
imports. Country-level case studies create a helpful and duplicable way to explore 
the direct (e.g. foodstuff) and indirect (e.g. agricultural inputs) impact that 
international agricultural trade might possess on the national food system and on 
its trade-related resilience. 

 

Figure 8. The entity of the research (Papers I–V) based on the three research questions and main 
themes. 

Finland presents a typical, affluent country where the domestic food supply has 
been increasingly diversified over time (Paper I). This dissertation, however, 
reveals that foodstuff imports have most likely also reduced domestic production 
diversity in Finland (Paper I), which has similarly been supported by other 
scholars (e.g. Sandström et al., 2017, 2014). Based on the trade-related indicators 
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(Paper I), the reduction of domestic agricultural production diversity can be seen 
to hurt resilience. Nonetheless, there could be various reasons to explain these 
production and trading trends, and a few main results are considered in more 
detail here. The decreased domestic production diversity in fruits & vegetables 
could be explained partly by Nordic climate restrictions as not everything is 
feasible to grow in the Northern Hemisphere, and partly by Finland joining the 
European Union in 1995 which has led to increased international agricultural 
trade. Furthermore, along the general globalisation, the Finnish diets have also 
changed over the past decades which can be noticed in the increased consumption 
diversity (Paper I). Paper III respectively demonstrates that Finland has been 
increasingly importing crops (soybeans, rice and rapeseed) from various 
countries and thus the trade-related resilience can be seen to be decreased. It is 
also good to recognise that international trade is not conducted directly between 
countries, even though the products are traded between them. International 
markets dictate the trading and prices based on various matters such as the 
available stock, demand for biofuels, yield levels and political decisions (Headey, 
2011). This could further shake the trade-related resilience, if the changes are 
major and unpredicted. Nonetheless, Finland has been able to increase the trade-
related resilience on proteins in the terms of independence from imports and in 
the number of trading partners (Figure 6). This could be explained by the 
excessive consumption of animal products as one of the main sources of protein 
in Finland (Fogelholm et al., 2016; Valsta et al., 2018). Further, the positive trade-
related resilience of proteins could be because of the relatively high self-
sufficiency in animal production in Finland (Niemi and Väre, 2019); but again, 
this does not take into consideration the feed required for animals. 

The analysis of Finland’s dependence on the trade of agricultural inputs reveals 
that there is heterogeneity in how Finland’s agriculture is indirectly connected to 
global trade (Paper II). The heterogeneity can be seen as a positive aspect, based 
on the trade-related resilience principles (Paper I). When looking in more detail, 
agricultural machinery (machinery and tractors) provides perhaps the most 
interesting agricultural input group. In the general discussion, Finland is 
dependent on imported machinery based on the monetary values (Aula et al., 
2020; Knuuttila and Vatanen, 2015; Niemi et al., 2013), but this dissertation also 
stresses Finland’s role as an exporter based on the quantities. However, a few 
things need to be clarified before simplifying matters: the analysis in Paper II did 
not include spare or replacement parts, which are equally crucial to agricultural 
production. Additionally, the analysis combined different machinery, based on 
their common classification (such as dairy and harvesting machinery) and did not 
differentiate the embedded input groups within the same classification. 
Therefore, it is challenging to separate which specific input groups are net imports 
and which are net exports. When comparing the other agricultural input groups, 
protein feed trade (soybeans and rapeseed) creates another appealing case study. 
Soybean cultivation in particular has been primarily focused on only in a few 
countries, and this naturally reflects the global feed trade. However, after the 
global food crisis (2007–2008), Finland’s soybean trading partners have changed 
from South America to North America and Europe (Paper II). Again, this needs a 
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critical review; sometimes the available data only presents the latest trading link 
and not the actual origin of products. Regardless of the credibility of the data, it is 
clear that Finland has decreased its dependence on imported soybeans and partly 
replaced that with an increased dependence on imported rapeseed. Rapeseed 
imports vary greatly among trading partners; but again, the main partners are 
found among European countries and Russia. Energy (electricity and oil) and 
fertilisers (crude and manufactured) provide equally intriguing case studies when 
considering only the geopolitical importance. Energy imports mainly come from 
Sweden (electricity) and Russia (oil). The fertiliser (crude and manufactured) 
imports also confirm Russia’s role as an important agricultural trading partner, 
which has not been this evident in previous foodstuff reports. However, it is 
relatively challenging to compare the previous reports and this dissertation’s 
results (Paper II), as the units and approaches are different. As stated by 
MacDonald et al. (2015), the structure of global trade differed considerably 
between monetary values and calories, and thus different units just complement 
the bigger picture and do not necessarily provide ultimate answers. 

