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Abstract
Emergency stocks are established to secure food supplies in the event of crisis and war. The net value of an 
emergency stock of an agricultural input depends on the cost of storing and the production value of the 
input in the case of a crisis event. In this study, such net values are calculated for five agricultural inputs (fuel, 
nitrogen fertilizer, seeds, pesticides and protein feed) for a crisis with a 50% reduction in the supply of inputs. The 
production value of each input is calculated using the price elasticity of demand for inputs and the cost of stocks 
is estimated through interviews with industry-specific experts. Results from the qualitative analyses show that 
farmers buying the inputs always gain from the use of emergency stocks, while the effect on sellers is determined 
by relative changes in prices and quantities with and without releasing the stock in the crisis event. The estimated 
cost of stockpiling as a percentage of the input price without a crisis varies between 5% (pesticides) and 14% 
(diesel fuel). The results of a 50% reduction in the available supply of each input reveal large variations in the 
farmers’ and sellers’ net value of emergency stocks in the event of a rapid liquidation: between 0.08 billion euros 
(pesticides) and 0.59 billion euros (diesel fuel). However, stock disposal can result in lower profits for sellers of the 
inputs. A comparison of different mechanisms show that any losses can be compensated and provide net revenues 
for the stock owner. Furthermore, the net value for each input decreases with the length of the period between 
the stock build-up and crisis. The cost of holding emergency stocks arises every year, while the economic value 
materializes in the year of a crisis. This is relevant for rebuilding civil defence in a broader sense. This highlights the 
importance of timing stockpiling for effective food preparedness.
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Introduction
Ongoing climate change and geopolitical tensions with 
an impact on trade and the digital logistics infrastructure 
are challenging global food security. Several countries 
have recognized the need to provide critical goods and 
inputs during crisis scenarios, such as the EU initiative 
for a new stockpiling strategy [1] and contingency plan 
for ensuring food security [2]. Against this background 
and the fact that Sweden joined NATO in 2024, the Gov-
ernment Offices of Sweden note that Sweden’s resilience 
during various crises requires secured access to critical 
goods and services, such as essential production factors 
for producing food [3].

Sweden developed an extensive food security system 
after the Second World War, which included emergency 
stocks of various agricultural inputs and food items along 
with their geographical location [4]. During the Cold 
War, the storage capacity for agricultural inputs was 
greatly increased and subject to the responsibility of the 
Swedish Civil Contingency Agency [5]. The stocks were 
gradually phased out and completely emptied of inputs in 
1997 and of food products a couple of years later. How-
ever, current geopolitical conditions have brought the 
issue of emergency stocks back to the forefront as the 
result of a governmental investigation of food security [3] 
and, more specifically, regarding the need to store input 
goods for the agricultural sector to ensure a certain level 
of food production [6].

Several studies have pointed to the severe economic 
effects, mainly on developing countries, of a crisis in 
terms of trade disruptions and fluctuating prices with-
out the accessibility of food stocks [7, 8]. A study of Swe-
den revealed that costs can be extensive for farmers if 
imports of agricultural inputs are halved compared to a 
baseline scenario without a crisis [9]. Profits in the agri-
cultural sector could be reduced by 55% due to a decrease 
in imports of fossil fuels and by 25% due to a decrease 
in imports of nitrogen fertilizers. Stocks of feed and food 
may reduce such costs, but also entail expenses for man-
aging and investing in storage capacity. The net economic 
value depends on the costs of stockpiling and on the 
value of using the stocks in a crisis situation. The value, 
in turn, is determined by the contribution of the stocks 
to food security, the concept of which is four dimensional 
and includes, in general, physical, economic and stable 
access to food with sufficient nutrient content. There is a 
large body of literature on the measurement of food secu-
rity in one or several of these aspects [10, 11].

The purpose of this study is to calculate the net eco-
nomic value of emergency stocks for five essential agri-
cultural inputs (fossil fuel, nitrogen fertilizer, seeds, 
pesticides and protein feed) in Sweden. The choice of 
these inputs rests on prioritizing emergency stocks of 
agricultural inputs by the Swedish Board of Agriculture 

[6]. The sufficient supply of key agricultural inputs, such 
as fertilizer and fuel, in a time of crisis has also been 
emphasized by the European Commission [2]. A limita-
tion is made by calculating the value of stock releases of 
the inputs for sellers and buyers, i.e. farmers. Estimating 
contributions to food security would require informa-
tion on the use of the inputs for producing different types 
of food and their nutrient content. Data for this are not 
available. The net economic value of an emergency stock 
of each input is then calculated as the sum of the stock 
value for sellers and farmers net of stockpiling costs.

The stock release value for farmers is defined as the net 
production value of the input and the value for sellers as 
the net income from selling the input. The size of these 
values depends on several factors, such as the impact of 
the stock release on the price of the input, effects on the 
use of other inputs and on the demand for the foods pro-
duced by the inputs. This study uses a simplified analysis 
where the production value is calculated based on infor-
mation about the demand for the inputs at different fac-
tor prices. This reflects the marginal production value of 
the input. Advantages with this approach are the need 
for a limited set of data and simple calculation meth-
ods. Costs for emergency stocks include capital costs for 
investments in suitable storage buildings, maintenance 
costs and interest on the capital tied up in the stock. 
Data on these items are obtained from industry-specific 
experts.

