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HIGHLIGHTS GRAPHICAL ABSTRACT

e This study quantifies the consequences
of intercropping adoption on farm eco-
nomic outcomes for resilience. NET BENEFIT CHANGE and RESILIENCE
e The economic outcomes and the resil-
ience capacity of the intercropping sys-

From converting monocropping cereal to intercropping cereal-legume systems

temS are COnteXt Speclﬁc‘ . TOTAL BENEFIT CHANGE TOTAL COST CHANGE
Increased revenue Increased cost
: : : Scenario A: Strip intercropping: increased sale of faba Scenario A: Strip intercropping: faba bean seed, K
o The high price of monocropping prod beans and winter wheat fertilser, pollination, labour, fuel
llCtS and the IOW price Of N fertilizer f;:\ga:o B: Mixed intercropping: sale of oat-pea Z:}n:;;;ﬁ Mixed intercropping: fertiliser K, yellow
: s B 1 Decreased cost Reduced benefits
hinder mtercroppmg SyStemS Scenario A: Strip intercropping: N and P fertiliser, Scenario A: Strip intercropping: decreased income
oh weed control, spring wheat seed, drying costs from spring wheat sale
adaptablhty' Scenario B: Mixed intercropping: N and P fertiliser, Scenario B: Mixed intercropping: reduced income of
e Policies targeting markets, value chains, weed control, oat seed oat sales
. . . . e The net benefit change and the resilience capacity of the intercropping systems are highly context specific.
knowledge diffusion, innovations, stan- o High prices of monocropping products (for the intercropping alternatives in scenario A and B), and the low

price of N fertilizer (for the stip intecropping alternative in scenario A) hinder the adaptability capacity of the
intercropping system

dards and regulations are needed.

Scenario A: Monocropping spring wheat -> strip intercropping spring of wheat and faba bean
Scenario B: Monocropping oat -> mixed intercropping of oats and yellow peas

ARTICLE INFO ABSTRACT

Editor: Emma Stephens CONTEXT: The need for sustainable and resilient farming practices is clearly communicated by the scholars and
the European Union policy strategies. The low interest in adopting the practice due to the uncertainties and the

Keywords: variability in the economic outcomes across various intercropping types calls for research attention. In this

Economic outcome respect, research is needed to identifying specific intercropping practices that lead to improved farm-level

Eﬁf‘;;gging economic outcomes and resilience.

Resilience capacity OBJECTIVES: This study investigates consequences of intercropping adoption on the farm economic outcomes, in

Sweden the context of achieving economic resilience. Specific objectives are to assess the effect of i) adopting inter-

cropping on the economic outcomes; ii) production adjustments on the economic resilience of the intercropping
practices, both in comparison to conventional mono-cropped agriculture.

METHODS: The analysis is conducted by using a stochastic partial budgeting model. We use Swedish agriculture
as an empirical basis for our study and model two baseline cereal monocropping scenarios and two corre-
sponding alternative (strip and mixed) cereal-legume intercropping scenarios. This is to examine net changes and
risk characteristics resulting from the adaptation from monocropping to intercropping production practices.
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Estimates of net changes and the respective risk characteristics are integrated in an economic resilience
assessment for the intercropping practices.

RESULTS: Results reveal that the net economic benefit change from adopting differs across the intercropping
alternatives. Prices of the monocropped and the intercropped products of both intercropping alternatives and the
use of N fertilizer for the strip intercropping alternative are the most influential factors in determining the

adaptability capacity.

CONTRIBUTION: This study provides a novel approach that contributes to the literature via quantifying eco-
nomic resilience capacities of hypothetical technology adoption. The paper presents unique results on the eco-
nomic resilience of adopting cereal-legume intercropping practices in a Nordic context, giving agriculture in
Nordic regions shares common challenges such as short growing season and cold temperature. The results offer
valuable insights for extension services in guiding farmers to choose appropriate intercropping practices based on
the production possibilities and market needs. Policy implications targeting the adoption of cereal-legume
intercropping adoption are discussed.

1. Introduction

The monocropping systems in which only one crop species is grown
at one time on a specific field (Power and Follett, 1987) represent the
predominant method for conventionally grown crops in the world (FAO,
2022). Technology changes enabling easy plant management, infra-
structure, marketing, and subsidies supporting monocropping systems
has reinforced this trend (Jensen et al., 2020; Lin, 2011; Power and
Follett, 1987). Despite the largest contribution to the world's food pro-
duction, monocropping is among the most debated production systems
in modern agriculture due to their notable negative impact on soil, water
quality, eutrophication, and climate change (Brooker et al., 2015).
Consequently, these systems undermine the continuity of the farming
activities and the delivery of food system outcomes including heathy and
stable food supply, farm incomes, and secured biodiversity (Brooker
et al., 2015). The adverse impacts of monocropping on the environment
and farming activities urges for application of alternative systems that
integrate ecological and economic benefits for sustainable and resilient
agriculture (Martin-Guay et al., 2018; Rosa-Schleich et al., 2019).

Intercropping is the practice of mixing two or more crop species in
space and at least some of their growing periods (Wang et al., 2023). The
practice is gaining increased attention both in the European research
(Brannan et al., 2023; Jensen et al., 2020) and the European Union (EU)
policy strategies (European Commission, 2022) for enhancing the sus-
tainability and the resilience of the current food system. Intercropping
adoption increases crop diversity, which enables the complementary use
of resources such as soil nutrients, water, and sunlight (Francis and
Francis, 1986; Huss et al., 2022). Moreover, intercropping is widely
recognized as a potentially cost-effective method for achieving plausible
environmental and climate resilience via lower chemical use (Huss et al.,
2022; Lin, 2011; Martin-Guay et al., 2018; McAlvay et al., 2022).
However, compared to worldwide figures, the adoption of intercropping
in Europe is low. For instance, cereal-legume mixtures, which are the
most common intercropped system, covered only 1.5% of arable land in
Europe in 2014, compared to 15% coverage of arable land globally
(Watson et al., 2017). In Sweden, the empirical focus of this study, the
adoption of intercropping is limited and species-poor, primarily
involving grassland-leys mixtures with farmers' hesitation to intercrop
commercial crops (Jensen et al., 2020). As elsewhere in Europe, cereal-
legume mixtures are grown on only 1.7% of the total arable land in
Sweden (SCB, 2020).

The supply of potential environmental and climate benefits together
with economic viability remains key prerequisites for building sustain-
able and resilient farming (Meuwissen et al., 2020; Meuwissen et al.,
2022). Despite this, scientific knowledge about changes in farms' eco-
nomic outcomes due to intercropping adoption in EU is limited (Bonke
et al., 2021; Huss et al., 2022). Moreover, there is a lack of studies that
assess economic resilience resulting from the inclusion and exclusion of
new systems including intercropping practices (van der Lee et al., 2022;
Zabala et al., 2023; Alcon et al., 2020). To report economic resilience,
the existing literature uses some common indicators including i) capital

accumulation (Serfilippi and Ramnath, 2018; Volkov et al., 2021;
Schipper and Langston, 2015), ii) profitability (Slijper et al., 2022,
Volkov et al., 2021, Schipper and Langston, 2015), income (Serfilippi
and Ramnath, 2018; Volkov et al., 2021), and income stability (Benoit
etal., 2020). However, while a commonly proposed approach is through
the lens of multiple resilience capacity dimensions, such approach is
applied by few empirical studies (Benoit et al., 2020; Slijper et al.,
2022). Using this approach, Benoit et al., (2020) focuses on sheep farms
in Ireland and France while Slijper et al., (2022) considers various farm
types across nine European countries. While important from a meth-
odological point of view, these studies do not provide empirical evi-
dence for intercropping systems, nor for changes in farm economic
performance due to adaptation of a new practice.

The aims of this paper are to assess the effects of i) adopting cereal-
legume intercropping on economic outcomes and, ii) production ad-
justments on the economic resilience of the intercropping system. The
study contributes to the research gaps on economic resilience outcomes
of the intercropping systems. This knowledge improves the under-
standing on the suitability of intercropping in combating global food
insecurity and the sustainability of intercropping, as a plausible alter-
native to monocropping. The present study has important contributions
to the existing literature. For the first time, it explores the consequences
of adopting intercropping practices on farms' economic outcomes, in the
context of achieving economic resilience. We assess economic outcomes
via net benefit changes and risk characteristics resulting from the pro-
duction adaptation from mono- to intercropping. We define economic
resilience as a capacity of the alternative system to adapt the desired
production practices via adjustments in the products and the production
inputs, while securing its profitability (Meuwissen et al., 2019; van der
Lee et al., 2022). Risk characteristics refer to probabilities of changes in
the net benefit, probability of severe drop in the net benefit and net
benefit sensitivity to changes in crop prices and adaptation in inputs
(Slijper et al., 2022).

The analysis is conducted by using a partial budgeting model with
stochastic elements (Alvasen et al., 2017; Jerlstrom et al., 2022; Owusu-
Sekyere et al., 2023). We use Swedish agriculture as an empirical basis
for our study and model two baseline cereal monocropping scenarios
and two alternative cereal-legume intercropping scenarios (one for each
base scenario). In the model, net benefit changes and risk characteristics
of the baseline scenarios are compared with the respective intercropping
alternatives, but not between the intercropping alternatives. This is
because the two intercropping alternatives are not comparable, and our
focus is changes in economic outcomes when switching from mono- to
intercropping systems. Estimates of net benefit changes and the
respective risk characteristics including net benefit, product prices and
inputs costs revealed in the analysis are further integrated in an eco-
nomic resilience assessment (Benoit et al., 2020; Slijper et al., 2022) for
the intercropping systems. When incorporating the risk perspective, a
system is perceived resilient if the risk of achieving the desired func-
tionality is sufficiently low (Logan et al., 2022). Resilience theory em-
phasizes reorganisation change, uncertainty, and the capacity of systems
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to persist, adapt, and transform while retaining the functionality
(Meuwissen et al., 2019). Following the study setting and assuming
adaptation of intercropping systems, we focus on the resilience capacity
of the system to adapt the production and the use of the resources i.e.,
adaptability, while securing its gross margin i.e., robustness (Darnhofer,
2014; Meuwissen et al., 2019; Serfilippi and Ramnath, 2018).

