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Abstract 

This study examined how dependent is agricultural production and domestic food sectors on imported 

goods and services. The objective is to produce indicators for measuring the import content of the 

domestic food and service sectors as well as the import dependency of the inputs supplied into these 

sectors. Primary agriculture, food processing, distribution and food service providers in Finland are 

heavily dependent on imported fossil fuels concerning energy and chemical inputs, including high 

reliance on imported protein feed for livestock production. However, most of the inputs supplied to the 

Finnish food sectors are domestic because only 20% of the total output is dependent on imported goods 

and services as well as capital goods. The rate of self-sufficiency in food supply is high in Finland, but 

international trade is essential to provide the necessary energy and chemical inputs needed for food 

production along with livestock’s supplementary protein feed. Replacing fossil energy with sustainable 

renewable energy will reduce the dependence on Russia for energy supply and promoting human 

consumption of plant-based foods will reduce the demand for livestock feed. 

 

Key words:  

self-sufficiency, food supply, primary agriculture, food processing, distribution, food service providers 

 

Introduction 

The Malthusian theory (Malthus 1798) proposed that food production will not be able to keep up with 

growth in the human population, resulting in disease, famine, war, and calamity. Concerns that world 

population will grow faster than food production has been a fundamental topic since the publication of 

Malthus's Theory of Population until current times. Subsequently, David Lam (2011) examined how 

the world survived the population bomb with lessons from 50 years of extraordinary demographic 
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history. From 1961 to 2011, world population grew at rates that have never been seen before. There 

were worries about the potential impact of rapid population growth in the 1960s, including mass 

starvation in countries such as India, depletion of non-renewable resources, and increased poverty in 

low-income countries (Ehrlich 1968). Contrary to the worries, world food production increased faster 

than world population in every decade since the 1960s, resource prices fell during most of the period, 

and poverty declined significantly in much of the developing world (Lam 2011, Evenson and 

 Gollin 2003, Simon 1996, Dyson 1994). Porkka et al. (2013) indicated that global food availability has 

improved substantially both in absolute and relative terms during the study period of 1965–2005. The 

percentage of population living in countries with sufficient food supply (>2500 kcal/capita/day) has 

almost doubled from 33% in 1965 to 61% in 2005.  

 

Food is produced predominantly to secure domestic food supply and only secondarily for export. 

Countries strive to develop national policies and paths toward self-reliance in food production for food 

security reasons (Baer-Nawrocka and Sadowski 2019). Food security is a measure of food supply (the 

availability of food), individuals' ability to access it, and other dimensions as well (FAO 2006). Porkka 

et al. (2013) highlighted the importance of food trade for food supply: in the beginning of the study 

period (1965–2005), insufficient domestic production meant insufficient food supply, but at the end of 

the study period the food deficit has been increasingly compensated by rising food imports. Therefore, 

moving from food insufficiency towards a rising dependency on food trade is a concern because the 

links between food security and agricultural trade are inherently complex (D'Odorico et al. 2014). 

 

Security of food supply requires resilient food production and supply chains, effective international 

trade relations, functioning logistics and infrastructure as well as the availability of agricultural inputs 

are secured. However, the world is becoming increasingly unstable and uncertain due to climate 
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change, global pandemics, destruction of ecosystems, geopolitical tensions and commodity price 

fluctuations (Godfray et al. 2010, Foley et al. 2005, Tilman et al. 2001). Large scale shocks, such as the 

COVID-19 pandemic outbreak, are causing exceptional global economic impact (Addison et al. 2020) 

and national challenges to the health and functioning of human society (Sen 2020). Continuing the flow 

of agricultural inputs between countries, even in quarantine restrictions or closing borders, is vital for 

the proper functioning of food production. Therefore, measures to facilitate the trade of farming inputs 

such as machinery, fertilizers, pesticides, and animal feed should be taken seriously because these 

requirements are crucial for food production activities to continue smoothly (FAO 2020). 

