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Abstract Since 2023, Agroforestry (AF) is rec-
ognised as eligible for direct payments in Germany
under the Common Agricultural Policy in the form of
annual financial support (Eco Schemes) and region-
ally variable investment support. However, AF
adoption remains low, indicating that Germany is
not reaching its AF targets. We investigate whether
current and proposed funding schemes sufficiently
increase the comparative advantage of AF over ara-
ble cropping to improve its financial attractiveness
for German farmers. Using Decision Analysis (DA)
and probabilistic modelling, we assess the plot-scale
economic performance of a silvoarable system inte-
grating apple trees with arable crops. We use Monte
Carlo simulations to compute the Net Present Value
of the decision to implement the AF system across 10
funding scenarios, including region-specific schemes
and one proposed by the German AF Association
(DeFAF). Using Value of Information (Vol) analysis,
we identify key uncertainties and assess the informa-
tive value of our model across various simulation
lengths. Our results show a minimal effect of all cur-
rent funding schemes across simulation lengths. Only
the DeFAF-suggested scheme makes AF the prefer-
able option in intermediate time frames (10 years),
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while the baseline scenario remains preferable in all
other scenarios. Over longer periods (15-20 years),
AF becomes economically viable in all scenarios,
although outcome uncertainty increases. Vol analysis
identifies expected apple yield and market prices as
decision-relevant uncertainties. Our findings high-
light the importance of time-sensitive, outcome-
driven support measures that account for farmers’
economic constraints. We show that DA can support
funding evaluation, by informing effective targeted
support schemes for land-use transitions.
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Introduction

Only since the 2023 reform of Europe’s Common
Agricultural Policy (CAP) has Germany implemented
a legal definition of agroforestry (AF) in its national
agricultural funding legislation (BMEL 2023a). AF
is now recognized as a form of agricultural land use
that is eligible for basic payments under the CAP.
Additionally, the maintenance of such systems can be
funded under the Eco Scheme (ES) programme if cer-
tain requirements are met. The ES programme, which
is part of the new CAP’s first pillar, allows farmers to
supplement their income from annual basic payments
through additional ecology-oriented efforts.
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«Fig. 1 Map of Germany, highlighting federal states that offer
AF funding in addition to annual Eco Scheme payments

Despite providing farmers with a framework
intended to create legal security for managing and
harvesting woody vegetation on agricultural land, the
number of new officially registered AF plots is low.
The Federal Ministry of Food and Agriculture (Bun-
desministerium fiir Erndhrung und Landwirtschaft,
BMEL') aimed to support the maintenance of
25,000 ha of AF in 2023, yet farmers only registered
51 ha of AF in that year (BMEL 2023b), while no
numbers on actually implemented AF systems can
be found. This strongly suggests that Germany may
fail to meet its goal of supporting the maintenance of
65,000 ha of AF through the ES programme by 2027
(BMEL 2023a). In response to the low demand for
the respective ES funding, in 2024, the annual pay-
ment was increased from 60 to 200 € per hectare of
area covered with trees or shrubs (hereafter referred
to as ‘wooded area’). Possibly as a response to this
increase, the number of applications for AF sup-
port through the ES programme increased to 173 ha
in 2024 (BMEL 2024a). This equates to 2.3% of
the revised goal of funding 7,500 ha of AF mainte-
nance in 2024, which itself is significantly lower than
the original target of 50,000 ha set in 2022 (BMEL
2022). The increase in annual support is considered
insufficient by AF stakeholders such as the German
AF association (Deutscher Fachverband fiir Agro-
forstwirtschaft, DeFAF). Since payment increases
were also applied to various other ES options, some
of which produce lower environmental benefits but
incur less management effort, adopting AF may still
be less attractive to farmers than alternative options
(Bohm 2023). This implies that these adjustments
may still not be sufficient for encouraging the adop-
tion of AF in Germany.

The societal and environmental benefits AF pro-
vides are highlighted multiple times in the German
CAP strategic plan (SP). Carbon sequestration, cli-
mate change adaptation, reduction of nitrogen leach-
ing and enhancement of agricultural biodiversity

! The German Federal Ministry for Food and Agriculture
(Bundesministerium fiir Erndhrung und Landwirtschaft,
BMEL) changed its name to Federal Ministry of Agriculture,
Food and Regional Identity (Bundesministerium fiir Land-
wirtschaft, Erndhrung und Heimat, BMLEH) in 2025).

are seen as key reasons for the promotion of AF in
Germany (BMEL 2024b). This indicates acknowl-
edgement of current scientific opinion on AF and
ecosystem services (e.g. Veldkamp et al. 2023), and
the intention of German policymakers to foster AF to
enhance agricultural sustainability. Furthermore, the
German CAP SP suggests implementing a targeted
investment support measure to help farmers estab-
lish new AF systems (BMEL 2024b). This support
is intended to complement the annual payment farm-
ers can receive through the ES programme (BMEL
2023c). Such investment support schemes are classi-
fied as rural development measures under the CAP’s
second pillar. Since in Germany, all second-pillar
measures are administered by the federal states, there
is no nationally standardised AF investment support
measure. While this approach allows funding to be
tailored to region-specific needs, it has resulted in
only some federal states introducing AF investment
support measures. In 2023 and 2024, 10 out of 16 fed-
eral states offered such support (Fig. 1). Across these
10 states, these measures vary significantly in three
key aspects: the total funding available to farmers, the
requirements for obtaining support, and the types of
costs considered eligible for funding. For instance,
Lower Saxony explicitly excludes planning and con-
sulting costs from funding (ML Nds. 2023) whereas
Baden-Wiirttemberg and Thuringia offer only sub-
sidised AF consulting services (TLVwWA 2023; LEL
2023).

It remains uncertain whether the introduced fund-
ing measures will effectively promote AF in Germany
and help achieve national AF targets. We argue that
policymakers must consider a farmers’ decision-mak-
ing process when designing targeted subsidy meas-
ures to ensure the intended outcomes are realized.
This can be done by ex-ante evaluations, which com-
pare the profitability of AF to, e.g., standard arable
farming. The scope of the evaluation must be set to
what is considered immediately decision-relevant in
the context of implementing alternative farming prac-
tices. Findings on the adoption of agri-environmental
measures suggest that the hurdle of changing well-
adjusted farming routines can only be overcome by
guaranteeing at least stable economic performance if
not additional financial benefit (Wittstock et al. 2022).
Current approaches used to determine payment levels
for AF support seem to not yet systematically inte-
grate such decision-focused analysis. For instance, the
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introduction of the first German AF funding scheme
provided 60 €/ha of wooded area in 2023, which was
based on calculations by the Thiinen-Institut (Roder
et al. 2021). These calculations have been criticised
for assuming unrealistically high woodchip revenues
and yield increments, and for the exclusion of estab-
lishment and re-cultivation costs (Zehlius-Eckert and
Bohm 2022). Subsequent increases in funding to 200
and then to 600 €/ha of wooded area (planned to come
into effect from 2026 provided that approval by the
European Commission is granted (BMLEH 2025)),
appear reactive to stakeholder pressure rather than
informed by systematic ex-ante evaluation. Our study
demonstrates a workflow that may complement such
approaches by modelling whether proposed funding
is likely to positively affect adoption decisions while
quantitatively expressing the uncertainty surrounding
all input metrics and model outputs.

We analyse the impact of targeted support pay-
ments on the plot-scale profitability of a German
AF system using probabilistic modelling following
a Decision Analysis (DA) approach (Luedeling and
Shepherd 2016). While previous studies have exam-
ined AF adoption in Europe through economic or pol-
icy perspectives (e.g., Lehmann et al. 2020; Sollen-
Norrlin et al. 2020; Smith et al. 2022; Thiesmeier and
Zander 2023; Rezgui et al. 2024; Thiesmeier 2024)
few studies explicitly evaluate how alternative fund-
ing designs might influence AF adoption decisions
relative to existing land-use systems under uncer-
tainty. We here demonstrate how probabilistic mod-
elling following DA logic can be used to assess how
alternative funding schemes affect the relative profit-
ability of AF systems compared to a baseline system
at the plot level. The presented approach allows the
systematic comparison of different support scenarios
and provides insights into their possible influence on
farmers’ adoption decisions, providing policymakers
with a tool for designing targeted, outcome-driven
support schemes.