Intercropping can be implemented in several forms and all of them
are likely to result in heterogeneous economic outcomes. Hence, finding
appropriate intercropping systems that sustain and improve the eco-
nomic outcomes is among the major challenges (Lin, 2011). Barriers that
hinder farmers from achieving high economic outcomes are attributed
to: i) small gross margins due to low yields and market price comparing
to monocropping systems (Brannan et al., 2023); ii) need for adaptations
in the resource use (Huss et al., 2022); complex crop management
(Himanen et al., 2016; Huss et al., 2022); and iii) low subsidies for
diversified farming systems (Jensen et al., 2020; Lin, 2011). Besides,
experimental studies show that the economic outcomes of intercropping
practices are context specific (Jensen et al., 2020; Lagerquist et al.,
2024; Wang et al., 2023). These outcomes vary across the composition of
the crop mixture (Lin, 2011; Wang et al., 2023), the type of intercrop-
ping system like mixed, strip, row, and relay (Glaze-Corcoran et al.,
2020; Wang et al., 2023), and the inclusion/exclusion of a system such
as monocropping versus intercropping (Glaze-Corcoran et al., 2020).
Outcomes also have spatial context (Lin, 2011; Weih et al., 2021),
differing between low-yielding and high-yielding locations (Weih et al.,
2021). More specifically, a meta-study by Huss et al. (2022) indicates
that row intercropping of legume and cash crops have no impact on per-
unit yield while non-legume intercrops decreased yield. In mixed cereal-
legume intercropping, yields are lower than cereal monocropping, but
higher than legume monocropping (Glaze-Corcoran et al., 2020). That
trade-off is economically desirable since it often results in higher forage
quality (Glaze-Corcoran et al., 2020). Context-dependent outcomes
highlight the need for more context-specific studies on diversified
cropping (Brannan et al., 2023). While capturing contextual factors is
challenging, it is crucial to acknowledge the economic implications that
arise from various forms of intercropping if the method is to be
considered for broader use (Himanen et al., 2016).

The paper is structured as follows. Section 2 presents the method-
ology and Section 3 provides the results. Discussion is presented in
Section 4 and followed by conclusions in Section 5.

2. Methodology
2.1. Scenarios selection

Intercropping can be implemented in a variety of forms, which allow
farmers to choose an approach with desirable economic outcomes
compared to monocropping (Glaze-Corcoran et al., 2020). Subse-
quently, this strengthens the resilience of their farms (Lin, 2011). Four
production strategies organized in two separate scenarios were selected
since they are appropriate for the Swedish context. The selected sce-
narios include spring wheat and spring faba bean (grown for food), oats
and pea (grown for feed); these crops are already commonly grown in
Sweden, although spring wheat currently is the less common wheat type
in Sweden compared to winter wheat (Swedish Board of Agriculture,
2023). Each scenario consists of one cereal baseline and a respective
cereals-legume intercropping alternative. In both scenarios, the unit of
analysis was a farm field (Glaze-Corcoran et al., 2020), with a size of 3
ha, which can be easily extended to other plot sizes. For the intercrop-
ping alternatives, we assumed adaptation from monocropping to inter-
cropping system, considering changes in the: i) intercropping system
encompassing both strip intercropping and mixed intercropping, ii)
composition of the crop mixture, e.g., cereal-legume, and iii) the end-use
of the final products, whether for human or livestock use. Scenarios were
chosen based on expert assessments (Ahmed et al., 2020; Alvasen et al.,
2017) and enable the examination of the effects of multiple
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intercropping solutions that are technically viable in the Swedish agri-
culture. The selected crop composition, intercropping system, and their
respective end-use of the final products are well aligned with the com-
mon practice in Sweden.

The scenarios composition is as follows. In the first scenario, we
assumed a baseline monocropping system of spring wheat, which is
grown with a three-year rotation. Details on variables included in the
baseline scenarios are given in Table 1. The alternative to this baseline
scenario is a strip intercropping system between spring wheat and faba
bean, assuming planning in wide strips over multiple rows, arranged
spatially. Strip cropping is the planting of crops in parallel strips, each
comprised of multiple rows (Glaze-Corcoran et al., 2020). We divided
the considered 3 ha into 12 equal strips, each 417 m x 6 m (in length and
width). The strip size corresponds to the common production manage-
ment practice, such as working width of sowing and harvesting ma-
chines, does not require special equipment and allows for separate
harvest making expensive seed separation unnecessary. The strip size
ratio of the system is 1 x 1, where spring wheat is planted in 50 rows,
followed by 24 rows of faba bean. The spring wheat is sown at a depth of
5 cm, with a row distance of 0.12 m, plant spacing of 0.03 m, and a
sowing density of 550 germinable seeds/m?. The faba bean is sown on a
depth of 5-6 cm, in a row distance of 0.25 m, plant spacing of 0.05 m,
and a sowing density of 50 germinable seeds/m2. The sowing parame-
ters are according to the recommended practice in Sweden. The pro-
duction is used for human consumption. Detailed presentation on other
characteristics of the wheat baseline scenarios and the strip intercrop-
ping system are provided in heading 2.3.1 and in Box Al in the
appendix.

In the second scenario, we assumed a baseline monocropping system
of oat, which is grown with a three-year rotation. Details on variables
included in the baseline scenarios are given in Table 2. Alternative op-
tion for the second baseline scenario is a mixed intercropping system,
where mixtures of oats and yellow peas are grown simultaneously, in
immediate proximity without spatial arrangement (Glaze-Corcoran
et al., 2020) with a ratio of 70:30. The selected mixed crops are seeded
and harvested together, and the final product is for forage production.
Oat-pea mixtures for forage production are not uncommon and are
commercially available in Sweden. (Swedish Board of Agriculture, 2007;
Svenska foder, 2024). Detailed presentation on other characteristics of
the oat baseline scenario and the mixed intercropping alternatives are
provided in heading 2.3.1 and in Box A2 in the appendix.

2.2. Simulating economic outcomes

We simulated the consequences on the economic outcomes by going
from the base line scenarios to the alternative scenarios using a partial
budgeting model with stochastic elements. For the agricultural sector,
the method has large application for estimating the economic conse-
quences of implementing new practices or technologies, e.g. estimating
the economic effects of animal welfare measures in dairy research
(Ahmed et al., 2020; Alvasen et al., 2017; Jerlstrom et al., 2022; Owusu-
Sekyere et al., 2023), plant protection (Pemsl et al., 2004), row spacing
in corn and soybean production (Lambert and Lowenberg-DeBoer,
2003). The benefit and cost changes for the two alternative intercrop-
ping strategies were analysed using the @Risk (Palisade, Ithaca, NY)
application, which is an add-on application in Microsoft Excel.

Partial budgeting, building on data elicited from e.g. the literature
and experts, is useful for analysing changes in the operations of the farm,
especially when these operations result in incremental changes
(Dhoubhadel and Stockton, 2010), and in situations where there does
not exist sufficient data for econometric impact analysis. The approach
is forward-oriented, investigating the economic consequences of a spe-
cific ‘what if’ question. Since in our case some data are not readily
available and we have to rely on expert opinion, it is therefore imper-
ative to use method that provide opportunity to use these unavailable
data to evaluate changes in farming practices with little distortions and
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Table 1 Table 1 (continued)
Descriptive statistics of variables used in the partial budget model and the
resilience assessment for strip intercropping system.