 

With Finland as a case study, the objective of this paper is to assess the dependency of domestic food 

sectors on imported agricultural inputs, intermediate inputs, and raw materials as well as services. How 

dependent is agricultural production and the Finnish food sectors on imported goods and services? This 

involves tracing the inputs imported and utilised in the agricultural and food sectors in Finland. More 

specifically, this paper produces indicators for measuring the import content of the domestic food and 

service sectors plus the import dependency of the inputs supplied into these sectors. 

 

The calculation of import dependency in food production requires that both direct and indirect raw 

materials along with intermediate inputs are considered. Direct imports refer to goods and services that 

are imported to the sectors where the inputs are directly used. By tracing the indirect imports of inputs 

engaged in the process of production and service provision, the sum of all imports that indirectly end 

up in a sector’s production process from other sectors are therefore included in the supply chain. This 

provides a deeper picture of a sector’s total dependency on imports. The only way to add together 

various dissimilar inputs is in value terms. Thus, the import content by sector is calculated by dividing 
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the imported inputs (€) with the sector’s total output (€). An output-driven input-output analysis is used 

to calculate the direct imported inputs together with the indirect imported inputs. 

 

Material and methods 

The input-output model 

The imported inputs supplied into the food industries are calculated by using the input-output model 

(See Knuuttila et al. 2007, Ahtikoski et al. 2011), which is the application of the Leontief’s basic model 

(equation 1).  

 

𝐗𝐗 = (𝑰𝑰 − 𝑨𝑨)−𝟏𝟏𝐅𝐅,          (1) 

 

where X is the vector of outputs, F is the vector of final demands, A is the matrix of fixed input 

coefficients ( ˆ -1
A = ZX , and Z is the matrix of intermediate uses) and I is the identity matrix. The so-called 

Leontief’s inverse matrix (I-A)-1 represents a multiplier used to calculate the overall relationships in 

industrial outputs caused by final demands. For a more complete account of the input-output analysis, 

see Miller and Blair (2009). 

 

This study utilises the output-driven, instead of the traditional demand-driven, input-output model. 

In the output-driven input-output model, the outputs of industries are dependent on the outputs of other 

industries. Szyrmer (1992) generated the multiplier matrix of the output-driven model (equation 2) 

from the inverse of the Leontief matrix in the following way: 

𝑻𝑻𝑻𝑻 = (𝑰𝑰 − 𝑨𝑨)−𝟏𝟏𝑫𝑫�−.1,                 (2) 

 



5 
 

where D̂  refers to a diagonal matrix based on the Leontief inverse matrix. Thus, the TF matrix 

captures the multiplier effects of a unit of the output (Szyrmer 1992, Knuuttila et al. 2007).  

 

The output-driven model is best suited to explain the existing structures and interactions between 

different industries (Szyrmer 1992). It describes the effects related to the output of the industry in 

question at a given point in time. The overall effects of a change in the output of a particular industry 

on the other industries is obtained in the model by multiplying the diagonal matrix composed of the 

outputs of all industries (𝑿𝑿
^

) by the TF matrix (Vatanen 2001). 

 

𝑹𝑹 = (𝑻𝑻𝑻𝑻)𝑿𝑿
^

,           (3) 

 

The diagonal cells of the matrix R in equation 3 indicate the outputs of different industries, and the off-

diagonal column cells indicate the direct and indirect output requirements of the industry represented 

by the row concerned with respect to the output of the industry denoted by the column. The sum of the 

column is the total impact of the industry on the economy. 

 

The import effects of the output 

The value of imported goods and services in the production of industry in respect to the output value of 

the industry is the direct rate of import in the industry. The direct rate of import 𝒎𝒎𝒋𝒋 is defined in 

equation 4 for one industry and the direct rates of import for all industries 𝒎𝒎′ in equation 5. 

 𝒎𝒎𝒋𝒋 = 𝑴𝑴𝒋𝒋

𝑿𝑿𝒋𝒋
 ,               (4) 

where  𝑿𝑿𝒋𝒋 and 𝑴𝑴𝒋𝒋 are the output and the direct import of industry j.    
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𝒎𝒎′ = 𝑴𝑴′𝑿𝑿�−𝟏𝟏,            (5) 

where 𝐗𝐗�−𝟏𝟏 is the inverse of diagonal matrix of all industries' outputs 

and 𝐌𝐌′ a row vector of  all industries' direct imports.      