There is a relatively large body of literature that has 
analysed the effects of governance measures, such as 
trade regulation and storage reserves to increase food 
security in terms of physical and economic access to 
food, especially in developing countries, but without cal-
culating the economic value (see meta-analysis in [11]). 
A few studies have analysed the value for producers and 
consumers of using stocks to stabilize the prices of essen-
tial foods [12–14] or of stock releases in times of crisis 
[15, 16]. A number of studies have estimated the costs 
of emergency stocks, but without calculating their eco-
nomic value [6, 17–21].

The main contribution of this study is the calculation of 
the economic benefits as well as​ the costs of emergency 
stocks of agricultural inputs, which has not been done 
in any previous study. Another is the relatively simple 
method suggested for these calculations, which rests on 
a limited set of data. The study is organized as follows. 
A brief literature review of studies calculating either the 
costs or values of emergency stock is presented in Sect. 2, 
followed by the conceptual framework for our calcula-
tions and associated qualitative analyses in Sect. 3. Data 
for calculating stock values ​​and costs are reported in 
Sect. 4 and the results are presented in Sect. 5. The study 
ends with a discussion and conclusions.
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Literature overview
In the literature, the value of stockpiling food has been 
calculated as the impacts on producers and consumers, 
but in different ways depending on whether the purpose 
of stockpiling is to stabilize prices or to ensure food in 
times of crisis. A majority of the studies estimated the 
values of stabilizing prices in a theoretical framework [8, 
12–14], with a few empirical applications [20]. The liter-
ature on the value of emergency stocks is much smaller 
and diverse with respect to methods used [15, 16]. Wes-
seler [15] presented a theoretical model of impacts on 
producers and consumers of a given food stock, but with 
an uncertain timing of the crisis. Gren et al. [16] applied 
another approach where the value of wild animal game as 
emergency stock was calculated as the cost for the agri-
cultural sector to produce the same amount of nutrients.

However, almost all empirical studies on the economic 
effects of emergency stocks of agricultural inputs and 
foods estimate only the costs, which are calculated for 

different crisis scenarios, countries, goods and in differ-
ent ways (Table 1).

The calculated annual costs of emergency stocks range 
between 0.02 and 0.11 billion euros due to differences 
in, among others, the choice of crisis scenario, problem 
formulation and calculation methods. Two studies cal-
culated the costs for the agricultural sector to achieve 
predetermined food security targets as measured in the 
minimum amount of nutrients under a given supply 
decrease scenario [17, 18]. Folkesson [18] minimized the 
total cost of production preparedness and stockpiling in 
a dynamic optimization model taking into account the 
relationship between grain and livestock production, 
risks in cultivation, restrictions on emergency food and 
requirements for crop rotation and land use in primary 
production. The range in estimated costs is due to the 
risk in crop yield affected by weather conditions, for 
example.

The other studies estimate the cost of stockpiling feed 
and/or food without specifying the commodities [19, 21] 
or for a single commodity (grain) [20, 22]. Apart from 
[22], none of the studies reports different storage cost 
components. The Swedish Board of Agriculture [22] cal-
culated the cost per tonne of stored grain specified as the 
annualized capital cost of investment in silos.

Conceptual framework
The point of departure in this study is a crisis where the 
supply of an input is reduced drastically from Business 
As Usual (BAU) to Xcr because of trade restrictions, for 
example. This decrease is counteracted by disposal of the 
stock Xs and the supply of the input is then Xcsc=Xcr+Xs. 
The net economic value of the stock, NEVS, is calcu-
lated as the difference between values with and without 
the stock disposal minus the cost of stockpiling. This is 
defined as:

	 NEV S = V (Xcrs) − V (Xcr) − C(Xs)� (1)

where V(Xcrs) and V(Xcr) are the values with and with-
out the stock disposal respectively and C(Xs) is the cost 
of stockpiling. This includes the costs for facilities and 
the operating costs of the stock (see Sect.  4.2 for more 
details). The value in both cases is defined as the sum of 
profits from selling the input, the ‘producer surplus’ (PS), 
and farmers’ profits from purchasing the input, described 
as the farmer surplus (FS). The value is then defined as 
V(X) = PS + FS. Simple functions are assumed where 
PS = pX-C(X) and p is the price of the input before the 
crisis and C(X) is a cost function showing how the cost 
increases as production of the input increases. Similarly, 
the farmer surplus of the input is defined as FS = I(X)-pX 
where I(X) shows the production value of the input and 
pX is the cost.

Table 1  Studies on the costs and values of emergency stocks of 
agricultural inputs and foods in different regions, scenarios and 
goods
Coun-
try, 
year

Reference Scenario Stored 
goods

Costa Valuea

Swe-
den, 
1966

Gulbrand-
sen and 
Lindbeck 
[17]

Trade 
blockade for 
3 years

Agri-
cultural 
inputs 
and 
food 
items

0.2 billion 
euros/year

Swe-
den, 
1973

Folkesson 
[18]

Trade 
blockade for 
3 years

Agri-
cultural 
inputs 
and 
food 
items

0.04–0.11 
billion 
euros/year

Ethio-
pia, 
2012

World 
Bank [20]

3–9 months Grain 35–54 USD/
tonne

Ger-
many 
(DE) 
and 
Swit-
zerland 
(CH), 
2019

Stenérus 
et al. [19]