Variables Unit Data Source Type

PPI of cereals (except

Variables Unit Data Source Type rice), leguminous 104
i crops and oil seeds
Land .area of growing Ha 2.34 Authors work Deterministic in 2022
spring wheat
Land area of growing L PPI of products of 86
faba bean Ha 0.54 Authors work Deterministic agriculture in 2016
Average yield of faba R PPI of products of 1
bean kg/ha 2714  SBA 2023 Deterministic agriculture in 2022 2020 — 34
Average yield of PPI of fertilizers and 1,002,020 = SCB 2023 Deterministic
spring wheat in kg/ha 4054  SBA 2023 Deterministic nitrogen 100 149
base scenario compounds in 2022
Decreased yield of PPI of pesticides and
R . Wang et al. - th hemical 116
spring wheat in % 36 (2023) Deterministic other agr'oc emica
alternative scenario product? in 2022
Potential yield of PPI of agricultural
winter wheat in kg/ha 7700 SBA 2023 Deterministic and forestry 112
alternative scenario machinery in 2022
Incr'eatsed y}lleldt gf . Note: CAB - County Administrative Board; SBA - Swedish Board of Agriculture;
winterwheatqueto o g 700 SBA 2023 Deterministic SCB - Statistics Sweden.
pre crop effect of
faba bean
Average seed quantity CAB Vistra R
k 235 . Det t
of spring wheat g/ha Goétaland 2023 cterministic Table 2
Average seed quantity kg/ha 270 Agriwise 2017 Deterministic Descriptive statistics of variables used in the partial budget model and the
of faba bean resilience assessment for mixed intercropping system.
Fertilizer N use for CAB Viistra o
: : P Variables Unit Data Source Type
spring whee?t in kg/ha 125 Gétaland 2023 Deterministic
base scenario Percentage of oat % 70 - Deterministic
Decreased fertilizer Percentage of yellow pea % 30 - Deterministic
use rate in % 50 Expert advice Deterministic Average yield of oat in base
alternative scenario scenario kg/ha 4140 SCB 2022 Deterministic
Decreased fertilizer N kg/ha 15 SBA 2023 Deterministic Average yield of yellow pea  kg/ha 3500  SCB 2022 Deterministic
use next year Increased yield of oat+pea o . .
Decreased fertilizer P . L ixt in int 3 % 1 Expert advice Deterministic
kg/ha 3 Expert advice Deterministic mixture in intercropping
use Decreased fertilizer N use 0 . R
Decreased fertilizer % 65 Expert advice Deterministic
I/ha 2 Expert advice Deterministic rate
Mn use Decreased fertilizer P use kg/ha 1.5 SBA 2023 Deterministic
Increased fertilizer K kg/ha 5 Expert advice Deterministic Increased fertilizer K use kg/ha 3 Expert advice Deterministic
use Average seed quantity of oat  kg/ha 205 Expert advice Deterministic
Working hours in - P A ity of
baseline hours/ha 9 Agriwise 2017 Deterministic verage seed quantity o kg/ha 300 Agriwise 2017 Deterministic
yellow pea
Increased working o Midega et al. L A ield of i
% 70 Deterministic verage yield of oat in inisti
hour rate (2014) current system kg/ha 4140  SCB 2022 Deterministic
Average fuel - s SEK/
1/h 100 A 2017 Det t i il i
consumption /ha griwise eterministic Price of fertilizer N kg 10 SBA 2023 Stochastic
Increased fuel
% 10 Expert advi Deterministi ; i SEK/
consumption rate o Xpert advice eterministc Price of fertilizer P kg 22 SBA 2023 Deterministic
Price of faba bean SEK/kg 4 Svenskafoder Stochastic . = SEK/ L
Price of winter wheat ~ SEK/kg 3 Agriwise 2023 Stochastic Price of fertilizer K kg 10 SBA 2023 Deterministic
Price of spring wheat SEK/kg 4 Agriwise 2023 Stochastic Price of yellow pea and oat SEK/ .
Price of spring wheat - . ixed f K 3 Authors work Stochastic
seed SEK/kg 6 Agriwise 2023 Stochastic mixed torage 8
. SEK/ - .
Price of faba b Price of oat fodder 3 Agriwise 2023 Stochastic
r;zz; aba bean SEK/kg 7 Agriwise 2017 Stochastic kg
EK,
Weed control cost for CAB Vistra Price of oat seed i / 5 Agriwise 2023 Stochastic
) SEK/ha 570 - Stochastic 8
spring wheat Gotaland 2023
X SEK/ - .
Weed control cost for CAB Vistra Price of yellow pea seed X 7 Agriwise 2017 Stochastic
SEK/ha 349 . Stochastic 8
faba bean Gotala.r.ld 2023 Weed control cost for oat in ~ SEK/ 43 CAB Vistra Stochastic
Drying cost for spring o0 /kg 0.1 CAB Vastra Deterministic base scenario ha Gétaland 2023
wheat Gotaland 2023 Herbicide cost for oat in SEK/ .. CAB Vistra Stochastic
Drying cost for faba CAB Vostro inisti base scenario ha Gotaland 2023
bean SEK/kg 0.2 Gétaland 2023 Deterministic
Price of fertilizer N SEK/kg 10 SBA 2023 Stochastic Note: CAB - County Administrative Board; SBA - Swedish Board of Agriculture;
Price of fertilizer P SEK/kg 22 SBA 2023 Deterministic SCB - Statistics Sweden.
Price of fertilizer Mn SEK/1 38 C‘?B Vastra Deterministic
Gotaland 2023 . . . . .
Price of fertilizer K SEK/kg 10 SBA 2023 Deterministic higher level of precision. Stochastic partial budget provides such
Price of diesel SEK/1 15 Agriwise 2023 Stochastic advantages.
Poflh;la;lon cost for SEK/ha 49 CéB lv aztra Deterministic X X L. .
aba bean Gotaland 2023 2.2.1. Partial budget technique for adopting intercropping systems
Lab: ti . X . .
aairﬁizsﬁéz crop SEK/ha 241 Agriwise 2023 Stochastic Fig. 1 shows the expected benefits and costs for the intercropping
Discount rate % 3 Authors work  Deterministic systems including strip and mixed intercropping. Detailed breakdown

analysis for benefit and cost changes are listed in Box Al in appendix A.
Regarding the adoption of strip intercropping system, the increased
benefits result from increased revenue and decreased costs. Increased
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NET BENEFIT CHANGE

From converting monocropping cereal to intercropping cereal-legume systems

TOTAL BENEFIT CHANGE
Increased revenue
A: Strip intercropping: increased sale of faba beans and winter
wheat
B: Mixed intercropping: sale of oat-pea forage
Decreased cost
A: Strip intercropping: N and P fertiliser, weed control, spring
wheat seed, drying costs
B: Mixed intercropping: N and P fertiliser, weed control, oat
seed

Fig. 1. Economic outcome of intercropping systems.
Note: A denotes strip-intercropping and B denotes mixed-intercropping system.

revenue stems from both the increased sale of faba beans and the pro-
jected increase in winter wheat yield for the next year, due to the
nutrient offtake from the faba bean, which is called “pre-crop effect”.
Decreased costs are expected due to reduced N, P and Mn fertilizer costs
and weed control usage, the decreased cost of spring wheat seed
(attributable to faba bean inclusion) and from reduced drying costs for
faba beans. Increased costs result from additional expenses and reduced
benefits. Additional costs include increased faba bean seed costs, higher
K fertilizer costs, increased pollination expenses, increased labor costs
(including sowing, crop management, and harvesting), and expected
increases in fuel consumption. Reduced benefits are anticipated due to
decreased income from decreased spring wheat sales. Descriptive sta-
tistics of variables used in the partial budget model of the strip inter-
cropping systems, along with the unit of measurement, data sources,
expected benefits, costs, and the distribution used in the analysis are
presented in Table 1.

For adopting a mixed intercropping system, the increased benefits
result from the increased revenue related with the increased pea and oat
forage sales. As in the first alternative system, the decrease in costs is
expected from fertilizer (N and P) and herbicides costs but also from the
oat seed cost due to decreased share of oat in the total land use. On the
other hand, costs increase for fertilizer K, and yellow pea seed. Reduced
benefit is expected from reduced income of oat sales. Descriptive sta-
tistics of variables used in the partial budget model of the mixed inter-
cropping systems, along with the unit of measurement, data sources,
expected benefits, costs, and the distribution used in the analysis are
presented in Table 2.

Making the partial budget analysis stochastic means attaching
probabilities of occurrence to the possible values of the key factors in a
deterministic budget, thereby generating the probability distribution of
budget outcomes (Hardaker, Huirne and Anderson, 1997; Ahmed et al.,
2020). Uncertainty is the main reason for the selection of stochastic
parameters. We consider variables that cannot explicitly provide enough
information for the realisation of net benefit. These variables normally
stem from uncertain cost and/or price volatility. Therefore, these un-
certain and volatile variables can then be mapped to create a cumulative
distribution function (CDF) which enable us to create probabilities for
the deterministic values. To this end, we used Monte Carlo simulations
and the Tornado diagram to illustrate the sensitivity of the analysis
(Palisade, 2024). A stepwise multiple regression process is applied, and
the results highlights the relative importance of each stochastic
parameter on the net benefit by ranking them in order of their influence,
from the most to the least influential. The probability distribution of the
economic outcomes and the sensitivity of the stochastic parameters on
the economic outcomes are used as means for the resilience assessment.
Table B1 and Table B2 in appendix B present the summary statistics of

TOTAL COST CHANGE
Increased cost
A: Strip intercropping: faba bean seed, K fertiliser,
pollination, labour, fuel
B: Mixed intercropping: fertiliser K, yellow pea seed
Reduced benefits
A: Strip intercropping: decreased income from spring
wheat sale
B: Mixed intercropping: reduced income of oat sales

stochastic parameters considered in the strip- and the mixed intercrop-
ping system. Standard deviation depicts the stochastic parameters are
stable. Both the skewness value (0) and the kurtosis of the input vari-
ables (3) indicate that data is normally distributed.

2.3. Integrating the risk parameters from the stochastic partial budget
analysis into a resilience assessment

Resilience theory emphasizes reorganisation change, uncertainty,
and the capacity of systems to persist, adapt, and transform while
retaining the functionality, following an event (Meuwissen et al., 2019).
Risk characteristics are an integrated part and could be a means toward
resilience analysis and vice versa (Aven, 2019). Here, we focus on
resilience capacity (Darnhofer, 2014; Meuwissen et al., 2019; Serfilippi
and Ramnath, 2018) and its adaptability and robustness dimensions.
Resilience capacities are mutually dependent (Slijper et al., 2022), thus
a successful adaptation implies that resilient system have a capacity to
adapt the use of their resources (adaptability), while still being robust to
retain its gross margin, and deliver the farms functions (robustness)
(Meuwissen et al., 2019; van der Lee et al., 2022).

Building on the indicator-based framework by Slijper et al. (2022),
we interpret the economic resilience of intercropping systems with
several risk related indicators reflecting 1) robustness and 2) adapt-
ability dimensions.

1) Robustness is related to the short-term stability and assessed via i)
resistance - change in the net benefit, where a lower decrease or
eventual increase in the net benefit implies higher resistance and
robustness, ii) shock - as a probability for a severe drop (at least 30%)
in the net benefit (Slijper et al., 2022), implying the system is not
robustness. The observed variation relates to the estimated net
benefit change for the respective monocropping system. Probabilities
of changes in the net benefit are derived from the stochastic budget
analysis.

The adaptation of a system is reflected through adjustments in its
crop- and input composition (Slijper et al., 2022). In our study,
adaptability observes the sensitivity of the impact of selected sto-
chastic parameters (see Table 1 and Table 2) all considered to have
key role for the net change. We assess the adaptability via i) crop-
diversity, analysing the effects of changing from mono- to inter-
cropped crops, including spring wheat, oat, faba bean and yellow
pea, and ii) farm intensity, analysing effects from the adaptation in
the inputs: fertilizers-, crop protection-, energy- and labour costs.
While Slijper et al. (2022) focuses on crop composition, our focus is
the crop prices. Coefficients of their effects are derived with the
Tornado analysis. The most resilient systems are those that utilize

2

—
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low level of inputs (Benoit et al., 2020; Slijper et al., 2022). Greater
adaptability of the alternative systems is achieved if the net benefit is
less sensitive to the changes in the corresponding stochastic param-
eters if robustness is ensured (Logan et al., 2022). Descriptive sta-
tistics of the stochastic parameters along with the unit of
measurement, data source and the distribution are presented in
Table 1 (strip intercropping system) and Table 2 (mixed intercrop-
ping system).