 

The industry's output contains also indirect imports, which are included in the domestic intermediates 

bought by the industry from other industries to be utilised as inputs in its own production. Thus, the 

total rate of imported inputs (mtj) in industry j is the direct import plus the indirect import divided by 

the output of industry j. Thus, 𝐦𝐦𝐦𝐦′ is a row vector which includes the rates of the total imported inputs 

in all industries. The methods for the calculations are presented in equation 6 and 7. 

 

𝒎𝒎𝒕𝒕𝒋𝒋 = 𝑴𝑴𝒋𝒋+𝑰𝑰𝑴𝑴𝒋𝒋

𝑿𝑿𝒋𝒋
 ,           (6) 

where 𝑋𝑋𝑗𝑗 , 𝑀𝑀𝑗𝑗  ja 𝐼𝐼𝑀𝑀𝑗𝑗  are the output, the direct and indirect import of the industry j.  

 

𝒎𝒎𝒎𝒎′ = 𝒎𝒎′𝑹𝑹𝑿𝑿�−𝟏𝟏             (7) 

 

The imported products of the output 

The total imported amounts (in euros) of different goods and services required for the output of 

industries can be calculated by the imports of different industries. For this purpose, the rate of direct 

imports by product or service in each industry 𝒎𝒎𝒎𝒎 is determined in equation 8. 

𝒎𝒎𝒎𝒎 = 𝑴𝑴𝑴𝑴𝑿𝑿�−𝟏𝟏,                          (8) 

where the matrix 𝐌𝐌𝐌𝐌 includes direct import of different products by industries.      
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The total amount of different imports required by each industry j can be calculated using the matrix 

RMCj, which is obtained by multiplying the mc matrix by the diagonal matrix formed from column j 

of the output matrix 𝑹𝑹�𝒋𝒋 (equation 9). The column of matrix indicates how much of the output from 

industry j would demand outputs from different industries and how much of these outputs would 

require the imports of different products or services = the cells of the columns in matrix RMCj. The 

sums of rows in this matrix 𝑴𝑴𝑪𝑪𝑖𝑖
𝑗𝑗  reveal how much of each input must be imported for the output of 

industry j (equation 10). The total imports of different inputs required by the output of industry j is the 

sum of all cells in the matrix MCj (equation 11). 

 

𝑹𝑹𝑹𝑹𝑪𝑪𝑗𝑗 = 𝒎𝒎𝒎𝒎𝑹𝑹�𝒋𝒋          (9) 

 

𝑴𝑴𝑪𝑪𝑖𝑖
𝑗𝑗 = 𝑹𝑹𝑹𝑹𝑪𝑪𝑗𝑗 𝒊𝒊;  𝒊𝒊 = unit vector (column)       (10) 

 

𝑴𝑴𝑪𝑪𝒋𝒋 = 𝒊𝒊′𝑴𝑴𝑪𝑪𝑖𝑖
𝑗𝑗;  𝒊𝒊′ = unit vector (row)         (11) 

where 𝑀𝑀𝐶𝐶𝑗𝑗 = 𝑀𝑀𝑗𝑗 + 𝐼𝐼𝑀𝑀𝑗𝑗           

 

The rate of imported inputs in all food industries (import dependency) 

The rate of imported inputs in all food industries is calculated by removing the duplicative parts of the 

import effects on the food industries. Part of the indirect import of each food industry, which is the 

direct import of some other food industry, is duplicative. Vatanen (2001, 2011) presents how the 

duplicative parts of the direct and indirect import effects can be eliminated from the total effects of 

industry output. 
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𝑴𝑴𝑴𝑴 = 𝒎𝒎�𝑹𝑹                   (12)  

 

MR is the analytical matrix of industries’ total imports (equation 12). Its diagonal cells indicate the 

direct imports of industry in columns and the off-diagonal cells indicate the indirect imports of industry 

in rows, which are required for producing the output of the particular industry. The sum of columns 

indicates the total imports.   

 

The net imports of industries (NM) in equation 13 is obtained by adding the direct imports of a 

particular industry (M) with its effects on the total imports of other industries (the sum of MR in 

columns) and reducing the import of other industries from that particular industry (the sum of MR in 

rows). 

