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This thesis examines the interaction between domestic food production, food import
dependency and food security in Finland taking to consideration also the environmental
impacts. Focusing on three different food products, tomatoes, potatoes, and apples, the study
examines Finland’s self-sufficiency by calculating self-sufficiency ratios (SSR) under
normal conditions and three different hypothetical scenarios: complete import blackout, poor
harvest, and doubling the crop area. The baseline analysis revealed high self-sufficiency for
potatoes (100%), moderate for tomatoes (59%), and low for apples (20%). Scenario analysis
addressed that while Finland’s food security remains robust overall, specific vulnerabilities
exist, especially in imported products and upstream inputs like fertilizers. The study also
highlights the environmental advantages of domestic production, particularly in terms of
lower water and carbon footprints compared to imports from countries like Spain and Chile.
The findings suggest that strengthening domestic agriculture through targeted investments
and sustainable practices can enhance food security and reduce environmental impacts,
without relying excessively on import trade.
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Tassd diplomitydssd tarkastellaan kotimaisen ruoantuotannon, elintarvikeriippuvuuden ja
ruokaturvan  vilistd  vuorovaikutusta =~ Suomessa, ottaen = huomioon  myds
ymparistovaikutukset. Tutkimuksessa keskitytddn kolmeen eri elintarvikkeeseen,
tomaatteihin, perunoihin ja omenoihin, tarkastelemalla Suomen omavaraisuutta laskemalla
omavaraisuusasteet (Self-Sufficiency Ratio, SSR) normaalioloissa ja kolmessa erilaisessa
hypoteettisessa skenaariossa: tdydellinen tuontikatkos, huono sato ja viljelyalan
kaksinkertaistaminen. Perusanalyysi osoitti, ettd perunoiden omavaraisuusaste oli korkea
(100 %), tomaattien kohtalainen (59 %) ja omenoiden alhainen (20 %). Skenaarioanalyysi
osoitti, ettd vaikka Suomen elintarviketurva on yleisesti ottaen vankka, erityisid
haavoittuvuuksia on erityisesti tuontituotteiden ja tuotantoketjun alkupéin tuotantopanosten,
kuten lannoitteiden osalta. Tutkimuksessa korostetaan myoOs kotimaisen tuotannon
ympdristoetuja, erityisesti pienempid vesi- ja hiilijalanjélkid verrattuna Espanjan ja Chilen
kaltaisista maista tapahtuvaan tuontiin. Tulokset viittaavat sithen, ettd kotimaisen
maatalouden vahvistaminen kohdennetuilla investoinneilla ja kestdvilld kdytdnndilld voi
parantaa elintarviketurvaa ja vihentdd ymparistovaikutuksia ilman, ettd tukeudutaan litkaa
tuontikauppaan.
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1 Introduction

The scale of today’s global food crisis is enormous. Over 300 million people in more than
70 countries around the world are facing acute hunger and 2.4 billion people were
moderately or severely food insecure in 2022. (WFP, 2024; FAO, 2023a). These are topics
which are considered in the United Nations’ (UN) Sustainable Development Goals (SDG).
The second of 17 goals is Zero hunger which, among many other objectives, aims to achieve

food security (Appendix 1). (UN, 2024a.)

Global food security has been an international political topic for tens of years. Several
different organizations, governments and institutions have expressed concern about the state
of food security. In social sciences like agricultural sciences, food system studies and food
policy research, food security has emerged as an important area of research (Puupponen et
al., 2016). So far, the main focus of global food security debate and research has been on
developing countries like in Africa and Asia, which are also the most affected by food

insecurity. (Silvasti, 2011.)

The definition of food security is created to describe the right of every person to a healthy
and varied diet (FAO, 2006). The intention of international food trade is to secure global
food security. However, it is not guaranteed that it would improve food security status of all
groups within society. Even in many net food exporting countries a significant number of
households are suffering from malnutrition (FAO, 2003). Every country should ensure their

food security and consider even partial self-sufficiency.

The academic research on food security has almost entirely ignored the poor, food insecure
people on the industrialized Western world and the food security policies that have been put
in place. There are some studies on the subject and concerns about food security in
industrialized countries has been raised from time to time in the media. In Finland the rapid
expansion of welfare state in the 1970-1980’s got people think hunger has been conquered
and the new Nordic welfare would look after the people in need (Puupponen et al., 2016).
This perception has been shattered few times. 1990°s recession, global food crisis in 2007-
2008, Covid pandemic in 2020-2022 and Russian attack to Ukraine in 2022 have broadened
the scope of food security discussions. It has been realized that the food crisis is seamlessly

linked to other issues of our time: energy, climate and political uncertainty (The World Bank,
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2008; World Economic Forum, 2022). At the same time, serious concerns were raised about
the sufficiency of food in the face of global population growth, climate change, declining
food production capacity in some places and increasingly volatile world food markets
(Silvasti, 2011). According to European Commission (2023), even the food sector
contributes to food security, it has impacts on air, water and soil pollution. It can cause soil
erosion, biodiversity loss, climate change and it utilizes large amounts of natural resources,

as water and energy, and at the same time significant share of food is wasted.

The status of Finnish food security is nowadays stable but there has been discovered few
points of challenges. Although there are no major problems with food availability and clean
water in Finland, and the infrastructure and logistics systems function at a global level, there
are topics which must be able to improve in order to ensure food security. Fluctuations in
energy prices and regional inequalities are points of vulnerability when talking of the access
to food. Then again regarding the stability of food supply the dependence of food and
fertilizer imports, low energy self-sufficiency and low profitability of food production are
weaknesses. Also, malnutrition, obesity and increase of food waste are topics which should

be focused on from the food utilization point of view. (Puupponen et al., 2016.)

The purpose of this thesis work is to examine the impact of food production and food import

dependency on food security in Finland. Research questions are:
e How domestic food production impacts on food security?
e How does food import impact on domestic food production?
e What are environmental impacts of trade?

The target is to investigate perspectives on international food trade, Finnish food security
and environmental aspects related to these. It is important to understand the connection
between these topics and impacts of changes between them for further studies.
Environmental issues have been under radar for decades because of global climate change
and nowadays food trade and food security have been important topics since the global

situation has been hit by various hazards.

This thesis’ research is exploratory where quantitative statistical data is studied and
interpreted with help of qualitative sources like literature and academic articles. Artificial

intelligence (AI) applications (ChatGPT, Copilot) have been used to brainstorm and design
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the structure of the thesis. Also, Al based translation tools, like DeepL and Google, have
been used for language translation. The aim of an exploratory research is to gather
information and identify possible connections on a topic (George, 2023). Different
publications and literature about food security and food trade will be studied in general.
Imports, exports and food production in Finland will be investigated in the research part.
Import and production data will be collected and analyzed by making different scenarios.
Data will be collected for three food products which are easily though as domestic products
and are available all year round: tomatoes, potatoes and apples. The impacts will be observed
also from an environmental view but in theoretical level. Economic and social considerations
will be excluded from this study although in real life they play a huge role. This delimitation
helps to keep the topic under control and to focus on the environmental aspects of this

problem which haven’t been so much studied.

This thesis is shared in seven major sections where the sixth contains the research analysis.
First the thesis background, objectives, scope, research methodology and thesis structure are
described in the introduction. The theoretical framework is reviewed in sections 2-5. The
framework contains following topics: Food security, Food self-sufficiency, International
food trade and Environmental impacts of food trade. Several theoretical sections contain
multiple subsections where the section’s title topic is divided in smaller topics. In theoretical
framework the literature on the topics is collected and reviewed from different sources. In
the sixth section the research methods are described and data collection explained. Also, the
base information of selected food products is presented in the sixth section. In the seventh
section the research objectives are examined, and results are presented. Statistical data with
help of collected literature will be analysed to have an answer for the research questions.
The seventh section contains also the discussion part. Eighth section if the last section and

contains the final words of this thesis, the conclusions.
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2 Food security

Food security is a term originated in the 1970s, when the World Food Conference defined it
the first time in terms of food supply. After several revisions the accepted definition of World
Food Summit in 1996 is the most recent one.

“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”. (World Food Summit, 1996.)

Food security breaks down to four dimensions as illustrated in Figure 1. The dimensions are
availability, accessibility, utilization and stability, all of which are explained in this chapter.
All four dimensions must be met simultaneously, for food security to be realized. (FAO,

2006; UN, 2024a; WFP, 2024.)

Availability

Food
security

Accessibility

Figure 1. Food security and its four dimensions.
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2.1 Physical availability

The first dimension of food security is the physical availability of appropriate quality food.
This addresses the supply side of food security, determined by domestic food production,
net trade and level of food stocks. Food and Agriculture Organization (FAO) defines
physical availability of food followingly:

“The availability of sufficient quantities of food of appropriate quality,

supplied through domestic production or imports.” (FAO 2006, 1.)
The definition of food self-sufficiency is often mixed with food security even it is in fact a
part of the physical availability dimension. Food self-sufficiency means the country has
enough food production to secure the food need for the whole population with good quality
and multi-nutritious food. As described, this covers only a part of the physical availability
dimension. International trade with food stocks covers the rest of the dimension.
International trade secures the physical availability of food which cannot for different
reasons be reached by domestic production. Food stocks can be accumulated through

importation or domestic food production or both. (FAO, 2006; World Bank, 2024.)

