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Abstract 

The COVID‑19 pandemic and geopolitical conditions in 2022–2023 highlighted the vulnerabilities of food sup‑
ply chains to trade disruptions in agricultural inputs and foods, with the ensuing economic effects on producers 
and consumers. This study calculated the impact of various disruptions in the trade of agricultural inputs and out‑
puts for Swedish producers and consumers and for food security. To this end, a mathematical programming 
model of the food sector with a spatial dimension was applied, which accounts for adjustments and interactions 
between producers and consumers of food. Food security is measured in terms of the self‑sufficiency ratio, the ability 
to produce minimum dietary needs, and economic access for low‑income households. The trade scenarios included 
disruptions to imports of agricultural inputs (fertilisers, fuel, feed, pesticides and foreign labour) and foods. The results 
showed that the economic effects for producers can be considerable, with a reduction in producer surplus by up to 
75%. The decrease in consumer surplus is smaller, amounting to a maximum decrease of 21%. The self‑sufficiency 
ratio and the ability to produce minimum dietary needs can be reduced by 55% and 61%, respectively, but may rise 
if the disruption to feed imports increases. Economic access to foods is slightly decreased in all scenarios. These results 
showing different impacts of trade disruptions on producers and consumers and food security metrics highlight 
the need to undertake extensive assessments to determine whether and how to prevent and mitigate their effects. 
The economic effects on producers and consumers and the associated impacts on food security are likely to dif‑
fer, which affects the selection and targeting of policies, such as compensation for economic losses and promotion 
of food security.
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Introduction
The COVID-19 pandemic and geopolitical conditions 
highlighted vulnerabilities in the supply of agricultural 
inputs, such as fuel and fertilisers, and final consump-
tion goods due to trade disruptions and delays [1, 2]. 

The associated economic effects on the agricultural sec-
tor and food (in)security are closely linked. The latter is 
a potential consequence of the economic impacts on 
agriculture, where rising production costs due to disrup-
tions in inputs reduce the supply of food, with associ-
ated higher prices for consumers. The responses in many 
countries to mitigate the spread of COVID-19 during 
the pandemic resulted in disruptions to the international 
trade of important food products, which had negative 
effects on food security and the agricultural sector in 
several countries [3, 4]. The Russian invasion of Ukraine 
in February 2022 generated disturbances in the global 
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markets for key food crops, energy and fertilisers, which 
increased economic vulnerability and food insecurity in 
the post-pandemic world [3, 4]. The problem was exacer-
bated by the climate impact of high temperatures in 2023, 
leading to lower crop yields and associated food short-
ages [5]. The policy responses by countries exposed to 
trade barriers included support for domestic agricultural 
production during the pandemic [6] and compensation 
for large increases in fuel prices due to the Russian inva-
sion of Ukraine [7, 8]. However, to determine the type 
and magnitude of the policy response, it is important to 
understand the economic impacts of trade disruptions 
on the producers and consumers of food and on food 
security.

Like several small open economies, the agricultural 
sector in Sweden relies heavily on imports of fuel and 
fertiliser, and the cost of imports equates to approxi-
mately half of the country’s total expenditure on food 
consumption [9]. Barriers to trade are therefore likely 
to have major economic and food security effects. Food 
security is generally split into four different dimensions: 
availability, access, utilisation and stability [10, 11]. Avail-
ability shows the supply side of food, which is determined 
by food production and net trade; access refers to con-
sumers’ economic and physical access to food; utilisa-
tion is the body’s nutrient and calorie intake; and stability 
implies that the other three dimensions are ensured over 
time.

The role of international trade in food security has been 
analysed by a number of studies, but these have produced 
contradictory results. The positive effects of stability in 
international trade and decreases in trade barriers on 
the availability dimension of food security are empha-
sised by [12, 13], but [14, 15] highlight the volatility in 
international prices as a source of food insecurity from 
an access perspective. Calculations have been made for 
food availability due to disruptions in the global trade of 
wheat, for example, due to the Russian–Ukraine war [16] 
and disruptions to global trade due to the impacts of cli-
mate change [17]. A common approach in these studies 
was to base the calculations of vulnerability on the expo-
sure to trade in a given year, without considering adjust-
ments made by producers and consumers to the trade 
disruption.

Calculations of the economic and food security impacts 
require consideration of the responses and interactions of 
producers and consumers, since trade disturbances have 
economic effects and impacts on food security through-
out many sectors of society [18]. For example, decreases 
in inputs such as fuel, feed and fertilisers reduce the pro-
duction of food, which is transferred to consumers by 
increasing prices in the value chain. This, in turn, affects 

the composition of foods, which may mean that there is a 
risk that people will not have a sufficient nutrient intake.

Agricultural sector programming models are com-
monly used since they include the responses of produc-
ers and consumers to different types of exogenous events. 
Such models have often been applied to assess the eco-
nomic effects on producers and consumers of changes 
in terms of trade and food policy reforms in several food 
markets [19, 20]. Other studies consider the economic 
impacts of tariff reductions in single markets, such as the 
sugar market [21]. A few studies have considered food 
security, but in different ways. Fathelrahman et  al. [22] 
compared the effects on producer and consumer surplus 
of tariff reductions on foods, and addressed food security 
in terms of economic access (impacts on real incomes) 
for different countries. Mobarok et al. [23] calculated the 
effects of COVID-19 policies in Bangladesh on the eco-
nomic performance of the rice sector, and food security 
in terms of rice availability. Lin et al. [24] calculated the 
food security and macroeconomic effects on a global 
scale of disruptions in wheat trade due to the Russia–
Ukraine conflict. However, none of the studies has evalu-
ated the economic impacts in a multimarket food sector 
and compared outcomes on food security in more than 
one dimension under different types of trade disruptions.

The purpose of the present study was to calculate 
the economic effects for producers and consumers in a 
multimarket food sector and for different food security 
metrics for Sweden under different scenarios regarding 
international trade barriers. To account for the interac-
tion effects and spatial dimension, an existing mathemat-
ical programming model of the agricultural sector was 
applied that accounts for the dispersal effects of a trade 
disturbance in the production chain and for consum-
ers [25]. Food security was introduced into the model in 
terms of availability and access. Availability was meas-
ured by a self-sufficiency ratio and the ability to produce 
minimum dietary needs. Economic access was measured 
by relating food expenditure to disposable income for 
low-income households. Calculations were performed 
for disruptions in the trade of different types of agricul-
tural inputs (fuel, feed, fertilisers, pesticides and tempo-
rary labour) and in the imports of foods. Since Sweden 
is an elongated country with different climate conditions 
for the production of food, supply chains and food mar-
kets, calculations were made for the whole of Sweden and 
also separately for the country’s northern and southern 
regions.

In the authors’ view, the main contribution of this 
study to the literature is the systematic assessment 
of economic impacts and food security effects under 
different types of trade disruptions in agricultural 
inputs and foods. A further contribution is the use of 
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a mathematical programming model of the agricul-
tural sector that allows for producer and consumer 
adjustments to trade disruptions in the multimarket 
framework of the food sector. The study is organised 
as follows: “Conceptual framework” section describes 
the conceptual framework for estimating the economic 
impact and food security effects. The associated data 
retrieval and choice of crisis scenarios are described in 
“Data retrieval and scenarios” section. The results are 
presented in “Results” section and discussed in “Dis-
cussion” section, and the paper ends with a summary 
and conclusions in “Conclusion” section.

Conceptual framework
The ultimate aim of this study was to quantify the effects 
of trade disruptions on producers and consumers and on 
food security. Quantification of these impacts requires 
clear definitions of the concepts, which provide the basis 
for the subsequent data retrieval and understanding of 
the results. The conceptual analysis was based on micro-
economic theory, which allows for the derivation of qual-
itative conclusions about the direction of the impacts of 
trade barriers on consumers and producers and on food 
security metrics.