3. Results
3.1. Economic effects of adopting strip cropping system

The deterministic results of the partial budget (Table 3) show that
the main factors influencing the net benefit change incurred by adopting
a strip-intercropping system. The left part of Table 3 shows the benefit
change due to increased revenues and reduced costs. In terms of
increased benefits, total increased benefits are 13,160 SEK because of
increased faba bean sales and increased winter wheat sales in the next
year. In terms of reduced cost, the largest change is decreased cost of
spring wheat seed cost, which is 2180 SEK, followed by decreased fer-
tilizer use with 1793 SEK. The subtotal for benefit change undertaking
strip-intercropping is 18,166 SEK. Cost changes are listed in the right
part of Table 3 that include decreased revenues and increased costs.
Increased cost includes increased faba bean seed cost, increased fertil-
izer K cost, increased pollination cost for faba bean and increased fuel
consumption, that is 7960 SEK in total. The reduced benefit is estimated
at 19221 SEK due to reduced spring wheat sales. After deducting the
subtotal cost change from the subtotal benefit change, net benefit
change is estimated at —9015 for the considered three-hectare plot.

Fig. 2 shows the probability distribution of net benefits for the strip
spring wheat and faba bean intercropping system. The result is used as a
base for assessing the robustness capacity of the resilience assessment.
Given the results, there is 90% probability that the net benefit change
lies between —7500 to —9500 SEK. The magnitude is an indication that
adopting strip spring wheat and faba bean intercropping system appears
as a shock to the economic outcome, hence does not secure the robust-
ness capacity of the system (Slijper et al., 2022). The observed variation
relates to the estimated net benefit change regarding spring wheat
monocropping system.

The results of the impact (sensitivity) analysis for the strip inter-
cropping system are shown with Tornado diagram in Fig. 3. These re-
sults are used as a base for assessing the adaptability capacity of the
resilience assessment. The correlation coefficients belong to the range of
[-1,1], and represent the degree of which the net benefit change is
sensitive to changes in the stochastic parameters. Correlation co-
efficients are normalized by the standard deviation of the net benefit
change and the standard deviation of stochastic parameters and

Table 3

Agricultural Systems 220 (2024) 104064

Net benefit change

-9.448 -7.579
[ 5.0% 90.0% 5.0% |
8
6
-
<5
=
“ 4 Net benefit
z change
&3
>
5
1 |
]
[=4 [=3 (=3 (=1 (=3 (=1 (=3 (=3 (=3
(=4 [=3 =4 (=4 (=4 (=4 o (=4 o
v [ = v (=] vy (=] v (=] v
= S @ ) ® % N 5 Q

Fig. 2. Probability distribution of Net benefits for the for strip intercrop-
ping system.

represent the increase in the standard deviation of the net benefit
change, due to an increase of the standard deviation of a stochastic
parameter.

For the strip intercropping alternative, the price of spring wheat and
faba bean are the most influential factors in determining this outcome,
hence the adaptability capacity of the system. Given the result, 1% in-
crease in the spring wheat price decreases the net benefit by 0.86%. On
the other hand, the 1% higher price of faba bean leads to a 0.46% in-
crease in the net benefit, supporting the adaptability capacity. Prices of
N fertilizer have largest impact on the variations in the net benefit,
hence the adaptability capacity. Low prices of N fertilizer and high price
of the faba bean seed decrease the net benefit, hence the systems'
adaptability capacity. The effect of the price of spring wheat seed is
positive for the net benefit, but small, 0.05% (for 1% increase in the net
benefit). Weed control-, diesel consumption and labour use have small
effect (0.01 to 0.03%) on the variation in the net benefit, hence sup-
porting the adaptability capacity of the system. Scatter plots for the net
benefit change and product/input variables for the strip intercropping
are shown in appendix C1.

3.2. Economic effects of adopting mixed intercropping system

Results for the partial budget analysis related to changes under the
scenario of adopting a mixed intercropping system are provided in Ta-
bles 4. The benefit changes including increased revenue and reduced
costs are listed in the left part of the table. Increased sales of mixed

The deterministic effects of adopting strip intercropping system on net benefit change.

Benefit change Value (SEK)

Cost change Value (SEK)

Increased faba bean sales 10,873
Increased winter wheat sales next year 2287
Total increased benefit 13,160
Decreased fertilizer N cost next year 179
Decreased spring wheat seed cost 2180
Decreased weed control cost 696
Decreased drying cost 158
Decreased fertilizer use current year (N,P,Mn) 1793
Total reduced cost 5006
Sub-total benefit change 18,166
Net benefit change —9015

Increased faba bean seed cost 4042
Increased fertilizer K cost 97
Increased pollination cost for faba bean 82
Increased labour cost 3393
Increased fuel consumption cost 346
Total added cost 7960

Reduced spring wheat sales 19,221
Total reduced benefit 19,221
Sub-total cost change 27,181
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Fig. 3. Tornado plot with correlation coefficients of drivers of net benefit change for the strip intercropping system.

Table 4
The deterministic effects of adopting mixed intercropping system on net benefit
change.

Benefit changes due to change Value Cost change due to Value
(SEK) change (SEK)
Increased yellow pea
2048
Increased yellow pea and oat seed cost
) 19,361 -
mixed forage sales Increased fertilizer K 58
cost
Total added benefit 19,361 Total added cost 2106
Decreased fertilizer cost (N, P) 1489
Decreased oat seed cost 736
Decreased weed control cost 129
Reduced oat f
Decreased herbicide cost 512 educed oat forage 16,765
sales
Total reduced cost 2526 Total reduced 16,765
benefit
Sub-total t
Sub-total benefit change 21,887 ub-total cos 18,871
change
Net benefit change 3016
Net benefit change
3.650 7.316
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Fig. 4. Probability distribution of Net benefits for the for the mixed inter-
cropping system.

forage of yellow pea and oat is 19,361 SEK, which is the most influential
variable in determining benefit change. The total reduced cost is 2526
SEK, whereas the decreased fertilizer cost for N and P is 1149 SEK. The
increase in benefit is offset by an increase in costs of 18,871 SEK due to
increased yellow pea seed cost (2048 SEK), increased fertilizer K cost (58
SEK) and reduced forage sales (16,765 SEK). The net benefit change is
estimated at 3016 SEK for the three-hectare plot. This means increased
net benefit per hectare in the mixed intercropping system is thus esti-
mated at 1006 SEK.

Fig. 4 shows the probability distribution of net benefits for the mixed

intercropping system. For the mixed intercropping, there is 90% prob-
ability that the net benefit change lies between 3650 and 7316 SEK,
meaning that the adopting mixed intercropping of oat and pea for feed
production can be considered as a viable option for securing the
robustness. The observed variation relates to the estimated net benefit
change regarding the oat monocropping system.

Fig. 5 shows the Tornado diagram with correlation coefficients of
drivers of net benefit change for the mixed intercropping system. The
price of mixed fodder of oat and pea and price of the oat fodder are the
most influential factors in determining the net benefit change, hence the
adaptability capacity of the system. Given the result, 1% increase in the
mixed fodder increases the net benefit by 0.70%. On the other hand, 1%
higher price oat fodder leads to 0.67% decrease in the net benefit. While
the impact of the price of the mix folder and the price of oat feed is
opposite, the estimated net benefit change is positive 1005.6 SEK/ha.
While the expected decrease in the use of N fertilizer, herbicides and
pesticides is crucial for securing the environmental benefits of this sys-
tem, the effect of their prices on the net benefit change is small
(0.01-0.03%), hence supporting the adaptability of the system. The
adoption of mixed intercropping system does not assume adjustments in
the diesel consumption and the labour use, hence these inputs are not
presented in the figure. Scatter plots for the net benefit change and
product/input variables for the mixed intercropping are shown in ap-
pendix C2.

4. Discussion

Intercropping is gaining attention for its potential to enhance the
sustainability and the resilience of farming systems (Brannan et al.,
2023; Jensen et al., 2020; European Commission, 2022). Due to the
existence of various intercropping systems (Glaze-Corcoran et al., 2020),
uncertainties in economic outcomes (Huss et al., 2022), and context
dependency (Brannan et al., 2023; Ha et al., 2023), adoption research
that takes local specifies into consideration is needed (Ha et al., 2023).
The primary challenge for the research is identifying intercropping
systems that lead to the desired economic outcome and resilience in a
given cultivation context (Brooker et al., 2015; van der Lee et al., 2022).
In this paper, we provide novel insights into the farm-level economic
outcomes and resilience consequences by looking into the shift from the
conventional monocropping to different types of intercropping. In
particular, the study examines the net benefits of two intercropping al-
ternatives and identifies how key characteristics including product- and
input prices can support or constrain the net benefit of the adoption and
the resilience of the system. The study presents novel evidence in which
economic outcomes and the resilience assessment are integrated. In this
study, net changes and risk parameters of the inputs associated with the
intercropping practices are discussed through the lenses of resilience
capacity (Slijper et al., 2022).
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Fig. 5. Tornado plot with correlation coefficients of drivers of net benefit change for the mixed intercropping scenario.

4.1. Net benefit and resilience from adopting cereal-legume intercropping
practices in Sweden

We found that given the available production management practices
and market conditions, net benefits from replacing various monocrop-
ping systems with an intercropping alternative differ. Due to the nega-
tive result of the net benefit, the strip spring wheat faba bean
intercropping alternative fails to secure robustness (causing shock to the
system). The adoption of mixed intercropping system of oat and pea for
fodder production is a feasible alternative, yielding positive result for
the net benefit change and the robustness of the system.