4.2 Saving natural resources by reallocation 

Scholars of social-ecological resilience state that humanity shapes and is shaped 
by the biosphere. They emphasise the need to develop approaches and scientific 
endeavours to truly consider the interdependencies between humanity and 
biosphere foundation (Folke et al., 2016). While global food trade has enabled 
countries to outsource their agricultural production alongside the often negative 
environmental impacts, it is equally important to highlight that the global food 
trade has also saved natural resources for water (Dalin et al., 2012; Gerten et al., 
2011; Liu et al., 2018) and land (Würtenberger et al., 2006; Zhang et al., 2016). 
This dissertation proposes that sometimes it is more important to consider where 
the natural resources are saved rather than just their mere volumes. However, the 
different trade-offs also need to be acknowledged when proposing production 
reallocation (Ericksen, 2008a; Moragues-Faus et al., 2017). 

This dissertation demonstrates that Finland would also benefit from the 
reallocation of agricultural production: the country could decrease its dependence 
on traded agricultural imports and diversify the domestic production, which can 
be seen as positive things based on the trade-related resilience principles (Paper 
I). However, some things are worth considering before displaying simplified 
assumptions. This dissertation proposes increased crop cultivation (Papers III 
and IV), which currently takes place primarily in the southwestern and western 
parts of Finland, and increased cattle production (Paper VI), which currently 
takes place mainly in the eastern and northern parts of Finland (Niemi and Väre, 
2019). Therefore, it can be assumed that the increased crop cultivation and animal 
production areas would not essentially overlap. However, Finland’s potential is 
merely analysed based on agricultural land availability and water quantities at the 
national level (Papers III and IV), and a closer spatial and temporal discussion is 
also needed. Despite its vast water resources, Finland too occasionally suffers 
from droughts, and severe droughts could have a significant impact on water 
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resources (Veijalainen et al., 2019). In the model of Ahopelto et al. (2019), the 
southern and southwestern parts of Finland would have difficulties in securing 
sufficient water availability for all sectors, including agriculture. Furthermore, the 
water quality might also be an issue; and already now, many rivers and lakes are 
eutrophicated in Finland, mostly because of agricultural production (Hietala et 
al., 2018; Rankinen et al., 2015). Finland also has a long coastline along the Baltic 
Sea, which is affected by eutrophication due to the intensive use of the sea itself 
and anthropogenic activities (Fleming-Lehtinen et al., 2015; HELCOM, 2010). As 
noted, Finland is also one of the most Nordic countries to practice agricultural 
production, and climate change might have positive impacts on domestic 
agricultural production, such as a longer growing season and new crops 
(Peltonen-Sainio et al., 2013, 2009). However, the unpredictable negative 
impacts of climate change, such as weather extremes and plant diseases, need to 
be taken into consideration if introducing a new variation of crops (Peltonen-
Sainio et al., 2013, 2009). Thus, the geography of such reallocation should be 
considered closely based on the local context, and again the use of multiple 
metrics is highly recommended, as encouraged by MacDonald et al. (2015). 