Decrease in 
supply for 
3–4 months

Food 
items

0.02 (DE) 
and 0.4 
(CH) billion 
euros/year

Swe-
den, 
2022

MSB [21] 3-month 
trade 
blockade

Agri-
cultural 
inputs

0.06 billion 
euros/year

Swe-
den, 
2024

Gren et al. 
[16]

1-year trade 
blockade

Wild 
game 
animals

0.01–0.45 
billion 
euros/year

Swe-
den, 
2024

SBA [22] Not 
specified

Grain 26 euros
/tonne/year

a cost of storage, euros at 2023 price level
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The equilibrium prices with and without the stock 
disposal are pcrs and pcr respectively, where pcrs < pcr. In 
order to assess the effects on PS, it is assumed that the 
sellers obtain income from selling the stock of the input, 
but the stock is owned and paid for by the government. 
Such a system has been suggested by a Swedish govern-
mental investigation [3]. This means that the sellers can 
sell the quantity Xcrs to farmers at the equilibrium price 
pcrs when the stock is released. The effects on PS and FS 
of the disposal of Xs are then calculated as:

	 PS(Xs) = pcrsXcrs − pcrXcr � (2)

	 FS(Xs) = I(Xcrs) − pcrsXcrs − (I(Xcr) − pcrXcr))� (3)

Given these definitions, PS(Xs)> (<) 0 depending on the 
relation between changes in equilibrium price and quan-
tity of the input due to the disposal. The stock disposal 
raises the supply of the input, which, in turn, reduces the 
equilibrium price and the impact on PS is then deter-
mined as:

	
PS(Xs) > (<)0 when

pcrs

pcr
> (<) Xcr

Xcrs � (4)

The left-hand side of the inequality expression in Eq. (4) 
shows the relative decrease in price due to the stock dis-
posal and the right-hand side is the relative increase in 
quantity. The sellers’ surplus of the disposal of the stock 
is, thereby, positive when the relative decrease in price 
is lower than the relative increase in quantity. For exam-
ple, if the stock disposal implies doubling the input sup-
ply in the crisis situation (i.e., when the right-hand side 
of Eq.  (4) is 0.5), the price must decrease by less than 
50% (i.e., the left-hand side is > 0.5). The losses from a 
decrease in price due to the stock disposal are then com-
pensated by the increase in benefits from larger sales of 
the input. The amount of the price and quantity impacts 
of a given supply increase are determined by the farm-
ers’ options to adjust production. When input demand is 
elastic, i.e. when the percentage change in input demand 
is higher than the percentage change in price, the adjust-
ment options are high and vice versa when demand is 
inelastic.

Unlike the seller surplus, the farmer surplus of the 
stock disposal is always positive:

	 FS(Xs) = I(Xcrs) − pcrsXcrs − (I(Xcr) − pcrXcr) > 0� (5)

Income increases from the disposal of Xs and the equilib-
rium input price decreases.

Calculating PS(Xs) and FS(Xs) as defined in Eqs.  (2)-
(3), the NEVS are estimated as the differences in farmers’ 

income from the input with and without disposal of the 
stock minus the storage cost. This is written as:

	 NEV S = I(Xcrs) − I(Xrs) − cXs� (6)

However, an aspect not considered in Eq.  (6) is that 
stockpiling costs are incurred during a period without a 
crisis, while the value is obtained when the stock is dis-
posed of in a crisis situation. A long (short) period of 
time without a crisis entails relatively high (low) storage 
costs. In addition, the discount rate implies that future 
stockpiling costs and value are reduced. The value of the 
stock then decreases during the period before a crisis 
occurs. Regardless of the time period, the value is cal-
culated based on the assumption that the supply of the 
input increases by emptying the stock during the year the 
crisis occurs. This means that the stock must be avail-
able at the beginning of the crisis year. The net economic 
value of the stock in period T then becomes:

	 NEV ST = (I (Xcrs) −I (Xcr))ρ T −
∑ T −1

t=0
cXsρ t� (7)

where ρ t = 1/(1 + r)t is the discount factor with the 
discount rate r.

The government’s budget net revenues (BNR) from a 
stock release can be negative or positive depending on 
the relationship between the unit cost of stockpiling, c, 
and the stock release price, pcrs, according to:

	 BNR = (pcrs − c)Xs� (8)

A relatively low Xs implies a high pcrs and vice versa. 
Depending on the policy design, positive BNR can be 
used to compensate any seller losses from the release of 
the stocks.

Although simple, the conceptual analysis enables the 
following qualitative conclusions to be made:

 	• FS is always positive from the disposal of input stock 
in a crisis situation.

 	• PS is positive (negative) for a relatively low (high) 
reduction in the equilibrium price compared with a 
high (low) increase in the stock release.

-The timing of a crisis and subsequent disposal of stocks 
affect the NEVS; a long period of.

stockpiling before a crisis leads to relatively low NEVS 
and vice versa.

 	• A stock owner’s budget net revenues can be positive 
and used to compensate any seller losses from a 
stock release.
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Description of data
There are no data on either production values or stock-
piling cost at different input and stock levels for any of 
the five chosen inputs (nitrogen fertilizers, seeds, pesti-
cides, protein feed and diesel fuel). Calculations have, 
therefore, been made by approximating production val-
ues with the use of estimated price elasticities of input 
demand in the literature. These are estimated using 
econometric methods based on actual input prices and 
demand by farmers during a time period with fluctuating 
prices and associated input demands. Such data are not 
available for stockpiling costs and estimates are based on 
expert judgements.