2.2 Economic and physical access

The second dimension of food security is economic and physical access to food. FAO defines
it followingly:
“Access by individuals to adequate resources for acquiring appropriate foods
for a nutritious diet. Entitlements are defined as the set of all commodity
bundles over which a person can establish command given the legal, political,

economic and social arrangements of the community in which they live.”
(FAO 2006, 1.)

Sufficient food supply at the national or international level is not enough to guarantee food
security in a household level. Everyone should have access to sufficient food, including
vulnerable groups. Access to adequate food is influenced by income levels, income
distribution, social protection, market functioning and food prices among other factors.
Concerns about insufficient access to food have led to more political focus on incomes,

expenditure, prices and markets in achieving food security objectives. (DPC, 2021; World

Bank, 2024.)
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2.3 Food utilization

The third dimension is food utilization which addresses how the human body uses the
nutrients in the food which is the result of different ways the food is treated and how it is
consumed. Good feeding practices, food preparation, dietary diversity and food distribution
within the households results as sufficient energy and nutrient intake by individual. In
addition, external factors such as good hygiene, sanitation, clean water and health care (DPC,
2021; World Bank, 2024). FAO defines food utilization by:

“Utilization of food through adequate diet, clean water, sanitation and health

care to reach a state of nutritional well-being where all physiological needs are

met. This brings out the importance of non-food inputs in food security.” (FAO
2006, 1.)

2.4 Stability

The fourth dimension is stability, meaning the stability of the three other dimensions over
time. Even if food intake is enough today, but on a periodic basis the access to food is
inadequate which risks the deterioration of nutritional status, food security is considered not
to be fulfilled. Political instability, unfavourable weather conditions or economic factors
could have an impact on the stability and status of food security (World Bank, 2024).
Stability in the context of food security is defined by FAO followingly:
“To be food secure, a population, household or individual must have access to
adequate food at all times. They should not risk losing access to food as a
consequence of sudden shocks (e.g. an economic or climatic crisis) or cyclical
events (e.g. seasonal food insecurity). The concept of stability can therefore

refer to both the availability and access dimensions of food security.” (FAO
2000, 1.)

2.5 Threats and food insecurity

Food insecurity can take different forms and occurs when there are problems at any level in
the food production-consumption chain. The food insecurity taken place in the beginning of
the chain largely affects humans in the consumption phase. A person is food insecure when

there is no regular access to sufficiently safe and nutritious food for normal development
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and active healthy life. This may be because food is not available or there are no resources
to buy food (FAO, 2025a; Peng & Berry, 2019). FAO measures food insecurity using Food
Insecurity Experience Scale (FIES) which is illustrated below in Figure 2.

|
| 1
| |
| |
| |
| |

Adequate
access to food
but may be

Compromising Reducing food

on food quality quantity, No food for a

day or more

incertain about and variety skipping meals
future access |
|
| |
Food security or Moderate food insecurity Severe food
mild food insecurity insecurity

Figure 2. Food Insecurity Experience Scale (FAO, 2025a).

In the FAO’s Food insecurity scale (Fig.2) the different levels of food insecurity are well
illustrated with comprehensible examples. The three levels of food insecurity are explained
by FAO (2025a) followingly: Food secure people have enough access to food in both
quantity and quality. Mild food insecurity is generated when there is uncertainty on
continuous ability to secure adequate food. People with moderate food insecurity have had
to reduce the quality and/or quantity of food they eat. And lastly, people suffering from
severe food insecurity have usually run out of food and in the worst cases have gone a day

or several days without eating.

2.6 Ensuring food security

Ensuring food security is not a simple issue. It is a multi-dimensional challenge with
localised solutions. To ensure that all the people have access to safe and nutritious affordable
food and water, focus should be put on solutions that address root causes of food insecurity,
and the interlinkages should be understood. This is related to other challenges such as

nutrition insecurity and sustainable land management for food production. (EIT Food, 2023.)
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As mentioned, local solutions need to be addressed to ensure food security. In different
regions there are unique food security challenges, making it essential for countries to adapt
food security strategies. EIT Food, a food innovation community founded by the European
Union (EU), and a Dutch university Wageningen University & Research has listed several
feasible actions countries can take to ensure food security. First action is to invest in research,
development and innovation, regarding agricultural practices and technologies tailored to
regional conditions. The second action is to promote sustainable farming practices, as
diversification of crops, which improve food security and help combat climate change by
practical and ecological benefits and reduces possible yield gaps. Third action is to provide
small-scale farmers access to credit for training and resources to enhance productivity and
develop processes. The fourth action is to strengthen the supply chain in different
environments to reduce food waste and loss. The fifth action is to address the indirect causes
of food insecurity like imbalance of imports and exports, political or social insecurity, like
wars or trade embargos. Also, the use of land for other purposes than growing food can put
food security under pressure. To ensure food security these types of actions should be made
by every country. Countries could be convinced for action by other effects as well, like
economic stability, better health and less climate problems which are side effects of food

security. (EIT Food, 2023; WUR 2025.)

2.7 Connection between food security and sustainability

Food security and sustainability are deeply connected concepts which are both critical for
the well-being of humans and planet. The possibility of achieving global food security
without considering sustainability is highly debated in policy and the academic world
(McCarthy, 2015). Food security can be supported by sustainable food system by making
optimal use of natural resources, being culturally acceptable and accessible, environmentally
sensible, and economically profitable. Sustainable practices in agriculture e.g. crop rotation,
organic farming or water conservation can help maintaining the ecosystem and secures food
production for long terms. Other important thing is environmental stewardship. It is crucial
for food security and sustainability as its practices such as protecting soil health, reducing
greenhouse gas (GHG) emissions and conserving water contribute to sustainable food

systems (Capone et al., 2014).
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According to Berry et al. (2015) sustainability and food security share several characteristics.
They are both board and complex concepts used by several disciplines and organizations,
and they are designed to form common objectives to the community. For this reason, they
have both been developed by international negotiations and there have been increasing
attempts to link the two concepts. In the article of Berry et al. (2015) it is stressed that
sustainability should be seen as part of food security in the long term and that without taking
sustainability into account, different policies and programs may lead to increased food
insecurity. It is also noted in the article that sustainable diets could play a key role in
maintaining nutritional well-being and health while ensuring future food security (Berry et

al., 2015).

Sustainable diet as a concept links sustainability and food security to ensure holistic and
sustainable food systems. Sustainable diets are defined by FAO followingly:
“Sustainable diets are those diets with low environmental impacts which
contribute to food and nutrition security and to healthy life for present and
future generations. Sustainable diets are protective and respectful of
biodiversity and ecosystems, culturally acceptable, accessible, economically

fair and affordable; nutritionally adequate, safe and healthy; while optimizing
natural and human resources.” (FAO 2012a, 7.)

Sustainable food system in turn is defined as a food system that delivers 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 (HLPE, 2017).

It is internationally noted that climate change is a real threat to the sustainability of food
security. Activities related to food systems cause 20-30% of all anthropogenic GHG
emissions and thus contribute to climate change (Garnett et al., 2016a). In the current food
system, there might be a trade-off relationship between descending anthropogenic GHG
emissions and guaranteed food security. An integrated and systematic approach is needed to
meet both, short- and long-term food security and nutrition, and meanwhile mitigate the
negative environmental impacts of GHG emissions from activities related to the food system
itself. While it is still unclear what sustainable food systems look like, our understanding

continues to evolve (Peng & Berry, 2019; Garnett et al., 2016b).
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3 Food self-sufficiency

Food self-sufficiency has gained attention in recent decades following different international
food crisis the globe has hit. The discussion on food self-sufficiency raises the confrontation
between economic reasoning and political imperatives. Food self-sufficiency is defended by
the political right to insulate from global trade but on the other it could cause high costs to
prioritize political over economic considerations. Food self-sufficiency is often presented as
direct opposite of international trade and as something which would not care of any

economic efficiencies (Clapp, 2016).
Food self-sufficiency is defined by FAO followingly:

‘The concept of food self-sufficiency is generally taken to mean the extent to
which a country can satisfy its food needs from its own domestic production.”
(FAO, 2015)

Basic representation of food self-sufficiency is presented in below Figure 3. In the figure the
line crossing diagonally indicates where food production and food consumption are equal,
i.e. totally self-sufficient. The countries which would fall on the darker side are more than

self-sufficient and the countries which fall in the white side, below the crossing line, are in

food deficit.

Countries below
the line consume
more food than
they produce

Food Produced

Food Consumed

Figure 3. Representation of food self-sufficiency (FAO, 2015).
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Considering the prevalence of food trade in the global economy, a more simplified
understanding of food self-sufficiency is that domestic food production is equal to or greater
than the whole food consumption of the country. This definition does not rule out food trade,
as self-sufficiency is defined by the ratio of produced food to consumed food at domestic
level. Food self-sufficiency is not exactly focused on where consumed food is grown but
rather what is the country’s food production capacity. This way self-sufficient countries can
pursue agricultural specialization to trade these food products globally. The key issue is that
a country can be called food self-sufficient if the produced quantity equals or is more than
what the country consumes. FAO (2012b) has presented an indicator to capture this concept,
it is called self-sufficiency ratio (SSR), which expresses food production as a ratio of

available supply, below equation for SSR:
SSR = Production x 100 + (Production + Imports — Exports) (1)

This equation can be refined to include food stock fluctuations, or it could measure the food
in calories or different monetary values. Usually, SSR is calculated for a specific food or
food groups under review. Not for over-all food production as it may cover instances where

a country produces only one food product in abundance. (Clapp, 2016.)