In addition to reducing imports, Finland could also increase exports of 
agricultural products. This kind of shift in trade means that Finland could reduce 
virtual water and land imports, and increase virtual water and land exports. 
Zhang et al. (2016) recognised, however, that not all trade equals global resource 
savings. Global trade would most likely have its own rules. Even if Finland could 
replace imports with domestic production (Paper III) or increase exports of 
water-intensive products (Paper IV), it is not guaranteed where the relief would 
actually take place. Firstly, due to demanding agricultural growing conditions, the 
costs of production are high in Finland, which also leads to high food commodity 
prices (Niemi and Väre, 2019). Therefore, Finland’s neighbouring countries 
would be the most likely to have adequate purchasing power for Finnish products, 
and this would not directly ease global water scarcity as these neighbouring 
countries are not suffering from water scarcity. Secondly, even if Finland 
decreased crop imports from areas suffering from water scarcity, scarce resources 
are often depleted in one way or another, and thus there might not be any virtual 
water savings in reality (Dalin et al., 2017). Thirdly, global meat consumption is 
constantly increasing, and on average, livestock production is more resource-
intensive than crop cultivation (Mekonnen and Hoekstra, 2011, 2010). Thus, the 
reallocation of livestock production to water-abundant areas (Paper IV) can only 
serve as a short-term solution when trying to ease the current global resources 
scarcity. In the long-term, consumption of animal protein should be replaced, at 
least partly, with plant protein to save scarce natural resources (Jalava et al., 2016, 
2014). Therefore, reallocation—from the perspective of natural resources—is not 
enough; the focus should be also on the agricultural production structures and 
practices used. Finally, it also becomes a question of determining what is most 
beneficial. In one scenario (Paper IV), Finland could export the most virtual water 
from water-intensive products (bovine meat and milk for food, and cereals for 
feed) while also importing the most virtual water in the form of feed for animals 
(soybeans and rapeseed) and vegetarian proteins for humans (soybeans). In 
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another scenario (Paper IV), Finland could export less virtual water embedded in 
water-intensive animal products (as the production volumes are smaller), but the 
feed would be domestic and no virtual water imports would be needed (apart from 
the replacement of vegetarian option). Guillaume et al. (2020) interestingly 
assessed the water handprint potential (positive impacts of the water footprint) 
of Finnish consumers and stated that “drawing attention to the positive may be a 
more powerful way of achieving impacts than focusing on the negative alone”. 
Thus, maybe the ultimate question is how much good (i.e. when Finland exports 
virtual water) is justified against the harmful costs (i.e. when Finland imports 
virtual water)? This dissertation does not provide answers to this tricky question 
but rather only points out the complexity in the potential good embedded in the 
global food system. 

4.3 Implementing and scaling the studies to a wider audience 

The previous sections present the trade-related dependence on the agricultural 
trade (Papers I and II) and the potential to decrease the trade-related dependence 
(Papers III and IV), while saving the global natural resources. However, even 
though Finland could reduce the import dependence by domestic production, the 
potential in domestic agricultural land is not the only dictating factor; rather it 
only enables domestic production if that is preferred. Berkes (2007) stated that 
the resilience thinking needs to have policy-oriented and forward-looking 
assessments to have the most impact. Thus, this section focuses on different ways 
to implement the studies on different levels of society from the policy makers to 
consumers. 

Moragues-Faus et al. (2017) stated that food policies are often very sectoral and 
narrowly focused merely on food production, especially in Europe. Thus, it might 
be good to take a step back and try to find linkages to the already existing 
agricultural strategies in Finland. The presented increase in agricultural 
production (Papers III and IV) would follow the Finnish Cereal Strategy (MMM, 
2016) which highlights the need to internationalise, and at the same time 
promotes the importance of replacing imports with domestic substitutes. The 
results on reduced production diversity and increased supply diversity (Paper I) 
would also provide insights into Finland's most recent Food Policy 2030 (MMM, 
2017), where the aim is to favour domestic food. Overall, Finland’s Agricultural 
Climate Program (MMM, 2014) aims to improve Finnish food production’s 
responsibility and profitability, and provides solutions to benefit climate change 
with climate-smart solutions. This dissertation also leans on the future scenarios 
of the potential that climate change might introduce to crop cultivation (Papers 
III and IV). Finally, presenting the vulnerabilities in the agricultural inputs trade 
would also increase knowledge in the National Emergency Supply Agency in 
Finland, which aims to secure the supplies of foodstuff and food production 
processes (NESA, 2019). However, consumers are (at least in number) the biggest 
group in the food system; thus, in addition to the society level, changes are also 
needed at the individual level (Paper V). 
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Sabaté and Soret (2014) emphasised that current food production and 
consumption, food security and food sustainability are on a collision course. 
Additionally, they stated that drastic diet changes are complex, which implicates 
behavioural and policy changes on many levels. Therefore, dietary 
recommendations should be tailored to regional conditions for preserving 
cultural eating habits and contributing to more environmentally friendly 
consumption (Mithril et al., 2012). There is no such clear stereotype as a Finnish 
consumer, but there is indeed a division between different consumer groups—
sustainable young and elderly people, progressive women in the cities and 
reluctant wealthy men—to give maybe a sensational overview based on the 
different groups when measuring the motivation to eat more sustainably (Paper 
V). Previous research promotes plant-based diets for health and environmental 
reasons (Saarinen et al., 2019) and those are also the primary reasons for Finnish 
consumers to avoid animal-based meals and favour plant-based meals (Paper V). 
Furthermore, the domestic food (and in general, the origin of food) was 
considered important for the Finnish consumer (Paper V) and the replacement of 
imported food (Paper III) could be favourable. Thus, there could be co-benefits 
of diet changes in Finland that would also motivate Finnish consumers to eat 
more. 