Economic impacts on producers and consumers
The economic impacts for the producers and consum-
ers of food were calculated as the differences in their 
economic welfare with and without the crisis, which 
is a common approach in economics for assessing the 
impacts of different types of disturbance on the agricul-
tural sector [20, 26]. The economic welfare of the produc-
ers was calculated as producer surplus (PS), which shows 
the income from the sale of foods minus the production 
costs. Similarly, the welfare of the consumers was calcu-
lated as consumer surplus (CS), which is the consumers’ 
valuation of the foods in excess of the purchasing cost.

For each producer i = 1,…,h in region r = 1,…,m, income 
is determined by revenues from sales of food items, Qrfi, 
where f = 1,…,n food items. The production of each food 
depends on the use of inputs, Xd, where d = 1,…,o inputs. 
Productivity differs between regions, for example due to 
climate conditions, such that Qrfi

= Qrf (X1rfi, . . . ,Xorfi) . 
In addition, farmers in Sweden obtain incomes from dif-
ferent types of national and EU agricultural support, Sriu, 
where u = 1…,v types of support. The producer surplus 
for a region,  PSr, is then the sum of net incomes from all 
producers and foods, which is written as

where pf is the unit sales price of the food, and  cd and cdM 
are the unit costs of the domestic and imported inputs 
Xdrfi and XdMrfi, respectively. A reduction in imports 
of XdM will increase the demand for domestic inputs, 
and hence raise the input price. The magnitude of the 
increase depends on the production technology and the 
availability of  domestic inputs. This, in turn, raises the 
production cost and the output prices pf, which reduces 
the demand for the foods. The magnitude of this depends 
on the changes in relative prices between the outputs and 
on price elasticities. The net effect for the producers then 
depends on the increase in pf, which raises revenues, and 
the decrease in supply, which has the opposite effect [27].

Similarly, the total consumer surplus in a region, CSr, 
includes the sum of utility of different food items minus 
the cost of purchases according to

where Uf(⋅) is the utility of consuming available foods, 
which consists of domestic production, Qrf, plus imports, 
Mrf, minus exports, Erf. The unit price of imports, pMf, is 
likely to be higher than the domestic market price owing 
to transport costs. An increase in any output price will 
create a negative income effect since less food can be 
purchased at an unchanged income level [27]. The price 
increase and income effect give rise to adjustments in the 
food basket, with a decrease in the demand for the good, 
but an increase in the demand for a substitute good. For 
example, an increase in the price of pork reduces the 
demand for that food, but can increase the demand for 
chicken if it is a substitute.

In all scenarios, with and without trade disruptions, 
total welfare was calculated using a mathematical pro-
gramming model of the agricultural sector, where the 
sum of producer and consumer surplus in all regions, i.e., 
∑

rPS
r
+ CSr , is maximised. Constraints are imposed on 

the maximisation, which includes the supply of farm-spe-
cific inputs, i.e., on Xdrfi in Eq. (1), such as the maximum 
area of land and crop rotation requirements. Trade dis-
ruptions are introduced by constraints on the total sup-
ply of one or several imported inputs XdM in Eq. (1) and 
on Mrf in Eq. (2), which are presented in Sect. 2.3.

The economic effects of a decrease in one or several Xd 
and/or Mrf were calculated as the difference in the maxi-
mum sum of PS and CS with and without trade disrup-
tion according to

(1)

PS
r
=

∑

f

∑

i

(pf Qrfi
+

∑

u

Sriu −
∑

d

(

cdXdrfi
+ cdMXdMrfi

)

(2)

CS
r
=

∑

f

(

Uf (Qrf
+Mrf

− Erf)− pf
(

Qrf
− Erf

)

− pMfMrf
)
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where the superscript ref denotes PS and CS without 
trade disturbance. While consumers’ welfare always 
decreases from trade disturbances, the effect on produc-
ers is less clear. Decreases in inputs raise the producer 
cost and prices of foods, which in turn reduce demand. 
If the decrease in demand is sufficiently low, i.e., a low 
price elasticity, the producer surplus can increase com-
pared with the reference case due to a higher sales price 
[27]. The producers always gain from trade disturbances 
in food imports since this implies an increase in demand 
and thus in prices of domestically produced food, but 
without raising the cost at given production levels.

Measuring food security
The concepts of food security and insecurity have been 
defined in various ways in the literature by different dis-
ciplines. A meta-analysis by [28] identified 52 different 
definitions. Sufficient food stocks to avoid temporary 
food shortages and famine were addressed in early stud-
ies, while economic access and physical food access were 
addressed in later studies [29]. There is a large body of lit-
erature on the measurement of food security in each of 
these categories, which is applied on the macro (global, 
regional, national) or micro scale (household, individual) 
[30].

The choice of metrics in this study was based on the 
availability of data obtained from the programming 
agricultural sector model and on commonly used met-
rics on national and regional scales in practice and in 
the literature [11, 29, 30]. The study then addressed two 
dimensions of the concept: availability and access. The 
availability dimension was measured by two indicators. 
One reflects the food self-sufficiency ratio (SSR) accord-
ing to

where ef is the content of calories per unit of food item 
f. The numerator in Eq.  (4) is the total  production of 
calories  in region r, and the denominator shows the  
consumption.

The second availability indicator is closely related to 
the  SSRr, but reflects a region’s ability to meet mini-
mum energy needs instead of actual energy needs. This 
is usually expressed in terms of minimum calories per 
day per person [31]. The denominator in Eq. (4) is then 

(3)

�PS =

∑

r

(

PSr − PSr,ref
)

> (<)0 and �CS

=

∑

r

(

CSr − CSr,ref
)

< 0

(4)SSR
r
=

∑

f e
f
∑

i Q
fri

∑

f e
f
(

Qfr +Mfr − Efr
)

replaced by the total minimum calories consumed by 
the population, and the resulting expression measures 
the so-called dietary energy production  (DEPr), which 
is defined as

where Nr is the population size in region r and  kcalMin is 
the minimum calorie intake per person per day.

The second dimension of food security reflects eco-
nomic access by relating food expenditure to disposable 
income. This gives the average food expenditure  (AFEr). 
It originates from [32], who argued that the problem of 
food security is not food supply failure, but rather eco-
nomic access to food. Food expenditure in relation to 
income for low-income households is widely used in 
the literature as an indicator of economic access [30], 
which is defined here as

where Qlfr  and Mlrf    are the purchases of domestic and 
imported foods by low-income households  in region r, 
Hr is the number of low-income households, and Y is the 
disposable income per low-income household per year.

Similar to the calculations of changes in PS and CS, the 
impacts of trade disruptions on food security are calcu-
lated as the difference between the outcomes with and 
without the disruption, which are written as

The sign of the change cannot be determined for any 
food metric without empirical support. The sign of 
∆SSR and ∆DEP depends on the strength of two coun-
teracting forces: a decrease in the production of calories 
because of higher production costs and a decrease in 
the consumption of calories from reduced consumption 
owing to higher food prices. Similarly, the sign of ∆AFE 
is determined by the higher food prices (which increase 
expenditure) and lower food demand (which reduces 
expenditure).

(5)DEP
r
=

∑

f e
f
∑

i Q
fri

Nr ∗ 365 ∗ kcal
Min

(6)AFE
r
= 100 ∗

∑

f (p
f
∗ Qlfr

+ pMfMlfr)/Hr

Y r

(7)�SSR =
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− SSR
r
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(9)�AFE =
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Data retrieval and scenarios
Study area
Sweden is an elongated country in northern Europe cov-
ering a total area of approximately 41 million ha, with 
6.4% of its land area used for agriculture [33]. Several riv-
ers cross the land territory from its border with Norway 
in the west to the coast of the Baltic Sea. As the country 
is divided by rivers, bridges for crossing these rivers are 
essential for transport between northern and southern 
Sweden, which have quite different conditions regard-
ing population (and thus demand for food), agricultural 
land, and the location of their food processing industries 
(see maps in Additional file 1: Figs. S1 and S2). Therefore, 
Sweden is divided into two main regions in this study: 
North and South. The division is presented in Additional 
file 1: Fig. S2.