Changes resulting from product composition, i.e., the products' pri-
ces, make the largest impact on the result. Prices of spring wheat and
faba bean in the strip intercropping, prices of mixed fodder of oat and
pea, and price oat fodder in the mixed intercropping are the most
influential factors in determining the adaptability capacity of the
intercropping systems. The impact from the spring wheat price in
monocropping is negative and larger than the positive impact of wheat
faba bean prices in intercropping. The result is an indication that high
price of the monocropping products is a strong determinant against the
adaptability capacity of the intercropping system. For the mixed inter-
cropping alternative, the effect of the monocropped and the inter-
cropped cultivation systems on the variations in the net benefit is
opposite but similar. The net benefit for this system is positive due to the
low intensity of the production, i.e., low use of the remaining inputs.
Benoit et al. (2020) also showed that the most resilient systems with the
lowest coefficient of variation of net income are those that combine a
low level of inputs. Our findings in relation to the strip intercropping of
the spring wheat and faba bean partially confirm the existing literature
that monocropped crops outcompete intercropped crops on gross mar-
gins (Brannan et al., 2023).

For both intercropping systems, the intensity of the inputs use,
especially the N fertilizer and the weed control are well in line with the
policy principles for sustainable and resilient production (European
Commission, 2020). As a part of Farm to Fork strategy (F2F), and Energy
and Climate Plans, the EC proposes reducing the usage of fertilizers,
chemical pesticides (European Commission, 2020), and fossil fuels
(European Commission, 2023). Research providing evidence for the
economic outcomes while meeting these targets is of great value for
determining the barriers that hinder adoption. Our results show that
while the production intensification and the impact of the production
inputs, (except for the N fertilizer) on the variations in the net benefit
change are low, these changes are insufficient to outbalance the eco-
nomic costs of the strip intercropping system. In comparison with the
remaining inputs N fertilizer price has a large contribution to the vari-
ations in the net benefits. Specifically, the low price of N fertilizes de-
creases the net benefit of the adoption, hence the adaptability of the strip
intercropping system.

Our results support the previous findings that intercropping could
play a role as an alternative system for sustainable and resilient agri-
culture (Martin-Guay et al., 2018), but both the net benefit and the
resilience capacity resulting from intercropping alternatives are highly
context specific (Brannan et al., 2023; Weih et al., 2021) and specific to
the type of intercropping.

4.2. Policy implications and recommendations

Findings of this study are highly policy relevant. In Sweden, the
adoption rate of intercropping is low, and farmers are reluctant to
intercrop common field crops (Jensen et al., 2020). However, our
findings show that field crops, especially cereal-legume mixed cropping
for fodder consumption can be considered a viable practice. Intercrop-
ping adoption is driven by farmers perceived financial benefits (Ha et al.,
2024) and hindered by insufficient knowledge, both for the farmers
(Brannan et al., 2023; Ha et al., 2023; Ha et al., 2024) and the extension
services (Brannan et al., 2023; Zimmer et al.,, 2016). To eliminate
knowledge barriers, policymakers at various levels should use the
argument about intercropping's financial benefits to enact policies
facilitating the dissemination of knowledge to extension services and
farmers via training programmes, demonstration projects, and produc-
tion planning assistance (Ha et al., 2023; Ha et al., 2024; Zimmer et al.,
2016).

Net benefit change from adopting differs across the intercropping
alternatives, primarily due to prices of the products. The price of the
main crop has a negative impact while the price of intercropped prod-
ucts has a positive impact on the net benefit change, especially for the
strip intercropping. These results are an indication for the need of pol-
icies that target innovative solutions for improving the market condi-
tions for less viable intercropped products, e.g., for establishing and
expansions of markets, markets information, and supply chains coordi-
nation (Brannan et al., 2023; Mamine and Fares, 2020) to encourage
uptake of more sustainable practices. Market conditions play a vital role
even for the viable intercropped products. Our study shows that the net
benefit of the mixed intercropping alternative is positive. However, in
practice, farmers mainly intercrop to produce animal feed. Results imply
that in short run, polices supporting this product are plausible for re-
gions where such market exists.

Intercropping is among the practices supported by the CAP eco-
schemes (Regeringen, 2023). The current payment of about 125 euro/
ha partially compensates for the net benefit loss for the strip inter-
cropping. Results show that without coordination with proper market
solutions, the transition from monocropping spring wheat to strip spring
wheat faba bean intercropping requires higher public support. The goal
of the eco-schemes' payment is to reduce nutrient leaching (Regeringen,
2023). Our results suggest that low prices of N fertilizer hinder adapt-
ability of the strip intercropping alternative. Thus, agricultural policies



G. Manevska-Tasevska et al.

need to reconsider the standards and the regulations to make sure that
the net benefit from using less sustainable production methods will not
hinder the intercropping adoption (Mamine and Fares, 2020).

Last but not the least, in line with the existing literature (Lin, 2011;
Wang et al., 2023), economic outcomes of the intercropping alternatives
depend on the composition of the crop mixture. Results of this study
inform policy makers and the practitioners for the risk mitigation po-
tential of the evaluated intercropping alternatives, thus allowing for
better strategic planning. For instance, it is crucial to take into consid-
eration the local needs for N sensitive regions and the possibilities for
selling the end-use product.

To summarize, private policies targeting markets and value chains,
public policies compensating negative outcomes from the intercropping
adoption, knowledge diffusion, and innovative solutions for market
development can be of great relevance for scaling up intercropping.

4.3. Limitations

This research has several limitations. Particularly, applying sto-
chastic partial budget modelling means that the results are limited to
selected scenarios with only two cereal-legume intercropping alterna-
tives in Sweden and do not account for change over time. While our
analysis can be easily extended to other plot sizes, it did not take into
account the economic scalability of intercropping systems. This means
our results did not provide insight into changes in observed economic
benefits across different scales of operation. Nevertheless, the ex-ante
analysis of these hypothetical scenario is crucial to inform decision
making by farmers and policy makers. Moreover, due to the scenario's
assumptions, the method is restricted to only two resilience capacities,
namely robustness and adaptability. Future studies on economic bene-
fits of intercropping can extend the application to other dimensions of
resilience like anticipation and transformability (Manevska-Tasevska
et al., 2023).

The analysis observes changes in monetary terms but not quality
characteristics, for example, possible variations in the nutritional value
of the outputs (Kocer and Sebahattin, 2012). Low quality mixture will
not attain the expected revenue from the product sale. In addition, the
analysis considers a homogenous mixture of the seeds (e.g., oat and pea
seed). However, technical considerations are necessary for seed prepa-
ration and adjustments in planting to accommodate seeds of different
sizes (Glaze-Corcoran et al., 2020). Extra costs may arise from sorting
seeds before sowing due to differences in the weight of the seeds from
two species. In this case, the seeding procedure needs to be repeated
twice, resulting in increased seeding cost. Future research should
consider two technological issues including proper sowing and product
quality.

This study exclusively examines the economic outcomes and resil-
ience of the alternative intercropping system. However, given the
challenge of global food and nutrition insecurity future research could
explore changes in nutritional value and analyse the associated trade-
offs with the economic resilience outcome. Last but not the least, this
application is for the Swedish crop production. The agricultural sector in
Sweden operates in a Nordic climate with a limited number of crops.
This limits the validity of the results to a Nordic context. Replication of
the study elsewhere requires reconsidering the choice of the intercrop-
ping alternatives and their respective production management. Longi-
tudinal studies that capture temporal variability in economic outcomes,
as well as broader geographic studies, are needed to improve the
generalizability of the findings.

5. Conclusions

This study investigates the consequences of adoption of intercrop-
ping practices on the farm economic outcomes in Sweden, in the context
of achieving economic resilience. We model two baseline cereal- based
monocropping scenarios and two corresponding cereal-legume
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intercropping scenarios to examine net changes and risk characteristics
resulting from the adaptation from mono- to intercropping system. Es-
timates of net changes and the respective risk characteristics are inte-
grated in an economic resilience assessment for the intercropping
systems.

Results show that intercropping could play an essential role as an
alternative system for sustainable and resilient agriculture. Our findings
confirm the existing literature, demonstrating the contextual depen-
dence of economic outcomes and resilience in intercropping systems.
Given the negative result of the net benefit, the strip spring wheat faba
bean intercropping alternative do not contribute to achieving robust-
ness. Compared to oat monocropping system, the adoption of mixed oat
pea intercropping system for fodder purposes yields positive result for
the net benefit change and contribute to the robustness of the system.
Prices of the mono- and the intercropped products of both intercropping
alternatives and the use of N fertilizer for the strip intercropping alter-
native are the most influential factors in determining the adaptability
capacity. Prices supporting the monocropping products, and the low
price of N fertilizer hinder the adaptability of the intercropping system.

The study has several contributions. First the stochastic partial
budget analysis applied in our study is for hypothetical technology
adoption that could be understood as an ex-ante analysis to inform de-
cision making on implementing new adaptation practices (Ahmed et al.,
20205 Jerlstrom et al., 2022; Owusu-Sekyere et al., 2023). The stochastic
component attaches probabilities of occurrence to the possible values of
the key factors in an economic outcome, thereby generating the prob-
ability distribution of possible economic outcomes (Hardaker et al.,
1997). In these ways, our approach is different from that of Benoit et al.
(2020) and Slijper et al. (2022), which provide empirical evidence for
existing farming systems. Second, this paper is the first attempt that uses
stochastic partial budget analysis to interpret economic outcomes
through the lenses of resilience capacities. Thus, the paper provides
novel results on economic resilience of adopting intercropping practices
in a Nordic context. Third, the economic outcomes in this study were
simulated (Ahmed et al., 2020; Alvasen et al., 2017), adding to the
existing related literature where most intercropping studies are con-
ducted at experimental fields (Jensen et al., 2020; Wang et al., 2023).
Last but not the least, the study informs Swedish extension services and
policymakers on effective intercropping practices and policy design for
economic outcomes and resilience.
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Appendix A

Box Al
Partial Budgeting Technique for adopting strip intercropping system. Detailed breakdown analysis for benefit
and cost changes

Increased benefits
Increased revenue

@ Increased legume sales: Increased legume sale (SEK) = yield of faba bean (kg/ha) x share of land - faba bean (ha) x
price of faba bean (SEK/kg)

@ Increased cereal sales next year: Increased winter wheat sale next year (SEK) = (share of land - faba bean (ha) x
increased yield of winter wheat in next year (kg/ha) x price of winter wheat (SEK/kg)) / (1 + discount rate)