We demonstrate the approach through a case study
evaluating the impact of all agroforestry support pay-
ments available in Germany under the 2023-2027
CAP on a silvoarable alley cropping system integrat-
ing rows of apple trees with arable crops. In addition,
we incorporate a funding scheme proposed by the
largest AF stakeholder group in Germany to explore
policy options beyond the current regulatory frame-
work. We collated all information that we considered
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decision-relevant for the introduction of apple trees
into an arable farming operation, using the current
state of knowledge derived from the literature as
well as from expert knowledge. In the context of AF
adoption in Germany, this means focusing initially on
the plot-level economic performance, since national
policy aims to incentivize AF through financial sup-
port, while farmers remain constrained by the need
to maintain a viable business (Wittstock et al. 2022;
Bartkowski et al. 2023). After first conceptually mod-
elling the decision, we quantified all model variables
in terms of value ranges and probability distributions.
Using Monte Carlo (MC) simulations, we performed
a probabilistic cost-benefit analysis, computing the
Net Present Value (NPV) of the adoption decision
for different simulation periods. The basic decision
model was then modified to include 10 different pay-
ment scenarios to examine their impacts on the NPV
of the AF system. Subsequently, we computed the
payback period of the decision across funding sce-
narios to examine the time required for the AF system
to compensate for forgone net benefits from the base-
line system. We then evaluated the expected value of
perfect information (EVPI) to estimate how much a
rational decision maker should be willing to pay for
perfect information to derive clear guidance for action
from the MC simulation output.

Methods
Case study

The case study site is a silvoarable AF system in
the district of Steinfurt, in the north-western part of
North Rhine-Westphalia (NRW), Germany. Steinfurt
is situated at an average elevation of 60 m above sea
level. From 1990 to 2020, the area experienced a mild
oceanic climate with a mean temperature of 10.2 °C
and mean annual precipitation of 783 mm (LANUV
2024). The landscape is defined by agricultural pro-
duction, with 63% of the total area being agricultural
land and 79% of this area being arable agriculture (IT.
NRW 2022).

The AF system was established in 2022 on
10.14 ha of arable land, with loamy-sandy soil and
no noticeable slope. 5.6% of the plot (0.57 ha) have
been converted into 3 m-wide tree rows, spaced 30 m
apart. Due to the asymmetrical shape of the plot, the
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rows vary between 60 and 180 m in length, adding
up to a length of 1,890 m. A total of 473 apple trees
of 9 different cultivars were planted. The varieties
were chosen to be suited for the intended low-input
cultivation method, with minimal use of fungicides,
herbicides or insecticides. Plant protection measures
are to be limited to using pheromone dispensers for
codling moth (Cydia pomonella L.) control. The sys-
tem is expected to reach maturity after around 9 to
12 years and will contain nearly closed rows of apple
trees with wide, low canopies, giving the tree rows a
hedge-like appearance. A drip irrigation system has
been installed in all tree rows to optimize apple pro-
duction as well as minimize competition for water
between arable crops and fruit trees. The arable area
of the AF system is conventionally managed with a
crop rotation consisting of maize, winter wheat, win-
ter barley and rape seed. Soil cultivation is minimized
strategically, and where possible, no-till methods with
the application of a total herbicide are used to prepare
the field for sowing (Jan Grofle-Kleimann, personal
communication, 23. January 2024). The analysed sil-
voarable apple AF system represents a typical temper-
ate alley cropping approach combining annual arable
crops with perennial fruit production. In temperate
Europe, AF systems commonly take the form of alley
cropping systems integrating fruit or nut trees, high-
value timber trees or short-rotation coppice species
with arable cropping or pasture (Hiibner and Giinzel
2026). The selected system, therefore, represents one
of the main conceptual AF types currently considered
in German policy.

Germany’s AF funding framework

In 2023, Germany implemented a legal definition
of AF in its national policy, which distinguishes AF
from other tree-based agricultural systems, such as
orchards, short-rotation coppice plantations or even
landscape elements protected by nature conservation
law (BMEL 2023a). This allows the integration of
trees into agriculture while maintaining eligibility for
CAP basic payments. If farmers choose to apply for
a premium payment for the maintenance or establish-
ment of AF systems, certain requirements have to be
met that go beyond those for the basic payment.

The national ES programme under the CAP’s
first pillar provides an annual payment of 200 € per

hectare of wooded area for the maintenance of AF
systems, with specific requirements (BMEL 2024c):

— Trees must not be scattered across the plot but
arranged in at least 2 rows, spanning up to 25 m in
width,

— Tree rows may cover 2 to 40% of the agricultural
plot,

— The distance between two tree rows must be
20-100 m.

— Whenever the field borders a forest or specific
landscape element, the distance between an AF
tree row and the field edge must exceed 20 m.

— Harvesting biomass from the woody vegetation is
permitted only in January, February and Decem-
ber.

— Specific tree species are prohibited from being
planted in an AF system (negative list).

The implementation of new AF systems is sup-
ported at rates that differ between the federal states.
As of 2024, 10 out of 16 German federal states (7 out
of 13 funding regions) had implemented AF invest-
ment support schemes (Fig. 1). These schemes can be
divided into three categories:

1. subsidised AF consultancy,

2. investment support based on the Joint Task for
the Improvement of Agricultural Structures
and Coastal Protection (Gemeinschaftsaufgabe
Agrarstruktur und Kiistenschutz, GAK),

3. investment support designed independently of the
GAK.

The GAK is a national funding instrument that
coordinates subsidy programs between federal states.
It contains, among other things, a list of agroecologi-
cal interventions—explicitly incorporating AF-along
with suggested funding scheme designs emphasizing
the national importance of these measures. By align-
ing funding schemes with the designs suggested in
the GAK, second-pillar funding can be nationally co-
financed (BMEL 2023d).

In this study, we compared the impact of available
payments across different funding regions in Ger-
many for the abovementioned AF system, assuming
its implementation in these regions. This allows us to
identify which funding scheme is most conducive to
encouraging the adoption of AF. We also compared

@ Springer



146 Page 6 of 23

Agroforest Syst (2026) 100:146

the existing funding schemes with an alternative
scheme proposed by DeFAF. To improve understand-
ing of how impacts of financial support unfold over
time, we analysed the effect of the funding schemes
on the system NPV for different simulation lengths.

Two funding regions, Bavaria and Mecklenburg-
Western Pomerania, offer investment support based
on the GAK. In both regions, the maximum total
funding depends on the type of AF system. Farmers
can receive up to 1,566 € per ha of wooded area when
planting species intended for short rotation cycles.
Shrub planting is supported with up to 4,138 € per ha
of wooded area, while planting trees to produce food
or high-value timber can qualify for up to 5,271 €
per ha of wooded area. In both regions, the AF invest-
ment support is a pro-rata payment funding, cover-
ing 65% of eligible investment cost. The maximum
support per farm is limited to 50,000 € in Bavaria
(StMELF and StMUV 2022) and 300,000 € in Meck-
lenburg-Western Pomerania (MKLUM MV 2023).

Saxony and Lower Saxony both introduced AF
investment support that is independent of the GAK.
Saxony’s scheme is implemented within a directive
on the promotion of general agricultural investments.
It covers agricultural investments ranging from plant-
ing material for silvoarable AF systems to agricultural
buildings, which all are supported with up to 40% of
the total cost. For these payments to be granted, farm-
ers must present proof that the eligible investment
costs exceed 20,000 €. The directive does not differ-
entiate between tree planting or investment in agricul-
tural buildings, which is why a theoretical maximum
subsidy of 5,000,000 € can be assumed. Agroforestry
consultancy is not eligible for funding (SMUL 2023).
The Lower Saxony funding region (which includes
the city-states of Bremen and Hamburg) introduced
its AF investment support in a directive dedicated to
this cause (ML Nds. 2023). According to this direc-
tive, 40% of eligible investment expenses are sup-
ported with a maximum of 20,000 € per AF project.
Similar to Saxony, expenses related to planning and
consulting — although regarded as crucial parts of
the AF establishment process by many experts — are
explicitly excluded from eligibility for funding (ML
Nds. 2023).

Three German funding regions support the estab-
lishment of AF systems by providing subsidised AF
consultancy services. While Brandenburg (includ-
ing Berlin) and Thuringia offer fixed amounts — up
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to 1,530 € per AF project (MLUK, personal com-
munication, 2. April 2024) and 6,000 € per AF pro-
ject (TLVWA, personal communication, 28. March
2024), respectively — Baden-Wiirttemberg covers
80% of consultancy costs, with a maximum subsidy
of 1,500 € per AF project (LEL 2023).