It could be assumed that net food exporting countries are self-sufficient and net importing
countries are not. However, this is not always the case. In the other way, self-sufficiency
does not ensure food security even these two concepts do relate. The concept of food security
does not differentiate whether the food is imported or produced domestically. Also, there is
some dissenting opinions about how does the food self-sufficiency support stability in the
food supply. Some analysts say it supports stability while other’s opinion it contributes

instability. (Clapp, 2016.)

Self-sufficiency is a complex issue which cannot be calculated solely with one indicator.
SSR does not tell the whole truth as there are countries to which generalizations does not
apply. There can be a country which is very self-sufficient by SSR but has high levels of
hunger or malnutrition. This can be explained by the production of one single food product
which alone does not provide healthy diet. On the other hand, there are countries with low
SSR, but which doesn’t have any hunger issues as they rely on food trade. Each country has
its own specific circumstances relating to its ability to provide food for its population,

depending on its production capacity, its ability to import food and its ability to distribute
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food equitably domestically. There are multiple situations, some of them listed in below

Table 1. (Clapp, 2016.)

Table 1. Different situations comparing SSR to hunger levels (Clapp, 2016).

Countries with SR < 85% Countries with S5R = 85-115% Countries with S5k > 115%

Consumption ator  These countries produce less food than they  These countries produce close to the same These countries produce more food than
above adequate  consume and yet easily meet domestic dietary amount of food that they consume and easily they consume and easily meet domestic
nutritional needs with very low hunger levels <5% meet dietary needs with very low hunger levels  dietary needs with very low hunger levels
intake <5% <5%

Examples: Japan; South Korea; Greece; Italy;  Examples: South Africa; Brazil; Germany; Turkey;  Examples: Canada; Australia; Argentina;
Mexico; Kuwait Sweden; Austria United States; Russia; Kazakhstan;
Hungary

Consumption These countries produce less food than they  These countries produce close to the same These countries produce more food than
below consume and have high levels of hunger >25%  amount of food that they consume and have they consume and have low to moderate
adequate moderate (5-25%) to high (»25%) levels of hunger levels of hunger at 5-14.9%
nutritional Examples: Liberia; Bolivia; Zimbabwe; Examples: India; Tanzania; China; Guinea; Examples: Guyana; Vietnam; Thailand;
intake Namibia; Yemen; Mongolia; Haiti; Cambodia; Malawi; Chad; Zambia Paraguay

Mozambique

According to Table 1 using only SSR doesn’t give the whole truth but with help of hunger

levels the situation of the country can be better defined. For example, even Japan has a SSR

rate below 85 %, meaning low food self-sufficiency, their consumption meets the adequate

nutritional intake. This combination tells Japan has a good economic situation and can meet

dietary needs by importing enough food in volume and in versatility.
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4 International food trade

International food trade plays an important role in the global economy, making it easier to
exchange agricultural products and food across borders. However, it is a diverse and
complex operation and something most countries want to take part. International food trade
aims to balance food supply and demand between countries and contributes to food security,
economic growth and cultural exchange. International food trade is influenced by various
factors, including economic policies, trade agreements, food safety regulations and global
market trends. The beginning of international food trade dates centuries back, where trade
routes as the Silk Road enabled the exchange of spices and other food products. Over the
time the development in transportation has expanded the scope and scale of food trade. The
value of international food trade in 2023 reached USS$2 trillion according to FAO (2023).
Establishment of international trade organizations and agreements like World Trade
Organization (WTO) and the General Agreement on Tariff and Trade (GATT) has facilitated
the liberalization of food trade. (FAO, 2003; Kenny, 1998.)

4.1 Legal guidance

Trade agreements and policies have an important role in shaping the international food trade.
Bilateral and multilateral agreements, as North American Free Trade Agreement (NAFTA),
which was replaced by United States-Mexico-Canada Agreement (USMCA) in 2020 and the
European Union’s Common Agricultural Policy (CAP), have a direct impact on trade flows,
tariff rates and market access. The aim of these agreements is to reduce trade barriers,
contribute to fairness in competition and enhance collaboration between trading countries.

(FAO, 2003.)

4.2 Food standards

The safety and quality are critical aspects in international food trade. Countries have
prepared different regulations and standards to ensure food products under trade are safe for

consumption. Standards vary between countries which leads to trade disputes and need for
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harmonization. The role of international organizations, like Codex Alimentarius
Commission which collects international food standards and relates texts to a uniform
presentation, are important in setting global standards for food safety and ensuring fair
practices in international food trade. Codex Alimentarius is joint programme of FAO and
World Health Organization (WHO). (FAO, 2003; European Commission, 2025; FAO,
2025b.)

4.3 Possibilities and challenges

International food trade has strong impact on the economical aspect of both importing and
exporting countries. For importers it allows more diverse food which can stabilize prices and
improve food security. Exporting countries benefit from the access to larger markets and
increased revenues. Economic benefits of food trade are often challenged by trade

imbalances, price volatility and compliance with strict international standards. (FAO, 2003.)

Despite the benefits, there are several challenges international trade faces. Protectionist
legislation, geopolitical issues and the impact of climate change on agriculture. In addition,
ethically and sustainable produced food’s demand is increasing which changes the practices
of trade. Upcoming trends in international food trade will probably be influenced by

technological development, changes in consumer preferences and efforts to achieve global

food security. (FAO, 2003.)

The continuous direction towards trade liberalisation allows food producers for greater
access to international markets, but it also poses new challenges in ensuring the safety and
quality of food. As the volume of traded food increases, there is a greater potential to expose
consumers of a country to problems that may occur in another country. While technological
advances allow products to be transported from one side of the world to the other in a matter
of days, the misuse of good quality food before, during or after transport and storage can
make it unsafe or spoiled by the time it reaches the end-consumer. Exporting countries must
meet the requirements of their trading partners and comply with import procedures and rules.

(Kenny, 1998.)

In addition, there are some studies that food trade would implicate for human health. There

is a significant proportion of dietary risks and diet-related mortality which can be connected
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to international food trade. Depending what type of food is traded, the impact of international
food trade is either positive or negative. In the study of Springmann, et al. (2023) the import
of different fruits and vegetables and nuts improved dietary risks and were associated with
mortality reduction of around 1,4 million deaths globally. In the contrast, the imports of red
meat aggravated dietary risks and were associated with an increase of around 150,000 deaths.
The regulation of the amount and type of food traded is a challenge which should be
considered to ensure the health aspect of trading (Springmann et al., 2023). In addition, the
increase of animal sourced foods endangers the use of natural resources as animal food

production requires larger amounts of land and water (Porkka et al., 2013).

International trade in food is constantly growing. Countries are now dependent on each other
to ensure an adequate and diversified food supply through food imports and exports. The
potential for increased growth is being promoted through free international trade. Improved
access for countries to export markets will be accompanied by increased competition and the
need to ensure confidence in the security of food supply. This is particularly challenging in
developing countries, where quality assurance and food control systems in the food industry
should be developed. Therefore, a lot needs to be done to enable all countries to take full
advantage of the new opportunities offered by free international food trade and to exploit the
comparative advantages of every country to produce a variety of food products in a cost-

effective manner, with focus on improving food quality and safety. (Kenny, 1998.)

A study by Porkka et al. (2013) found that food trade has improved global food availability
when at the same time food self-sufficiency did not change. This indicates that food trade
has become more and more important during the years, as many countries have become
dependent on food trade. However, studies show that the countries which achieve sufficient
food supply by imports had even ten times higher Gross domestic product (GDP) than the
countries who suffered from insufficient food supply and production. This means that
increased food trade does not improve food availability for all, but only for those countries

who had strong economy.
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5 Environmental impacts of food trade

Agriculture is vital for providing nutritious food, generating employment, and contributing
to economic growth, especially through domestic and international trade of
commodities. However, it can have adverse effects on the environment due to the use of
natural resources like water, soil, and land, as well as synthetic inputs such as fertilizers,
pesticides, and herbicides. These practices disrupt the water, carbon, and nitrogen cycles,
posing risks to soil fertility, ecosystem health, and biodiversity. The environmental impact
of food production varies significantly depending on the location of production.
Environmental impacts vary based on factors such as resource efficiency, farming methods,
climate conditions and the availability of land and water in different regions. Consequently,
food trade can either increase or decrease agriculture's environmental effects, depending on
the comparative impacts in the importing and exporting regions. Because food production
requires largely immobile resources, as water and land, agriculture in possible only in certain

places. (Dalin & Rodrigez-Iturbe, 2016.)

It is important to understand the difference of the environmental impacts of food trade in
agriculture from the environmental impacts of food production. The overall impact of food
trade is assessed by comparing relative impacts between trading partners. In the case of
water, the impact of trade on global water use is considered beneficial if the exporter’s water
productivity is higher than the importer’s. In turn, the production impact of both countries’
declines when any of the two countries’ water productivity improves. (Dalin & Rodrigez-

Iturbe, 2016.)