Data retrieval
The exogenous variables presented in the conceptual 
framework include the choice of minimum dietary need 
 (kcalMin), calories per food unit (ef), population (Nr), the 
number of low-income households (Hr) and disposable 
income (Yr). The minimum dietary need is based on the 
recommendations of the Swedish Food Agency [34], 
which reports the minimum amounts of calories per 
person per day depending on age and gender for three 
dietary levels: low, middle and high. The middle dietary 
need is chosen as a constraint, and the total minimum 
calories are calculated based on the population demo-
graphics in 2021 [35]. This gives a minimum requirement 
of 2200 kcal per person per day on average, which can be 
compared with actual consumption of 3100 kcal per per-
son per day in 2021. Data on ef were obtained from the 
Swedish Food Agency [36].

Low-income households are defined as households 
that have an income below 60% of the median disposable 
income, which is a common measurement of relatively 
low economic standards in many countries [37]. In Swe-
den, the median disposable income per household per 
year differs between the two regions. The risk of poverty 
is at income levels below 22,200 euros and 30,900 euros 
in the North and South, respectively (Table 6 in Appen-
dix). The incomes of approximately 15% of households 
are below these levels in each region. Food expendi-
ture in the reference case was obtained from household 
budget surveys [38], according to which the average food 
expenditure accounts for 12.6% of the average dispos-
able income. However, there are no data on expenditure 
shares at different income levels. Therefore, a meta-
analysis of the elasticities of food demand with respect 
to disposable income was used, which shows an average 
elasticity of 0.5 for EU countries [39]. Food expenditure 

was then calculated based on average and low disposable 
incomes in each region (Table 6 in Appendix).

Endogenous variables were solved by maximising total 
producer and consumer surplus with the Swedish partial 
equilibrium model of several food markets, the Swed-
ish agricultural sector model (SASM) [25]. The model 
identifies 95 different local regions in the country, with 
homogenous conditions regarding climate conditions 
(Additional file  1: Fig. S1). Each local region is repre-
sented as a large farm, with a maximum of 46 outputs and 
41 production factors for conventional and ecological 
farms (Additional file  1: Table  S1). The 95 local regions 
interact with each other and with consumers in six dif-
ferent market regions (Additional file  1: Fig. S2). The 
dairies and slaughterhouses are located in these market 
regions. Depending on the relationship between demand 
and supply, trade occurs between market regions and 
internationally. The six market regions are aggregated at 
a national level for trade in inputs, such as fertilisers and 
fuel.

SASM includes nine different EU and national support 
payments: income support, competence-enhancing sup-
port, regional compensation (particularly in northern 
Sweden), payment for cattle, ecological farming, grass-
land, animal welfare, catch crops and investment support 
for stable buildings. All supports and payments are asso-
ciated with different types of conditions, which are con-
sidered in the model [40]. An implicit assumption in the 
study is that the Common Agricultural Policy and associ-
ated EU payments remain intact in the presence of a cri-
sis affecting Sweden.

In total, the SASM model includes approximately 
15,000 variables that consist of inputs and outputs of pro-
duction by each farm, supplies to the processing indus-
try in each market region, trade between market regions, 
consumption of foods in each market region, and exports 
and imports of inputs and foods. The data sources are 
presented in Additional file 1. The model is solved using 
the general algebraic modelling system (GAMS) code 
with the Conopt solver [41]. Data are available upon 
request.

Given the data on exogenous variables (Table  6 in 
Appendix) and the calculations of the producer and con-
sumer surplus in the SASM model, the producer and 
consumer surplus and food security metrics in the ref-
erence case without any trade disturbances are as pre-
sented in Table 1.

The calculated total producer surplus of 1.08 billion 
euros is lower than the commonly used measurements of 
value added from the Economic Accounts for Agriculture 
(EAA), which ranged between 1.79 and 1.86 billion euros 
from 2019 to 2021 [42]. However, the EAA estimates do 
not include the costs of equity, land, existing buildings 
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or family labour. The estimates in SASM can then be 
compared with the EAA accounts by adding the cost of 
labour to the producer surplus in SASM, and the costs 
of employed labour, depreciation on buildings, rents and 
interests to the EAA calculation. The new measurement 
shows the total compensation for land, existing buildings 
and labour in agriculture, which amounts to 1.64 billion 
euros according to SASM and 1.80 billion euros accord-
ing to the EAA calculation. Horticulture is included in 
the EAA calculation, but not in SASM. The total con-
sumer surplus is of the same order of magnitude as the 
total expenditure on food (Table 6 in Appendix).

However, PS, CS and the production and consumption 
of calories are unevenly distributed between the North 
and South regions. This is mainly explained by the dif-
ferences in population sizes and land use. Approximately 
15% of the total Swedish population of 10 million people 
live in the North, with the remainder in the South, 12% 
of agricultural land is located there, and its processing 
industry is very small [35, 43]. Furthermore, the competi-
tive disadvantage is compounded by the fact that crop 
yields for the major crops are substantially lower com-
pared with the aggregate for Sweden. Forage and barley 
yields are approximately 20% and 40% lower in the North. 
The large difference in the SSR and DEP food security 
metrics between the regions may seem unexpected, but 
it is due to the large concentration of processing firms 
in the South. The AFE is higher in the North than in the 
South, which reflects the differences in median incomes. 
Both levels are far below the share of 0.5, which is 
regarded as a threshold for food insecurity with respect 
to economic access [44].

Trade barrier scenarios
The scenarios of disruptions to international trade were 
obtained from the literature with a focus on Sweden. 
Scenarios in the relatively early studies came from expe-
riences during the Second World War [45, 46]. Sweden 

shares its experience of import constraints during the 
war with several other countries. The German occupa-
tion of Denmark and Norway in 1940, the British block-
ade of shipping traffic, and German mines in Skagerack 
led to the cessation of all imports and exports for a few 
months [47]. Swedish imports of food, crude oil, fuel and 
fertilisers fell by approximately 50% during the Second 
World War.

Both [45, 46] considered isolation with constrained 
imports of food by Sweden for a relatively long period of 
three years. Later studies, which mainly applied to devel-
oping countries, examined the impacts of different types 
of threats to food security, such as fluctuating prices in 
international trade, environmental disasters, transporta-
tion disturbances and pandemics, with different regional 
applications [14, 15, 48]. In general, the scenarios for 
trade blockades emerged from geopolitical considera-
tions [45, 46, 49]. This was also highlighted by the Swed-
ish Ministry of Defence [50] as a likely scenario due to 
geopolitical changes in the Baltic Sea region in the 2010s.

Similar to the two studies that applied to Sweden, the 
present study considered scenarios with trade blockades 
of different agricultural inputs and outputs. Regarding 
inputs, the main imports are fuel, fertilisers, pesticides, 
feed and labour. No fertilisers or pesticides are manufac-
tured in Sweden, but there is some production of biofuel. 
Imports of feed consist mainly of soya protein, which 
accounts for approximately 40% of the value of the feed 
[42], and foreign labour is employed for short periods of 
high demand, e.g., harvest of crops. With respect to food 
consumption, approximately half of all food is imported 
[9]. The imports consist mainly of meat, dairy products, 
fruit and vegetables. Grain is the major export product.

With respect to the magnitude of the barriers to trade, 
this study considered relatively large impacts in which 
the imports of inputs and outputs are reduced by 50%, as 
experienced during World War II and analysed by [49]. 
It can be argued that the restrictions on trade are likely 

Table 1 Producer and consumer surplus in billion euros and food security metrics in the reference case

a  Calculations by the agriculture programming sector model SASM
b Table 6 in Appendix

Region Producer and consumers surplus, billion  eurosa: Food security  metricsb:

PSref CSref Total SSRref DEPref AFEref

Total Sweden 1.08 36.21 37.29 0.81 1.14 19.10

Regional division:

 North region 0.11 5.43 5.54 0.05 0.07 23.37

 South region 0.97 30.78 31.75 0.96 1.34 18.57
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to affect imports of all inputs to the primary sector and 
food consumption goods. Therefore, a third type of sce-
nario considers constraints in all international trade. All 
the scenarios are summarised in Table 2.

