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The objective of this study is to examine the import dependency of domestic food and service sectors in Finland
and produce indicators for measuring the import content of these sectors together with the import dependency of
the inputs supplied into these sectors. Input—output analysis is utilised to provide the necessary information on the
interdependencies and linkages between different industries for both goods and services in the Finnish economy.
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 supplementary
protein feed for livestock production. However, most of the inputs supplied to the Finnish food and service sectors
are domestic because only 20% of the total output is dependent on imported goods, services, and 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.
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Introduction

Food is produced predominantly to secure domestic food supply and only secondarily for export. Countries strive
to develop national policies and pathways 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’ abil-
ity 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 con-
cern because the links between food security and agricultural trade are inherently complex (D’Odorico et al. 2014).

Most countries consider the ability to ensure food supplies in times of crisis to be a national security issue and
invest in their domestic agricultural production because of the risk that imports will be cut off due to conflicts,
political tensions, and natural disasters (Clapp 2017). 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 change, global pandemics, destruction of ecosystems, geopolitical tensions and commodity price
fluctuations (Tilman et al. 2001, Foley et al. 2005, Godfray et al. 2010). 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 produc-
tion. 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).

There are numerous studies on self-sufficiency in food production at the country level (e.g. Ghose 2014, Wegren
and Elvestad 2018, Hamilton-Hart 2019), but studies concerning the dependencies of food sectors on imported
and domestic inputs in detail at the country level are scarce. With Finland as a case study, the objective of this
study 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
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sectors in Finland. More specifically, this study produces indicators for measuring the import content of the do-
mestic food and service sectors plus the import dependency of the inputs supplied into these sectors. There is
national interest in Finland to discover and study country-specific complexities within the food sectors due to the
outbreak of COVID-19 pandemic and its effects on domestic food production.

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. An output-driven input-output analysis is used to calculate the direct imported inputs
together with the indirect imported inputs. Although input-output analysis is widely used to study import depend-
ency of foreign trade and the economy as a whole (Cuihong and Jiansuo 2007, Loschky and Ritter 2007, Marshall
2011, Bravo and Alvarez 2012, Ayas 2017), there are very few studies analysing import dependency of food sec-
tor using input-output modelling.

Material and methods

Input—output (10) analysis is a modelling technique (Leontief 1936) that provides necessary information on the
interdependencies and linkages between different industries for both goods and services in the economy. There-
fore, domestic and imported inputs in different industries of an economy can be examined. The combination
of both goods and services can only be calculated in monetary values and not possible in physical quantities. In
addition, both the required direct inputs and indirect inputs of an industry can also be calculated.

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).

X = (I-A)'F, (1)

where X is the vector of outputs, F is the vector of final demands, A is the matrix of fixed input coefficients
(A = ZXland Z is the matrix of intermediate uses) and | is the identity matrix. The so-called Leontief’s inverse
matrix (I-A)? 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 indus-
tries. Szyrmer (1992) generated the multiplier matrix of the output-driven model (Equation 2) from the inverse of
the Leontief matrix in the following way:

TF = -A)"'D1, (2)

where D refers to a diagonal matrix based on the Leontief inverse matrix. Thus, the TF matrix captures the multi-
plier 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 ( X ) by the TF matrix
(Vatanen 2001).

R = (TF)X (3)
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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 (i) with
the output of the industry denoted by the column (j). 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 an industry in respect to the output value of the
industry is the direct rate of import in the industry. The direct rate of import is defined in Equation 4 for one in-
dustry and the direct rates of import for all industries in Equation 5.

S

= _J
m]-—Xj, (4)

m' =MX1, (5)

where X~ 1is the inverse of diagonal matrix of all industries’ outputs and M” is a row vector of all industries’
direct imports j.

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, mt”
is a row vector which includes the rates of the total imported inputs in all industries. The methods for the calcu-
lations are presented in Equation 6 and 7.

M: + IM;
me, = M

] Xj

(6)
where XJ,, Mj and IMj are the output, the direct and indirect import of the industry j,

mt'=m'RX! (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 is determined in Equation 8.

mc=MCX™t, (8)
where the matrix MC includes the direct imports of different products by industries.

The total amount of different imports required by each industry j can be calculated using the matrix RMC/, which is
obtained by multiplying the mc matrix by the diagonal matrix formed from column j of the output matrix TZ,- (Equa-
tion 9). The column of matrix indicates how much of the output from industry j would demand outputs from dif-
ferent industries and how much of these outputs would require the imports of different products or services =
the cells of the columns in matrix RMC.. The sums of rows in this matrix 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 MC (Equation 11).