In addition to the previously mentioned existing
AF funding options, we also evaluated an alternative
AF funding scheme based on the suggestions of the
German AF association, DeFAF. Bohm et al. (2023)
suggest, in an open letter to German agricultural
and environmental policy-makers, to significantly
increase annual payments as well as the introduction
of a national investment support scheme for farmers
intending to establish AF systems. The authors sug-
gest an increase of the available annual funding from
200 € to at least 600 € per ha of wooded area. They
further suggest offering complementary investment
support for establishing AF systems, to cover 100%
of the costs of the first 10 ha of wooded area, 80% for
the next 10 ha, and 50% for all wooded area exceed-
ing 20 ha. This recommendation does not distinguish
between different cost categories, suggesting that all
direct investment costs are to be regarded as eligi-
ble for funding. Bohm et al. (2023) argue that such a
scheme would create a significant incentive to imple-
ment AF systems that may be sufficient for reaching
the national targets.

In this study, we compared the NPV of the deci-
sion to integrate apple trees into an arable field across
the following ten scenarios:

e No funding: No payment for AF systems is availa-
ble, i.e. no investment support and no annual fund-
ing other than the basic area payment.

e Only ES: AF systems are funded solely via the ES
programme, which provides 200 € per hectare of
wooded area.

e Brandenburg (+Berlin, BB): AF systems are
funded annually via the ES programme and AF
consultancy is subsidised with up to 1,530 €.

e Thuringia (TH): AF systems are funded annually
via the ES programme and AF consultancy is sub-
sidised with up to 6,000 €.

e Baden-Wiirttemberg (BW): AF systems are
funded annually via the ES programme and AF
consultancy is subsidised with up to 1,500 €, or
80% of consulting costs, depending on which is
lower.
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e Bavaria (BY): AF systems are funded annually via
the ES programme and eligible investment costs
are subsidised in the following way:

e Tree rows containing fruit trees are subsidised
with up to 5,271 €/ha.

e e 65% of eligible cost is covered.

e The maximum funding is 50,000 €.

e Mecklenburg-Western Pomerania (MV): AF sys-
tems are funded annually via the ES programme
and eligible investment costs are subsidised in the
same way as in Bavaria, with total funding capped
at 300,000 €.

e Saxony (SN): AF systems are funded annually via
the ES programme and eligible investment costs
are subsidised up to 40%, if a minimum amount of
eligible investment cost of 20,000 € can be proven.
The maximum funding is 5,000,000 €.

e Lower Saxony (NI): AF systems are funded annu-
ally via the ES programme and eligible investment
costs are subsidised up to 40%, explicitly exclud-
ing consultancy fees. The maximum funding is
20,000 €.

o DeFAF-suggestion: AF systems are funded annu-
ally with 600 € per ha of wooded area. Addition-
ally, investment costs are to be funded at

e 100% for first 10 ha of wooded area
e o 80% for the next 10 ha
e 50% for additional area.

Decision analysis model

DA offers a methodological framework intended for
the ex-ante examination of interventions made to
complex systems (Luedeling and Shepherd 2016).
The approach explicitly acknowledges that real-life
decisions are usually taken under uncertainty. By
recognizing this, DA seeks to offer practical deci-
sion support rather than predicting precise future out-
comes based on unrealistically precise assumptions.
By prioritising decision-relevant factors, the analysis
of the intervention problem is streamlined, allow-
ing the strategic selection of the analytical focus. In
an economically driven scenario, this may mean the
exclusion of ecological or social impacts of the deci-
sion. Conversely, it may involve expanding the scope

or shifting it to include indirect, abstract effects of an
intervention such as the enhancement of landscape
aesthetics or cultural heritage implications (Luede-
ling and Shepherd 2016). By employing modelling
approaches fit to handle uncertainty, DA enables
informed decision-making in complex systems where
quantitative understanding on system components
and interactions is limited (Eidsvik et al. 2015). DA
reduces the uncertainty of a decision-making pro-
cess by providing insights into the comparative ben-
efits and drawbacks of available options. Providing
an objective informative basis reduces the impact of
cognitive biases or “wishful thinking”, leading to a
rational and evidence-based choice (Whitney et al.
2018). The DA approach used in this study has proven
successful in many application cases, including the
examination of disease control strategies in ornamen-
tal heather production in Germany (Ruett et al. 2022),
adaptation to extreme weather in cherry orchards in
Chile (Rojas et al. 2021) and evaluating the economic
prospects of various AF systems in north-western
Vietnam (Do et al. 2020).

Conceptual model

A key step of the DA approach is the clear identifica-
tion of the decision-maker and the decision problem,
followed by development of a conceptual model for
the decision problem. The conceptual decision model
is used to gather and display all variables considered
relevant for the decision at hand. It provides a crucial
overview of all relevant variables and the interac-
tions between them. This conceptual model is then
translated into a mathematical model, which provides
quantitative information on the decision outcome.

We focused on the binary decision of whether to
establish the above-described silvoarable AF system
for table apple production. Here, the farmer is con-
sidered the primary decision-maker. As the main aim
of this study is to examine the plot-scale economic
effects of different AF funding schemes, we consid-
ered only economic variables that can be expressed in
monetary units (€) as decision-relevant variables for
our model. We, therefore, deliberately simplified the
complex decision-making process inherent in agro-
ecological interventions. We argue that maintaining
the farms’ economic viability is what drives farmers’
decision-making and is therefore to be considered by
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policymakers when designing schemes to promote
the implementation of specific agricultural practices.
In the model, we differentiated between one-time
investment costs, recurring running costs, and irregu-
lar costs that may arise in particular situations. Ben-
efits were categorised into yield from the arable com-
ponent of the AF system and yield generated through
the tree rows, i.e., apple yield and AF-specific support
payments. Furthermore, the risk of reduction in yield
due to the impact of extreme events is also included
in the model. To identify the decision-relevant vari-
ables, we considered all available relevant informa-
tion, prioritising official statistics and peer-reviewed
literature where available but also explicitly including
expert knowledge in the analysis process. We consid-
ered literature on AF, apple production in intensive
orchards and extensive traditional meadow orchards,
and arable farming (specified in the supplementary
materials). To minimise omission of decision-relevant
variables, we collated expert knowledge through a
semi-structured process, where we consulted experts
with long-standing knowledge on arable crop man-
agement, extensive apple production, fruit tree prun-
ing, agricultural investment economics, irrigation
systems and AF. Most importantly, we interviewed
the farmer who implemented the AF system modelled
in this study, making sure to capture what he consid-
ered decision-relevant. Prior to elicitation, all con-
tributors received information about the farm, the AF
system and the context. The collated information was
assessed and then captured in a conceptual model.

Mathematical modelling

On the basis of the conceptual model, a mathematical
model was formulated using the R programming lan-
guage (R Core Team 2024), and the decisionSupport
package (Luedeling et al. 2023). Most variables that
describe the behaviour of complex systems inherently
carry uncertainty regarding their precise values. We
distinguish between uncertainty about parameter val-
ues and their variability over time. Uncertainty about
parameter values reflects incomplete knowledge
regarding, e.g., expected yields and prices. This type
of epistemic uncertainty is represented through value
ranges (90% Confidence Intervals (CI)) assigned to
each input variable, with wider value ranges reflect-
ing a greater level of epistemic uncertainty. In addi-
tion, many variables were assumed to vary between
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years due to stochastic influences such as weather
conditions or market fluctuations. To introduce this
aleatory uncertainty, coefficients of variation were
assigned to all reoccurring input parameters.

We considered all available information on the
AF system and its components when quantifying the
input parameters. As in the conceptual part of the
modelling process, we included data from literature
and educated estimations from interviewees that con-
sisted of practitioners, consultants, and researchers.
Whenever information found in literature and esti-
mations received from interviewees did not match,
we chose to combine and broaden the value ranges
to capture uncertainty. This approach is particularly
valuable when examining complex systems for which
observational data are scarce. For instance, for the
apple component of the AF system, yields, prices
and labour requirements were parameterised with
wide ranges to reflect uncertainty across management
intensities and marketing channels (e.g., process-
ing vs. table fruit). Using probability distributions
to quantify model parameters allows running initial
simulations, without conducting extensive research,
which might unnecessarily prolong the decision-mak-
ing process. However, probability distributions used
in the model should be interpreted as representations
of decision-relevant uncertainty based on current
knowledge rather than precise statistical descriptions
of future outcome frequencies (Hardaker et al. 2015;
Luedeling and Shepherd 2016).