In total, there were eight different scenarios, six of 
which are trade decreases in single or all agricultural 
inputs. A basic assumption for all scenarios is the exist-
ence of sufficient time for adjustments by producers and 
consumers to these disruptions with the given produc-
tion technologies, which implies a time perspective of 
one to three years. It should be noted that this may not 
coincide with the duration of the crisis since adjustments 
can take place long after the crisis ends.

Results
Total effects
As expected from the conceptual analysis in “Concep-
tual framework” section, consumers’ welfare always 
decreases from trade disruptions, but that of producers 
can increase in some scenarios (Table 3).

The producers face the largest decrease in producer 
surplus in Scenario A.6 with simultaneous reductions 
in all inputs, which implies a decrease of 75% from the 
reference case. Given a separate decrease in one input, 
the reduction in producer surplus is greatest in the 

scenario with a fall in fuel imports. However, there is a 
slight increase in producer surplus with a decrease in 
imports of foreign labour. The reason is a relatively low 
cost increase because of the small share of foreign labour 
in the agricultural sector, which is more than compen-
sated for by the increase in the price of foods due to the 
reduced supply.

According to the results of the conceptual analy-
sis in “Conceptual framework” section, the producers 
gain from decreases in imports of food in Scenario B 
owing to the substitution of food demand from imports 
with domestic production. The producer surplus then 
increases by approximately 60%. Consumers face the 
largest welfare losses in Scenario C, with simultaneous 
decreases in all inputs and imports of foods because of 
the combined price impacts of increases in production 
costs and reduced supply from imports. The loss corre-
sponds to 21% of the consumer surplus compared with 
the reference case.

The effects of trade barriers on food security metrics 
differ. Both the metrics that reflect availability, ∆SSR 
and ∆DEP, show relatively large differences between the 
trade scenarios. The decrease is largest for both metrics 
under scenario A.6, and corresponds to a reduction of 
55% and 61% in  SSRref and  DEPref, respectively. The slight 

Table 2 Summary of different scenarios of trade disruptions to agricultural inputs and consumption foods

a [42, 49]; b[49]

Scenario Description

A Agricultural  inputa Separate and simultaneous 50% reduction in the import of fertilisers, pesti‑
cides, fuel and feed and in the supply of foreign labour

B  Consumptionb 50% reduction in imports of foods for consumption

C. Combination of A (all inputs) and  Bb Simultaneous 50% reduction in trade in all inputs and foods for consumption

Table 3 Changes in producer surplus (∆PS), consumer surplus (∆CS) and food security metrics from the reference case under different 
scenarios with 50% import reductions

Scenario Impacts on producers and consumers (billions of euros) Food security

∆PS ∆CS ∆Total ∆SSR ∆DEP ∆AFE

A. Agricultural inputs:

 1. Fertilisers − 0.26 − 0.24 − 0.50 − 0.42 − 0.60 0.12

 2. Pesticides − 0.10 − 0.04 − 0.14 − 0.23 − 0.32 0.02

 3. Fuel − 0.60 − 0.31 − 0.91 − 0.38 − 0.54 0.16

 4. Feed − 0.15 − 0.05 − 0.20 0.12 0.17 0.02

 5. Foreign labour 0.04 − 0.02 0.02 − 0.01 − 0.02 0.01

 6. Reduction in all inputs − 0.76 − 4.23 − 4.99 − 0.45 − 0.70 1.88

B. Consumption 0.59 − 1.84 − 1.25 − 0.07 − 0.15 0.92

C. A.6 and B − 0.41 − 7.51 − 7.92 − 0.06 − 0.39 2.30
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increase in these metrics in scenario A.4 is explained by 
the substitution of imported soya feed with domestic 
cereals. Minimum dietary needs (DEP)  are ensured by 
domestic production  in Scenarios A.4 and A.5 only, and 
are below unity in all other scenarios, which can be seen 
by adding the changes in Table 3 to the reference level of 
1.14 in Table 1. The AEF increases in all scenarios, which 
implies that economic access for low-income households 
decreases in all scenarios.

Regional effects
The effects of separate trade barriers for each input under 
Scenario A are relatively small, and regional effects on 
producer and consumer surplus and food security met-
rics are therefore presented for the A.6 and C scenarios. 
The impacts on producers and consumers differ between 
the two regions (Table 4).

According to the results shown in Table  4, the great-
est effects on producers in the North occur in Scenario 
C, and on those in the South in Scenario A.6. The PS 
decreases by 73% in the North in Scenario C and by 72% 
in the South in Scenario A.6 compared with the respec-
tive reference cases. The smaller decrease in producer 
surplus in scenario C compared with Scenario A.6 in the 
South is explained by the gains from increases in domes-
tic demand owing to the disruptions in food imports. 
Although the magnitude of decreases in consumer sur-
plus differs between the regions, the change relative to 
the consumer surplus in the reference case is similar, 
with a decrease of approximately 6% in Scenario A.6 and 
a decrease of 20% and 21% in Scenario C in the North 
and South, respectively.

The availability metrics SSR and DEP are reduced by 
more than two thirds compared with the reference case 
under scenario A.6 for both regions, but are improved in 
the North in Scenario C (Table 5).

The SSR decreases by 80% and 53% compared with the 
reference case in the North and South regions, respec-
tively. The availability metrics SSR and DEP are improved 
under Scenario C for the North, but are still lower than 
the reference case in the South. Similar to the national 
results, there are minor differences in the AFE metrics 
reflecting economic access, which deteriorate in both 
regions compared with the reference case owing to the 
relatively large increases in food prices.

Discussion
The main qualitative results of this study from the con-
ceptual analysis were as expected. While consumer sur-
plus always decreases from trade disruption, the net 
effect on producers depends on the relative magnitude of 
two counteracting forces: an increase in production cost 
and an increase in sales price. Similarly, the effects on the 
included food security metrics were all indeterminate, 
and depended on the adjustments made by producers 
and consumers to the trade disruptions. The applica-
tion to Sweden of a 50% decrease in the import of inputs 
showed that the reductions in producer surplus and food 
security, as measured by the availability metrics, were 
largest for disruptions in the trade of fuel and fertilisers, 
but could improve with trade disruptions in feed.

It is somewhat difficult to compare the numerical 
results with other studies since similar calculations 

Table 4 Changes in producer and consumer surplus in northern and southern Sweden under different scenarios with 50% import 
reductions (billions of euros)

Scenario North Sweden South Sweden

∆PS ∆CS ∆Total ∆PS ∆CS ∆Total

A.6 all inputs − 0.06 − 0.63 − 0.69 − 0.70 − 3.60 − 4.30

C. A.6 and B − 0.08 − 1.12 − 1.20 − 0.33 − 6.39 − 6.72

Table 5 Food security metrics in the North and South regions under different trade disturbance scenarios

Scenario North Sweden South Sweden

∆SSR ∆DEP ∆AFE ∆SSR ∆DEP ∆AFE

A.6 (all inputs) − 0.04 − 0.05 2.30 − 0.51 − 0.80 1.79

C. A.6 and B 0.05 0.04 2.81 − 0.07 − 0.46 2.20
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have not been undertaken. Some partial comparisons 
can be made regarding the decrease in the food secu-
rity metrics reflecting availability. It is generally consid-
ered that high import dependency contributes to food 
insecurity [16, 17, 51]. This is supported by the results 
in the present study of large decreases in these security 
metrics for fuel and fertilisers with import shares of 
unity. However, despite the relatively high import share 
of feed (approximately 40%), food security improved 
from disruptions in imports owing to the substitution 
of soya protein with domestic forage crops.