There are already suggestions for more sustainable food production and 
consumption in Finland. For example, Sandström (2018) proposed that 
importing environmentally labelled or certified products could possibly avoid the 
potential adverse impacts in the most vulnerable areas. This could provide 
valuable information for consumers as well and further influence their 
consumption habits (Paper V). Equally, Vinnari and Tapio (2009) explained that 
taxation is not sufficient since that puts different groups of people in unequal 
positions. As stated earlier, there is a growing group of people depending on food 
aid and their position should not be weakened. However, Finnish legislation 
guarantees pupils and students the right to free meals during school days from 
pre-primary and basic education until the completion of upper secondary 
education (Finnish National Board of Education, 2014). Changes towards a more 
sustainable food system are possible when changes are happening equally on all 
levels of societies. Thus, there is a great chance to direct people’s consumption 
habits toward more sustainable diets through public procurements. It has been 
also stated that sustainability and resilience walk hand-in-hand and can support 
each other (Anderies et al., 2013). Therefore, it is critical to take care of both—
sustainability and resilience. Finally, as Foley stated, “we’re talking about the 
world’s choices, not a predetermined path”.  

4.4 Limitations and way forward 

As presented in Figure 2, this dissertation takes a stand only on certain topics out 
of the enormous entity of the Finnish food system. However, the right questions 
may be just as important as the correct answers. Therefore Table 2 presents some 
key issues that were not considered in this dissertation but should still be 
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acknowledged. Additionally, Table 2 provides suggestions for future research and 
points to the way forward. 

 
Table 2. Key limitations of the dissertation and suggestions for the way forward. 
 

Key 
limitations 

Previous 
research 

Dissertation’s 
research 

Future 
research 

Food security 
pillars: 
-Availability 
-Access 
-Utilisation 
-Stability 

Finland’s strengths and 
weaknesses in food 
security have been 
already analysed (e.g. 
Paloviita et al., 2016; 
Puupponen et al., 
2016). 

Focus was on food 
production and supply 
diversity (Paper I), and 
on food availability 
through production 
and trade (Papers III 
and IV). Moreover, the 
food preferences were 
analysed (Paper V).  

Additional focus 
should be directed to 
the interlinkages 
between different 
food security pillars 
such as food 
availability vs. food 
quality to detect 
blind spots in the 
Finnish food system. 

Key elements of 
sustainability: 
-Economic 
-Social 
-Environmental 

“Sustainable food 
systems deliver food 
security and nutrition 
for all in such a way 
that the economic, 
social and 
environmental bases to 
generate food security 
and nutrition for future 
generations are not 
compromised” (FAO, 
2018). 

Focus was mainly on 
environmental aspects 
(Papers IIII and IV) and 
partly on social 
features (Paper IV), 
creating the basis for 
the economic analysis. 

Additional focus 
should be directed to 
economic feasibility, 
all the way from 
primary production 
to consumers. Also, 
this should include 
the political agendas 
regarding subsidies 
and financial aid 
provided by the 
government and 
European Union.  

Motivation for 
all stages and 
levels of the 
food system  

Farmers’ willingness 
(e.g. Peltonen-Sainio et 
al., 2015), consumers’ 
preferences (e.g. 
Järvelä et al., 2006) and 
governmental agendas 
(e.g. Puupponen et al., 
2016) have already 
been studied. 

Focus was only on 
consumer preferences 
(Paper V) and so-called 
technological 
agricultural solutions 
(Papers III and IV). 

Additional focus 
should be on the 
actual inclusion of 
public procurements 
(such as free school 
meals) and the role 
of companies (such 
as water stewardship 
commitment) in the 
path towards more 
sustainable food 
production and 
consumption.  