Most relationships between the models’ variables
are simple algebraic expressions, e.g., sums of cost
components or products of unit prices and quantities.
The total investment cost, for example, consists of the
sums of all material, labour and service costs with
its 90% CI ranging from 24,984 to 33,012 €, which
captures the true communicated investment cost of
25,000 € (GroBe-Kleimann 2023). For transparency,
we provide the full, executable R code, as well as the
input table in the supplemental GitHub repository.
To express some of the modelled processes, we used
dedicated functions from the decisionSupport pack-
age. For instance, the development of apple yields
over time was expressed by a Gompertz function
(Luedeling et al. 2023). This function expresses slow
growth at the beginning, followed by a period of rapid
growth, which then levels off as the maturing trees
reach their peak production level (Fig. 2).
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Fig. 2 Simulated total apple yield generated by the AF sys-
tem [kg per ha of wooded area]. The curve, generated with the
gompertz_yield ()-function from the decisionSupport pack-
age, shows the sigmoidal shape of the Gompertz function used

Yields of the arable crops were assumed to not
express any trend over the length of the simulation
and only vary in response to stochastic (e.g., weather-
related) factors, which cause random variation around
a specified mean. We made this choice for two rea-
sons: first, yields in Central Europe have been broadly
stable since the 1990s, as agronomic improvements

to model the yield development of the apple trees. The dark
shade, light shade and red line show the 90% CI, 50% CI and
median, respectively, highlighting the increasing uncertainty
regarding plausible apple yield over time

and climate- or weather-related reductions have
largely balanced each other out (e.g., Lopes 2022);
second, our model explicitly accounts for annual vari-
ability and occasional non-specific yield-damaging
weather events, which influence the baseline and
AF systems to different extents, thereby reflecting
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short- to medium-term weather risks relevant for farm
cash flow.

The specified mean as well as the lower and upper
boundaries of the value ranges assigned to the vari-
ables were calculated based on observational data
available for the district the study site is located in
as well as data from neighbouring districts (IT.NRW
2024a, 2024b). These data, which include yields
recorded between 1999 and 2023 (Fig. 3), were
assumed to capture variability sufficiently to make
realistic yield assumptions for the time period rel-
evant in this study. The yield data also reflect severe
drought years such as 2003 and 2018, accounting
for the possibility of future yield reductions due to
drought. To reflect the possibility that more severe
weather events could occur and reduce yields beyond
what the historical record shows, we included a yield-
reduction risk factor with a likelihood of occurrence
and severity taking into consideration the uncertainty.

We used our model to calculate and compare the
overall economic performance of the baseline system

(i.e. the arable system) and the AF system, expressed
as the NPV (Gaspars-Wieloch 2019). The NPV is cal-
culated by summing up the discounted net cash flow
of each year of the simulation. Discounting is used to
account for the influence of time, or opportunity cost,
on perceived benefits and costs. This highlights the
time value of money, i.e., that possession of money
in the present is usually associated with greater
worth than receiving the same amount of money in
the future (Thompson and George 2009). We deter-
mined the discount rate by assuming it to be the price
for the provision of liquidity. We used market interest
rates provided by the German federal bank (Deutsche
Bundesbank 2024) to generate its value range, while
also considering other AF-investment-related studies
(Thiesmeier and Zander 2023). This approach reflects
typical financing conditions faced by farmers when
evaluating investment decisions. While individual
time preferences may vary significantly between deci-
sion-makers, modelling such behavioural heterogene-
ity lies beyond the scope of this study.

04

Yield [t/ha]

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Crop .Maize mWinterbarIey .Winterrape ﬂWinterwheat

Fig. 3 Barley, rapeseed and wheat yields [t/ha] from 1999
to 2023; Maize yields [t/ha] from 2005 to 2022. Each box-
plot represents 4 data points, 1 point each from the districts
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of Steinfurt, Coesfeld, Borken and Miinster (IT.NRW 2024a,
2024b). Each line connects the median crop yield values to
visually highlight the course of the data



Agroforest Syst (2026) 100:146 Page 11 0of 23 146
' C. We present the payback period in probabilistic terms,
NPV = -C, + providing value ranges (90% CI, 50% CI and median)

S a+r

C, establishment cost [€].

C, cash flow in year i [€].

r discount rate [%].

t duration of simulation [a].

The NPV provides information on the present
value of a future cash flow, whether positive or nega-
tive. Considering this metric is important for farmers
deciding whether to implement AF systems, as such
systems only generate returns in the long term, after
initial investments and many years of management.

We used 100,000 runs within an MC simulation
to probabilistically compute the NPV of the base-
line arable system and the AF system for simulation
lengths of 5, 10, 15 and 20 years. Before generat-
ing the NPV, the difference in net benefit (total ben-
efit—total cost) between the baseline system and the
AF system is calculated. The NPV of the decision,
isolated through this method, is the main metric for
comparing funding scenarios. To ensure comparabil-
ity across funding scenarios, simulations were con-
ducted using common random numbers by setting
a fixed random seed (set.seed()). This ensures that
differences in model outputs can be attributed to dif-
ferences in funding design rather than to variation in
random draws.

In addition to the NPV, we calculated the pay-
back period for all 10 funding options over a 20-year
simulation period based on the cumulative cash flow
(CCF) of the decision, i.e., the cumulated discounted
incremental net benefit of adopting AF. The payback
period is defined by the first year in which the CCF
becomes non-negative. It therefore represents the time
required to recover the initial economic disadvantage
of adopting AF relative to the baseline. This incre-
mental definition reflects the real-world decision con-
text faced by farmers, who typically choose between
maintaining an existing production system and adopt-
ing an alternative. Consequently, the payback period
should not be interpreted as the time required for the
tree rows to amortise, but as the time required for the
AF system as a whole to compensate for forgone net
benefits from the baseline system. Given the probabil-
istic nature of the approach, which generates 100,000
outputs per year, each decision scenario results in
multiple years with negative and positive CCF values.

that highlight the uncertainty associated with the true
length of time it takes to recover said initial economic
disadvantage.

Value of information analysis

Decreasing the uncertainty of the output variable,
thereby increasing its informative value, is possible
by narrowing the value ranges of the input variables.
Given that resources such as time, finances and labour
are usually constrained, efforts to reduce uncer-
tainty must be strategically allocated. It is, therefore,
important to identify the variables where reducing
uncertainty yields the greatest value. Using Value of
Information (Vol) analysis, we calculate the expected
value of perfect information (EVPI, Szaniawski
1967). For a particular input variable, the EVPI is
defined as the difference between the expected value
(EV) of the outcome variable given perfect informa-
tion (PI) on that variable and the expected maximum
value (EMV) of the outcome variable given the cur-
rent imperfect knowledge on the variable (Ruett et al.
2022).

EVPI = EV|PI — EMV

The EVPI assesses quantitatively the expected ben-
efit gained from acquiring knowledge about the val-
ues of uncertain parameters within a decision model
(Strong et al. 2014). To compute the EVPI for all
input variables across the funding scenarios and sim-
ulation lengths, we used the function binary_multi_
evppi() from the R-package evpi (Kopton 2024).

Model limitations and assumptions

The DA procedure outlined by Hubbard (2014),
on which the approach used in this study is based,
includes the step of expert calibration. This pro-
cedure is used to familiarise the consulted experts
with concepts such as cognitive biases that may
affect estimations and to hone the experts’ skills in
quantifying their own uncertainty. Because of low
willingness to invest significant time into the expert
calibration process, only one expert underwent the
calibration training. Therefore, some of the value
ranges used in the model may be affected by biases.

@ Springer
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Furthermore, we assumed all tested investment sup-
port schemes to be an upfront provision of liquidity,
rather than a reimbursement of purchases. However,
several investment funds require a written request for
reimbursement, which farmers, e.g. in Bavaria, can
submit even 2 years after the initial funding approval
(StMELF and StMUV 2022). We, therefore, empha-
size that the simulation output is not to be taken as
clear evidence of one of the two systems (AF system
or baseline system) outperforming the other over the
considered time frames. We aim to present probabil-
istic modelling following a DA procedure as one pos-
sible method for aiding in the design of targeted agri-
cultural support payments. Therefore, the following
results are not to be interpreted as precise predictions
of absolute profitability for the specific case study
farm, but rather as evidence of how the tested fund-
ing options influence the relative NPV and thereby

the farmer’s decision-making process. Our focus is
thus on the comparison of scenarios, not on absolute
numbers.