The production value of an agricultural input
The production value, i.e., income, of each input is cal-
culated based on demand for an input at different given 
input prices. This approach has been used by several 
studies in environmental economics e.g., [23, 24]. An 
underlying assumption is that the farmer purchases an 
input as long as the marginal revenue (value of a marginal 
product) is larger than the marginal cost, i.e., the price, of 
the input. The marginal revenue is, in turn, determined by 
the prices of the food sold to its consumers and the mar-
ginal production of the food items by the input. A simpli-
fication is made in this study that the consumer prices are 
not affected, since the calculations of such changes would 
require a more complex partial equilibrium sector model. 
The farmers’ demand is, consequently, a function of the 
input price, X = X(p). However, in the present study, the 
supply of X is exogenous and the price is determined by 
farmers’ responses to the change in X. An increase in X 
generates a decrease in the marginal revenue of the input 
and the farmers will buy more of the input only if the 
price (i.e., marginal cost) is decreased and vice versa. This 
response is found from the inverse of the demand func-
tion, p = p(X), which shows the equilibrium input price 
at each level of X. The production value of the total use 
of the input is then obtained by integrating the inverse 
demand according to:

	
I (X) =

ˆ Xn

0
p (X) dX � (9)

where Xn is the supply of inputs under the two different 
scenarios n = Xcr,Xcrs (crisis without and with the stock 
release). A linear function p = pmax-aX is assumed, where 
pmax is the maximum price farmers are willing to pay 
for the input and the coefficient a shows the change in p 
from a unit change in X. Both pmax and a are calculated 
based on existing estimates of price elasticities of input 
demand and official statistics on the levels of price and 
quantity in 2023.

Estimates of price elasticities for Sweden are available 
for nitrogen fertilizers, herbicides, fungicides and insec-
ticides. The estimated price elasticity of nitrogen fertil-
izers varies between − 0.2 and − 0.5, i.e., a 1% increase 
in the price of commercial nitrogen fertilizer results in a 
decrease in demand of between 0.2% and 0.5% [25, 26]. 
This implies that the price of the input decreases between 
2% and 5% if there is a 1% increase in the input supply. 
There are also a number of studies that calculate price 
elasticity for pesticides (meta-analysis in [27]). In this 
study, we use the elasticities estimated by [28] for the 
demand for herbicides, fungicides and insecticides in 
Sweden. These amount to −0.97, −0.34 and − 0.16 respec-
tively. Such elasticity is not available for glyphosate and it 
is assumed to be the same as for herbicides. Several stud-
ies have estimated price elasticities of diesel demand for 
Sweden [29–31], but not specifically for agriculture. The 
results for total demand of diesel show a range between − 
0.2 and − 0.6 and we assume an elasticity of −0.2 for the 
agricultural demand in the present study.

Unlike fertilizers, pesticides and fuel, there are quite a 
few price elasticity estimates for seeds and protein feed. 
We have only found studies on price elasticity estimates 
of feed in different regions of the USA [32, 33]. The 
results show variations between − 0.15 and − 0.37 for the 
different regions. In this study, we assume an elasticity of 
−0.25 for both inputs.

Given all assumptions and existing data, the estimated 
parameter values ​​in the inverted demand function for 
each input are as reported in Table 2.

These functions provide information about pcr and pcrs 
for each input at certain levels of Xcr and Xcrs respectively. 
For example, the pcr for nitrogen fertilizer when the sup-
ply is 92,000 tonnes, which implies a reduction by one 
half of its use in 2023 (Table S1 in Supplementary Mate-
rial), is 3.45 euros/kg ( 5.68 − 0.024x92 = 3.45). When 
the stock release compensates for this reduction in sup-
ply, the equilibrium price is the same as the BAU price 
before the crisis, i.e. pcrs=p, which amounts to 1.31 euros/
kg. It can then be concluded that this stock disposal 
implies losses for its sellers, since its reduction in price 

Table 2  Calculated parameters for inverted factor demand for 
agricultural inputs (p = pmax- aX) where X is measured in thousand 
metric tons

pmax, euro/kg a
Nitrogen fertilizer 5.68 0.024

Seeds 2.66 0.012

Protein feed 2.52 0.002

Pesticides:

  Herbicides 115.8 41.06

  Fungicides 587.2 2435

  Insecticides 1771 45,294

Diesel fuel 8.22 0.029
Source: Supplementary Material Section A
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is relatively larger than the increase in input supply, i.e., 
(1.31/3.45) < 0.5.

Based on the estimates in Table  2, calculations are 
made of PS, FS and associated NEVS for all inputs but 
diesel fuel. The inverted demand function in Table 2 for 
diesel fuel only shows the demand by the agricultural 
sector, which constitutes a small share of the total diesel 
demand in Sweden. Therefore, calculations are only made 
of the impacts on farmers of changes in the supply of fos-
sil diesel fuels.

Stockpiling costs
Stockpiling costs consist of three main components: (i) 
investment cost for storage facilities, (ii) operating costs 
and (iii) rental cost of the capital tied up in the stock. 
The investment cost in a warehouse building differs 
between the inputs and is determined by the assumed 
size and type of the building and its technical life length. 
Operational costs include the costs of loading machines, 
labour and waste due to, for example, losses in quality 
and/or quantity in the input during storage. The costs 
of rent reflect the opportunity cost of the capital tied up 
in the stock, i.e., the return of the same amount of capi-
tal in alternative funds or investments. The calculations 
of these costs are explained in detail in Supplementary 
Material Section B and are only briefly presented in the 
following.