With the global population expected to reach 9 billion within this century, the challenge of
feeding the planet with already pressured natural resources is particularly challenging.
Enhancing agricultural production while minimizing environmental impact is one of the
foremost challenges of the 21st century. As trade becomes more integral to the world's food
supply and crucial for achieving global food security, it is vital to understand its effects on
the environment and resource productivity, both of which are key factors for sustainability.
A lot of literature has emerged to address the major research question of whether trade
mitigates the environmental impacts of the global agricultural system. There are several

impacts, including resource depletion, pollution, climate change, and biodiversity loss. In
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this chapter, we focus on how the globalization of food systems affects agriculture's
environmental impacts through resource use and greenhouse gas emissions. Ethical and
fairness questions are also important but not addressed here. (Dalin & Rodrigez-Iturbe,

2016.)

5.1 Water resources

The agricultural sector is responsible for 70% of global freshwater withdrawals, with even
higher shares in Asia and Africa (FAO, 2011). Irrigation accounts for 90% of global
freshwater consumption, making agriculture crucial for water resource management
(Hoekstra & Mekonnen, 2012). Although 80% of cultivated land is rainfed, 40% of global
food supply relies on irrigation, with significant contributions from countries like Pakistan,
China, and India (FAO, 2011). Irrigation sources, known as 'blue water,' include surface and
groundwater, each with different costs and renewal rates. Non-renewable aquifers are
increasingly overexploited in major food-producing regions (Dalin & Rodrigez-Iturbe,

2016).

Research has focused on the environmental impact of food trade on freshwater availability.
Water resources are unevenly distributed globally, and regions with growing populations
and water-intensive diets face increased pressure, leading to water and food security issues
(Dalin et al., 2012; Dalin et al., 2014). Climate change is expected to exacerbate droughts,
further straining water resources and potentially causing crop failures (IPCC, 2012).
Conversely, some regions with abundant water resources may benefit from climate change

in terms of crop yields (IPCC, 2007).

Strategies to improve agricultural water-use efficiency include mechanization, water-saving
irrigation, and fertilizers. Virtual water trade, or the trade of water-intensive food products,
can enhance global and regional water-use efficiency by transferring water resources from
more to less water-productive areas. Studies have modeled and quantified the amount of
water embedded in traded food, showing significant global water savings. For example,
virtual water trade flows associated with crops and livestock commodities have induced

substantial water savings. (Dalin & Rodrigez-Iturbe, 2016.)
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However, Dalin and Rodrigez-Iturbe (2016) point out that the water efficiency of trade varies
across countries, trade links, and commodities. Some trade links are inefficient, while others
contribute to groundwater extraction from threatened aquifers. The water efficiency of trade
is informative but not holistic, as highly productive agricultural systems can be
unsustainable. Indicators should account for local water scarcity when comparing

productivity.

5.2 Land use

As the global population grows and dietary habits evolve, the demand for food is increasing
rapidly. This surge in demand drives agricultural expansion, often resulting in the clearing
of land and its conversion into cropland or pasture. This process can sometimes involve
deforestation in productive tropical regions. Such changes in land use can significantly
impact the environment by releasing stored carbon, fragmenting habitats, and altering the
hydrological cycle, among other effects. Additionally, agricultural practices can affect
ecosystems by using fertilizers, pesticides, and other chemicals that may seep into soils and
water bodies, potentially causing pollution or eutrophication. (Dalin & Rodrigez-Iturbe,

2016.)

Over the past decade, deforestation rates have decreased slightly in Brazil but have risen
significantly in other South American countries and Asia. In Indonesia and Malaysia, forests
are primarily cleared for palm oil production aimed at international markets (Koh et al.,
2011). In the Brazilian Amazon, early 2000s deforestation was linked to export-oriented
meat and livestock feed production, with much of the cleared land used for pasture and
soybean cultivation (Morton et al., 2006). The global market access has driven to these forest
clearings. Despite this, sustainable tropical agriculture is possible. In some countries they
have achieved success in reducing deforestation through governance and technical

monitoring. (Dalin & Rodrigez-Iturbe, 2016.)

Understanding land changes as part of global systems is crucial for designing policies that
balance agricultural development and nature conservation (Lambin & Meyfroidt, 2011).
Agricultural trade impacts global land use, with varying estimates of cropland transfers
depending on the methods used. Trade can lead to resource savings, particularly in soybean

and maize, but boosted yields often come with increased nutrient and chemical use,
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threatening biodiversity through habitat loss and ecosystem disturbance. (Dalin & Rodrigez-

Iturbe, 2016.)

Pollution from agricultural chemicals affects soils, aquifers, and rivers. The global
phosphorus and nitrogen cycles are influenced by agricultural trade and livestock
production, with trade contributing to concentrated pollution impacts in exporting regions.
Efficient trade in phosphorus exists, but issues related to fertilizer resource depletion and
recycling persist (Schipanski & Bennett, 2011). Nitrogen pollution from trade is measured
by "grey water," indicating the volume needed to dilute pollutants to acceptable levels.
Regional studies are needed to quantify these impacts and improve nutrient management

(O’Bannon et al., 2014).

Fader et al. (2011) compared in their study water and land transfers via agricultural trade
and found that it has led to savings for both resources. In the study it is emphasized that
flows and savings of virtual water and land should be analysed together because they are
related as such. Even though overall land productivity seems higher in exporting nations
than importing ones, specific frameworks are required to mitigate biodiversity loss and forest
threats due to commodity specific South—North trade. Some of such frameworks are
currently in place related to specific commodities (e.g. soybean and palm oil). (Fader et al

2011.)

5.3 Emissions

The application of fertilizers, livestock management, and changes in land use contribute to
greenhouse gas emissions, with varying intensities based on agricultural practices and the
types of land cleared. These changes can also affect the hydrological cycle by altering

evapotranspiration, infiltration, and discharge patterns. (Dalin & Rodrigez-Iturbe, 2016.)

Major sources of agricultural greenhouse gas emissions include agricultural soils, waste
burning, enteric fermentation, and manure management, primarily emitting methane and
nitrous oxide. Agriculture is responsible for over 70% of global nitrous oxide emissions,
mainly from synthetic fertilizers, animal waste on soils, and agricultural waste burning

(Dalin & Rodrigez-Iturbe, 2016; Tian et al., 2024).
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Studies on the impact of food production and trade on greenhouse gas emissions often
replace water productivity metrics with carbon equivalent intensity of products. Unlike water
consumption, carbon emissions from transportation can be significant and sometimes offset
the emissions avoided through trade due to differences in carbon intensity between partners.
However, transportation emissions are rarely included in studies. (Dalin & Rodrigez-Iturbe,

2016.)

A study of Davis and Caldeira (2015) quantified CO; equivalent emissions embedded in the
trade of goods and services, while Caro et al. (2014) calculated direct methane and nitrous
oxide emissions from enteric fermentation and manure embedded in international meat trade.
Although they do not provide a comprehensive assessment of meat trade's impact on
emissions, they highlight additional emissions occurring due to different emission intensities

of trade partners.

In the study of Cristea et al. (2013), they accounted for emissions related to both food
production and transportation, noting that agricultural products are often shipped using the
least emission-intensive transport modes, such as cargo. They found that trade of bulk raw
crops reduces emissions in 41,6 % of trade flows due to differences in emission intensities
overcoming transportation emissions. However, the remaining links represent significant
increases in emissions, with the average effect of bulk agriculture trade increasing emissions.
The impact of processed agriculture trade on global emissions is not provided, but it is likely

to rely on carbon-intensive air transport, potentially increasing emissions further.

Agricultural emissions from land use changes are significant, especially when carbon-rich
tropical forests are cleared for agriculture. These activities lead to substantial carbon
emissions due to the difference in carbon stocks between tropical forests and temperate
lands. Comparing the impacts is complex because tropical commodities cannot be
domestically produced by most importers, such as Western Europe. Analysing trade effects
requires considering alternatives like domestic cultivation of substitute commodities or

imports from regions with different land use practices. (Dalin & Rodrigez-Iturbe, 2016.)

Various methods, like life cycle analysis and material flow analysis, assess the
environmental impacts of food production and trade. These assessments must consider
temporal, spatial, and sectoral scales to estimate trade flows and resource consumption

accurately. The impacts of agriculture, such as pollution, deforestation, and biodiversity
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reduction, often involve equity issues, with less developed countries exporting to more
developed ones. Comparing studies is challenging due to differing scales and product
aggregations. Quantitative estimates should account for local resource scarcity and

ecosystem fragility. (Dalin & Rodrigez-Iturbe, 2016.)
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6 Methods and data collection

In this section the research methods and data collection on Finnish food production and
import, and analysis’ background information are presented. Research methods are
explained in the next subchapter with the research questions this research tries to answer.
Then data collection is explained and how the analysis is made. Background information

contains data of selected food products, tomato, potato and apple.

6.1 Research methods

The used research method is statistical analysis and scenario analysis. The statistical analysis
is made using quantitative data from several public databases. Analysing all the food
produced in Finland or imported to Finland is very difficult. To simplify the study, three
food products are chosen to this analysis, tomato, potato and apple. A product specific
analysis is justified because it allows deeper understanding of how food products contribute

to food security, production and consumption.

The products are chosen by selecting three different food products that are easily thought as
domestic and are available all year round. Potatoes, tomatoes and apples are all three food
products that are very familiar to all Finnish people and some even grown these on their
own. It was considered not to choose too similar products, so all these products are produced
in very different forms. Going deeper in the research it was noted that the domestic share of

these products varies a lot between them.