Decreased cost

@ Decreased fertilizer N use next year: Decreased fertilizer N use next year (SEK) = (share of land-faba bean (ha) x
decreased fertilizer N use (kg/ha) x price of fertilizer N (SEK/kg)) / (1 + discount rate)

@ Decreased spring wheat seed cost: Decreased spring wheat seed cost = share of land - faba bean (ha) x seed quantity of
spring wheat (kg/ha) x price of spring wheat seed (SEK/kg)

@ Decreased weed control cost: Decreased weed control cost (SEK) = weed control cost for spring wheat (SEK/ha) x total
land area (ha) - (share of land - faba bean (ha) x weed control cost for faba bean (SEK/ha) + share of land - spring
wheat (ha) x weed control cost for spring wheat (SEK/ha))

@ Decreased drying fees: Drying cost for faba bean (SEK) = yield of spring wheat in baseline (kg/ha) x land area (ha) x
drying cost for spring wheat (SEK/kg) - yield of faba bean (kg) x share of land - faba bean (ha) x drying cost of faba
bean (SEK/kg) - yield of spring wheat (kg/ha) x share of land - spring wheat (ha) x drying cost of spring wheat (SEK/
kg)

@ Decreased fertilizer use (N, P, Mn): fertilizer use cost (SEK) = (decreased fertilizer P use (kg/h) x total land area(ha) x
price of fertilizer P (SEK/kg) + decreased fertilizer N use x share of land - faba bean (ha) x price of fertilizer N (SEK/
kg) + decreased fertilizer Mn use (1/ha) x share of land - faba bean (ha) x price of Mn (SEK/1)

Increased costs

Increased cost

@ Increased legume seed cost: Increased seed cost (SEK) = seed quantity of faba bean (kg/ha) x share of land - faba bean
(ha) x price of legume seed (SEK/kg)

@ Increased fertilizer K cost: Increased fertilizer K cost (SEK) = Increased fertilizer K use (kg/ha) x total land area (ha) x
price of fertilizer K (SEK/kg)

@ Increased pollination cost: Increased pollination cost (SEK) = pollination cost per ha (SEK/ha) x share of land - faba
bean (ha)

@ Increased labor cost (including sowing, crop management and harvest): Increased labor cost (SEK) = working hours in
baseline (hour) x labor cost in crop cultivation (SEK/h) x increased percentage of labor use (%)

@ Increased fuel consumption: Increased fuel consumption (SEK) = average fuel consumption (I/ha) x total land area
(ha) x price of diesel (SEK/]) x increased rate (%)

Decreased benefit

@ Reduced income of wheat sales: Decreased wheat sale (SEK) = yield of spring wheat in monocropping (kg/ha) x total
land area (ha) x price of spring wheat (SEK/kg) - yield of spring wheat in intercropping (kg/ha) x share of land - spring
wheat (ha)) x price of spring wheat (SEK/kg)

Box A2
Partial Budgeting Technique for adopting mixed intercropping system. Detailed breakdown analysis for benefit
and cost changes

Increased benefits
Increased revenue

@ Increased pea and oat forage sales: Increased pea and oat forage sale (SEK) = yield of pea and oat forage (kg/ha) * total
land (ha) * forage price (SEK/kg)
Decreased cost

@ Decreased fertilizer use: fertilizer use cost (SEK) = Decreased fertilizer N rate (kg/h) * total land (ha) * price of fertilizer
N (SEK/kg) + Decreased fertilizer P rate (kg/ha) * total land (ha) * price of fertilizer P

(continued on next page)
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Box A2 (continued)

@ Decreased oat seed cost: Increased oat seed cost (SEK) = oat seed rate (kg/ha) * decreased share of oat (%) * total land
(ha) * price of oat seed (SEK/kg)

@ Decreased weed control cost: Decreased pesticide cost (SEK) = decreased pesticide use (kg/ha) * total land (ha) * price
of pesticide (SEK/kg)

@ Decreased herbicide cost: Decreased herbicide cost (SEK) = decreased herbicide use (kg/ha) * total land (ha) * price of
herbicide (SEK/kg)

Increased costs

Increased cost

@ Increased yellow pea seed cost: Increased seed cost (SEK) = legume seed rate (kg/ha) * share of mixed - pea (%) * total
land (ha) * price of pea seed (SEK/kg)

@ Increased fertilizer K cost: Increased fertilizer K cost (SEK) = Increased fertilizer K rate (kg/ha) * total land (ha) * price
of fertilizer K (SEK/kg)

Decreased benefit

@ Reduced income of oat sales: Decreased oat sale (SEK) = yield of oat (kg/ha) * total land (ha) * oat fodder price (SEK/
kg)

Appendix B

Table B1
Summary statistics for product and input variables (stochastic parameters) considered for the strip intercropping system.

Variables Median Min Max 5% 95% St.dev Skewnes Kurtosis
Price of spring wheat 3.87 3.50 4.22 3.71 4.03 0.10 —0.01 3.06
Price of oat fodder 4.00 3.64 4.34 3.84 4.16 0.10 —0.01 3.03
Price of spring wheat seed 6.40 6.08 6.72 6.23 6.56 0.10 —0.00 2.95
Price of faba bean seed 6.60 6.22 6.93 6.43 6.76 0.10 —0.02 3.05
Price of fertilizer N 9.71 9.37 10.03 9.54 9.87 0.10 —0.00 2.99
Price of diesel 15.48 15.16 15.81 15.31 15.64 0.10 0.00 2.97
Table B2

Summary statistics for product and input variables (stochastic parameters) considered in mixed intercropping system.

Variables Median Min Max 5% 95% Std. Dev Skewness Kurtosis
Price of pea and oat mixed fodder 2.82 2.82 3.48 2.98 3.06 0.10 0.00 2.98
Price of oat fodder 2.30 2.30 2.99 2.46 2.78 0.10 0.02 3.02
Price of yellow pea seed 6.18 6.18 6.83 6.33 6.66 0.10 —-0.01 3.00
Price of oat fodder seed 4.97 4.98 5.69 5.19 5.51 0.10 0.01 3.04
Price of fertilizer N 9.38 9.38 10.06 9.54 9.87 0.10 0.01 2.99
Price of diesel 15.17 15.17 15.81 15.31 15.64 0.10 0.00 2.95
Herbicide cost of oat 197.67 197.67 198.37 197.84 198.16 0.10 0.01 3.03
Pesticide cost for oat 49.64 49.65 50.34 49.83 50.23 0.10 —0.01 3.03

Appendix C

C.1. Scatter plots for the net benefit change and product/input variables for the strip intercropping
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C.2. Scatter plots for the net benefit change and product/input variables for the mixed Intercropping

Net benefit change vs Price of oat fodder

Net benefit change vs Price of pea and oat miexed fodder

Net benefit change

5.0
5.5

& @ &
Price of oat fodder seed

Comparison of Key Input Scenarios Comparison of Key Input Scenarios
2.62( 3141
10,000
9,000 | EEEE
10.0%: ]
8,000
o
2 & 7,000
5 5
S 5 6000
g HIEN g
2 S| 2 s000 -
2 2
ko] B 4,000
=z =z
3,000 { 3,000 .
g 1:.o% |
2,000 1 % 2000 .
[40%
1,000 1,000
~ - < o < ~ @ o ° ~ @ o o - ~ - < "
N ~ ~ ~ ~N ~ ~ - « - - - =
Price of oat fodder Price of pea and oat miexed fodder
Net benefit change vs Price of oat fodder seed Net benefit change vs Herbicide cost for oat
Comparison of Key Input Scenarios Comparison of Key Input Scenarios
5.350 198.000
v 10,000 1 v

Net benefit change

i

197.7
197.8

97.9

98.0
198.1
198.2
198.3
198.4

Net benefit change vs Price of fertilizer N
Comparison of Key Input Scenarios
9.7100
10,000 - v

Net benefit change

Price of fertilizer N

Net benefit change

Net benefit change vs Price of yellow pea seed
Comparison of Key Input Scenarios
6.500

6.
6.
6.7

© © ©
Price of yellow pea seed

References

Ahmed, H., Alvésen, K., Berg, C., Hansson, H., Hultgren, J., Rocklinsberg, H.,
Emanuelson, U., 2020. Assessing economic consequences of improved animal
welfare in Swedish cattle fattening operations using a stochastic partial budgeting
approach. Livest. Sci. 232, 103920 https://doi.org/10.1016/].1ivsci.2020.103920.

Alvésen, K., Hansson, H., Emanuelson, U., Westin, R., 2017. Animal welfare and
economic aspects of using nurse sows in Swedish pig production. Front. Vet. Sci. 4
https://doi.org/10.3389/fvets.2017.00204.

Aven, T., 2019. The call for a shift from risk to resilience: what does it mean? Risk Anal.
39, 1196-1203. https://doi.org/10.1111/risa.13247.

Benoit, M., Joly, F., Blanc, F., Dumont, B., Sabatier, R., Mosnier, C., 2020. Assessment of
the buffering and adaptive mechanisms underlying the economic resilience of sheep-
meat farms. Agron. Sustain. Dev. 40, 34. https://doi.org/10.1007/513593-020-
00638-z.

Bonke, V., Siebrecht-Scholl, D., MuBhoff, O., 2021. The profitability of mixed cropping
with winter faba bean and winter wheat. Berichte {iber Landwirtschaft-Zeitschrift fiir
Agrarpolitik und Landwirtschaft. https://doi.org/10.12767/buel.v99i2.387.

Brannan, T., Bickler, C., Hansson, H., Karley, A., Weih, M., Manevska-Tasevska, G., 2023.
Overcoming barriers to crop diversification uptake in Europe: a mini review. Front.
Sustain. Food Syst. 7 https://doi.org/10.3389/fsufs.2023.1107700.

13

Brooker, R.W., Bennett, A.E., Cong, W.F., Daniell, T.J., George, T.S., Hallett, P.D.,
Hawes, C., lannetta, P.P., Jones, H.G., Karley, A.J., 2015. Improving intercropping: a
synthesis of research in agronomy, plant physiology and ecology. New Phytol. 206,
107-117. https://doi.org/10.1111/nph.13132.