A suitable storage building is assumed to be the same 
for fertilizers, seeds, protein feed and pesticides. The 
building covers an area of 5000 m2 with a height of 5 m 
to allow for loading the inputs by trucks. Storage of pesti-
cides requires that the building be isolated and equipped 

with an air source heat pump system, as the storage of 
pesticides must be frost-free [34]. Stockpiling of diesel 
fuel is assumed to be made at the farm level in a tank of a 
certain volume.

Calculating operating costs and capital rental costs are 
common to all inputs. A loading machine is assumed to 
be needed for a few hours per week at a given cost per 
hour. A flat-rate deduction is made for costs of waste cor-
responding to 1% of the inventory value. Personnel costs 
are estimated to be relatively similar to those of coopera-
tive grain companies that buy products and sell agricul-
tural inputs. The interest rate on the capital value of the 
stock amounts to 3%, which reflects the rate of growth in 
the Swedish economy over a 20-year period [35].

The costs are expressed in euros/tonne. These costs dif-
fer between the inputs due to different storage options 
and weight per area of storage capacity (Supplemen-
tary Material Section B). The calculated storage cost per 
tonne input is reported in Table  3. We also express the 
total unit cost of stockpiling as a percentage of the price 
in 2023 for each input This reflects the ‘insurance’ pre-
mium for covering damages in a crisis event.

There are large differences in cost per tonne between 
the inputs, being lowest for protein feed and highest for 
pesticides. Common to all inputs is the relatively high 
capital cost for investment in storage facilities and the 
opportunity cost of the capital invested in the emergency 
stock.

Results
Given the data presented in Sect. 4, calculations are made 
for the seller and farmer surplus, the NEVS and the num-
ber of years for which the NEVS is positive for each input 
when the supply of the input is reduced by 50%. This 
reduction level is motivated by the trade disruptions that 
Sweden experienced during World War II when imports 
of essential inputs and foods were reduced by one half 
[36]. Without any emergency stock release, the prices 
would increase by at least 167% from the price before the 
crisis (Table S3 in the Supplementary Material). Sellers of 
inputs would face a net gain for all inputs but pesticides 
and the farmer surplus would be reduced for all inputs.

Impacts of stock disposal in the reference case are cal-
culated by assuming that the size of the stock of each 
input corresponds to the reduction in the supply. This 
implies that the equilibrium price with the stock dis-
posal is the same as the price before the crisis. There 
will, therefore, not be any dispersal impacts affecting 
the prices of food for consumers. This is an argument 
for the simple calculations of production value by means 
of input demand functions in this study. An additional 
assumption is that sellers are not compensated for any 
losses of stock releases.

Table 3  Stockpiling costs for different inputs in euros/tonne and 
year and % of p

Nitrogen 
fertilizer

Seeds Pro-
tein
feed

Pesticides Die-
sel 
fuel

Capital cost of 
investment

33.8 23.9 23.9 1938.8 83.8

Operating costs: 53.1 12.6 12.5 1191.4 32.9

  Maintenance 2.9 2.1 2.1 167.2 19.7

  Heating 0.6 0.4 0.4 95.0

  Wood chip for 
dryer

  Electricity 0.2 0.2 0.2 3.6

  Loading 2.6 1.8 1.8 452.3

  Waste 39.5 5.2 5.1 301.3 10.3

  Labour 7.3 2.9 2.9 172.0 2.9

Interest on working 
capital

13.2 15.7 15.4 927.6 30.9

Total 100.2 52.2 51.9 3658.6 147.5

Total cost (%) of 
price p

8 10 10 5 14

Source: Supplementary Material Section B
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However, several assumptions have been made regard-
ing the data retrieval. Therefore, sensitivity analyses have 
been carried out with changes in the parameter values 
underlying the estimates of the production values of 
inputs and costs of stockpiling. In addition, calculations 
have been made for changes in the more politically ori-
ented assumptions on the magnitude of supply decrease, 
choice of input stock disposal and compensation pay-
ments to sellers.

Reference case
Assuming that the stock corresponding to a 50% reduc-
tion in the supply is built up in one year and emptied dur-
ing the next year, the estimated NEVSs vary considerably 
between the inputs (Table 4).

Sellers of all inputs but pesticides would prefer the 
stock is not released due to the relatively large price 
reduction. The supply in the crisis without the stock 
is 0.5 of the supply with the stock and PS is then posi-
tive only when the quotient between the price with and 
without the stock disposal exceeds 0.5 (Eq. (4) in Sect. 
3). This only occurs for pesticides and the quotient for 
other inputs is approximately 0.3 (Table S3 in the Sup-
plementary Material). The calculated sellers’ losses cor-
respond to 25% of the turnover of fertilizers and to 33% 
of the turnover of seed and protein feed (Tables S2-S3 
in the Supplementary Material). As expected, farmers 
gain from the disposal of all emergency stocks due to the 
lower prices. This gain is considerable when compared 
with the gross value added from the agricultural sector, 
which amounted to approximately 2,068 million euros in 
2023 [37]. The net budget revenues are negative due to 
the payment of the stockpiling cost, which varies between 
3 and 27 million euros for the different inputs.