The numerical results are based on a number of 
assumptions regarding the choice of method to cal-
culate costs, parameterisation of supply and demand 
functions, capacity constraints in agriculture and the 
processing industry, and the magnitude of trade dis-
turbance. The sensitivity of the assumptions concern-
ing the construction of the SASM model has been 
discussed in [25]. Specific to the present study are the 
choice and magnitude of the imposed trade decreases 
in agricultural inputs and foods by 50%. A decrease in 
the magnitude of the disruption from 50% to 40% in 
Scenario C reduces the losses for consumers by 40%, 
but increases the losses for producers by 11% owing to 
the consumers’ substitution of domestically produced 
food with imports. This, in turn, reduces the availability 
dimension of food security, as measured by the indices 
SSR and DEP, but improves economic access.

Partial agricultural programming models allow for 
interaction between producers and consumers in the 
food sector, but not with actors in other sectors. The 
magnitude of the costs for producers and consum-
ers of the dispersal effects on the rest of the economy 
depends on the size of the food sector in the economy 
and the adjustments made to food trade disturbances in 
the entire economy [52, 53]. The agriculture and food 
processing industry in Sweden accounted for approxi-
mately 2% of GDP in 2021 [54], and the dispersal effects 
of trade disturbances on the rest of the economy may 
therefore be relatively small. Nevertheless, disruptions 
will reduce welfare for consumers, and have indetermi-
nate effects on producers depending on their ability to 
pass on cost increases to consumers.

A basic assumption in agricultural sector models is 
that limited agricultural resources are allocated to their 
best uses in competitive markets [25]. However, if other 
allocation mechanisms were in place, such as imper-
fect markets in the value chain, the total cost would be 
higher [55]. The Swedish Competition Authority [56] 
has raised concerns about inadequate competition in 

the food industry, which is highly concentrated among 
a few companies. The use of the agricultural sector 
model can provide information about a lower limit to 
the cost of different trade disruptions. However, the 
static design of the agricultural sector model in the pre-
sent study excludes, by definition, the dynamic impacts 
of the barriers and responses to them. The positive 
effects on producer surplus in the food sectors in the 
scenarios with barriers to trade of feed and foods may 
promote capital formation and enhance growth in the 
sector [57, 58].

Conclusions
The main findings of the conceptual analyses were that 
consumer surplus always decreases, irrespective of the 
type of trade disruption, but the impacts on producer 
surplus and food security are less clear. The results 
from the application to Sweden of a 50% decrease in the 
imports of different agricultural inputs and/or consump-
tion foods showed that consumers are mainly affected by 
simultaneous disruptions in the import of agricultural 
inputs and foods, with a reduction in consumer surplus 
of at most 21%. Simultaneous disruptions in all inputs 
had the largest negative effects on producer surplus, with 
a 75% reduction. However, disruptions to food imports 
raised the producer surplus because of the increase in 
demand for domestically produced food.

The food security metrics reflecting availability fell 
drastically in the face of disruptions in fuel and fertilisers, 
but improved for feed owing to the substitution of soya 
feed with domestic forage crops. The economic access 
metric always showed a decrease in food security, with a 
maximum decrease of 10% compared with the reference 
case. Another finding was the unequal regional division 
of food security in particular. Whereas the production 
of food was close to or above the actual and minimum 
consumption of calories in the South, production was far 
below these levels in the North. Furthermore, economic 
access was lower in the North, where households spend 
a larger share of their disposable income on food. These 
regional differences were aggravated by trade disruptions.

The different economic impact and food security effects 
depending on the type of trade disruption highlight the 
need to assess these effects when deciding whether and 
how to prepare to mitigate the effects of different trade 
disruptions. The results of this study showed the impor-
tance of agricultural sector modelling, which accounts 
for producer and consumer responses in the food mar-
kets to the trade disturbances. This was manifested by the 
increases in producer surplus from trade disruptions in 
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feed and foreign labour. Another example is that disrup-
tions in the trade of feed, a seemingly vulnerable input 
with a large import share, improved food security in 
the availability dimension owing to the increased use of 
domestic forage crops.

However, the exact figures on the effects should be 
considered with caution owing to the different assump-
tions underlying the calculations with the agricultural 
sector model, as pointed out in “Discussion” section. 
There has been an ongoing development of mathemati-
cal programming for partial equilibrium models as a 
policy tool since its introduction in the 1950s [59]. The 
specific feature of the model used in the present study 
compared with other national sector models is the spa-
tial resolution of trade between different regions in 
Sweden, which allowed for the assessment of regional 
differences in impacts. A relatively recent development 
is the meta-modelling approach, in which an agricul-
tural sector model is combined with a general equilib-
rium approach to assess dispersal effects throughout 
the economy [19, 26]. Further improvements involve 
the consideration of uncertainty in production and 
consumption.

Nevertheless, the agricultural sector model simula-
tions can offer guidance on whether and how to pre-
vent and mitigate the impacts of trade disruptions. 
They provide indicative information about the negative 
effects on producers and consumers and the impact on 
food security, which can be mitigated by a number of 
different policies, such as compensation payments to 
households, the creation of storage reserves, enhanced 
food production and price regulations. The magnitude 
of the compensation payment to consumers can be 

obtained if there is an interest in mitigating the nega-
tive income distribution effects, as with the payments 
made in many countries owing to the high energy 
prices associated with the Russian military intervention 
in Ukraine in 2022. Similarly, the model can be used to 
assess the economic and food security effects of differ-
ent mitigation measures, such as price regulations on 
crucial foods.

The World Bank [60] has shown that the cost of stor-
age reserves for essential inputs and outputs in devel-
oping countries can correspond to 1.9% of their gross 
domestic product. In Sweden, [45, 46] have concluded 
that the cost of storage reserves in Sweden is relatively 
low for agricultural inputs in the short term, but suf-
ficient capacity for livestock farming is cost-efficient 
in the long run. Rosenius  [61] estimates that if there 
is a crisis, current food stocks in Sweden will be suf-
ficient for 1 week. The quantitative results in this study 
highlight the need to consider the large differences in 
food security and economic impacts of trade disrup-
tions in northern and southern Sweden. Calculations of 
the economic impact and food security effects using a 
mathematical programming model of the agricultural 
sector, as in this study, can then be useful when design-
ing the cost-efficient allocation of storage reserves and 
production preparedness in agriculture to achieve food 
security targets in different regions.

Appendix
See Table 6.

Table 6 Population, households, disposable income, food expenditure and energy production and consumption in the reference case

a Swedish Statistics [37]
b 60% of the median income of 37,022 euros and 51,524 euros in the North and South, respectively, and 49,721 euros for the whole of Sweden [15]
c Only national data, with 12.6% of average disposable income of 60,188 euros on food, giving 7,584 euros for the average household for the whole of Sweden [47]. 
Calculations of expenditure for each region,  Expr, are based on the elasticity of food demand with respect to income of 0.5 as an average for the European Union [45], 
and calculated as  Expr = 7584*(1 + 0.5*((Yrl − Y)/Y), where Y = 60,188 and  Yrl is low income levels in the table
d Calculations based on SASM, which is calibrated to actual 2021 levels

Region Population 
(‘000)a

Households 
(‘000)a

Low disposable income (euros/
household)b

Food expenditure (euros/
household)c

Energy  Tcald, prod. 
cons

Total Sweden 10,452 4831 29,612 5658 9557 11,834

North region 1476 723 22,213 5191 87 1799

South region 8976 4108 30,914 5740 9644 10,035



Page 11 of 12Gren et al. Agriculture & Food Security           (2024) 13:28  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40066‑ 024‑ 00483‑3.