        

𝑵𝑵𝑵𝑵 = 𝑴𝑴 + 𝒊𝒊′𝑴𝑴𝑴𝑴−𝑴𝑴𝑴𝑴𝑴𝑴               (13) 

 

In the case of industry j, the net imports of j are presented in equation 14 

 

𝑵𝑵𝑴𝑴𝒋𝒋 = 𝑴𝑴𝒋𝒋 + ∑ 𝑴𝑴𝑹𝑹𝒊𝒊𝒊𝒊𝒏𝒏
𝒊𝒊 − ∑ 𝑴𝑴𝑹𝑹𝒊𝒊𝒊𝒊𝒏𝒏

𝒋𝒋                  (14) 

      

By using the net imports effect calculation method presented above, the total imported inputs required 

by food industries can be derived. Hence, the total imported inputs required by the food industries 

CEMe is presented in equation 15 
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=
∈ = − −

=
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      (15) 

    

The import dependency (mea) of food industries is calculated by dividing the required total imported 

inputs of food industries with the total outputs of all food industries (equation 16) 

 

𝒎𝒎𝒆𝒆𝒆𝒆 = 𝑪𝑪𝑪𝑪𝑴𝑴𝒆𝒆
𝑭𝑭𝑭𝑭

=  the rate of import inputs in all food industries       (16) 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐹𝐹 = ∑ 𝑋𝑋𝑒𝑒𝑒𝑒 =  the total outputs of  all food industries       

 

Data 

The input-output tables (IOTs) are provided by Statistic Finland (2020a) for year 2016. The IOTs are 

based on the supply and use tables (SUTs) of national accounting (Statistic Finland 2020b). The SUTs 

provide the details of product flows in the national economy. The IOTs are suited for analysing 

production activity structures and interdependencies between industries, including the imported inputs. 

The total inputs of the industries provided by Statistics Finland are divided into 75 product groups 

according to statistical classification.  

 

In this study, the Finnish food sectors are divided into 15 sub sectors: primary agriculture sector, 

fishing & aquaculture sector, 10 processing sectors, wholesale sector, retail sector, and the restaurants 

& food services sector. The total inputs of the industries are aggregated into 20 product groups 

according to the statistical classification provided by Statistics Finland.  
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In addition to the input-output tables provided by Statistic Finland, foreign trade statistics provided by 

the Uljas statistical database (Finnish Customs 2020) is utilised to interpret the import dependency 

results from the input-output model. The foreign trade statistics also provide information on the 

quantities as well as the values of the imported goods and services. 

 

Results 

The total value of Finnish food markets is €33 billion in 2016 (Figure 1). In addition to the production 

output from the domestic food sectors, the total value of food markets includes ready-to-eat foods that 

have been imported for domestic consumption but excludes the value of exported food products. The 

total value of imported goods and services is €8,5 billion, whereby € 5,6 billion is the value of imported 

inputs for domestic production, and €2,9 billion is the imports of prepared food products (ready-to-eat 

foods). The value of imported inputs is nearly twice the value of prepared food products. The import 

dependency of the Finnish food markets is 25 % by considering both the inputs utilised in the domestic 

food chain and the imported ready-to-eat foods for domestic consumption. 

 

 

 

Fig. 1. The total output of Finnish food sectors and dependency on imports [in percentage] in 2016 

(Knuuttila and Vatanen 2021) 
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The total output of the Finnish food sectors is €31.9 billion in 2016, including the exported food 

products. In this study, the Finnish food sectors are divided into 15 sub sectors (Figure 2). The import 

dependency of domestic food production without the imported ready-to-eat foods and capital goods 

imports is 18%. The import dependency of domestic food production is 20% if the imports of capital 

goods is considered. Therefore, the Finnish food sectors are mainly reliant on the domestic supply of 

inputs, whereby only 20% of the total output is dependent on imported goods and services as well as 

capital goods. 

  

 

*Primary agriculture includes traditional crop and livestock production, horticulture and other livestock production 

(reindeer, bees, fur animals). The output includes about €1.547 billion of agricultural subsidies. 