The assumption that the stock is used the year after the 
build-up is unlikely to hold. It is more likely that the crisis 
occurs after a number of years. This means that the sum 
of the costs of stocks across a number of years increases 
and the value decreases due to the discount rate (Eq. (7) 
in Sect. 3). Calculations of the NEVS has, therefore, been 
made for two different time periods between the inven-
tory build-up and the crisis event, 5 and 10 years. In addi-
tion, estimates have been made for the number of years 
before the NEVS becomes negative (Table 5).

The value of stocks of seeds and protein feed is reduced 
most rapidly due to their relatively high storage costs. In 
order to obtain a positive NEVS for protein feed, the cri-
sis should occur within 13 years.

Sensitivity analyses
In order to assess the effects of changes in parameter val-
ues, calculations have been made for deviations of 50% 
from the reference values of price elasticity of demand 
in absolute terms, stockpiling costs and discount rate. A 

decrease (increase) in the price elasticity of, for example, 
nitrogen then implies a change from the reference elastic-
ity of 0.3 to 0.15 (0.45). The results show large variations 
in the impacts on the NEVS of such changes in price elas-
ticities (Fig. 1).

Two main observations can be made from the results 
presented in Fig.  1. One is the minor impact of the 
changes on storage costs, which is explained by the small 
share of the stockpiling cost compared with the value of 
the stocks. The second observation is the differences in 
the impacts of price elasticities on the NEVS between the 
inputs. For diesel fuel, the NEVS is 388 and 1,210  mil-
lion euros for the high and low price elasticity in absolute 
terms respectively. These differences are enhanced for 
larger deviations, where a 75% deviation from the refer-
ence elasticities can give a fourfold increase in NEVS for 
diesel fuel (Table S5 in Supplementary Material).

However, the NEVS hides the allocation of impacts 
between PS and FS (Tables S4-S5 in Supplementary 
Material). Reductions in price elasticities of demand for 
protein feed generate the largest, but opposite, stock dis-
posal impacts on sellers and farmers. A decrease in elas-
ticity from 0.3 in absolute terms to 0.15 implies a large 
increase in the equilibrium price without stock disposal. 
The sellers’ loss from a stock release is then three times 
the loss in the reference case and amounts to 794  mil-
lion euros due to the corresponding decrease in price, 
which is not compensated by the higher sales volume. 
The farmers’ gain from the stock disposal is doubled and 
amounts to 1,588 million euros due to the lower price. It 
can also be noted that an increase in the price elasticity of 
nitrogen fertilizers with 75% in absolute terms does not 

Table 4  Stockpiling cost, seller and farmer surplus (PS and FS) 
and the net economic value of emergency stocks (NEVS) of a 
50% reduction in the supply of different inputs (million euros)
Input Stockpiling cost PS FS NEVS
Nitrogen fertilizer 10 −80 301 211

Seeds 5 −48 143 91

Protein feed 27 −265 794 502

Pesticides 3 4 81 82

Diesel fuel 23 617 593

Table 5  The NEVST for T = 5 and T = 10 years after the initial stock 
build-up and the number of years until the NEVS = 0 (discount 
rate, 3%)
Input NEVS5

Million euros
NEVS10
Million euros

Years 
before 
NEVS = 0

Nitrogen fertilizer 126 65 15

Seeds 50 21 13

Protein feed 268 102 13

Pesticides 52 30 19

Diesel fuel 403 265 17
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generate losses to the sellers from the stock release (Table 
S5 in Supplementary Material).

Changes in the discount rate impact the number of 
years for which the NEVS > 0. A decrease (increase) in 
the discount rate increases (reduces) the present value 
of both stockpiling costs and the value, but the change in 
the value dominates due to the relatively low stockpiling 
costs. Sensitivity analysis where the discount rate devi-
ates by 50% from 3% changes the number of years when 
the NEVS > 0 at the most with three years which occurs 
for pesticides and diesel fuel (Table S4 in Supplemen-
tary Material). A zero discount rate would increase the 
number of years at the maximum with seven years and 
a discount of 7% would reduce the number of years with 
a maximum of five years (Table S5 in Supplementary 
Material).

Regarding the more politically oriented assumptions, 
no compensation payments were made to the sellers 
of inputs for their losses from stock disposals and the 
farmers were fully compensated for their losses from 
the exogenous supply decrease. Both sellers and farm-
ers make positive gains from the stock disposal of pesti-
cides, but sellers face losses from the disposal of nitrogen 

fertilizers, seeds and protein feed. Lower disposal levels 
of these inputs will increase the price pcrs, which reduces 
farmers’ surplus and sellers’ losses. Successive increases 
in the stock disposal from zero to decreasing the entire 
supply show that the break-even when PS switches from 
positive to negative differs between the inputs (Table S6 
in the Supplementary Material).

Sellers’ losses from stock releases can be avoided in 
three ways. One is to compensate for the losses in the ref-
erence case displayed in Table 4, which will give negative 
budget net revenues. Another option is to adjust Xs to the 
level where losses are zero without compensation pay-
ments, which will generate positive budget net revenues. 
The third option is to implement a budget neutral mech-
anism where the level of Xs is chosen so that all budget 
revenues are used to compensate sellers’ losses. The cal-
culations show that the budget neutral policy generates 
larger NEVS than the budget revenue raising mecha-
nism when the exogenous input supply decrease is 50% 
(Table 6).