Additional file 1: Fig. S1. Sub‑regions and classifications into produc‑
tion and public support regions in SASM. Fig. S2. Regional division of the 
regions in the present study, the SASM model, and counties in Sweden. 
Table S1. Outputs and production factors at the farm level (95 representa‑
tive farms) in the SASM.

Acknowledgements
We are grateful to five anonymous reviewers for their valuable comments.

Author contributions
IMG participated in the conceptualisation, writing of the original draft and 
formal analysis. HA participated in the conceptualisation, writing review and 
editing. LJ was responsible for data curation, software, writing review and edit‑
ing. RK undertook project administration, participated in the conceptualisa‑
tion, and in writing, reviewing and editing. All the authors read and approved 
the final manuscript.

Funding
Open access funding provided by Swedish University of Agricultural Sciences. 
The authors appreciate the funding for the project ‘Economic analysis of food 
preparedness in Sweden’ from the National Veterinary Institute (contract 
number 2020/197).

Availability of data and materials
Data are available upon request from the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 November 2023   Accepted: 18 April 2024

References
 1. Beer T. The impact of extreme weather events on food security. In: Mal S, 

Singh R, Huggel C, editors. Climate change, extreme events and disaster 
risk reduction. Sustainable development goals series. Cham: Springer; 
2018. https:// doi. org/ 10. 1007/ 978‑3‑ 319‑ 56469‑2_8.

 2. Husain A, Sandström S, Gren F, Agamile P. Economic and food security of 
the COVID‑19 outbreak. World Food Programme. https:// relie fweb. int/ 
attac hments/ 6f846 032‑ 3ace‑ 3869‑ af94‑ 04b81 12599 27/ WFP‑ 00001 17420. 
pdf. Accessed 25 July 2023.

 3. Galanakis CM. The, “Vertigo” of the food sectors within the triangle of 
climate change, the post‑pandemic world, and the Russian‑Ukraine war. 
Foods. 2023;12:721. https:// doi. org/ 10. 3390/ foods 12040 721.

 4. Hassen B, Bilali H. Impacts of the Russian‑Ukraine war on global food 
security: Towards more sustainable and resilient food system. Foods. 
2022;11:2301. https:// doi. org/ 10. 3390/ foods 11152 301.

 5. World Economic Forum. Record temperature are driving food prices 
higher. https:// www. wefor um. org/ agenda/ 2023/ 08/ clima te‑ change‑ 
food‑ prices‑ droug ht/. Accessed 6 Oct 2023.

 6. Gruère G, Brooks J. Viewpoint: characterising early agricultural and food 
policy responses to the outbreak of COVID‑19. Food Policy. 2021. https:// 
doi. org/ 10. 1016/j. foodp ol. 2020. 10201 7x.

 7. CGIAR (The Consultative Group on International Agriculture Research) 
Seven actions to limit the impact of war in Ukraine on global food 
security. https:// cgspa ce. cgiar. org/ bitst ream/ handle/ 10568/ 119617/ 
CGIAR% 20UKR AINE% 20‑% 20Sev en% 20act ions. pdf? seque nce= 1& isAll 
owed=y. Accessed 5 Oct 2023.

 8. European Parlament. Russia’s was on Ukraine: EU food policy implica‑
tions. https:// www. europ arl. europa. eu/ RegDa ta/ etudes/ ATAG/ 2022/ 
729368/ EPRS_ ATA(2022) 729368_ EN. pdf. Accessed 3 Oct 2023.

 9. Lantbrukarnas Riksförbund. Importandelen. https:// www. lrf. se/ foret 
agande/ omvar ldsbe vakni ng/ impor tande len/. Accessed 28 Dec 2022

 10. FAO (Food and Agriculture Organisation). Food Security. Policy Brief, 
June Issue 2. https:// www. fao. org/ filea dmin/ templ ates/ faoit aly/ docum 
ents/ pdf/ pdf_ Food_ Secur ity_ Cocept_ Note. pdf. Accessed 25 July 2023.

 11. Jones A, Ngure F, Pelto G, Young S. What are we assessing when we 
measure food security? A compendium and review of current metrics. 
American Society for Nutrition. Adv Nutr. 2013;4:481–505. https:// doi. 
org/ 10. 3945/ an. 113. 004119.

 12. FAO (Food and Agriculture Organization of the United Nations). The 
role of international trade in promoting food security. https:// www. 
wto. org/ engli sh/ news_e/ news23_ e/ agri_ 31mar 23_ pres1_e. pdf. 
Accessed 9 Oct 2023.

 13. Smith V, Glauber J. Trade, policy, and food security. Agric Econ. 
2019;51:159–71. https:// doi. org/ 10. 1111/ agec. 12547.

 14. Saravia‑Matus S, Paloma SG, Mary S. Economics of food security: 
Selected issues. Bio‑Based Appl Econ. 2012;1:65–80. https:// doi. org/ 10. 
13128/ BAE‑ 10552.

 15. Tweeten L. The economics of global food security. Appl Econ Perspect 
Policy. 1999;21:473–88. https:// doi. org/ 10. 2307/ 13498 92.

 16. Hellegers P. Food security vulnerability due to trade dependencies on 
Russia and Ukraine. Food Secur. 2022;14:1503–10. https:// doi. org/ 10. 
1007/ s12571‑ 022‑ 01306‑8.

 17. Horn B, Ferreira C, Kalantari Z. Links between food trade, climate 
change and food security in developed countries: a case study 
of Sweden. Ambio. 2022;51:943–54. https:// doi. org/ 10. 1007/ 
s13280‑ 021‑ 01623‑w.

 18. Gibson M. Food security; a commentary: what is it and why is it so 
complicated? Foods. 2012;1:18–27. https:// doi. org/ 10. 3390/ foods 
10100 18.

 19. M’barek R, Britz W, Burrell A, Delincë J. An integrated modelling plat‑
form for agro‑economic commodity and policy analysis—a look back 
and the way forward. European Commission. https:// op. europa. eu/ 
en/ publi cation‑ detai l/‑/ publi cation/ 33870 485‑ 700d‑ 4ca4‑ 8f73‑ a799b 
67e6c 88/ langu age‑ en. Accessed 3 Oct 2023

 20. Norton R, Shiefer G. Agricultural sector programming models: a review. 
Eur Rev Agric Econ. 1980;7:229–65. https:// doi. org/ 10. 1093/ erae/7. 3. 
229.

 21. Petrolia DR, Kennedy PL. Increasing the United States tariff‑rate sugar 
quota for Cuba and Mexico: A partial‑equilibrium simulation. J Agric Appl 
Econ. 2003;35:589–97.

 22. Fathelrahman E, Davies S, Muhammad S. Food trade openness and 
enhancement of food security—partial equilibrium model simulations 
for selected countries. Sustainability. 2021;13:4107. https:// doi. org/ 10. 
3390/ su130 84107.

 23. Mobarok M, Thompsson W, Skevas T. COVID‑19 and policy impact on 
Bangladesh rice market and food security. Sustainablity. 2021;13:5981. 
https:// doi. org/ 10. 3390/ su131 15981.

 24. Lin F, Li X, Jia M, Feng F, Huang H, Huang J, Fan S, Ciais P, Song X‑P. The 
impact of Russia‑Ukraine conflict on global food security. Glob Food 
Secur. 2023. https:// doi. org/ 10. 1016/j. gfs. 2022. 100661.

 25. Jonasson L. Beskrivning av SASM—En Ekonomisk Optimeringsmodell 
över Jordbrukssektorn i Sverige. Report 6815, Swedish Environment 
Protection Agency; 2018

 26. Nehrey M, Kaminksy A, Komar M. Agro‑economic models: a review and 
directions for research. Period Eng Nat Sci. 2019;7:2. https:// doi. org/ 10. 
21533/ pen. v7i2. 579.