After collecting statistical data on the different food products, a self-sufficiency ratio (SSR)
will be calculated for all three food products separately and together. SSR is an indicator
presented by FAO (2012b, which expresses food production as a ratio of available supply.
In the scenario analysis the SSR will be calculated again to compare the new rate to the
original. Environmental impacts will be estimated with the help of the collected data and
conclusions based on theoretical part. Below questions to which the research analysis can

answer.

e How domestic food production impacts on food security?
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e How does food import impact on domestic food production?

e What are environmental impacts of trade?

6.2 Data collection and analysis

Data is collected from several public databases. From the database Uljas by Finnish customs
and FAOSTAT the data on Finnish imports and exports are collected. Luke, Natural
Resources Institute of Finland, provides data on production and consumption quantities.
From FAOSTAT yield data of different countries is collected. The collected data is
visualised or first combined from different data bases and then visualized. With help of

collected data SSR is calculated for all three food products separately and together.

After data collection and SSR calculations the research analysis is made using the collected
data and calculations as background material to which the analysis results will be compared.
In the analysis different scenarios are presented, Complete import blackout, Poor harvest and
Doubling the crop area for all three products. Different scenarios are analysed based on the
new SSR rates and theoretical framework. In the next subsection the background information
of the food products, including collected statistical data and first SSR calculations are

presented.

6.3 Background

All three food products are presented under their own sub-sections. In these sections the
production, consumption and trade quantities are presented and with this data the SSR is
calculated, as the countries from where the product is imported. Also, carbon and water

footprints as crop area and yield are explained.

6.3.1 Tomato

Tomato is one of the favourite vegetables in Finland and it is available in domestic varieties
around the year. Peak harvests are from June to August, when the consumption is around 2-

3 times higher than during the import season. The yearly production quantity for tomatoes



33

in Finland is around 40 million kilograms and total production area 100 hectares. Of this
area, about 30 hectares are equipped with irradiation equipment for year-round cultivation
(Kauppapuutarhaliitto ry, 2025). The Finnish self-sufficiency rate average of tomatoes is 60
% according to FAOSTAT (2025) during years 2019-2023, meaning that 40 % of all the
consumed tomatoes are imported. The self-sufficiency in Finland is the highest comparing
to other Nordic countries (Sweden 18 %, Denmark 25 %, Norway 35 %, Iceland 48 %)

(Farmit, 2021). The balance of tomato production and trade are illustrated in the Figure 4.
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Figure 4. Finnish balance on tomato production and trade (tonnes), 2019-2023 (Luke, 2025a; Finnish Customs, 2025).

The import season is mainly from October to April, although small quantities are imported
also in summer. Tomatoes are imported mainly from Spain, the Netherlands and France.
Finnish tomato is a clean and responsible product, between 2004 and 2021 Finnish
greenhouse farming has reduced its carbon footprint by as much as 60 %. According to a
study by Luke, the carbon footprint of a greenhouse tomato in 2017 was 2.6 kilograms of
carbon dioxide per kilogram produced. The most significant change for the reduction was
the shift from fossil fuels in production, the use of fuel oil has dropped by 87 %. However,
tomato cultivation in wintertime requires the use of large amounts of artificial light and
heating, which have an impact to the carbon footprint, even though different renewable
energy sources have been taken to use during recent years. (Kauppapuutarhaliitto ry, 2025;

Silvenius & Katajajuuri, 2021.)

Finland has strong and highly renewable water resources, both in terms of groundwater and

water bodies. Greenhouse farming uses water responsibly and only in the quantities needed
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by the plants. The water footprint of producing one kilo of tomatoes in Finland is about 20-
35 litres of water. Finnish production is most often compared to Spanish production. In
Spain, the water footprint is 91 times higher, i.e. as much as 3185 litres per kilo of tomatoes

(Kauppapuutarhaliitto ry, 2025).

Even tomato yield in Finland is very good, Finland still needs to rely on importing tomatoes
from lower yield countries. In Figure 5 tomato yields in different countries presented based

on data from FAOSTAT (2025).

Tomato yield in different countries (t/ha), 2019-2023
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Figure 5. Tomato yield in different countries (t/ha), 2019-2023 (FAOSTAT, 2025).

The majority of imported tomatoes comes from the Netherlands, Spain and France. In
Netherlands the tomato yield is even higher than in Finland, but then again in Spain and
France yield is approximately only one quarter compared to Finland’s yield. Below in Figure
6 the amounts of imported tomatoes from top six countries are illustrated. Data from Finnish

Customs database Uljas (2025).
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Tomato imports to Finland by country of origin (tonnes),
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Figure 6. Tomato imports to Finland by country of origin (tonnes), 2019-2023 (Finnish Customs, 2025).

Different risks related to tomato production in all countries are various diseases and insects,
bad ventilation or excessive irrigation and fertilisation in the cultivation plant. In addition,
low light levels and incorrect temperature can cause poor yields. This impacts on the yield

and profitability of tomato production in different countries.

Based on the data from Luke, FAOSTAT and Finnish Customs, the SSR for year 2023 can

be calculated for tomato using the formula (1) presented in section 3.
SSR(Tomato) =33649t x 100 + (33649t +23341t—155t) =59%

Using the 2023 data from different databases the SSR for tomatoes is calculated to be 59 %,

which is in line with the average rate from FAOSTAT mentioned previously.

6.3.2 Potato

Potato is a versatile, nutritional and affordable food product which is one of the most basic
ingredients in the Finnish cuisine. There are thousands of varieties of potatoes in the world,
and in Finland it is estimated to grow around 70 varieties. Potatoes are an inexpensive food

that are easily accessible and remain easily in good condition. It can be grown at
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temperatures between 15 and 25 degrees Celsius in areas with sufficient moisture during the

growing season. (MTK, 2025; Tuomisto, 2022.)

Potatoes are environmentally friendly; they have low carbon and water footprint. The carbon
footprint of potato is depending on the calculation method around 10-12 g per 100 g and
water footprint 290 litres per one kilogram of potato (Pulkkinen et al., 2012; Jepo, 2022). Its
carbon and water footprints are significantly lower than those of competing products, rice
and pasta. One portion of potato (100g) requires only a third of the energy of a portion of
pasta (60g) and a quarter of the energy of a rice portion (60g). The water consumption of a
portion of potatoes is only half of pasta portion and one third of rice portion. Potatoes are
also surface area efficient. Potatoes provide a large amount of valuable food from a small
area of land, which is convenient as the world's population continues to grow. Pasta requires
about three times the land area of potato and rice almost six times the land area of potato.
Potato has also better nutritional values in terms of vitamins, minerals and fibre. However,
they have less calories and carbohydrates which is the reason the potato portion is larger in

weight that rice or pasta portions. (MTK, 2025; Tuomisto, 2022; THL, 2025.)

Cropland will become scarce as the use of livestock products increases in developing
countries and more land is needed to produce feed, especially protein crops. Arable land will
also be used for bioenergy production, at least in industrialised countries. These factors call
for the introduction of more efficient crops. Potatoes can produce food efficiently if the use
of arable land, water and nutrients is considered. The same quantity of potatoes will be
produced on an even smaller area in the future. Potatoes can make efficient use of the
growing conditions in northern latitudes. However, potato cultivation is increasing,
particularly in Asia and Africa, where population growth is highest. In Finland, increasing
export demand for potatoes and bioenergy production will open new opportunities for
expanding production. Potato bioenergy is an emerging trend and proven method for
renewable energy production. Potato peel waste can be used as feedstock for bioethanol and

biogas production (Valdez Gurrola et al, 2023).

The consumption of potato in Finland can be considered low by international standards.
Currently, Finnish consumption is only 50-55 kg/person of potatoes a year. Potato
consumption patterns are characterised by the fact that potatoes are a staple food, however,
there are numerous alternatives to potatoes nowadays. Future consumption of potatoes will

be influenced by the growing popularity of local food and the increasing amount of home
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cooking. The attractiveness of potatoes has remained unchanged and there is increasing

attention towards healthy the food. (MTK, 2025; MMM, 2011.)

In 2024, 18 180 hectares of potatoes were cultivated in Finland. For recent years the
production of potato has been around 500-600 tonnes per year, this is illustrated in the Figure
7 where the balance of potato in Finland is presented with the data from Luke (2025a) and
Finnish Customs (2025). In the same figure the production volume of potatoes is sufficient
to meet Finnish demand. Import and export volumes of potatoes vary from year to year, but
the share of imports and exports is generally between 2% and 3% of total production. (MTK,
2025.)
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Figure 7. Finnish balance on potato production and trade (tonnes), 2019-2023 (Luke, 2025a; Finnish Customs, 2025).
Even the imports of potato are very marginal during the years there are multiple countries of

origin, however weighted towards Nordic countries as shown in Figure 8 where the data is

collected from Finnish Customs’ database (2025).
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Potato imports to Finland by country of origin (tonnes),
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Figure 8. Potato imports to Finland by country of origin (tonnes), 2019-2023 (Finnish Customs, 2025).

The good plant health and plant protection situation has so far allowed intensive cultivation
without any risk of deterioration in potato quality. The spread of pests and the resulting
damage to potato production can be prevented by following good farming practices and
hygiene and by using inspected and healthy seed potatoes for potato production. Finland has
good surface and groundwater resources, which provide opportunities to increase the
irrigation of potatoes and thus seek to improve production efficiency. The relative yield
potential of potatoes compared to the main European producing countries and cereals is good
but not best in class as the Figure 9 illustrates, based on data from FAOSTAT (2025).
Bioenergy production is seen as an opportunity for potato cultivation. (MMM, 2011.)
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Potato yield in different countries (t/ha), 2019-2023
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Figure 9. Potato yield in different countries (t/ha), 2019-2023 (FAOSTAT, 2025).