The share of disposal without compensation payments 
differs slightly between the inputs, but FS, the NEVS and 
budget revenues show large differences and are highest 

Table 6  Stock releases where sellers’ losses are zero without a compensation payment and with a budget neutral payment; share of 
input reduction, farmer surplus (FS) and net economic value of stockpiling (NEVS) (million euros)
Input No compensation payment:

Sharea FS NEVS Budg. rev.b
Budget neutralc:
Sharea FS NEVS

Nitrogen Fertilizers 0.6 157 151 44 0.78 218 200

Seeds 0.5 60 57 19 0.70 90 87

Protein feed 0.5 331 317 106 0.70 500 487
aStock release as a share of the exogenous supply reduction by 50%; bBudget incomes from sales of inputs at the equilibrium input price minus costs of storage and 
purchases of the input at the price without crisis; cBudget net revenues are zero

Fig. 1  Net economic value of stocks (NEVS) when storage cost and price elasticities of demand deviate by 50% from the reference values (million euros) 
(Table S4 in Supplementary Material)
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for protein feed. The pattern of impacts is similar to the 
budget neutral compensation payment, but at higher lev-
els of the stock release shares, FS and the NEVS. Both 
FS and the NEVS are lower than in the reference case, 
famers’ gains from the stock release are reduced by up 
to 294 million euros (protein feed), but the NEVS is only 
slightly changed due to the losses avoided for the sellers.

However, stock releases below the input supply 
decrease generate higher production costs for farmers in 
Sweden with dispersal effects in the food sector and asso-
ciated impacts on consumer prices. The magnitude of 
these effects depends on whether consumers can adjust 
their consumption and shift to imported foods. Gren et 
al. [9] showed that the effect on consumers is negligible 
when they can increase consumption of imported foods. 
This will reduce demand for food produced in Sweden 
with associated losses for the farmers. When imports of 
food is limited, the demand for food produced in Sweden 
can increase. The sizes of these effects can only be calcu-
lated with a partial equilibrium model. Simple sensitivity 
analyses show that if the demand at the BAU input price 
increases by 25%, sellers’ and farmers’ surplus are posi-
tive for the same stock release as in the reference case for 
all inputs but nitrogen fertilizers (Table S7 in the Supple-
mentary Material). In addition, the government’s budget 
net revenues are positive since the equilibrium price of 
stocks exceed the storage cost plus the purchase cost.

Changes in the exogenous input supply imply similar 
impacts to changes in the share of stock disposal when 
this corresponds to decreasing the whole supply. A lower 
decrease in the exogenous supply implies a smaller effect 
on FS and associated reduction in the NEVS and vice 
versa. However, the effects on PS are less clear, since they 
depend on the decrease relative to the change in equi-
librium prices. Calculations were made for decreases in 
the BAU supply of inputs by 25% and 75% instead of the 
decrease by 50% in the reference case. In the same vein as 
in the reference case, it was assumed that the stock dis-
posals correspond to the supply decrease. A low supply 
reduction implies a low NEVS and vice versa (Table S8 
in the Supplementary Material). For seeds, the NEVS is 
reduced by 69% compared with the reference case at the 
low supply reduction and increased by 95% at the high 
supply decrease. The PS is positive for nitrogen fertiliz-
ers at the high supply reduction, since the relative price 
decrease was lower than the relative supply increase from 
the stock disposal.

Discussion
The purpose of this study was to calculate the net eco-
nomic value of emergency stocks for fuel, nitrogen fer-
tilizer, seeds, plant protection and protein feed. The 
value was calculated as the difference in net income for 
sellers of inputs and farmers buying the inputs with and 

without emergency stocks when the supply of the inputs 
is reduced. The simple conceptual analysis shows that 
farmers always make net gains when emergency stocks 
are used to increase the supply, while the effects are less 
clear for the sellers. Disposal of the emergency stock in 
a crisis event increases supply on the market, which 
reduces sellers’ income due to the decrease in the equilib-
rium price, which is counteracted by the increased sales 
volume. It was also shown that a stock owner’s budget 
net revenues can be positive and used to compensate any 
seller losses from a stock release. However, this result is 
not new in any way and has been shown conceptually in 
several studies [12, 38].

The more interesting issue is, therefore, the magnitude 
of impacts on the sellers’ and farmers’ profits from the 
disposal of the stock and the costs of emergency stocks, 
the calculations of which require data on the stockpiling 
cost and production value of each input. Such data were 
not available and a simplified analysis was, therefore, 
made based on expert information on the costs of stock-
piling and on agricultural demand for inputs. The results 
of stock disposal when the supply decreases by 50% of 
each input showed considerable differences between the 
inputs. The net economic value of stock disposal ranged 
between 82 (pesticides) and 593  million euros (die-
sel fuel). The results also revealed that the gains for the 
farmers are largest and the losses for the sellers highest 
in the case of disposal of the stock of protein feed (794 
and − 265  million euros for farmers and sellers respec-
tively). The farmers’ gain then corresponded to 38% of 
the valued added in the agricultural sector in 2023 and 
the sellers’ losses to 33% of the gross value of sales. How-
ever, sensitivity analyses indicated that the results depend 
relatively much on the level of the price elasticities of 
input demand and the magnitude of the stock dispos-
als. It was also shown that the net economic value of the 
stock disposals of all inputs decreases with the length of 
time between the build-up of the stock and the timing of 
the crisis, since storage costs accumulate over the years, 
while the value of the stock is realized in the event of a 
crisis.