Results
Conceptual cost-benefit model

The core decision of this study, whether to establish
the proposed silvoarable AF system, is conceptualized
in Fig. 4. Information on economic variables affected
by the integration of apple trees into an arable system
was gathered through a literature assessment as well
as through expert consultations. The model depicts
costs, benefits, risks, and modulating factors. The
investment costs include exclusively AF-related costs
since the decision is assumed not to introduce new

)

Agroforestry
intervention

~—

¥ (7
costs occuring costs
Arable Tree row Arable ree row
Effects of L Yield, Yi
trees on Yield, ju. | jntermediate n::.
arable yield apple tree apple tree apple tree
L ‘ J

Yield, Yield,

e w i -

Annual Apple
AF quality
‘support ratio
Price, AF .
arable investment :Prs:;
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effort |
I [ l Discount -E
v rate

NetPresent Value

Fig. 4 Conceptual model of silvoarable apple agroforestry depicting decision-relevant variables, their interactions and their impacts

on the NPV
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investments into the arable component of the system.
Changes in costs associated with the arable operation
are expressed as differences in the running costs, as
indicated by the modulating factor “added manage-
ment effort”. The integration of trees into the arable
system introduces new running costs. Especially
manual labour associated with, e.g., pruning of the
apple trees and harvesting of the apples, is considered
decision-relevant. Potential costs occurring due to
unexpected events, indicated by ‘P(variable name)’ in
Fig. 4, make up the third category of costs. The ‘P’ in
these expressions indicates that the event’s probabil-
ity of occurrence is considered in the model.

The benefits assumed in this model are limited to
direct monetary metrics, thus including the revenue
generated by the sale of the crops (field crops and
apples) as well as support payments that arise in 9
out of 10 modelled scenarios. Certain cost and benefit
variables are influenced by risk factors to account for
additional uncertainty beyond the standard variable
value ranges.

Impact of funding on the net present value of the
decision

Building upon the conceptual model, MC simulations
were conducted to generate probabilistic estimates
of the NPV of adopting the AF system for 10 differ-
ent funding scenarios across 4 simulation lengths of
5 years, 10 years, 15 years and 20 years (Fig. 5). The
NPV of the decision was calculated by subtracting
the net benefit (total benefit - total cost) of the base-
line system from the net benefit of the AF system,
for each individual run of the MC simulation. Posi-
tive NPV values indicate that the AF system outper-
forms the baseline system over the simulation length.
As in many DA applications for complex agricultural
systems, outcome distributions should be interpreted
as decision-support metrics that describe plausible
outcome ranges rather than predictions of future eco-
nomic performance.

For the 5-year simulation, the NPV distributions
across all funding scenarios were predominantly
negative (Fig. 5). The distribution representing the
scenario with no funding at all contains 99.90% nega-
tive values, compared to DeFAF-suggested fund-
ing, which has 69.69% negative values. Notably, the
value ranges (excluding the outliers) consistently
spanned~6.3 k€/ha across all funding scenarios,

suggesting no effect of funding on the certainty of the
outcome of the intervention.

Comparing the different simulation lengths
revealed critical insights. As the simulation length
increased, the share of simulation outcomes with
positive NPV values grew substantially. For the
10-year simulation, the proportion of negative val-
ues ranged from approximately 55.89% (no funding)
to 17.99% (DeFAF-proposed scheme). Considering
the same funding scenarios in the 15-year simulation,
the proportion of negative outcomes decreased to
28.94-11.60%. For the 20-year simulation, this pro-
portion further decreased to 22.66—11.01%. The range
of the NPV distributions widens significantly with
longer simulation periods. Compared to the 5-year
simulation, the distributions were ~ 12.96 times wider
for the 20-year simulation, spanning~81.65 K€/ha,
which indicates increased uncertainty about long-
term outcomes.

Payback period

To gain insight into the timeline for recovering
the initial economic disadvantage of adopting AF
relative to the baseline, we calculated the payback
period of the decision across the 10 funding sce-
narios (Table 1). The majority of scenarios (7 out of
10) are characterized by a median payback period of
11 years. Shorter median payback periods were com-
puted for the scenarios based on the Lower Saxony
funding (10 years), the Saxony funding (10 years) and
the DeFAF-suggested funding (7 years). Examining
the distributions further reveals that the 90% CI of the
payback periods’ distributions does not vary across
existing funding scenarios. Except for the scenario
with DeFAF-suggested funding, farmers must expect
payback periods of 7 to>20 years. The 50% CI of
the payback periods’ distributions behaves similarly,
although not identically, across scenarios. While 5 out
of 10 scenarios are characterized by payback periods
of 9 to 17 years in 50% of cases, scenarios based on
No funding, Only ES, Saxony, Lower Saxony and
DeFAF-suggested funding show payback periods of
91to 18,9 to 18, 8 to 16, 8 to 16 and 1 to 9 years,
respectively. It should be noted that the extreme
values reflected in the 5th percentile (incremental
payback periods>20 years) are likely produced by
the simultaneous occurrence of the most unfavour-
able input variable values in the MC simulation. The
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median value as well as the 50% CI of the CCF distribution (Table 1) offer a more robust representa-
tion of typical expected outcomes.
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«Fig. 5 Probabilistic impact of targeted subsidies on the NPV
of the binary decision whether to implement a silvoarable AF
system. The distributions show the difference between the
NPV of the baseline system and the NPV of the AF interven-
tion i.e., the NPV of the decision. The distributions are gener-
ated via Monte Carlo simulation with 100,000 simulation runs.
Illustrated are the results for ten funding scenarios (differ-
ent colours) and four simulation lengths. For each simulation
length, the boxplots are ordered based on the median value of
the NPV distribution (top to bottom: highest to lowest median)

Key uncertainties and decision preference

The output distributions (Fig. 5) and the payback
period (Table 1) inform about possible decision out-
comes and their associated likelihoods of occurrence.
However, these metrics do not inform about key
uncertainties associated with the input variables. The
input variables that significantly influence the deci-
sion are assessed via Vol-analysis and are assigned an
EVPI score.

The Vol-analysis for the S5-year simulation
revealed minimal EVPI only for the input factor of
maximum apple yield: 0.04 € for scenarios based
on Lower Saxony and Saxony, and 4.15 € for the
DeFAF-suggested funding. The low EVPI indicate
a high certainty regarding the optimal decision. To
illustrate how model outputs can inform decision-
making, we define an example decision rule based on
the share of simulated outcomes with positive incre-
mental NPVs. In this illustrative case, we assume that
a moderately risk-averse decision-maker may pre-
fer adoption only when a clear majority of plausible
outcomes indicates a favourable economic result. We
therefore use a threshold of 70% positive NPVs as
an example decision preference to demonstrate how
decision-oriented interpretation of model outputs can
be operationalised. This threshold is not intended as a
normative criterion, but rather serves to illustrate how
different assumptions regarding risk tolerance can be
translated into decision recommendations. Alterna-
tive thresholds could be applied depending on the risk
preferences of the decision-maker or policy objec-
tives. Given the predominantly negative NPV distri-
bution across scenarios (Fig. 5), a decision-maker pri-
oritising economic outcomes over a 5-year time span
should avoid implementing the AF system, regardless
of the available funding.

For the 10-year simulation, the number of
input variables with EVPI>O0 varied from 3 to 89,

depending on the funding scenario. For the ‘no fund-
ing’ and ‘Eco Scheme only’ scenarios, 87 and 89
input variables showed EVPI>O0, respectively. The
most significant input variables are the maximum
apple yield, table apple price, apple harvest cost,
the relative share of table apples in the total apple
harvest and labour costs (Fig. 6). Their combined
EVPIs are 29,997 € (no funding) and 28,244 € (Eco
Scheme only). The existing German funding schemes
reduce the number of decision-relevant variables.
The number of input variables with EVPI>0 drops
to 41 in Baden-Wiirttemberg, 40 in Brandenburg, 21
in Bavaria and Mecklenburg-Western Pomerania, 16
in Thuringia and 5 in Lower Saxony and Saxony. In
the DeFAF-suggested scenario, 3 variables remain
with EVPI>0 — maximum apple yield, table apple
price and apple harvest cost. The sum of the EVPIs
of the 5 most significant input variables decreases
to 25,336 € in Baden-Wiirttemberg, 25,209 € in
Brandenburg, 22,225 € in Bavaria and Mecklenburg-
Western Pomerania, 21,845 € in Thuringia, 15,202 €
in Saxony, 14,216 € in Lower Saxony and 1,142 €
in the DeFAF-suggested scenario. The Vol-analysis
revealed key uncertainties in all scenarios, indicat-
ing an overall low informative value of the decision
model for a 10-year time frame. The combined anal-
ysis of the NPV distribution (Fig. 5) and the EVPI
reveals that for 9 out of 10 scenarios, no clear recom-
mendation can be drawn. The implementation of the
AF system can only be recommended, when funding
comparable to what is suggested by DeFAF is avail-
able. However, key uncertainties persist that should
be addressed and minimised where possible.