Potatoes are important for food security. Although their share in the diet has declined over
the decades, potatoes have several important benefits for food security. Under Finnish
growing conditions, potatoes are a relatively safe crop and practically all varieties available
on the Finnish market can be grown extensively in Finland. The amount of food produced
per hectare of potatoes is very high under normal conditions. Similarly, the food
consumption of cereals has been around 80 kg per capita per year, which is equivalent to an
area of about 130 000 hectares. In relation to the available 2.2 million hectares of cropland,
with less than 1% of Finland's cropland, it is possible to guarantee potatoes for Finns all year
round. Even a small increase in potato cultivation could provide a significant increase in
food production. As a food product, potatoes are ready to be consumed as such and can be
distributed directly from farms or intermediate stores to the retail distribution chain or

directly to consumers, unlike in the case of cereals. (MTK, 2025; MMM, 2011.)

Based on the data from Luke, FAOSTAT and Finnish Customs, the SSR for year 2023 can

be calculated for potato using the formula (1) presented in section 3.
SSR(Potato) = 498100t x 100 + (498100t + 7963t —8895¢t) = 100 %

Using the 2023 data from different databases the SSR for potatoes is calculated to be 100 %,

which is in line with the balance (Figure 7) presented earlier in this section.
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6.3.3 Apple

Apple is Finland’s only economically important fruit. There are around 300 apple farmers
and 673 hectares of apple orchards. There are many varieties of apples, and they are divided
into summer, autumn and winter varieties according to their ripeness. In a good year, the
harvest season starts in mid-August and continues until frost. However, winter varieties
usually ripen only during storage and, if stored properly, are still edible in winter. Annual
apple harvest by professional farmers is 6 000-7 000 tonnes, but if considering also home
gardeners the annual harvest can rise to 10 000-12 000 tonnes (Martat, 2025). The balance
on apple production and trade is illustrated in the Figure 10, using data from Luke (2025a)
and Finnish Customs (2025). The Finnish self-sufficiency on apple is around or even below
20 %, meaning 80 % of the consumed apples are imported (Luke, 2025c). However, it needs
to be noted that in these numbers are only the official production data, i.e. professional apple

farmers’ production.

Finnish balance on apple production and trade
(tonnes), 2019-2023
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Figure 10. Finnish balance on apple production and trade (tonnes), 2019-2023 (Luke, 2025a; Finnish Customs, 2025).

Domestic apples are available to consumers from late summer until spring-winter. This is
partly made possible using controlled-air storage in more and more orchards. In climate-
controlled or low oxygen warehouses, fruit can be stored for longer than in conventional
cold stores. This increases both the flexibility of fruit marketing and extends the selling time.

Investments in storage and advances in storage technology ensures the availability of quality
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apples throughout the winter and reduces waste. (Luke, 2025b; Haikonen et al., 2022;
Joutsenlahti-Lankinen, 2022.)

The home gardener's harvest varies widely from year to year, usually there is not two
consecutive good harvests. Domestic apples are clean and can be eaten with the skin on
without any worries. Finnish harsh climate reduces the number of pests, so professional
growers can also reduce their use of pesticides (Martat, 2025). Even though Finland can
produce quality apples and has good storing technology for this seasonal fruit, the amount
of production only covers just around 20 % of the total consumption. Apples are imported
mainly from Italy and Poland, but also some quantities are brought even from Chile. Apple

imports by country are presented below in Figure 11.

Apple imports to Finland by country of origin (tonnes),
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Figure 11. Apple imports to Finland by country of origin (tonnes), 2019-2023 (Finnish Customs, 2025).

The reason why apples are imported to Finland from Chile could be explained by below
Figure 12, which shows the yield in different countries. In Chile apple yield is almost five
times more effective than in Finland. In fact, Finnish yield is completely in different level to

comparative countries.
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Appleyield in different countries (t/ha), 2019-2023

60
50
m Chile
40
m Italy
30 m Netherlands (Kingdom of the)
| France
20 m Poland
| Finland
) I I I I I
0

2019 2020 2021 2022 2023

Figure 12. Apple yield in different countries (t/ha), 2019-2023 (FAOSTAT, 2025).

Apple production has been growing strongly over the last ten years. The autumn of 2024
was a record harvest of over nine million kilos (9 000 tonnes) in professional orchards. There
is no data about the quantity of home gardening apples, but it can be something between
7 000 and 9 000 tonnes as well. Home gardeners were in trouble due to overharvesting and
estimated number of apples taken to the waste treatment plant is around 4 000 tonnes and lot
of apples were sent to juiceries or given away. From waste treatment plants apples were sent
for biogas production. Below a picture (Figure 13) of apples in waste treatment plant in Lahti

in 2024. (Luke, 2025¢; Yle, 2024)
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Figure 13. Apples in waste treatment plant in Lahti in 2024 (Yle, 2024).

Apple’s carbon footprint is 160 g of carbon dioxide per one kilogram of apples
(CarbonCloud, 2025) and water footprint around 800 litres of water per one kilogram of
apples (Mekonnen & Hoekstra, 2011). Carbon and water footprint factors are indicative as

there was not data for Finnish apple production.

Based on the data from Luke, FAOSTAT and Finnish Customs, the SSR for year 2023 can

be calculated for apple using the formula (1) presented in section 3.
SSR(Apple) = 7797t x 100 + (7797t +31066t —132t) =20%

Using the 2023 data from different databases the SSR for apples is calculated to be 20 %,

which is in line with the balance (Figure 10) presented earlier in this section.
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7 Results and discussion

In this section the analysis and its results will be presented followed by the discussion part.
In the previous section the background information for the research analysis was presented
and SSR calculated based on collected data. In this section SSR will be calculated separately
for every scenario and the statistical data will be modelled according to the scenario. Every
scenario will be analysed from different point of views, import trade, domestic production
and food security, and the risks and correlations regarding these points are viewed. The
calculated SSR in this section will be compared with the results of previous sections but as
a combined (tomato + potato + apple) SRR based on previous calculations. Combined SSR

for the three food products is calculated below.
SSR(Combined) = 539546t X 100 + (539546t + 62370t —9182t) =91 %

The combined SSR rate of 91 % is rather good based on theoretical framework in section 3,
meaning that the country is capable to produce almost all consumed food by itself. In
addition to combined SSR also different data from previous section will be used in the

scenario analysis. Below Table 2 where different data has been combined.

Table 2. Combined data of different food products.

Data Tomato | Potato | Apple

Carbon footprint (kg/kg) 2.6 0.12 0.16
Water footprint (Ikg) 35 290 800
Land use (ha) 100 18180 673
Yield, 2023 (t/ha) 385000{ 30000 12000
SSR, 2023 59 % 100 % 20 %

According to the data collected in Table 2, the carbon footprints for potato and apple are
very low compared to tomato’s carbon footprints. In water footprint there is lot of variety
between the products. Apple being grown in open garden areas, orchards, has the highest
water footprint whereas tomato has the lowest water footprint, because it is grown for the
most part in greenhouses with high quality technology as irrigation systems. The land use
for apples is relatively quite large comparing the yearly harvest quantities to tomatoes and
potatoes harvest. This can be noted also by the yield, where specially tomatoes are

completely in a different level with 385 000 t/ha.
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7.1 Scenario analysis of tomatoes, potatoes and apples

In this scenario analysis three different scenarios are modelled. Modelling is made using
several generalizations as this topic is in real life very complex, crossing multiple areas as

political, economic, agricultural and contractual topics. The three scenarios are listed below:
1. Complete import blackout
2. Poor harvest
3. Doubling the crop area

These three scenarios are extreme assumptions, but it makes it easier to make the analysis.
7.1.1 Scenario 1: Complete import blackout

Based on the FAO’s definition of food security, it can be said that Finland's food security
level has long been very high by global standards. According to Global Food Security Index
2022 by Economist Impact (2022) Finland is the most food secure country with an overall
score of 83.7 (Appendix 2). For comparison, Sweden’s score is 79.1 (7™). Finland’s self-
sufficiency of tomato, potato and apple are all very different comparing to each other. The

SSRs for the three food products under basic scenario are presented in below Figure 14.
SSRs of tomato, potato and apple under basic scenario
120%
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40%
20%
L
Tomatoes Potatoes Apples

Figure 14. SSRs of tomato, potato and apple under basic scenario.
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Figures on national food self-sufficiency based on the ratio of domestic production to
consumption show that Finnish agriculture is normally able to meet consumer needs quite
well. However, relying solely on agricultural self-sufficiency figures ignores the fact that
domestic agriculture itself is dependent on several imported inputs, such as fertilisers, fuel,
energy and machinery. Serious disruptions in input imports would reduce domestic
production, and with it the self-sufficiency, at least in the short term after the input stocks

have been used. (Niemi et al., 2013.)

However, if full import blackout would hit Finland, Finland would still be in good position

regarding food security at least for few first months.