 27. Varian H. Intermediate microeconomics. London: WW Norton Company; 
2019.

 28. Sumsion R, June H, Cope M. Measuring food insecurity: the problem of 
semantics. Foods. 2023;12:1816. https:// doi. org/ 10. 3390/ foods 12091 816.

https://doi.org/10.1186/s40066-024-00483-3
https://doi.org/10.1186/s40066-024-00483-3
https://doi.org/10.1007/978-3-319-56469-2_8
https://reliefweb.int/attachments/6f846032-3ace-3869-af94-04b811259927/WFP-0000117420.pdf
https://reliefweb.int/attachments/6f846032-3ace-3869-af94-04b811259927/WFP-0000117420.pdf
https://reliefweb.int/attachments/6f846032-3ace-3869-af94-04b811259927/WFP-0000117420.pdf
https://doi.org/10.3390/foods12040721
https://doi.org/10.3390/foods11152301
https://www.weforum.org/agenda/2023/08/climate-change-food-prices-drought/
https://www.weforum.org/agenda/2023/08/climate-change-food-prices-drought/
https://doi.org/10.1016/j.foodpol.2020.102017x
https://doi.org/10.1016/j.foodpol.2020.102017x
https://cgspace.cgiar.org/bitstream/handle/10568/119617/CGIAR%20UKRAINE%20-%20Seven%20actions.pdf?sequence=1&isAllowed=y
https://cgspace.cgiar.org/bitstream/handle/10568/119617/CGIAR%20UKRAINE%20-%20Seven%20actions.pdf?sequence=1&isAllowed=y
https://cgspace.cgiar.org/bitstream/handle/10568/119617/CGIAR%20UKRAINE%20-%20Seven%20actions.pdf?sequence=1&isAllowed=y
https://www.europarl.europa.eu/RegData/etudes/ATAG/2022/729368/EPRS_ATA(2022)729368_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/ATAG/2022/729368/EPRS_ATA(2022)729368_EN.pdf
https://www.lrf.se/foretagande/omvarldsbevakning/importandelen/
https://www.lrf.se/foretagande/omvarldsbevakning/importandelen/
https://www.fao.org/fileadmin/templates/faoitaly/documents/pdf/pdf_Food_Security_Cocept_Note.pdf
https://www.fao.org/fileadmin/templates/faoitaly/documents/pdf/pdf_Food_Security_Cocept_Note.pdf
https://doi.org/10.3945/an.113.004119
https://doi.org/10.3945/an.113.004119
https://www.wto.org/english/news_e/news23_e/agri_31mar23_pres1_e.pdf
https://www.wto.org/english/news_e/news23_e/agri_31mar23_pres1_e.pdf
https://doi.org/10.1111/agec.12547
https://doi.org/10.13128/BAE-10552
https://doi.org/10.13128/BAE-10552
https://doi.org/10.2307/1349892
https://doi.org/10.1007/s12571-022-01306-8
https://doi.org/10.1007/s12571-022-01306-8
https://doi.org/10.1007/s13280-021-01623-w
https://doi.org/10.1007/s13280-021-01623-w
https://doi.org/10.3390/foods1010018
https://doi.org/10.3390/foods1010018
https://op.europa.eu/en/publication-detail/-/publication/33870485-700d-4ca4-8f73-a799b67e6c88/language-en
https://op.europa.eu/en/publication-detail/-/publication/33870485-700d-4ca4-8f73-a799b67e6c88/language-en
https://op.europa.eu/en/publication-detail/-/publication/33870485-700d-4ca4-8f73-a799b67e6c88/language-en
https://doi.org/10.1093/erae/7.3.229
https://doi.org/10.1093/erae/7.3.229
https://doi.org/10.3390/su13084107
https://doi.org/10.3390/su13084107
https://doi.org/10.3390/su13115981
https://doi.org/10.1016/j.gfs.2022.100661
https://doi.org/10.21533/pen.v7i2.579
https://doi.org/10.21533/pen.v7i2.579
https://doi.org/10.3390/foods12091816


Page 12 of 12Gren et al. Agriculture & Food Security           (2024) 13:28 

 29. Baer‑Nawrocka A, Sadowski A. Food security and food self‑sufficiency 
around the world: a typology of countries. PLoS ONE. 2019;14: e0213448. 
https:// doi. org/ 10. 1371/ journ al. pone. 02131 3448.

 30. Manikas J, Ali B, Sundarakani B. A systematic literature review on measur‑
ing food security. Agric Food Secur. 2023;12:10. https:// doi. org/ 10. 1186/ 
s40066‑ 023‑ 00415‑7.

 31. Clapp J. Food self‑sufficiency: Making sense of it, and when it makes 
sense. Food Policy. 2017;66:88–96.

 32. Sen A. Famines. World Dev. 1980;8:613–22.
 33. Swedish Statistics. Markanvändning i Sverige 2015. https:// www. scb. se/ 

hitta‑ stati stik/ stati stik‑ efter‑ amne/ miljo/ marka nvand ning/ marka nvand 
ningen‑ i‑ sveri ge/. Accessed 3 July 2023.

 34. Swedish Food Agency. Näringsämnen: Energi. Kalorier. https:// www. 
livsm edels verket. se/ livsm edel‑ och‑ inneh all/ narin gsamne/ energi‑ kalor ier. 
Accessed 1 July 2022.

 35. Swedish Statistics. Folkmängd efter Ålder och Kön 1860–2020. https:// 
www. stati stikd ataba sen. scb. se/ pxweb/ sv/ ssd/ START__ BE__ BE010 1__ 
BE010 1A/ Befol kning R1860N/. Accessed 29 June 2022.

 36. Swedish Food Agency. Food data base. https:// www. livsm edels verket. se/ 
en/ food‑ and‑ conte nt/ narin gsamn en/ livsm edels datab asen. Accessed 25 
Sept 2022.

 37. Swedish Statistics 2023 Låg inkomststandard. https:// www. scb. se/ conte 
ntass ets/ 894d4 afa90 0f412 3aece 341cd 10e59 e2/ att‑ mata‑ fatti gdom‑ pdf/. 
Accessed 10 Nov 2023.

 38. Swedish Statistics. 2023 Household budget surveys. https:// www. scb. se/ 
en/ findi ng‑ stati stics/ stati stics‑ by‑ subje ct‑ area/ house hold‑ finan ces/ house 
hold‑ expen ditur es/ house hold‑ budget‑ survey‑ hbs/. Accessed 10 Nov 
2023.

 39. Femenia F. 2019. A meta‑analysis of the price and income elasticities of 
food demand. University works, Inconnu. 78 p. hal‑02103880. https:// hal. 
scien ce/ hal‑ 02103 880/ docum ent. Accessed 15 Oct 2023.

 40. Swedish Board of Agriculture. Stöd till lantbrukare och verksamma på 
landsbygden. https:// jordb ruksv erket. se/ stod. Accessed 20 Jan 2023.

 41. Rosenthal R. GAMS—a user’s guide. Washington DC, USA: GAMS Devel‑
opment Corporation; 2008.

 42. Swedish Board of Agriculture 2023. EAA – Ekonomisk kalkyl för jord‑
brukssektorn preliminära beräkningar för 2021 och 2022. https:// jordb 
ruksv erket. se/ om‑ jordb ruksv erket/ jordb ruksv erkets‑ offic iella‑ stati stik/ 
jordb ruksv erkets‑ stati stikr appor ter/ stati stik/ 2023‑ 02‑ 09‑ eaa‑‑‑ ekono 
misk‑ kalkyl‑ for‑ jordb rukss ektor n.‑ preli minar‑ utvec kling‑ for‑ 2021‑ 2022. 
Accessed 12 June 2023.

 43. Andersson H, Gren I‑M, Jonasson L, Knutsson R. Samhällsekonomiska 
aspekter på svensk livsmedelsförsörjning—ett nationellt och regionalt 
perspektiv. Working paper 2022:2, Department of Economics, Swedish 
University of Agricultural Sciences, Uppsala, Sweden; 2022.