The 15-year simulation revealed fewer significant
variables. While for the DeFAF-suggested fund-
ing scenario the analysis revealed EVPI> 0 only for
the maximum apple yield and the table apple price,
all other scenarios also attribute information value
to the costs incurred for harvesting apples. The total
EVPI across scenarios shows values of 8,838 €
(no funding), 8,527 € (Eco Scheme only), 8,186 €
(Baden-Wiirttemberg), 8,171 € (Brandenburg),
7,772 € (Bavaria and Mecklenburg-Western Pomera-
nia), 7,719 € (Thuringia), 6,516 € (Saxony), 6,320 €
(Lower Saxony) and 1,444 € (DeFAF-suggested fund-
ing). While the NPV distributions in Fig. 5 show pre-
dominantly positive values, the EVPIs remain high
and indicate that key uncertainties must be addressed
to reduce the inherent risk of the decision. However,

@ Springer



146 Page 16 of 23

Agroforest Syst (2026) 100:146

Table 1 Payback periods [years] of adopting AF relative to
the baseline system across the 10 simulated funding scenarios,
based on probabilistically computed cumulative cash flow
(CCF) of the decision. The payback period is defined as the
number of years it takes for the CCF to reach values >0

Scenarios Payback period [years]
90% CI 50% CI Median

DeFAF-suggested funding 1->20 1-9 7
Lower Saxony 7->20 8-16 10
Saxony 7->20 8-16 10
Thuringia 7->20 9-17 11
Meck.-Western Pomerania 7->20 9-17 11
Bavaria 7->20 9-17 11
Brandenburg 7->20 9-17 11
Baden-Wiirttemberg 7->20 9-17 11
Eco Scheme only 7->20 9-18 11
No funding 7->20 9-18 11

considering a 15-year time span, the results suggest
the AF intervention to be the preferable option across
all funding scenarios, when applying our example
decision rule described above.

At the 20-year simulation length, the scenarios
with no funding, Eco Scheme only, Baden-Wiirttem-
berg funding and Brandenburg funding found infor-
mation value in 3 input factors: maximum apple yield,
table apple price, and apple harvest cost. All other
funding scenarios showed only the maximum apple
yield and the table apple price to be significant. The
total EVPIs across scenarios show values of 8,399 €
(no funding), 8,141 € (Eco Scheme only), 7,894 €
(Baden-Wiirttemberg), 7,883 € (Brandenburg),
7,596 € (Bavaria and Mecklenburg-Western Pomera-
nia), 7,556 € (Thuringia), 6,678 € (Saxony), 6,525 €
(Lower Saxony) and 2,107 € (DeFAF-suggested fund-
ing). Similar to the results for the 15-year simulation,
the EVPIs suggest the potential for further reduction
in overall uncertainty of the decision to adopt AF.
However, across all scenarios, the AF intervention is
the preferable decision option.

The consistent gradient in the EVPI across fund-
ing scenarios for each simulation length — where no
funding results in the highest EVPI scores while the
DeFAF-suggested funding results in the lowest EVPI
scores — is identical with the gradient in NPV-distri-
butions across funding scenarios. This arrangement
reveals critical insights into how funding schemes
might affect farmers’ decision-making processes.
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As total funding and consequently NPV increases,
the overall EVPI decreases, indicating that a farmer
might find reduced value in obtaining perfect infor-
mation about the input variables’ true values. Lower
overall EVPI scores suggest clearer guidance to deci-
sion-makers regarding the decision on whether to
implement the AF system.

It is worth noting that EVPI scores reflect both the
importance of input factors regarding the decision-
guiding value of the corresponding NPV distribution
and the uncertainty regarding the variables’ true val-
ues. Since the NPV distributions across all funding
scenarios are generated from the same MC simula-
tion — using identical input variables with consist-
ent input distributions — comparisons across funding
scenarios are valid and provide evidence about how
funding affects the decision-supporting value of the
model output.

Discussion

The following contextualises our results within the
framework of AF adoption and policy design. We
highlight the implications of funding schemes on
the financial viability of the AF system, identify and
interpret key uncertainty factors that influence deci-
sion making, and emphasize the importance of con-
sidering various time frames when assessing AF
investments.

Impact of funding schemes on the economic
profitability of the modelled AF system

Examining the NPV distributions of the decision
model across funding scenarios revealed that, while
funding does affect the overall profitability of the
examined AF system, the impact of existing funding
schemes on the model output is small. Our results
from a plot-level case study reveal a minuscule effect
of the current funding schemes on the NPV distribu-
tion across all scenarios. Despite differences in total
financial support offered by the federal states of Ger-
many, it is interesting to note that the NPV distribu-
tions showed remarkably similar profiles.

Only the DeFAF-suggested funding scenario,
which combines 100% investment support with an
annual financial maintenance support that is 3 times
the available rate in 2025, affected the plot-level
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profitability in a meaningful way. This scenario
reduced the share of values <0 by 48 to 69%, com-
pared to the scenario with no funding, across the dif-
ferent simulation lengths. Additionally, the median
payback period was reduced to just 7 years, compared
to 10- or 11l-year periods in other scenarios. This
finding suggests that, in this specific case, the main
barrier to AF adoption might not be long-term prof-
itability, but the temporal mismatch between initial
costs and delayed returns. Substantial investment and
maintenance support is needed to make AF finan-
cially more attractive relative to the baseline sys-
tem, particularly within shorter time frames, which
may be most relevant to farmers’ decision-making.
Even when AF is economically viable over longer
time horizons, extended payback periods relative to
the baseline system may discourage adoption among
farmers with liquidity constraints or shorter planning
horizons. This finding aligns with model results from
Abdul-Salam et al. (2022), who, using a Real Options
analysis approach, found that only providing an
upfront payment of 80% of investment cost increased
the comparative advantage of AF sufficiently, so that
a rational decision-maker would choose AF over the
baseline. Currently existing funding schemes in Ger-
many fail to sufficiently increase the chance of the
AF system outperforming the baseline and to suf-
ficiently reduce the payback period, suggesting they
are not effectively targeting the key economic barrier
to adoption. Current funding options might there-
fore be insufficient to generate meaningful progress
towards national targets of significantly accelerated
AF adoption.

Uncertainty factors

The Vol analysis identified and highlighted key
uncertainties across funding scenarios as well as sim-
ulation lengths, with the maximum apple yield and
the table apple price proving most critical. This result
aligns with previous studies on the profitability of AF,
pointing out the importance of a profitable tree crop
to ensure competitiveness with standard arable crop-
ping (Staton et al. 2022; Thiesmeier and Zander 2023;
Thiesmeier 2024). Furthermore, our results indicate
that an increase in overall funding levels reduces
the EVPL. This reduction in the value of eliminating
uncertainty about important input variables indicates
that an increase in funding creates a clearer decision

environment for farmers considering AF implementa-
tion. This is especially noticeable when considering
intermediate time frames (10 years). Here, the model
provides very limited decision support based on the
NPV distributions, which is then highlighted by the
high number of input variables with EVPI>0. This
result is particularly interesting when considering that
the delayed economic return from tree crops is con-
sidered a major barrier to the adoption of AF systems
(Tranchina et al. 2024).

Time horizon considerations in AF decision-making

Comparing NPV distributions as well as the EVPI,
not only across several funding scenarios but also
across multiple simulation lengths, reveals the critical
importance of time horizons in AF decision-making.
The proportion of negative NPV values decreased
substantially as simulation length was extended —
from predominantly negative outcomes in 5-year pro-
jections to significantly more favourable distributions
in 20-year scenarios across all funding approaches.
This temporal pattern reflects the inherent character-
istics of tree-based agricultural systems, where initial
investments and establishment periods precede rev-
enue generation periods.