RMCJ = mcR; 9)
Mc/ = RMC’ i i=unitvector (column) (10)
MC) = i’MCL.j ; = unit vector (row) (11)

where MCj= Mj+IMj
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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 the industry output.

MR = @R (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 re-
quired 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).

NM = M + i'MR — MRi (13)
In the case of industry j, the net imports of j are presented in Equation 14

By using the net imports effect calculation method presented above, the total imported inputs required by the
food and service industries can be derived. Hence, the total imported inputs required by the food and service
industries CEM_ is presented in Equation 15

iLj=1,...,n
ex,e€i,j=a—d,h—m,p,q,s: food industries (15)
IF e*=e, so MR,,. = 0.

The import dependency (m_ ) is calculated by dividing the required total imported inputs of the food and service
industries with the total outputs of these industries (Equation 16)

_ CEM,

Meq = ——== the rate of imported inputs in all food industries (16)

where FX = ZXE = the total outputs of all food industries.
e

The limitations of input-output analysis

The simulations made by the input-output model are performed with the current fixed coefficients for inputs
needed in production. Hence, the results of the input-output analysis illustrate a situation where all production in
the economy is created by the production technology at the year 2016 without any changes in the use of labour,
capital or intermediate products utilised in the different industries. In other words, it tells us about the industrial
inter-relationships and inter-dependencies of the economy at a point of time, but nothing as to how technical co-
efficients would change with changed conditions. The assumption of fixed coefficients of production ignores the
possibility of factor substitution, although there is always possibility of some substitutions even in the short term,
and the substitution possibilities are likely to be more in the long term. Therefore, the results may overestimate
the import dependency of domestic output.

The results for the import dependency rates can be affected by the monetary values of the inputs and final prod-
ucts. The value of the final products consists of raw materials and other intermediate inputs, processing costs and
services as well as other value-added features in the food chain. This means that the estimated import depend-
ency rates may differ from calculations based on physical quantities. Therefore, the results may underestimate
the import dependency of domestic output.
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Data

The input-output tables (10Ts) for the analysis of year 2016 are provided by Statistic Finland (2020a). 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 I0Ts are suited for analysing production activity structures
and interdependencies between industries, including the imported inputs. The total inputs of the industries pro-
vided by Statistics Finland (2020c) are divided into 75 product groups according to the Standard Industrial Classi-
fication TOL 2008, which is based on the EU’s classification of economic activities (NACE).

In this study, the Finnish food and service 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 (2020c).

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 (reflecting total consumption) is €33 billion in 2016 (Fig. 1). In addition to
the production output from the domestic food sectors, the total value of Finnish 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 (including imports of capital goods) utilised in the domestic
food chain and the imported ready-to-eat foods for domestic consumption.

. Imported ready
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. - Services Food Services s
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Finnish food markets €33 billion [25%]

Fig. 1. The total value of Finnish food markets and dependency on imports (in percentage) in 2016 (Knuuttila and Vatanen 2021)

The total output of Finnish food and service sectors (reflecting total production) is €31.9 billion in 2016, including
the exported food products. The rate for import dependency of domestic food production has been examined in
Finland since 2008 because detailed input-output data for the period 2008—2016 (Statistics Finland 2020a) is avail-
able for analysis. However, this study is focusing on the results for 2016 with the most recent available data. The
rate for import dependency of domestic food production in 2016 is approximately 18 %, which is the same rate
at the beginning of the examination period in 2008. The import dependency rate has varied between 16% to 18%
during the years 2008-2016 (see Fig. 2), but the rate has remained close to 18% for most of the time. Therefore,
2016 is a representative year and it includes new developments in the domestic food sectors.
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Fig. 2. The rates (%) for import dependency of domestic food production from 2008-2016,
excluding imports of capital goods and imported ready-to-eat foods (Knuuttila and Vatanen
2021)

In this study, the Finnish food and service sectors are divided into 15 sub sectors (Fig. 3). In 2016, the 18% rate for
import dependency of domestic food production is without capital goods. The import dependency of domestic
food production is 20%, if the imports of capital goods is taken into account. Therefore, the Finnish food and ser-
vice sectors are mainly reliant on 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* 6041
Restaurants & food services 5994
Retail services** 5143
Wholesale services** 3592
Meat products 2857

Dairy products 1939
Other food products*** 1850
Bakery & pasta 111092
Beverages 1019
Animal feeds 7500
Fruits & vegetables 1576
Mill & starch products 1359
Fish products 1349
Fishing & aquaculture 1206
Vegetable oils & animal fats 1115