 44. INDDER (International Dietary Data Expansion Project) Household food 
expenditures. https:// inddex. nutri tion. tufts. edu/ data4 diets/ indic ator/ 
house hold‑ food‑ expen diture‑ share. Accessed 5 Sept 2023.

 45. Folkesson L. Models for planning food supply in Sweden under emer‑
gency conditions. Eur Rev Agric Econ. 1973;1:79–95.

 46. Gulbrandsen O, Lindbeck A. Jordbrukspolitikens Mål och Medel. Stock‑
holm: Bonniers Boktryckeri; 1968.

 47. Wijk J. Svarta börsen, samhällslojalitet i kris: livsmedelsransoneringarna 
och den illegala handeln i Sverige 1940–1949. Stockholm: Almqvist & 
Wiksell International; 1992. p. 17–9.

 48. Bené C. Resilience of local food systems and links to food security—a 
review of some important concepts in the context of COVID‑19 and 
other shocks. Food Secur. 2020;12:805–22. https:// doi. org/ 10. 1007/ 
s1257‑ 020‑ 01076‑1.

 49. Eriksson C. Livsmedelsproduktion ur ett beredskapsperspektiv. Future 
Food Report 1, Swedish University of Agricultural Sciences, Uppsala, 
Sweden; 2018.

 50. Swedish Ministry of Defence. Försvarspolitisk Inriktning ‑ Sveriges Försvar 
2016–2020. Prop. 2014/15:109. Stockholm; 2015

 51. Zhang Z, Abdullah M, Xu G, Matsubae K, Zeng X. Countires’ vulneratilibity 
to food supply disruptions caused by the Russia‑Ukraine war from a trade 
dependency perspective. Sci Rep. 2023;13:16591. https:// doi. org/ 10. 
1038/ s41598‑ 023‑ 43883‑4.

 52. Brännlund R, Kriström B. Welfare measurement in single and multima‑
rket models: Theory and applications. Am J Agric Econ. 1996;78:157–65. 
https:// doi. org/ 10. 2307/ 12437 87.

 53. Kotchen MJ, Levinson A. When can benefit‑cost analysis ignore second‑
ary markets? J Benefit‑Cost Anal. 2023;14:114–40. https:// doi. org/ 10. 
1017/ bca. 2022. 22.

 54. Ekonomifakta. BNP uppdelat efter produktion. https:// www. ekono mifak 
ta. se/ Fakta/ makro eonomi/. Accessed 11 Oct 2023.

 55. Ihle R, Rubin O, Bar‑Nahum Z, Jongeneer R. Imperfect food market in 
times of crisis: Economic consequences of supply change disruptions 
and fragmentation for local market power and urban vulnerability. Food 
Secur. 2020;12:727–34. https:// doi. org/ 10. 1007/ s12571‑ 020‑ 01084‑1.

 56. Swedish Competition Authority. The Swedish Competition Authority can 
se a risk for inadequate competition and unjustified price increases in the 
food industry. https:// www. konku rrens verket. se/ en/ news/. Accessed 10 
Oct 2023.

 57. Athari S, Kirikkaleli D, Wada I, Adebay T. Examining the sectoral credit‑
growth nexus in Australia: a time and frequency dynamic analysis. 
Econom Comput Econom Cybernet Stud Res. 2021;4:55. https:// doi. org/ 
10. 24818/ 18423 264/ 55.4. 21. 05.

 58. Öhlund E, Malmeus M, Feuré E. The significance of different realms of 
value for agricultural land in Sweden. Land Use Policy. 2020;96: 104174. 
https:// doi. org/ 10. 1016/j. landu sepol. 2020. 104714.

 59. Samuelsson P. Spatial price equilibrium and linear programming. Am 
Econ Rev. 1952;42:283–303.

 60. World Bank. 2012. Using Public Food Grain Stocks to Enhance Food Secu‑
rity. Washington, DC. https:// openk nowle dge. world bank. org/ handle/ 
10986/ 11878. Accessed 27 Dec 2022.

 61. Rosenius F. Ett Nytt Totalförsvar. En Vitbok från KV21 (Krigsvetenskap i 
det 21:a århundrandet). Stockholm: Kungliga krigsvetenskapsakademin; 
2017.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.021313448
https://doi.org/10.1186/s40066-023-00415-7
https://doi.org/10.1186/s40066-023-00415-7
https://www.scb.se/hitta-statistik/statistik-efter-amne/miljo/markanvandning/markanvandningen-i-sverige/
https://www.scb.se/hitta-statistik/statistik-efter-amne/miljo/markanvandning/markanvandningen-i-sverige/
https://www.scb.se/hitta-statistik/statistik-efter-amne/miljo/markanvandning/markanvandningen-i-sverige/
https://www.livsmedelsverket.se/livsmedel-och-innehall/naringsamne/energi-kalorier
https://www.livsmedelsverket.se/livsmedel-och-innehall/naringsamne/energi-kalorier
https://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__BE__BE0101__BE0101A/BefolkningR1860N/
https://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__BE__BE0101__BE0101A/BefolkningR1860N/
https://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__BE__BE0101__BE0101A/BefolkningR1860N/
https://www.livsmedelsverket.se/en/food-and-content/naringsamnen/livsmedelsdatabasen
https://www.livsmedelsverket.se/en/food-and-content/naringsamnen/livsmedelsdatabasen
https://www.scb.se/contentassets/894d4afa900f4123aece341cd10e59e2/att-mata-fattigdom-pdf/
https://www.scb.se/contentassets/894d4afa900f4123aece341cd10e59e2/att-mata-fattigdom-pdf/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/household-finances/household-expenditures/household-budget-survey-hbs/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/household-finances/household-expenditures/household-budget-survey-hbs/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/household-finances/household-expenditures/household-budget-survey-hbs/
https://hal.science/hal-02103880/document
https://hal.science/hal-02103880/document
https://jordbruksverket.se/stod
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-02-09-eaa---ekonomisk-kalkyl-for-jordbrukssektorn.-preliminar-utveckling-for-2021-2022
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-02-09-eaa---ekonomisk-kalkyl-for-jordbrukssektorn.-preliminar-utveckling-for-2021-2022
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-02-09-eaa---ekonomisk-kalkyl-for-jordbrukssektorn.-preliminar-utveckling-for-2021-2022
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-02-09-eaa---ekonomisk-kalkyl-for-jordbrukssektorn.-preliminar-utveckling-for-2021-2022
https://inddex.nutrition.tufts.edu/data4diets/indicator/household-food-expenditure-share
https://inddex.nutrition.tufts.edu/data4diets/indicator/household-food-expenditure-share
https://doi.org/10.1007/s1257-020-01076-1
https://doi.org/10.1007/s1257-020-01076-1
https://doi.org/10.1038/s41598-023-43883-4
https://doi.org/10.1038/s41598-023-43883-4
https://doi.org/10.2307/1243787
https://doi.org/10.1017/bca.2022.22
https://doi.org/10.1017/bca.2022.22
https://www.ekonomifakta.se/Fakta/makroeonomi/
https://www.ekonomifakta.se/Fakta/makroeonomi/
https://doi.org/10.1007/s12571-020-01084-1
https://www.konkurrensverket.se/en/news/
https://doi.org/10.24818/18423264/55.4.21.05
https://doi.org/10.24818/18423264/55.4.21.05
https://doi.org/10.1016/j.landusepol.2020.104714
https://openknowledge.worldbank.org/handle/10986/11878
https://openknowledge.worldbank.org/handle/10986/11878

	Economic impact and food security effects of trade disruptions in agricultural products for Sweden
	Abstract 
	Introduction
	Conceptual framework
	Economic impacts on producers and consumers
	Measuring food security

	Data retrieval and scenarios
	Study area
	Data retrieval
	Trade barrier scenarios

	Results
	Total effects
	Regional effects

	Discussion
	Conclusions
	Appendix
	Acknowledgements
	References