The widening NPV distribution with time (approx-
imately 12.96 times wider in 20-year vs. 5-year
simulations) indicates increasing uncertainty about
long-term outcomes. This uncertainty creates a fun-
damental tension in the decision-making process:
longer time frames improve the expected economic
performance of the AF system but introduce greater
uncertainty in potential outcomes. However, two
types of uncertainty have to be distinguished: the
uncertainty regarding the actual economic outcome
of the AF intervention and the uncertainty about the
comparative advantage of the AF system. A wide
NPV distribution indicates an increase in uncer-
tainty about the actual economic outcome of the AF
intervention. Nonetheless, an increased proportion
of positive values in the output distribution indicates
higher certainty that the AF system will outperform
the baseline system. The latter may be considered as
harbouring a greater informative value in a decision-
making context (Fig. 5).

Examining the changes in EVPI over time alone
does not prove helpful in determining the optimal
decision path. These insights must be integrated with
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«Fig. 6 Expected value of perfect information (EVPI) scores,
generated for all 10 decision scenarios across simulation
lengths of 5, 10, 15 and 20 years. The plot shows only the
input variables with the 5 greatest EVPI values in the 10-year
simulation as some of these variables also ranked highest for
15 and 20-year simulations. The symbols within the coloured
boxes indicate the decision recommendation, based on the
current state of knowledge. The cross signals that the farmer
should not choose the AF intervention, the tick mark signals
that the farmer should choose the intervention, the ques-
tion marks indicate no recommendation can directly be made
based on the modelled outcome distributions. For illustration,
we apply an example decision rule assuming adoption when
at least 70% of simulated outcomes show positive incremental
NPVs. This threshold is used solely to demonstrate how model
outputs can be translated into decision recommendations

the examination of the NPV outputs from the decision
model. A low overall EVPI merely indicates decision
clarity, not necessarily preference for AF implemen-
tation or the maintenance of conventional manage-
ment. This is evident in the 5-year simulation results,
where minimal EVPI coupled with predominantly
negative NPV distributions highlight the comparative
advantage of maintaining the baseline system. In con-
trast, the 10-year simulation reveals a highly ambigu-
ous decision, with NPV distributions showing similar
shares of positive and negative values across most
funding scenarios. The corresponding high numbers
of input variables with EVPI>0 and the high total
EVPI emphasize this uncertainty. For longer time
horizons (15 and 20 years), comparably lower over-
all EVPI and fewer variables with EVPI> 0 indicate
reduced decision uncertainty. When these indicators
are examined in combination with the NPV distribu-
tions, they collectively demonstrate that AF system
implementation becomes the preferable option over
extended time frames.

Implications for policy design

Our findings have substantial implications for policy
design. By improving key metrics in the decision-
making process, such as the NPV of the decision, the
payback period and the EVPI, well-designed fund-
ing schemes have the potential to lower the ambigu-
ity around AF decisions and make AF-implemen-
tation the favourable choice. However, especially
when considering shorter time frames, it becomes
obvious that even the examined schemes that pro-
vide relatively high investment support are unable

to adequately increase the comparative advantage of
AF compared to conventional arable cropping. These
short to intermediate time horizons of 5 to 10 years
might however be especially important to a farmer’s
decision-making. It therefore seems advisable to use
the framework of this study for a decision-oriented
ex-ante analysis, taking into consideration sugges-
tions from AF-stakeholders, when designing future
AF-support schemes aimed at facilitating the meeting
of ambitious national targets. Considering not only
the investment cost but also the initial establishment
phase of AF systems, where high labour requirements
meet low returns from the tree crop, seems particu-
larly crucial. If funding levels are sufficient, farmers
can make AF adoption decisions with greater confi-
dence despite inherent uncertainties in agricultural
production and market conditions. In practical terms,
this means that comprehensive funding approaches
such as the DeFAF-suggested scenario can improve
expected returns and reduce the risk faced by farmers
willing to adopt AF practices.

The emergence of apple yield as a significant input
factor across all funding scenarios and simulation
lengths reveals the importance of a profitable tree
crop complementing arable production in an alley
cropping system. It simultaneously shows the need for
further research regarding apple yields that are to be
expected from low-input cultivation systems such as
the one modelled in this study. As table apple prices
emerge as another significant input factor across all
scenarios and timelines, it becomes evident that the
profitability of AF systems depends also on marketing
strategies and access to premium markets. Premium
pricing may be achieved by developing favourable
market mechanisms like a designated AF labelling
scheme. The significance of the apple harvest cost
across multiple scenarios and time frames suggests
that suitable machinery might be needed to give apple
AF systems a comparative advantage. These findings
suggest that AF-supporting approaches complement-
ing government funding, such as premium pricing
of AF products, could enhance the effectiveness of
direct financial support mechanisms.

Methodological contributions and limitations
This study showcases a methodological framework

for evaluating agricultural policy support mecha-
nisms by integrating probabilistic modelling with
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Vol analysis using a decision analysis approach. This
approach provides quantitative insights into both eco-
nomic outcomes and decision-relevant uncertainties,
offering a comprehensive basis for evaluating the
impact of targeted funding on the plot-level profit-
ability of agricultural interventions. The methodology
explicitly acknowledges that agricultural decision-
making happens under high levels of uncertainty and
identifies which uncertainties most significantly affect
decision-making under various funding scenarios for
the modelled AF system.

We acknowledge that our study has inherent limi-
tations. Most importantly, our analysis is constrained
to a single case study intended to demonstrate the
methodological approach. Consequently, our results
should not be generalised far beyond this specific
context. For example, cost structures associated with
storage, processing, packaging or marketing infra-
structure may vary depending on scale or marketing
strategy. In the present case study, such investments
were not required according to information obtained
from the reference farm. However, these costs may
become relevant in other AF systems. Further evi-
dence on how funding schemes affect the overall prof-
itability and comparative advantage of various types
and combinations of AF systems should therefore be
generated in future research. We suggest applying
the methodological approach presented in this study
to further representative AF systems in terms of crop
combinations, rotation lengths, marketing strategies
and management approaches.

Second, our analysis was limited to plot-level
economic performance. While this provides crucial
insights into the relative advantage of AF compared
to the baseline system, it does not capture farm-level
interactions, which may significantly influence a
farmer’s decision whether to adopt AF. Positive and
negative interactions between plots, along with other
farm management metrics such as periodic workloads
and the availability of labour or machinery, might be
essential considerations in a farmer’s decision-mak-
ing process when contemplating changes in the farm-
ing operation. Furthermore, we did not include dis-
advantageous effects of AF establishment, which are
difficult to quantify in monetary terms, like the nega-
tive impact of tree planting on the short-term flexibil-
ity in farm management adaptation, once the decision
for AF is made (Abdul-Salam et al. 2022). Lastly, we
assumed the farmer to be an objective decision-maker

@ Springer

and did not explicitly account for, e.g., strong het-
erogeneities in time preferences between different
farmers when quantifying the discount rate as a key
input factor to our model. We recommend that these
and other such factors should be considered in future
research.

Conclusion

Our study demonstrates the value of combining
probabilistic modelling with decision analysis to sup-
port evidence-based design of direct funding instru-
ments intended to steer agricultural land-use deci-
sions towards societally desired outcomes. Although
our analysis is limited to one case study, we provide
meaningful insights into the probable effects of vari-
ous existing and hypothetical funding schemes on the
plot-level economics of an existing silvoarable AF
system in Germany.

National and regional policies aiming to sup-
port widespread AF adoption must address temporal
dynamics explored in this study, particularly by pro-
viding targeted support during the critical establish-
ment phase. Our analysis indicates that the economic
viability in the first 5 to 10 years after AF establish-
ment is crucial and therefore requires financial sup-
port. Only then can land-use transformation pro-
cesses, characterized by long payback periods, be
initiated.

A comprehensive support strategy should combine
one-time investment support and enhanced mainte-
nance support during establishment with mechanisms
to secure premium pricing, e.g., through specialised
markets or labelling schemes. Integrated support
is vital to ensure the short- to long-term viability of
fruit-based AF systems similar to the one modelled in
this study.

Supplementary materials.

The scripts containing the AF decision model, the
code for the visualisation of the results and the input
data file are available in a public repository: https://
github.com/SimonSwatek/AF_Adoption_in_Germa

ny.


https://github.com/SimonSwatek/AF_Adoption_in_Germany
https://github.com/SimonSwatek/AF_Adoption_in_Germany
https://github.com/SimonSwatek/AF_Adoption_in_Germany

Agroforest Syst (2026) 100:146

Page 21 of 23 146

Acknowledgements We are grateful to the AF farmer in
Steinfurt, Jan GroBe-Kleimann, for providing crucial infor-
mation that enabled us to develop the silvoarable AF model.
We acknowledge the efforts and time provided by the various
experts we consulted for parameterizing the model. We are
thankful to the European Union for funding the ReForest pro-
ject through which we were able to perform this study.