Tomato’s self-sufficiency is 60 % meaning that without import the availability would drop
40%. However, the use of tomato is fairly high in Finland when compared to other Nordic
countries. In Finland tomatoes are consumed 12.1 kg per capita per year, when the average
consumption in other Nordic countries is 7.8 kg. (Kauppapuutarhaliitto ry, 2021). This is 35
% less tomatoes per capita than in Finland. Dropping the consumption to same level than the
average of other Nordic countries there would be Finnish tomatoes enough for over 11
months (12.1kg x 60 % /7,8 kg) from one annual production amount. Considering this it can

the black out of tomato import would not endanger the food security severely.

Potato self-sufficiency in Finland is very high, 100 %. This means that total black out of
potato imports would have a very marginal impact on potato availability so there is also no

impact on food security on this matter.

Of all these three food products apple has the smallest self-sufficiency, just below 20 %.
However, apples from home gardens are not calculated here so in reality the production rate
is higher. A total stop on apple import would drop the availability of apples by 80 %. The
drop is considerable, but it must be noted what impact the unavailability of this product
would have on food security. Apple is low in calories, and it is not as rich in vitamins than
other fruits and berries. It has some fibres and antioxidants which are also in Finnish berries
(THL, 2025). Based on the nutritional values of apple it could be concluded that the drop of
availability does not have major impact in food security. Also, if a complete apple import
blackout would hit Finland the private apple gardeners would probably be asked to provide

the extra apples for public distribution rather than throw them away.
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To calculate the SSR for this first scenario, import quantity should be taken from the formula.

Below calculation for SSR (Combined, S1).
SSR(Combined, S1) = 539546t x 100 + (539546t +0t—9182¢t) =102 %

According to FAO’s formula to calculate SSR the rate would be in the first scenario 102 %,
meaning that Finland would be in very good self-sufficiency situation. It can be concluded
that the usage of SRR formula is not usable in this type of situation where there is no imports.
Rather for this situation it is better to put together a new balance of these food products under
the scenario of complete import blackout. This way we have a visualization of the situation.
In below Figure 15 the values from 2023 are used from several databases (Finnish Customs,
2025; Luke, 2025a). Imports are excluded in this figure and the normal number of exports is

turned positive for the usage of the population.

Finnish balance on food products under Scenario 1,
tonnes (2023 values)
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Figure 15. Finnish balance on food products under Scenario 1, tonnes (2023 values) (Luke, 2025a; Finnish Customs,
2025).

According to the Figure 15 there is a gap between consumption and available tomatoes and
apples during the scenario of complete import blackout. Regarding potato, the situation is
fine as the self-sufficiency rate is high in Finland. To cover the gap and response to secure
to food supply some alternatives or replacements should be found for tomatoes and apples.
Would there be other vegetables to replace the calorie intake from tomatoes? And would
there be an alternative for apples as when the import is stopped completely there are very

small quantity to share for all.
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As the import is completely shut off there is no impact on import in this scenario. Impact on
domestic production would be to raise own production as quick as possible according to
available resources and as soon as possible to ensure that food security is maintained. This
would also apply to fertilisers that have been normally imported. As they are not available
from outside of Finland anymore, there should be urgently investigated how and what type
of fertilizers could be produced in a fast timetable. Total consumption would probably drop
a bit as the idea of food consumption would be solely to secure nutrition, not to treat. Also
additional or special food products are not available and probably food waste would drop in
a situation as scenario 1. Environmental impacts of scenario 1 are reduced GHG emission of
international logistics. However, if Finland is the only country where there is total blackout
of import, the food normally imported to Finland, would be probably imported to other
country. This way the global GHG emissions wouldn’t probably drop even Finnish
emissions would. Same would apply to water footprint. If the blackout would last so long
the production quantities in other countries drop, the carbon and water footprint could drop.
These footprints are lower in Finland so production moved from other country to Finland
would drop global carbon and water footprint in these products where the footprint is less in
Finland. Crop area would not detect immediate changes, only when the domestic production
is increased there would be changes. Also, in this matter the global crop area could drop in
products where yield is better in Finland, one product like this is potato. The lack of imported
fertilizers could have impact to total yield in Finland by lowering the harvest, at least until a

domestic fertilizer is found.

7.1.2 Scenario 2: Poor harvest

A bad harvest can hit at any time, in this scenario there is such a bad a harvest that there is
hardly any products under analysis at all. In this situation Finland is dependent on the
imported food products. Below Figure 15, where the imports and exports are illustrated
based on the data from Luke (2025a). Finland is more dependent on imports than in exports
which is an advantage in this type of scenario. Finland already has import partners which

could ensure keeping the food availability and security on the required level.
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Finland's food imports and exports (EUR
billion), 2020-2023
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Figure 16. Finland's food imports and exports (EUR billion), 2020-2023 (Luke, 2025a).

As almost all potato demand is normally covered by domestic potatoes, in this scenario they
need to be imported from other countries. Also, other replacement products has to be
considered, sweet potatoes, root vegetables and cereals. Of which some can also be produced
domestically. If replaceable products are not found there could be severe issues to meet the
level of food security in Finland. It is noted that domestic production of potatoes is very
important for self-sufficiency and food security. Tomato on the other hand is normally a bit
over consumed so the normal quantity of imported tomatoes would be enough to secure the
food security regarding tomatoes. Same applies to apples. Import amount is already 80 % so

that would be enough to cover apples’ availability.

To calculate the SSR for this second scenario, production quantity should be taken from the

formula. Below calculation for SSR (Combined, S2).
SSR(Combined,S2) =0t x 100+~ (0t +62370t—0t) = 0%

The SSR for scenario 2 would be 0 % as expected. As there is no domestic production the
self-sufficiency in this situation is very poor. Below in Figure 17 the balance on food

products under scenario 2 illustrated.



50

Finnish balance on food products under Scenario 2,
tonnes (2023 values)
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Figure 17. Finnish balance on food products under Scenario 2, tonnes (2023 values) (Luke, 2025a; Finnish Customs,
2025).

There is a very large gap between the consumption and availability of potato. For tomato
and apple, the gaps are smaller. According to this the most critical food product is potato, to

which imported potatoes, or a replacement needs to be found.

The impact on import in scenario 2 is that the import would most likely increase significantly
to meet the food needs of the people living in Finland. As the domestic production drops it
may launch investigations on better fertilizers or other forms to secure better harvest. The
food security in scenario 2 is under high risk. This indicates Finland is partly very self-
sufficient as poor harvest would affect so drastically. Consumption under scenario 2 would
probably drop as there would not be so much on offer. Specially the drop of supply in Finnish
products affects Finnish people, Finnish like to use domestic products so much that they

might even consume it.

The risk of this second scenario is the anticipation towards following years. Will there be
such an increase of imported products that the behaviour and consumption patterns would
change? There are risks when changing the normal policy, and they have to be calculated
and analysed by the decision makers. The carbon and water footprint would rise very steeply
regarding these food products as there is no products to consume and it would all go to waste.
The drop of yield could impact on the crop area increasingly to secure harvest the following

years.
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7.1.3 Scenario 3: Doubling the crop area

If a decision to double the crop area for all three products, tomato, potato and apple, would
be made, the food security of Finland would get better as the availability of the food gets
easier and it would be secured. Of course, not forgetting the risk of bad harvests. The Finnish
production of potato already matches completely the consumption of it so doubling the crop
area would most likely also double the production quantity. This could provide the
opportunity to export Finnish potatoes, and this way improve Finnish trade. Also, there
would be the opportunity to raise the usage of potato, e.g. campaigning for local and more
sustainable choices. In addition, there would be an opportunity to grow the share of different

potato products which could improve Finnish food industry.

Doubling crop area for tomato and production quantities would ensure domestic products
for all the Finnish demand. This would require improvements on sustainable and more
effective heating and lighting to ensure good tomato harvest. Also, more storages would
need to be built and there could be some options for different tomato products to produce in

Finland.

For apples the crop area doubling would most likely require lot of developing on the storage
side as the product grows mainly in warmer season but does remains good when storing is
done properly. If controlled air storages would become a standard practice, it could be
considered if there would be a possibility for private persons to sell their garden apples to
larger partners to take care of preservation and selling to end customers. For the doubling of
tomato and apple crop area, technological investments are required. This could have a

positive impact on Finnish businesses and improve Finnish economy.

To calculate the SSR for the third scenario, production quantity is doubled with the
assumption the production grows equally as the crop area. Other values are kept same as

previously. Below calculation for SSR (Combined, S3).
SSR(Combined,S3) =1079092t x 100 + (1079092t + 62370t —9182t) =95 %

The SSR for scenario 3 is 95 % when calculated with FAO’s SSR formula. Comparing to
the initial SSR of 91 %, it can be concluded that the self-sufficiency would increase when
growing the crop area. Below in Figure 18, the balance of food products under scenario 3 is

illustrated.
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Finnish balance on food products under Scenario 3,
tonnes (2023 values)
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Figure 18. Finnish balance on food products under Scenario 3, tonnes (2023 values) (Luke, 2025a; Finnish Customs,
2025).