It is difficult to compare our calculated NEVSs ​​with 
results from other studies because similar calculations 
have not been made. A partial comparison can be made 
of the calculated value of the stocks with the estimates 
of the costs in the agricultural sector of a reduction in 
imports of nitrogen fertilizers, diesel fuel and pesticides 
without stock disposals by [9]. Gren et al. [9] used a par-
tial equilibrium model, which accounted for the disper-
sal of impacts from primary producers to consumers in 
the food chain. Their results indicated decreases in firms’ 
profits by 260, 100 and 600 million euros from a 50% 
reduction in the supply of fertilizers, pesticides and diesel 
fuel respectively. These costs are close to the calculated 
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values for farmers of stock disposals corresponding to 
a 50% reduction in supply in the present study. This 
amounted to 211, 82 and 593 million euros of fertilizers, 
pesticides and diesel fuel respectively. A comparison can 
also be made with the estimated stockpiling cost of 26 
euros/tonne for feed by [6]. This is lower than the calcu-
lated cost of 52 euros/tonne of protein feed in the present 
study. The difference is due to the fact that [6] only con-
sidered investment cost in the storage building and not 
the management and rental costs of tied-up capital in the 
feed stock.

Needless to say, the results rest on several crucial 
assumptions in addition to the quantified parameter val-
ues in the cost and input demand functions. One is the 
definition of the value, which only includes the benefits 
to farmers and sellers of inputs, and not food security 
as such. Such a definition would require a well-defined 
value for food security, which is a challenge when consid-
ering the multidimensional facets of the concept [10, 11]. 
Sumsion et al. [39] identified 52 different definitions used 
in the literature and in practice. Regardless of the choice 
of metric and its operationalization, an efficient stockpil-
ing strategy requires information on the impact of each 
input on the chosen food security metric. Such impacts 
cannot be calculated with the simple method used in this 
study, but require a partial equilibrium model of the agri-
cultural and food sector [40].

Another crucial assumption was that reduction in sup-
ply occurs separately for one input at a time without dis-
persal impacts on other inputs and prices. This may be 
relevant when farmers are fully compensated for their 
loss in a crisis situation or for a short-term perspective 
when there are no adjustments that affect prices in the 
food chain. However, all inputs, such as fertilizers and 
pesticides, are complementary. This means that the use 
of several input goods decreases when, for example, the 
supply of fertilizer is reduced. This, in turn, changes the 
prices of these inputs and of foods. The final effects can 
only be calculated with a partial equilibrium model of the 
food sector. Another factor not considered in the present 
study is regional aspects. These may be important given 
that the degree of self-sufficiency is low in northern Swe-
den, where the transport costs of inputs and foods are 
high compared to the southern part [9]. All these limita-
tions constitute interesting areas for further research.

Concluding comments
Despite the limitations of this study, the simple meth-
odology suggested may be useful for policy makers 
if they are interested in a quick and immediate ex ante 
analysis of the costs and benefits of stockpiling agricul-
tural inputs for an efficient contingency strategy for food 
security as envisaged by the European Commission [2]. 
Applying this method to the five agricultural inputs in 

Sweden highlighted important issues in the management 
of stockpiling inputs. One is the challenge of the state-
ment that ‘…commodities and food products, stockhold-
ing policies entail significant costs.’ ([2] page 7 row 8). 
The results for Sweden indicated that the stockpiling cost 
was relatively low and did not exceed 6% of the net eco-
nomic value of stockpiling any input. It can also be noted 
that the sum of the estimated stockpiling costs of the five 
included inputs at a 50% reduction in supply amount to 
68 million euros. This is well below the budgeted cost of 
140 million euros per year for food security suggested by 
a Swedish governmental budget proposal [41]. Neverthe-
less, the considerable differences in stockpiling cost and 
release value between the inputs highlight the impor-
tance of prioritizing which inputs to store when there are 
active budget constraints.

The uneven allocation of the economic impacts of stock 
releases on sellers and farmers may call for compensation 
mechanisms to be in line with the CAP and Farm to Fork 
Strategy to ensure food supply is equitable [42]. While 
farmers always gain from stock releases the sellers can 
make losses. The present study described policy mecha-
nisms where the net benefits of stock releases are positive 
for both sellers and farmers. We would then highlight a 
stockpiling option which has not received much attention 
in the EU strategy nor in the literature (review in [42]). 
A net zero loss of stock release to sellers and farmers 
could generate budget revenues to the stockowners from 
the turnover of the stock when the sales price exceeds 
the storage cost and price of purchasing the input. The 
associated incomes could be used to promote innovation 
in food security measures, such as biotechnologies for 
enhancing resilience in the EU agri-food system [43].

Our study also points to the importance of predicting 
the magnitude and timing of the supply decrease. It is dif-
ficult to make such predictions, which can be made only 
under conditions of uncertainty. For a risk averse society, 
this implies an additional value of the emergency stock, 
since it reduces the uncertainty in providing the input. 
The analysis and quantification of such a risk reduction 
or the ‘insurance’ values of emergency stocks of agricul-
tural inputs are interesting topics for future research.
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