Water  
availability 

Drought can already be 
a severe threat in 
Finland today and even 
alarming with the 
changing climate if 
there are several dry 
years in a row 
(Ahopelto et al., 2019; 
Veijalainen et al., 2019) 

Water availability was 
considered only as a 
national average, and 
no geographical 
differences were taken 
into consideration 
(Papers III and IV).  

Additional focus 
should be on the 
local variations in 
water availability and 
seasonal fluctuations, 
combined with 
studies related to 
flooding and 
droughts.  

Water 
quality 

Finland is already 
facing the challenge of 
eutrophication on 
rivers and lakes close to 
agricultural production, 

Water quality was not 
taken into 
consideration in the 
virtual water 

Additional focus 
should include 
potential water 
quality problems 
caused by 
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in particular through 
nitrogen and 
phosphorus loadings 
(Hietala et al., 2018; 
Rankinen et al., 2015) 

calculations (Papers III 
and IV). 

agricultural 
production. Also, the 
proximity to the 
Baltic Sea should be 
acknowledged when 
considering increased 
agricultural 
production. 

Land resources Finland has the 
potential to utilise 
domestic agricultural 
production without 
increasing the 
agricultural land use, 
based on future climate 
scenarios (e.g. 
Peltonen-Sainio et al., 
2016) 

Different future 
scenarios were taken 
into consideration, and 
crop rotations were 
considered between 
food and feed 
cultivations (Papers III 
and IV).  

Additional focus 
should include the 
structural changes 
occurring in the 
Finnish food system 
and equally the 
farmers’ willingness 
to cultivate certain 
crops. 

Other 
environmental 
indicators  

There exists research 
on greenhouse gas 
emissions from e.g. 
cultivated and 
abandoned organic 
croplands in Finland 
(Maljanen et al., 2007) 
and adopting anaerobic 
digestion technology 
on dairy, sow and pig 
farms (Kaparaju and 
Rintala, 2011). 

Research focused only 
on water and land 
resources (Papers III 
and IV) and neglected 
other important 
indicators such as 
emissions.  

Future research 
should compare the 
findings of this 
dissertation to other 
indicators, such as 
GHG emissions to see 
how the advantages 
and disadvantages of 
reallocation would 
differ between 
different indicators. 

Different  
units  

There are already 
several units used in 
previous studies 
regarding the foodstuff 
and agricultural inputs 
studies (e.g. virtual 
water, tonnes, yields, 
monetary values). 

Various units were 
used in the research 
Papers, and additional 
scenarios were also 
provided to expand 
current 
understanding.  

Finland’s 
international 
agricultural trade 
should be recognised 
as imports and 
exports, as foodstuff 
and agricultural 
inputs and as 
multiple units to 
reveal some of the 
blind spots 
embedded in the 
interaction between 
local and global food 
systems.  

Impacts of 
unexpected 
global shocks 
such as the 
COVID-19 
pandemic 

Paloviita et al. (2016) 
already predicted that 
global pandemics will 
eventually have an 
impact on the Finnish 
food system.  

Focus was only on the 
trends in the trade 
(Paper I) and the 
potential to make 
changes under normal 
conditions (Papers III 
and IV). Additionally, 
the research on 
agricultural inputs 
(Paper II) provided 
geographical 
information about the 
global linkage in the 
past. 

Additional 
assessment should 
be made for the 
National Emergency 
Supply Agency to see 
how the security of 
supply, emergency 
stockpiling and 
cooperation between 
the government and 
private sector have 
worked during the 
global COVID-19 
pandemic. 
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5 Conclusions 

Key findings of this dissertation improve and extend the general understanding 
of the positive potential that one country could have on saving global natural 
resources. The output of this dissertation is to comprehend the local context and 
utilise the embedded potential of it. This has been estimated by increasing 
domestic agricultural production to meet its maximum capacity and by using 
international trade as a way of virtually transferring natural resources. The 
outcome of this dissertation is to provide practical and reproducible case studies 
to achieve the outputs. The Finnish food system was approached from different 
angles, such as direct and indirect international agricultural trade, increased 
domestic agricultural production to replace some imports and to increase certain 
exports, and implementation of changes with consumer’s motivation. However, it 
is important to emphasise that the core of the dissertation has been in resilience 
thinking—how to make good without weakening the domestic food system’s 
resilience. These objectives were examined through three research questions: 
 

 RQ1: How is the Finnish food system connected to the global food 
system through international trade—regarding the trading partners, 
imports and exports? 