In the third scenario, doubling the crop area for all three products would raise the availability
of food products according to Figure 18. Tomato and apple availability would meet
consumption even without all the imported quantities. Potato production would rise so much
that there is almost a must to start exporting it. Import in scenario 3 would decrease as own
production is so high there is no need for so much imported food products as previously
imported because domestic production has increased so much. Food security in scenario 3 is
more secured in terms of availability and self-sufficiency. However, it has to be noted that
the drop of importing could have an impact in the future where there could be bad harvest
years, as there is less import partners. Consumption would be expected to rise a bit and move
to healthier options when there is so much domestic supply. However, it is likely to stabilise
in longer term. In those products where carbon and water footprint are better when produced
domestically, the situation regarding footprints would be better globally as the production is
in a more sustainable place and there is no additional drawbacks by the logistics between
countries. As the crop area would double there would probably be also investigations on
ways how to improve yield in other ways than only growing crop area. Environmentally it

is no advantage to increase the land area but rather improve the yield.
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7.2 Discussion

This research studied Finland's food self-sufficiency through an analysis of tomatoes,
potatoes, and apples, which are three commonly consumed food products in Finland. By
calculating the self-sufficiency rate (SSR) under different scenarios, the research provides a
multi-dimensional view of Finnish food security, including environmental impacts of
domestic production and international trade. The baseline SSR (Combined) of 91% for the
three analysed products indicates that Finland already performs well in maintaining food
independence. However, this combined SSR value hides significant differences between the
products. Potatoes, with a SSR of 100 %, are an example of strong domestic self-sufficiency.
Apples, in the other hand, remain highly import-dependent with a SSR of 20 %. Tomatoes
fall in between at 59 %, benefitting from a developed greenhouse sector but still dependent

on imports, particularly in winter months.

From a food security perspective, the first scenario Complete import blackout, highlighted
Finland’s relative strength. Even without imports, food security for potatoes would remain
intact. Tomato availability, even it is reduced, could be managed through consumption
adjustments. Apple availability would be severely impacted, but given its limited role in
basic nutrition, the effects would be more symbolic than critical. Nevertheless, the blackout
scenario emphasised Finland’s vulnerability to upstream dependencies, such as imported
fertilizers and energy used in greenhouse cultivation. Environmental impacts in this scenario
would likely include reductions in GHG emissions due to diminished international logistics
and potential global reductions in water consumption, especially if production shifts from
water-stressed countries, like Spain or Chile, to Finland, where water resources are rich and

well maintained.

Scenario 2, simulating a poor harvest, exposed the critical dependence on domestic
production, especially for potatoes. With domestic production failing, Finland would be
forced to rely on imports to fill nutritional gaps. This change could significantly increase the
environmental footprint of Finnish food consumption. Tomatoes and apples, which are
already largely imported, would have minor changes in carbon or water footprints. On the
other hand, replacing domestically produced potatoes with imported alternatives could
significantly increase both emissions and water usage, particularly if sourced from regions

with intensive irrigation or higher output GHG emissions. This scenario emphasizes the
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importance of securing domestic production with climate resilient agriculture and
sustainable input sourcing, such as renewable energy-based greenhouse heating or

domestically produced bio-fertilizers.

Scenario 3, doubling crop area for all three products, introduces a strategic opportunity for
Finland to enhance both food security and environmental sustainability. Increased
production of potatoes could open export opportunities and reduce dependence on imports
of carbohydrate foods like rice and pasta, which have significantly higher water and carbon
footprints. Expanding greenhouse tomato production would reduce seasonal reliance on
imported tomatoes from regions of high-emissions, but it would also require investments in
energy-efficient lighting and heating solutions to ensure the environmental benefits. For
apples, increasing production and improving storage infrastructure with climate-controlled
storages could extend domestic availability and reduce food waste, particularly during large

harvests.

However, expanding crop areas must be done according to land use restrictions and
biodiversity concerns. Finland’s available arable land is limited, and increasing crop areas
could conflict with other land needs, such as bioenergy production or biodiversity
preservation. Therefore, improvements in yield efficiency and better post-harvest land
handling may offer more environmentally sustainable ways than simple area expansion. For
instance, enhancing greenhouse productivity through advanced agricultural technology or
promoting domestic apple preservation techniques for e.g. canned or frozen food products

could contribute to long-term food system durability.

In all scenarios, the environmental dimension of food self-sufficiency becomes increasingly
relevant. Finland’s low water and carbon footprints for domestic tomato and potato
production is a strong argument for domestic agriculture, if it remains energy-efficient and
responsible. However, increased self-sufficiency must not come at the expense of
environmental degradation caused by land use expansion or unsustainable inputs. Future
policy should aim to simultaneously increase sustainability, reduce dependency, and align

food production with climate and biodiversity goals.

Finland’s food system is strong in self-sufficiency, particularly in staple foods like potatoes.
Environmental aspects further confirm supporting and expanding local production especially

where domestic footprints are lower than global averages. However, this must be pursued
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through improved efficiency and resource management, rather than through simple
expansion of production area. Integrated strategies that take into account food security,
environmental impacts and long-term sustainability are essential to respond to an

increasingly unstable global food world.
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8 Conclusions

This thesis explored the interaction between food import dependency, domestic food
production, and food security in Finland, with an emphasis on environmental impacts.
Through an analysis of three heavily consumed food products, tomatoes, potatoes, and
apples, the study reviewed Finland's self-sufficiency under normal conditions and through
three hypothetical scenarios: Complete import blackout, Poor harvest and Doubling the crop
area. In this conclusions chapter the findings are presented by answering to research
questions and highlighting the key impacts, with a focus on environmental and sustainability

impacts.

The first research question addressed the impact of domestic food production on food
security. Based on the findings, domestic production plays a key role in ensuring Finland’s
food security, particularly for staple crops like potatoes. With a calculated SSR of 100 % for
potatoes, Finland demonstrates that certain crops can be produced domestically to meet the
demand without importing. This contributes positively to all four dimensions of food

security: availability, access, utilization, and stability.

However, for tomatoes and apples, the SSRs are 59% and 20%, revealing significant
seasonal or infrastructural dependencies. The greenhouse infrastructure supporting tomato
production contributes to higher SSRs, but it remains sensitive to energy prices and
availability. For apples, the limited domestic yield and small-scale production capacity limits

self-sufficiency.

Scenario analysis emphasized the role of domestic production during times of disruption. In
the second scenario, poor harvest, Finland’s reliance on imports increases significantly,
particularly for potatoes. In contrast, under the import blackout scenario, the importance of
self-sufficiency becomes evident, as gaps in availability for apples and tomatoes would need
to be managed through consumption reduction or substitution. Therefore, a strong and
sustainable domestic production system is the basis of Finland’s food security, especially in

a volatile global situation.

The second research question explored how food imports impact on domestic food

production. The research analysis shows that imports serve as a supplement in the Finnish
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food system, particularly during off season or when there is production deficit. For tomatoes
and apples, imports are necessary to meet the year around demand. However, this
dependency can discourage investments in local infrastructure. For potatoes, in the other
hand, import reliance is minimal, the production system remains robust and can even be
expanded for export or bioenergy purposes. The analysis shows that imports can complement
rather than compete with domestic production if used strategically. However, overreliance
poses risks, as seen in the scenario analyses. Finland must balance the benefits of trade with

the need to sustain domestic capacity.

To maintain a good balance, some political support might be necessary to encourage local
production of critical crops while ensuring imports diversify the food supply rather than
substitute domestic production. In addition, it should be paid to attention to maintain the
supply for key agricultural inputs as fertilizers, as domestic production is not fully insulated

from global disruptions.

The third research question investigated the environmental impacts of food trade. The
analysis brings out the complex interaction between domestic production and global
environmental impacts. While food trade can improve global food availability and even
efficiency, it often leads to higher environmental costs when products are sourced from
regions with lower water-use efficiency or higher GHG emissions. For example, tomatoes
imported from Spain, have considerably higher water footprint (up to 3185 litres/kg)
compared to Finnish greenhouse tomatoes (20-35 litres/kg). Also, the carbon footprint of
domestic production has decreased over time due to improved energy systems and reduced
fossil fuel use. In contrary, food imports involve transportation emissions and production

practices that might be less sustainable.

Scenario analysis indicates that a complete import blackout would reduce Finland’s
environmental impact through lower transport emissions and could shift global production
to more sustainable locations like Finland. However, this would require an expansion of
domestic production, which must be carefully managed to avoid unintended environmental

degradation, such as biodiversity loss or overuse of land and water.

The third scenario which modelled doubling the production area for the three food products,
showed that increased production could enhance self-sufficiency and reduce imports, and so

decrease environmental impacts from transportation and inefficient global production.
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However, land use expansion should be done according to sustainability principles. A better

way would be to improve yield efficiency rather than simply increase crop land.

This thesis demonstrates that Finland has a relatively strong foundation for food security,
particularly due to the stability and efficiency of domestic potato production. However, there
are some vulnerabilities, especially for easily spoiled and seasonal food products like apples
and tomatoes. Strategic improvements in domestic production infrastructure, investments in
sustainable agriculture and innovations in food storage are crucial for increasing the

sustainability of the food system.

From an environmental perspective, Finland has an advantage in producing food with a low
water and carbon footprint. This should promote domestic agriculture, especially for
products with clear sustainability benefits. However, like previously mentioned expansion
of production should not be at the expense of environmental degradation. Sustainable ways
of improving yield and resource efficiency are more worthwhile than doubling production

arca.

Lastly, ensuring food security in Finland requires an integrated approach that recognises the
interlinkages between domestic production, international trade and environmental
sustainability. Policies that support domestic agriculture, ensure the resilience of supply
chain and encourages to sustainable practices can help Finland maintain high food security
while contributing positively to global environmental goals. The findings of this thesis offer
valuable information for formulating such policies in the face of increasing uncertainty in

global food systems.
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Appendix 2. Global Food Security Index 2022 - Finland
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