**The output of retail and wholesale does not include the value of the goods sold, but only the value-added function. 

*** Other food products include sugar, confectionery, coffee, tea, spices, condiments, specialty foods and the preparation of 

prepared meals, i.e. sectors which are not presented as their own food sectors. 

Fig. 2. Total output from Finnish food sectors with the imported and exported food products in 2016 
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Primary Agriculture 

Primary agriculture in Finland is mainly dependent on domestic supplies, whereby only 17% (Figure 1) 

of the total output is dependent on imported goods and services. Regarding the total imports of farming 

inputs (Figure 3), “chemicals & chemical products” represent the largest share with 28% of primary 

agriculture’s total imports of inputs needed for production. However, this percentage does not show 

how dependent is primary agriculture on imported “chemicals & chemical products”. When the total 

supply of “chemicals & chemical products” to primary agriculture is examined, 68% of the supplied 

products are imported. This indicate that only 32% of the total supply of “chemicals & chemical 

products” to primary agriculture is domestic and the majority is imported inputs. Similarly, 78% of the 

total supply of “mining & quarrying products” to primary agriculture is imported, thus indicating that 

the bulk of total supply is not domestic. “Oilseeds” represent the second largest share with 12% of 

primary agriculture’s total imports of inputs needed for production. In the same way, 86% of the total 

supply of “oilseeds” to primary agriculture is imported, hence showing that supplementary protein feed 

for livestock production is mostly imported to Finland. The results demonstrate that primary agriculture 

in Finland is heavily dependent on imported fossil fuels concerning chemical and energy inputs 

required for primary agricultural production as well as high dependence on the imports of 

supplementary protein feed for livestock production. The high import dependency of “oilseeds” is also 

validated by the protein balance sheet calculated by Niemi and Niskanen (2019) to examine the self-

sufficiency of protein availability in Finland. 
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* In the category of "Vegetable oils & animal fats" 

Fig. 3. Primary agriculture dependency on imports for the total supply of inputs into the sector 

 

Food Processing 

Food processing in Finland is mainly dependent on domestic supplies, whereby only 27% (Figure 1) of 

the total output is dependent on imported goods and services. The dairy products sector (Figure 4) is 

chosen as an example to demonstrate how dependent is food processing on imported inputs because 

milk production is the largest agricultural sector in Finland. “Chemicals & chemical products” signify 

the largest share with 18% of dairy products sector’s total imports of inputs needed for dairy 

production. When the total supply of “chemicals & chemical products” to the dairy products sector is 

examined, 73% of the supplied chemical products are imported. This is an indication that the dairy 

products sector is highly dependent on imported “chemicals & chemical products”. However, the 
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highest import dependency of total supply is from “oilseeds” with 82%, but “oilseeds” represent only 

5% of dairy products sector’s total imports of inputs needed for production. Similarly, 77% of the total 

supply of “mining & quarrying products” to the dairy products sector is imported, but “mining & 

quarrying products” represent only 5% of dairy product sector’s total imports of inputs needed for 

production. The results demonstrate that the dairy products sector, comparable to primary agriculture, 

is heavily dependent on imported fossil fuels concerning chemical and energy inputs required for dairy 

production as well as high dependence on imports of supplementary protein for livestock feed in milk 

production. 

 

 

* In the category of "Vegetable oils & animal fats" 

Fig. 4. Dairy products dependency on imports for the total supply of inputs into the sector 
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Wholesale and Retail Services 

Wholesale and retail services in Finland are mainly dependent on domestic supplies, whereby only 

15% (Figure 1) of the total output is dependent on imported goods and services. The retail sector 

(Figure 5) is chosen as an example to demonstrate how dependent is the food distribution sector on 

imported inputs. “Management services” represent the largest share with 25% of the retail sector’s total 

imports of inputs needed for providing the retail services, whereby 59% of the utilised “management 

services” are imported. “Rental & leasing services” signify the second largest share with 12% of the 

retail sector’s total imports of inputs needed for providing the retail services, whereby 69% of the 

utilised “rental & leasing services” are imported. In comparison to “management services”, “chemicals 

& chemical products” stand for only 3% of the retail sector’s total imports of inputs needed for 

providing the retail services, but the import dependency of total supply is equally as high with 59%. 