Darnhofer, 1., 2014. Resilience and why it matters for farm management. Eur. Rev. Agric.
Econ. 41, 461-484. https://doi.org/10.1093/erae/jbu012.

Dhoubhadel, S., and Stockton, M., 2010. Stochastic partial budgeting: a new look at an
old tool. Cornhusker Economics 424. htp://digitalcommons.unl.edu/agecon_
cornhusker/424.

European Commission, 2020. Communication from the commission to the European
parliament, the council, the European economic and social committee and the
committee of the regions. A farm to fork strategy for a fair, healthy and
environmentally-friendly food system. In: Commission, E (Ed.), COM(2020) 381
Final, Brussels. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%
3A52020DC0381.

European Commission, 2022. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions of 27/4/2022. Attracting skills and talent to the EU. COM
(2022) 332 final, Brussels. https://eur-lex.europa.eu/legal-content/EN/TXT/?
uri=CELEX%3A52022DC0332.

European Commission, 2023. Draft updated National Energy and Climate Plan (NECP)
for Sweden. In: Government Offices, Ministry of Climate and Industry Energy Unit,


https://doi.org/10.1016/j.livsci.2020.103920
https://doi.org/10.3389/fvets.2017.00204
https://doi.org/10.1111/risa.13247
https://doi.org/10.1007/s13593-020-00638-z
https://doi.org/10.1007/s13593-020-00638-z
https://doi.org/10.12767/buel.v99i2.387
https://doi.org/10.3389/fsufs.2023.1107700
https://doi.org/10.1111/nph.13132
https://doi.org/10.1093/erae/jbu012
http://digitalcommons.unl.edu
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0381
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0381
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022DC0332
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022DC0332

G. Manevska-Tasevska et al.

KN2023/02494. European Commission. https://commission.europa.eu/system/fil
es/2023-7/EN_SWEDEN%20DRAFT%20UPDATED%20NECP.pdf.

FAO, 2022. Agricultural production statistics 2000-2021, FAOSTAT Analytical Brief No
60. FAO, Rome, Italy, p. 17. https://www.fao.org/3/cc3751en/cc3751en.pdf.

Glaze-Corcoran, S., Hashemi, M., Sadeghpour, A., Jahanzad, E., Keshavarz Afshar, R.,
Liu, X., Herbert, S.J., 2020. Chapter five - understanding intercropping to improve
agricultural resiliency and environmental sustainability. In: Sparks, D.L. (Ed.),
Advances in Agronomy. Academic Press, pp. 199-256. https://doi.org/10.1016/bs.
agron.2020.02.004.

Ha, T.M., Manevska-Tasevska, G., Jack, O., Weih, M., Hansson, H., 2023. Farmers'
intention towards intercropping adoption: the role of socioeconomic and
behavioural drivers. Int. J. Agric. Sustain. 21, 2270222. https://doi.org/10.1080/
14735903.2023.2270222.

Ha, T.M., Manevska-Tasevska, G., Weih, M., Hansson, H., 2024. Heterogeneity in
farmers' stage of behavioural change in intercropping adoption: an application of the
Transtheoretical model. Agric. Food Econ. 12, 1-27. https://doi.org/10.1186/
540100-024-00306-w.

Hardaker, J.B., Huirne, R.B., Anderson, J.R., Lien, G., 1997. Coping with Risk in
Agriculture. Cab International Wallingford.

Himanen, S.J., Makinen, H., Rimhanen, K., Savikko, R., 2016. Engaging farmers in
climate change adaptation planning: assessing intercropping as a means to support
farm adaptive capacity. Agriculture 6, 34. https://doi.org/10.3390/
agriculture6030034.

Huss, C.P., Holmes, K.D., Blubaugh, C.K., 2022. Benefits and risks of intercropping for
crop resilience and pest management. J. Econ. Entomol. 115, 1350-1362. https://
doi.org/10.1093/jee/toac045.

Jensen, E.S., Chongtham, L.R., Dhamala, N.R., Rodriguez, C., Carton, N., Carlsson, G.,
2020. Diversifying European agricultural systems by intercropping grain legumes
and cereals. Ciencia e investigacion agraria: revista latinoamericana de ciencias de la
agricultura 47, 174-186. https://doi.org/10.7764/ijanr.v47i3.2241.

Jerlstrom, J., Huang, W., Ehlorsson, C.-J., Eriksson, 1., Reneby, A., Comin, A., 2022.
Stochastic partial budget analysis of strategies to reduce the prevalence of lung
lesions in finishing pigs at slaughter. Front. Vet. Sci. 9, 957975 https://doi.org/
10.3389/fvets.2022.957975.

Kocer, A., Sebahattin, A., 2012. Determination of forage yield and quality of pea (Pisum
sativum L.) mixtures with oat and barley. Turkish J. Field Crops 17.1 (2012), 96-99.
https://dergipark.org.tr/en/download/article-file/158707.

Lagerquist, E., Vogeler, 1., Kumar, U., Bergkvist, G., Lana, M., Watson, C.A., Parsons, D.,
2024. Assessing the effect of intercropped leguminous service crops on main crops
and soil processes using APSIM NG. Agric. Syst. 216, 103884 https://doi.org/
10.1016/j.agsy.2024.103884.

Lambert, D.M., Lowenberg-DeBoer, J., 2003. Economic analysis of row spacing for corn
and soybean. Agron. J. 95, 564-573. https://doi.org/10.2134/agronj2003.5640.

Lin, B.B., 2011. Resilience in agriculture through crop diversification: adaptive
management for environmental change. BioScience 61, 183-193. https://doi.org/
10.1525/bi0.2011.61.3.4.

Logan, T.M., Aven, T., Guikema, S.D., Flage, R., 2022. Risk science offers an integrated
approach to resilience. Nat. Sustain. 5, 741-748. https://doi.org/10.1038/s41893-
022-00893-w.

Mamine, F., Fares, M.H., 2020. Barriers and levers to developing wheat-pea
intercropping in Europe: a review. Sustainability 12, 6962. https://doi.org/10.3390/
sul2176962.

Manevska-Tasevska, G., Duangbootsee, U., Bimbilovski, I., Thathong, P., Ha, T.M., 2023.
A systematic scoping review and content analysis of policy recommendations for
climate-resilient agriculture. Clim. Pol. 23, 1271-1287. https://doi.org/10.1080/
14693062.2023.2232334.

Martin-Guay, M.-O., Paquette, A., Dupras, J., Rivest, D., 2018. The new green revolution:
sustainable intensification of agriculture by intercropping. Sci. Total Environ. 615,
767-772. https://doi.org/10.1016/j.scitotenv.2017.10.024.

McAlvay, A.C., DiPaola, A., D'Andrea, A.C., Ruelle, M.L., Mosulishvili, M., Halstead, P.,
Power, A.G., 2022. Cereal species mixtures: an ancient practice with potential for
climate resilience. A review. Agron. Sustain. Dev. 42, 100. https://doi.org/10.1007/
s13593-022-00832-1.

Meuwissen, M., Feindt, P., Spiegel, A., Termeer, K., Mathijs, E., De Mey, Y., Finger, R.,
Balmann, A., Wauters, E., Urquhart, J., Vigani, M., Zavalinska, K., Herrera, H.,
Nicholas-Davies, P., Hansson, H., Paas, W., Slijper, T., Coopmans, I., Vroege, W.,
Ciechomska, A., Accatino, F., Kopainsky, B., Poortvliet, M., Candel, J., Maye, D.,
Severini, S., Senni, S., Soriano, B., Lagerkvist, C.-J., Peneva, M., Gavrilescu, C.,
Reiddsma, P., 2019. A framework to assess the resilience of farming systems. Agric.
Syst. 176 https://doi.org/10.1016/j.agsy.2019.102656.

Meuwissen, M., Feindt, P.H., Midmore, P., Wauters, E., Finger, R., Appel, F., Spiegel, A.,
Mathijs, E., Termeer, K., Balmann, A., de Mey, Y., Reidsma, P., 2020. The struggle of

Agricultural Systems 220 (2024) 104064

farming systems in Europe: looking for explanations through the Lens of resilience.
Eurochoices 19, 4-11. https://doi.org/10.1111/1746-692X.12278.

Meuwissen, M.P., Feindt, P.H., Garrido, A., Mathijs, E., Soriano, B., Urquhart, J.,
Spiegel, A., 2022. Resilient and sustainable farming Systems in Europe: exploring
diversity and pathways. Cambridge University Press. https://doi.org/10.1017/
9781009093569.

Owusu-Sekyere, E., Hansson, H., Telezhenko, E., Nyman, A.-K., Ahmed, H., 2023.
Economic impact of investment in animal welfare-enhancing flooring
solutions—-implications for promoting sustainable dairy production in Sweden. Br.
Food J. 125, 4415-4444. https://doi.org/10.1108/BFJ-06-2022-0523.

Palisade, 2024. Palisade knowledge base: interpreting regression coefficients in tornado
graphs.

Pemsl, D., Waibel, H., Orphal, J., 2004. A methodology to assess the profitability of Bt-
cotton: case study results from the state of Karnataka, India. Crop Prot. 23,
1249-1257. https://doi.org/10.1016/j.cropro.2004.05.011.

Power, J., Follett, R., 1987. Monoculture. Sci. Am. 256, 78-87. www.jstor.org/stab
1e/10.2307/24979342.

Regeringen, 2023. Strategic Plan for the Implementation of the Common Agricultural
Policy in Sweden 2023-2027. https://www.regeringen.se/contentassets/bd779fd2cf
644e7baec4d9bed12b9b61/rapport-om-den-strategiska-gjp-planen-2021.pdf.

Rosa-Schleich, J., Loos, J., MuBhoff, O., Tscharntke, T., 2019. Ecological-economic trade-
offs of diversified farming systems-a review. Ecol. Econ. 160, 251-263. https://doi.
org/10.1016/j.ecolecon.2019.03.002.