 RQ2: How can Finland utilise the domestic agricultural production to 
have a positive impact on the global food system—regarding the 
natural resources?  

 RQ3: How can the proposed changes in trade and production be 
implemented—regarding the food preferences and motivations of 
Finnish consumer? 

 
New scientific findings in terms of international trade (RQ1) are:  
 

 Trade-related resilience in Finland’s food system has decreased over the 
last three decades. More specifically, domestic food production diversity 
has decreased, while food supply diversity has increased—most likely 
due to imports. The number of trading partners for foodstuff has also 
decreased, and this might correspondingly increase the severity of 
sudden shocks caused by the concentrated international markets. This 
could further decrease trade-related resilience. 
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 At the same time, Finland’s trade dependence on agricultural inputs has 
increased over the two last decades in terms of quantities. Simply put: 
Finland is a net importer of energy and animal feed, but a net exporter 
of fertilisers and agricultural machinery based on quantities (not 
including e.g. spare parts and chemical components). In contrast to the 
foodstuff trade, the number of trading partners has increased for 
agricultural inputs. This might furthermore increase trade-related 
resilience in Finland’s food system as there are more nodes to provide 
the inputs and maintain the operations of the markets. 

 However, the import dependence on foodstuff could vary from the 
import dependence on agricultural inputs in terms of trading partners, 
and this might create unexpected blind spots. As an example, this 
dissertation highlights the importance of Russia’s role as an importer of 
Finland’s foodstuff (based on previous studies) and more importantly as 
an exporter to Finland of agricultural inputs (based on this dissertation). 

 
New scientific findings in terms of domestic production (RQ2) are: 
 

 As the connection between the Finnish and global food systems has 
demonstrated, there is a need to look closer at potential positive 
influences between the two. Finland imports crops from areas suffering 
from water scarcity, though there is potential to increase domestic 
cultivation and replace imports with domestic substitutes. Finland could 
reduce up to 16% of blue water and almost 30% of green water embedded 
in crop imports by replacing: soybeans imports with domestically grown 
faba beans and field peas; rice imports with domestically grown oats and 
barley; and rapeseed imports with domestically grown oilseed rape and 
turnip rape. 

 Additionally, Finland would have the potential to even increase domestic 
agricultural production for exports to ease global water scarcity. In the 
future, Finland could increase virtual water exports of water-intensive 
products (bovine meat and milk) with domestic feed and diet change by 
a factor of 25, and thus provide annual virtual water for up to 3.6 million 
people globally. However, it has not been assessed where virtual water 
flows would actually ease global water scarcity. 

 Increased agricultural production to replace imports or increase exports 
would also diversify Finnish production, and therefore have a similarly 
positive impact on Finnish monocultural agriculture. In the long term, it 
may also increase agricultural resilience based on the resilience principle 
of diversity. 

 
New scientific findings in terms of food preferences (RQ3) are: 
 

 The dissertation presents case studies on how to save global natural 
resources by increasing domestic agricultural production, but the 
Finnish consumer is also in the midst of the system: changes are 
required in the food preferences. This dissertation proposes that the key 
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to mainstream sustainable diets lies in the co-benefits—a transition 
towards more sustainable diets could be possible if people felt that they 
can combine selfish, hedonistic factors (e.g. weight loss) and altruistic 
factors (e.g. ecological benefits) in their everyday life. Sustainable diets 
are the key towards resilient food systems and therefore the role of a 
consumer needs to be acknowledged.  

 
Even though a single, small country can make only a minor contribution at the 
global scale, local solutions are nonetheless needed to answer global challenges. 
Therefore, Finland—with its rich natural resources—possesses great potential 
(and with multiple domestic benefits to be gained) to influence the global food 
system without weakening its own food system resilience. It may even be justified 
to state that it is more important where the natural resources are saved, than the 
mere volume of natural resources that are saved. Despite the fact that Finland’s 
positive contribution in water and land may be relatively small on the global scale, 
it is not insignificant; Finland’s impact in proportion to its small population 
makes its contribution worth noting, and could potentially set an example for 
other countries as well.
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