Imported ready foods 2907
Exported food products 1655
0 1000 2000 3000 4000 5000 6000 7000
million euros

Fig. 3. Total output from the Finnish food and service sectors (€31.9 billion, including exported
food products) with the total value of exported food products (€1.7 billion) and imported ready-
to-eat foods (€2.9 billion) in 2016

*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.
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Primary agriculture

Primary agriculture in Finland is mainly dependent on domestic supplies, whereby only 17% (Fig. 1) of the to-
tal output is dependent on imported goods and services. Regarding the total imports of farming inputs (Fig. 4),
“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. Simi-
larly, 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 de-
pendency 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.

Categories such as “motor vehicles and trailers”, “computers, electronic & optical products”, “other food products”

’

have very high import dependency; however, these are representing only small shares in the total imports of in-
puts needed for production. The category “motor vehicles and trailers” includes motor vehicles for transporting
goods or passengers along with various spare parts, accessories, the maintenance and repair of trailers and semi-
trailers. Agricultural machinery such as agricultural tractors are excluded and considered as capital goods. The
category “computers, electronic & optical products” includes computers, computer peripherals, communications
equipment, and similar electronic products, as well as components for such products. The category “other food
products” includes soups, broths, yeast, artificial honey and caramel, food supplements and other food products.

Financial services | 19 13%
Rubber & plastic products 19, 48%
Base metals | 19 50%
Mill & starch products |19 28%
Electricity, gas, heat & air conditioning | 195 8%
Processed canned fish, seafood | 19 40%
Computers, electronic & optical products | 29 67%
Preserved meat & meat products | 29 22%
Electrical equipment | 29 62%
Motor vehicles & trailers a9, 94%
Metal products, not machinery = 29, 27%
Other food products = 39, 77%
Management services fm 39 41%
Coke & refined petroleum products fem 49 23%
Prepared animal feed |fum 4%5%
Machinery & equipment  |us 49 46%
Agricultural & wild game products v 8%
Mining & quarrying products | 8% 78%

Oilseeds (animal feed protein)* 12% 86%
Chemicals & chemical products | — 550, 68%

Import dependency of total supply B Share of sector's total imports

Fig. 4. Primary agriculture dependency on imports for the total supply of direct and indirect inputs into
the sector

*In the category of “Vegetable oils & animal fats”

Food processing

Food processing in Finland is mainly dependent on domestic supplies, whereby only 27% (Fig. 1) of the total output
is dependent on imported goods and services. The dairy products sector (Fig. 5) is chosen as an example to dem-
onstrate how dependent is food processing on imported inputs because milk production is the largest agricultural
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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 indica-
tion that the dairy products sector is highly dependent on imported “chemicals & chemical products”. However,
the highest import dependency of total supply is from “oilseeds” with 82%, but “ocilseeds” represent only 5% of
dairy products sector’s total imports of inputs needed for production. Similarly, 77% of the total supply of “min-
ing & 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 concern-
ing chemical and energy inputs required for dairy production as well as high dependence on the imports of sup-
plementary protein for livestock feed in milk production.

Prepared animal feed
Rental & leasing services 33%
Electrical equipment 56%

Electricity, gas, heat & air conditioning

Metal products, not machinery
Computers, electronic & optical products 65%
Machinery & equipment

Other food products

Coke & refined petroleum products

Paper & paper products

Land transport & pipeline transport services 13%

Advertising & market research services

44%

49%
77%
82%

Mining & quarrying products
Oilseeds (animal feed protein)*
Agricultural & wild game products
45%

49%

Management services
Rubber & plastic products
Processed, preserved fruits, berries, vegetables 68%

Chemicals & chemical products 18% 73%

Import dependency of total supply ® Share of sector's total imports

Fig. 5. Dairy products dependency on imports for the total supply of direct and indirect inputs
into the sector
*In the category of “Vegetable oils & animal fats”

Wholesale and retail services

Wholesale and retail services in Finland are mainly dependent on domestic supplies, whereby only 15% (Fig. 1)
of the total output is dependent on imported goods and services. The retail sector (Fig. 6) is chosen as an exam-
ple 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. Management services include legal
and accounting activities as well as business management consulting services related to the operation of head
offices. “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 im-
ported. “Rental and leasing services” include activities that provide a wide array of tangible goods, such as auto-
mobiles, computers, consumer goods, and industrial machinery and equipment for a periodic rental or lease pay-
ment. 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 sup-
ply 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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Printing & recording services
Metal products, not machinery
Base metals
Data processing & information services
Paper & paper products
Rubber & plastic products
Electrical equipment
Coke & refined petroleum products
Land transport & pipeline transport services
Machinery & equipment
Electricity, gas, heat & air conditioning
Chemicals & chemical products
Air traffic services
Computers, electronic & optical products
Mining & quarrying products
Financial services
Advertising & market research services