SCB, 2020. Use of Agricultural Land in 2020, Preliminary Statistics. Accessed, December,
21, 2023. https://www.scb.se/en/finding-statistics/statistics-by-subject-area/agricu
Iture-forestry-and-fishery/agricultural-structure/use-of-agricultural-land/.

Schipper, L., Langston, L., 2015. A Comparative Overview of Resilience Measurement
Frameworks. Overseas Development Institute, London, UK. https://doi.org/
10.13140/RG.2.1.2430.0882.

Serfilippi, E., Ramnath, G., 2018. Resilience measurement and conceptual frameworks: a
review of the literature. Ann. Public Cooperative Econ. 89, 645-664. https://doi.
org/10.1111/apce.12202.

Slijper, T., de Mey, Y., Poortvliet, P.M., Meuwissen, M.P., 2022. Quantifying the
resilience of European farms using FADN. Eur. Rev. Agric. Econ. 49, 121-150.
https://doi.org/10.1093/erae/jbab042.

Svenska foder, 2024. Blandningar av olika slag. https://www.svenskafoder.se/va
xtodling/utsade/varutsade/gronfoderblandningar/.

Swedish Board of Agriculture, 2007. Helsdd i ekologisk odling. https://www2.jordb
ruksverket.se/webdav/files/SJV/trycksaker/Pdf _jo/jo07_7.pdf.

Swedish Board of Agriculture, 2023. Jordbruksstatistisk sammanstallning 2023. https://
jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbr
uksverkets-statistikrapporter/statistik/2023-08-10-jordbruksstatistisk—sammansta
lIning-2023.

van der Lee, J., Kangogo, D., Giilzari, $.6., Dentoni, D., Oosting, S., Bijman, J., Klerkx, L.,
2022. Theoretical positions and approaches to resilience assessment in farming
systems. A review. Agron. Sustain. Dev. 42, 27. https://doi.org/10.1007/s13593-
022-00755-x.

Volkov, A., Zickiene, A., Morkunas, M., Balezentis, T., Ribasauskiené, E.,

Streimikiene, D., 2021. A multi-criteria approach for assessing the economic
resilience of agriculture: the case of Lithuania. Sustainability 13, 2370. https://doi.
org/10.3390/su13042370.

Wang, Z., Dong, B., Stomph, T.J., Evers, J.B., van der Putten, P.E., Ma, H., Missale, R.,
van der Werf, W., 2023. Temporal complementarity drives species combinability in
strip intercropping in the Netherlands. Field Crop Res. 291, 108757 https://doi.org/
10.1016/j.fcr.2022.108757.

Watson, C.A., Reckling, M., Preissel, S., Bachinger, J., Bergkvist, G., Kuhlman, T.,
Lindstrom, K., Nemecek, T., Topp, C.F.E., Vanhatalo, A., Zander, P., Murphy-
Bokern, D., Stoddard, F.L., 2017. Chapter four - grain legume production and use in
European agricultural systems. In: Sparks, D.L. (Ed.), Advances in Agronomy.
Academic Press, pp. 235-303. https://doi.org/10.1016/bs.agron.2017.03.003.

Weih, M., Karley, A.J., Newton, A.C., Kier, L.P., Scherber, C., Rubiales, D., Adam, E.,
Ajal, J., Brandmeier, J., Pappagallo, S., 2021. Grain yield stability of cereal-legume
intercrops is greater than sole crops in more productive conditions. Agriculture 11,
255. https://doi.org/10.3390/agriculture11030255.

Zabala, J.A., Martinez-Garcia, V., Martinez-Paz, J.M., Lopez-Becerra, E.I., Nasso, M.,
Diaz-Pereira, E., Sanchez-Navarro, V., Alvaro-Fuentes, J., Gonzalez-Rosado, M.,
Farina, R., Di Bene, C., Huerta, E., Jurrius, A., Frey-Treseler, K., Loczy, D., Fosci, L.,
Blasi, E., Lehtonen, H., Alcon, F., 2023. Crop diversification practices in Europe: an
economic cross-case study comparison. Sustain. Sci. 18 (6), 2691-2706. https://doi.
org/10.1007/5s11625-023-01413-1.

Zimmer, S., Liebe, U., Didier, J.-P., He8, J., 2016. Luxembourgish farmers' lack of
information about grain legume cultivation. Agron. Sustain. Dev. 36, 1-10. https://
doi.org/10.1007/s13593-015-0339-5.

14


https://commission.europa.eu/system/files/2023-7/EN_SWEDEN%20DRAFT%20UPDATED%20NECP.pdf
https://commission.europa.eu/system/files/2023-7/EN_SWEDEN%20DRAFT%20UPDATED%20NECP.pdf
https://doi.org/10.1016/bs.agron.2020.02.004
https://doi.org/10.1016/bs.agron.2020.02.004
https://doi.org/10.1080/14735903.2023.2270222
https://doi.org/10.1080/14735903.2023.2270222
https://doi.org/10.1186/s40100-024-00306-w
https://doi.org/10.1186/s40100-024-00306-w
http://refhub.elsevier.com/S0308-521X(24)00214-2/rf0075
http://refhub.elsevier.com/S0308-521X(24)00214-2/rf0075
https://doi.org/10.3390/agriculture6030034
https://doi.org/10.3390/agriculture6030034
https://doi.org/10.1093/jee/toac045
https://doi.org/10.1093/jee/toac045
https://doi.org/10.7764/ijanr.v47i3.2241
https://doi.org/10.3389/fvets.2022.957975
https://doi.org/10.3389/fvets.2022.957975
https://dergipark.org.tr/en/download/article-file/158707
https://doi.org/10.1016/j.agsy.2024.103884
https://doi.org/10.1016/j.agsy.2024.103884
https://doi.org/10.2134/agronj2003.5640
https://doi.org/10.1525/bio.2011.61.3.4
https://doi.org/10.1525/bio.2011.61.3.4
https://doi.org/10.1038/s41893-022-00893-w
https://doi.org/10.1038/s41893-022-00893-w
https://doi.org/10.3390/su12176962
https://doi.org/10.3390/su12176962
https://doi.org/10.1080/14693062.2023.2232334
https://doi.org/10.1080/14693062.2023.2232334
https://doi.org/10.1016/j.scitotenv.2017.10.024
https://doi.org/10.1007/s13593-022-00832-1
https://doi.org/10.1007/s13593-022-00832-1
https://doi.org/10.1016/j.agsy.2019.102656
https://doi.org/10.1111/1746-692X.12278
https://doi.org/10.1017/9781009093569
https://doi.org/10.1017/9781009093569
https://doi.org/10.1108/BFJ-06-2022-0523
http://refhub.elsevier.com/S0308-521X(24)00214-2/rf0170
http://refhub.elsevier.com/S0308-521X(24)00214-2/rf0170
https://doi.org/10.1016/j.cropro.2004.05.011
https://doi.org/10.2307/24979342
https://doi.org/10.2307/24979342
https://www.regeringen.se/contentassets/bd779fd2cf644e7baec4d9bed12b9b61/rapport-om-den-strategiska-gjp-planen-2021.pdf
https://www.regeringen.se/contentassets/bd779fd2cf644e7baec4d9bed12b9b61/rapport-om-den-strategiska-gjp-planen-2021.pdf
https://doi.org/10.1016/j.ecolecon.2019.03.002
https://doi.org/10.1016/j.ecolecon.2019.03.002
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/agriculture-forestry-and-fishery/agricultural-structure/use-of-agricultural-land/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/agriculture-forestry-and-fishery/agricultural-structure/use-of-agricultural-land/
https://doi.org/10.13140/RG.2.1.2430.0882
https://doi.org/10.13140/RG.2.1.2430.0882
https://doi.org/10.1111/apce.12202
https://doi.org/10.1111/apce.12202
https://doi.org/10.1093/erae/jbab042
https://www.svenskafoder.se/vaxtodling/utsade/varutsade/gronfoderblandningar/
https://www.svenskafoder.se/vaxtodling/utsade/varutsade/gronfoderblandningar/
https://www2.jordbruksverket.se/webdav/files/SJV/trycksaker/Pdf_jo/jo07_7.pdf
https://www2.jordbruksverket.se/webdav/files/SJV/trycksaker/Pdf_jo/jo07_7.pdf
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-08-10-jordbruksstatistisk---sammanstallning-2023
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-08-10-jordbruksstatistisk---sammanstallning-2023
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-08-10-jordbruksstatistisk---sammanstallning-2023
https://jordbruksverket.se/om-jordbruksverket/jordbruksverkets-officiella-statistik/jordbruksverkets-statistikrapporter/statistik/2023-08-10-jordbruksstatistisk---sammanstallning-2023
https://doi.org/10.1007/s13593-022-00755-x
https://doi.org/10.1007/s13593-022-00755-x
https://doi.org/10.3390/su13042370
https://doi.org/10.3390/su13042370
https://doi.org/10.1016/j.fcr.2022.108757
https://doi.org/10.1016/j.fcr.2022.108757
https://doi.org/10.1016/bs.agron.2017.03.003
https://doi.org/10.3390/agriculture11030255
https://doi.org/10.1007/s11625-023-01413-1
https://doi.org/10.1007/s11625-023-01413-1
https://doi.org/10.1007/s13593-015-0339-5
https://doi.org/10.1007/s13593-015-0339-5

	Economic outcomes from adopting cereal-legume intercropping practices in Sweden
	1 Introduction
	2 Methodology
	2.1 Scenarios selection
	2.2 Simulating economic outcomes
	2.2.1 Partial budget technique for adopting intercropping systems

	2.3 Integrating the risk parameters from the stochastic partial budget analysis into a resilience assessment

	3 Results
	3.1 Economic effects of adopting strip cropping system
	3.2 Economic effects of adopting mixed intercropping system

	4 Discussion
	4.1 Net benefit and resilience from adopting cereal-legume intercropping practices in Sweden
	4.2 Policy implications and recommendations
	4.3 Limitations

	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A
	Appendix B
	Appendix C
	C.1 Scatter plots for the net benefit change and product/input variables for the strip intercropping
	C.2 Scatter plots for the net benefit change and product/input variables for the mixed Intercropping

	References