Likewise, “mining & quarrying products” represent only 4% of the retail sector’s total imports of 

inputs needed for providing the retail services, however the import dependency of total supply is 

among the highest with 69%. The results reveal that the retail services in Finland are not only 

dependent on the imports of “management services” and “rental & leasing services”, but also very 

dependent on imported fossil fuels concerning energy and chemical inputs required for distribution 

services. 
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Fig. 5. Retail services dependency on imports for the total supply of inputs into the sector 

 

Restaurants and Food Services 

Restaurants and food services in Finland are mainly dependent on domestic supplies, whereby only 

19% (Figure 1) of the total output is dependent on imported goods and services. Both “management 

services” and “agricultural & wild game products” have the largest shares with 9% of the restaurants 

and food services sector’s total imports of inputs needed for providing the food services. In contrast 

with the earlier examined results, “agricultural & wild game products” have low import dependency of 

total supply with only 24% and the majority of supply in “management services” is domestic with 

import dependency rate of 45%. However, the import dependency of total supply for “mining & 

quarrying products” as well as “chemicals & chemical products” are high with 73% and 67% 

respectively. Therefore, like the earlier examined results, restaurants and food services are dependent 
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on imported fossil fuels concerning energy and chemical inputs required for providing food services in 

Finland. 

 

 

Fig. 6. Restaurants and food services dependency on imports for the total supply of inputs into the 

sector 

 

Discussion 

How many people can the Earth sustain? Humans with ingenuity, science and technology have the 

ability to adapt the environment to produce ever-increasing amounts of food to feed the growing 

population through various agricultural and food systems. However, more land than ever is dedicated to 

agriculture (Foley et al. 2005), with higher resource intensity and overwhelming environmental impacts 

(Rockström et al. 2009), while diverting a large portion of crops to feed animals (Berners‐Lee et al. 
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2018), biofuels (Fargione et al. 2008) and other non-food uses. In order to solve these challenges, 

tremendous progress should be made to halt agricultural land expansion, close yield gaps on 

underperforming lands, increase cropping efficiency, reduce food waste, and transition toward 

sustainable diets (Huan-Niemi et al. 2020, Foley et al. 2011, Godfray et al. 2010). Furthermore, 

agricultural and food systems must continue the efforts to reduce dependence on fossil fuels and 

optimize energy inputs in order to reduce greenhouse gas emissions in the attempt to fight climate 

change.  

 

Modern agriculture is heavily reliant on fossil energy (Pelletier et al. 2011, Woods et al. 2010, Pimentel 

and Pimentel 2003). Large amount of fossil fuels is required to power heavy farming machinery, to 

process foods, to refrigerate foods during transportation, to produce packaging materials, and to 

manufacture and transport chemical inputs such as fertilizers and pesticides. This paper reveals that 

Finland is deeply dependent on imported fossil fuels concerning energy and chemical inputs needed not 

only for primary agricultural production and food processing, but also for distribution services and 

delivering food services in Finland. Fossil energy from imported inputs of “mining & quarrying 

products” is mainly consist of raw materials such as crude oil, coal and natural gas. The study made by 

Knuuttila and Vatanen (2021) has disclosed that most of the crude oil (87%), coal (53%) and natural 

gas (99%) are imported from Russia. Furthermore, the study has showed that the majority of fertilisers 

(63%) are also imported from Russia, hence Finland is very dependent on Russia not only on the 

imports of fossil fuels, but also on the imports of fertilisers. According to EU statistics (Eurostat 2020), 

Russia is the main supplier of crude oil, natural gas and coal to EU countries. Therefore, Finland along 

with many other EU countries are highly dependent on Russia concerning the imports of fossil fuels for 

their energy supply. However, EU aims to be climate-neutral by 2050; consequently, there are plans to 

decarbonise all sectors, including the food sectors, and diminish the use of fossil fuels from EU’s 
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energy consumption. Replacing fossil energy with sustainable renewable energy will reduce the 

reliance on Russia for energy supply in the domestic food sectors as well as mitigate climate change. 