F 1%
1%
E 1%
75, 6%
M 1%
M 1%
2%
2%
2%
2%
S0 7%
3%
3%
= 4%
= 4%

14%
22%
36%

17%
50%
43%
35%
14%
18%

59%
46%
50%
20%
57%

69%

8%
Wholesale trade services | 10,
Rental & leasing services

Management services

41%

— 109

69%

59%

—— ) 50/

Import dependency of total supply ® Share of sector's total imports

Fig. 6. Retail services dependency on imports for the total supply of direct and indirect inputs
into the sector

Restaurants and food services

Restaurants and food services in Finland are mainly dependent on domestic supplies, whereby only 19% (Fig. 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 (Fig. 7). 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
on imported fossil fuels concerning energy and chemical inputs required for providing food services in Finland.

Machinery & equipment |19, 21%

Coke & refined petroleum products
Financial services
Rubber & plastic products
Rental & leasing services
Computers, electronic & optical products
Air traffic services
Mining & quarrying products
Bakery & pasta
Advertising & market research services
Processed, preserved fruits, berries, vegetables
Dairy products
Chemicals & chemical products
Processed & preserved fish
Beverages
Preserved meat and meat products
Fish & other seafood products
Other food products

1%
m 1%
= 2%
= 2%
= 2%
= 2%
= 3%
= 3%
= 3%
= 3%
= 4%
o 4%
4%
e 5%
6%

7%

8%

35%
17%
48%
26%
59%
47%

15%

53%
41%
29%

73%

67%

41%
17%

33%

69%

72%

Agricultural & wild game products
Management services

24%

p— 09,

p— 0%,

45%

Import dependency of total supply ® Share of sector's total imports

Fig. 7. Restaurants and food services dependency on imports for the total supply of direct and indirect
inputs into the sector
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Discussion

In the current fossil fuel and energy dependent economic system, food production is strongly linked to the security
of energy supply and heavily reliant on fossil energy (Pimentel and Pimentel 2003, Woods et al. 2010, Pelletier
et al. 2011). 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. It is well known that the revolution in the yields achieved in the last
century can only be explained by the massive injections of fossil energy associated with modern techniques of
agricultural production (Conforti and Giampietro 1997, Giampietro et al. 1999, Arizpe et al. 2011). This case study
confirms that food production in Finland is reliant on imported fossil energy and another case study concerning
Finland’s trade dependencies on agricultural inputs conducted by Lehikoinen et al. (2021) using a different ap-
proach (physical quantities instead of monetary values), also validates this finding.

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 mate-
rials 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 energy consumption (EC 2019).
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. Although Finland’s overall protein self-sufficiency rate is high (more than 80% with grass and cereals),
the self-sufficiency rate for supplementary plant-based protein (such as turnip rape, rape, pea, and broad bean
products) in animal feed is only 15%. Supplementary 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). It is harder for farmers in Finland to cultivate legumes and rapeseed because these crops are
risky and more demanding compared to cereals (Suvanto et al. 2020). In recent years, domestic alternatives such
as pea and broad bean have been actively sought and partly replacing imports of supplementary protein feed.
However, the substitution of soybeans with domestic feed materials is challenging, especially in poultry feed due
to its high amino acid composition. Most of the rapeseed (95%) is imported within the EU common market from
Baltic countries and Germany (Knuuttila and Vatanen 2021). 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 supplementary
protein feed for livestock in the EU. Consequently, 70% (42 million tonnes in 2009) of the supplementary protein
feed consumed by livestock in the EU, especially soymeal, 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 in
Finland (Huan-Niemi et al. 2020) and reduce the demand for livestock production in the efforts to lower the over-
whelming 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.

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 ser-
vice sectors plus the import dependency of the inputs supplied into these sectors. Primary agriculture in Finland
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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 prod-
ucts 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 the imports of sup-
plementary protein feed for livestock 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 im-
ported 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, the majority of inputs supplied to the Finnish food
and service sectors are domestic because only 20% of the total output is dependent on imported goods and ser-
vices along with 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 as well as supple-
mentary protein feed for livestock production.
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