 

The results show that the livestock sector in Finland is highly reliant on the imports of supplementary 

protein feed. Protein crops self-sufficiency in Finland is low because cereals dominate the field 

cropping systems in areas that are also favourable for legumes and rapeseed (Peltonen-Sainio et al. 

2013). Moreover, risky and demanding crops such as legumes and rapeseed would not become the 

mainstream crops to be cultivated by farmers in Finland (Suvanto et al. 2020). Knuuttila and Vatanen 

(2021) has discovered that most of the rapeseed (95%) is imported within the EU common market from 

Baltic countries and Germany. However, almost all soybeans are imported from Brazil and North 

America. According to the European Parliament (2011), the deficit in the supply of protein feed and 

crops is also a concern at the EU level because domestic production covers only 30% of the protein 

crops consumed as animal feed in the EU. Consequently, 70% (42 million tonnes in 2009) of the 

protein crops consumed, especially soymeal for animal feed, are imported mainly from Brazil, 

Argentina and the United States. In fact, the growing demand for livestock feed has resulted significant 

greenhouse gas emissions from land use change due to the expansion of soybean cultivation in Latin 

America (Castanheira and Freire 2013). Therefore, various promotion measures should be used to 

promote human consumption of plant-based foods and reduce the demand for livestock production in 

the efforts to lower the overwhelming environmental impacts of land use change in Latin America, 

especially Brazil, due to the expansion of soybean cultivation for animal feed. Diverting crops to feed 

humans instead of animals will be beneficial not only for the nature, but also to prevent climate change. 
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Conclusions 

Security of food supply requires resilient food production and supply chains, effective international 

trade relations, functioning logistics and infrastructure as well as secured availability of agricultural 

inputs. This study examined how dependent is agricultural production and the food sectors on imported 

goods and services with Finland as a case study. The objective is to produce indicators for measuring 

the import content of the domestic food and service sectors plus the import dependency of the inputs 

supplied into these sectors. Primary agriculture in Finland is heavily dependent on imported fossil fuels 

concerning chemical and energy inputs required for production as well as high dependence on the 

imports of supplementary protein feed for livestock production. The dairy products sector, as an 

example for the food processing sector, is also dependent on imported fossil fuels concerning chemical 

and energy inputs required for dairy production as well as profound dependence on imports of 

supplementary protein for livestock feed in milk production. In the service provider sectors, the retail 

services are not only reliant on the imports of management services and rental & leasing services, but 

also very reliant on imported fossil fuels concerning energy and chemical inputs required for 

distribution services in Finland. Moreover, the restaurants and food services are also reliant on 

imported fossil fuels concerning energy and chemical inputs required for providing food services in 

Finland. Despite of this, most of the inputs supplied to the Finnish food sectors are domestic because 

only 20% of the total output is dependent on imported goods and services as well as capital goods. The 

rate of self-sufficiency in food supply is high in Finland, but international trade is essential to provide 

the necessary energy and chemical inputs needed for food production along with protein feed for 

livestock production. 
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The high rate of self-sufficiency in food supply is due to the high level of agricultural subsidies 

(approximately €1.6 billion per year) provided to primary agricultural production in Finland. These 

subsidies should be targeted to sustainable farming practices in conjunction with supporting the 

livelihood of farmers in Finland. In fact, Finland is striving to be climate-neutral by 2035 compared to 

the EU target of 2050. Therefore, reducing reliance on fossil fuels in the domestic food sectors will 

help to achieve the climate-neutral target set in Finland. However, Finland should avoid relying on 

agricultural biofuels or forest bioenergy in substituting for fossil fuels due to the inherently low 

efficiency of exploiting photosynthesis for energy, since the amount of electricity that can be produced 

from a hectare of land using photovoltaics is at least 50–100 times more than biomass (Norton et al. 

2019, Geyer et al. 2013, Fthenakis and Kim 2009). Furthermore, increasing the domestic production of 

protein feed for livestock production in Finland is not a good solution. A better solution is to redirect 

crops to feed humans instead of animals to decrease the demand for imported protein feed, thus the 

long term solution is to promote the consumption of plant based foods in order to lower the demand for 

animal based products in Finland. 
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