Author Contribution S.S. designed the study, collected
data, wrote the scripts and wrote the manuscript; P.K.A. wrote
the scripts and wrote the manuscript; E.L. critically reviewed
the manuscript and provided comments on the contents and
structure of the paper. All authors reviewed the final manu-
script before submission.

Funding Open Access funding enabled and organized by
Projekt DEAL. European Union, 101060635 (REFOREST),
101060635 (REFOREST)

Data Availability The scripts containing the AF decision
model, the code for the visualisation of the results and the input
data file are available in a public repository: https://github.com/
SimonSwatek/AF_Adoption_in_Germany.

Declarations This study was carried out as part of the ReFor-
est project which has received funding from the European
Union’s Horizon Europe Programme under Grant Agreement
Nr. 101060635.

Competing Interests The authors declare no competing
interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Abdul-Salam Y, Ovando P, Roberts D (2022) Understanding
the economic barriers to the adoption of agroforestry:
a real options analysis. J Environ Manage 302:113955.
https://doi.org/10.1016/j.jenvman.2021.113955

Bartkowski B, Beckmann M, Bednat M et al (2023) Adoption
and potential of agri-environmental schemes in Europe:
Cross-regional evidence from interviews with farmers.
People Nat 5:1610-1621. https://doi.org/10.1002/pan3.
10526

Bohm C, Vogel A, Heigl H (2023) Offener Brief an die Min-
isterinnen und Minister, Senatorinnen und Senatoren
fir Landwirtschaft und Umwelt des Bundes und der
Liander und die Abgeordneten der Bundestagsausschiisse
,Erndhrung und Landwirtschaft“ und ,,Umwelt, Natur-
schutz, nukleare Sicherheit und Verbraucherschutz*.
https://agroforst-info.de/wp-content/uploads/2023/05/
Forderungen-Offener-Brief-Jetzt-Umsetzung-von-Agrof
orstsystemen-voranbringen.pdf

Bohm C (2023) Stellungnahme des DeFAF e.V. zum Refer-
entenentwurf der Dritten Verordnung zur Anderung der
GAP-Direktzahlungen-Verordnung des Bundesministe-
riums fiir Erndhrung und Landwirtschaft. https://agrof
orst-info.de/wp-content/uploads/2023/09/2023-09_05_
DeFAF-Stellungnahme-zur-Ueberarbeitung-der-GAP-
DZV.pdf. Accessed 24 Nov 2023

Bundesbank Deutsche (2024) Abzinsungszinssitze gemif
§ 253 Abs. 2 HGB, 7-Jahresdurchschnitt. https://www.
bundesbank.de/de/statistiken/geld-und-kapitalmaerkte/
zinssaetze-und-renditen/abzinsungszinssaetze-gemaess-
253-abs-2-hgb-7-jahresdurchschnitt-650652. Accessed 3
Mar 2024

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2023a) CAP-Strategic Plan for the Federal
Republic of Germany - Version 3.1. https://www.bmel.de/
SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrar
politik-Foerderung/gap-strategieplan-version-3-1.pdf?__
blob=publicationFile&v=7

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2023b) Inanspruchnahme Oko—Regclungen nach
vorldufigen Antragsdaten der Linder ohne Kontrollen
und Plausibilitdtspriifungen. https://www.bmel.de/Share
dDocs/Downloads/DE/Presse/inanspruchnahme-oekor
egelungen.pdf?__blob=publicationFile&v=3

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2024b) CAP-Strategic Plan for the Federal
Republic of Germany - Version 4.0. https://www.bmel.de/
SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrar
politik-Foerderung/gap-strategieplan-version-4-0.pdf?__
blob=publicationFile&v=2

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2024c) Anpassungen der Oko-Regelungen ab
2025. https://www.bmleh.de/SharedDocs/Downloads/
DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/anpas
sungen-oeko-regelungen-2025.pdf?__blob=publicatio
nFile&v=4

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2022) CAP-Strategic Plan for the Federal
Republic of Germany - Version 2.0. https://www.bmel.de/
SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrar
politik-Foerderung/gap-strategieplan-version-2-0.pdf?__
blob=publicationFile&v=4

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2023c) Umsetzung der Gemeinsamen Agrar-
politik der Europdischen Union 2023 in Deutschland -
Direktzahlungen, Oko-Regelungen, InVeKoS und Kondi-
tionalitdt. https://www.bmel.de/SharedDocs/Downloads/
DE/Broschueren/gap-2023.pdf?__blob=publicationFile
&v=3

Bundesministerium  fiir Erndhrung und Landwirtschaft
(BMEL) (2023d) Rahmenplan der Gemeinschaftsaufgabe

@ Springer


https://github.com/SimonSwatek/AF_Adoption_in_Germany
https://github.com/SimonSwatek/AF_Adoption_in_Germany
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jenvman.2021.113955
https://doi.org/10.1002/pan3.10526
https://doi.org/10.1002/pan3.10526
https://agroforst-info.de/wp-content/uploads/2023/05/Forderungen-Offener-Brief-Jetzt-Umsetzung-von-Agroforstsystemen-voranbringen.pdf
https://agroforst-info.de/wp-content/uploads/2023/05/Forderungen-Offener-Brief-Jetzt-Umsetzung-von-Agroforstsystemen-voranbringen.pdf
https://agroforst-info.de/wp-content/uploads/2023/05/Forderungen-Offener-Brief-Jetzt-Umsetzung-von-Agroforstsystemen-voranbringen.pdf
https://agroforst-info.de/wp-content/uploads/2023/09/2023-09_05_DeFAF-Stellungnahme-zur-Ueberarbeitung-der-GAPDZV.pdf
https://agroforst-info.de/wp-content/uploads/2023/09/2023-09_05_DeFAF-Stellungnahme-zur-Ueberarbeitung-der-GAPDZV.pdf
https://agroforst-info.de/wp-content/uploads/2023/09/2023-09_05_DeFAF-Stellungnahme-zur-Ueberarbeitung-der-GAPDZV.pdf
https://agroforst-info.de/wp-content/uploads/2023/09/2023-09_05_DeFAF-Stellungnahme-zur-Ueberarbeitung-der-GAPDZV.pdf
https://www.bundesbank.de/de/statistiken/geld-und-kapitalmaerkte/zinssaetze-und-renditen/abzinsungszinssaetze-gemaess-253-abs-2-hgb-7-jahresdurchschnitt-650652
https://www.bundesbank.de/de/statistiken/geld-und-kapitalmaerkte/zinssaetze-und-renditen/abzinsungszinssaetze-gemaess-253-abs-2-hgb-7-jahresdurchschnitt-650652
https://www.bundesbank.de/de/statistiken/geld-und-kapitalmaerkte/zinssaetze-und-renditen/abzinsungszinssaetze-gemaess-253-abs-2-hgb-7-jahresdurchschnitt-650652
https://www.bundesbank.de/de/statistiken/geld-und-kapitalmaerkte/zinssaetze-und-renditen/abzinsungszinssaetze-gemaess-253-abs-2-hgb-7-jahresdurchschnitt-650652
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-3-1.pdf?__blob=publicationFile&v=7
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-3-1.pdf?__blob=publicationFile&v=7
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-3-1.pdf?__blob=publicationFile&v=7
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-3-1.pdf?__blob=publicationFile&v=7
https://www.bmel.de/SharedDocs/Downloads/DE/Presse/inanspruchnahme-oekoregelungen.pdf?__blob=publicationFile&v=3
https://www.bmel.de/SharedDocs/Downloads/DE/Presse/inanspruchnahme-oekoregelungen.pdf?__blob=publicationFile&v=3
https://www.bmel.de/SharedDocs/Downloads/DE/Presse/inanspruchnahme-oekoregelungen.pdf?__blob=publicationFile&v=3
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-4-0.pdf?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-4-0.pdf?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-4-0.pdf?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-4-0.pdf?__blob=publicationFile&v=2
https://www.bmleh.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/anpassungen-oeko-regelungen-2025.pdf?__blob=publicationFile&v=4
https://www.bmleh.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/anpassungen-oeko-regelungen-2025.pdf?__blob=publicationFile&v=4
https://www.bmleh.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/anpassungen-oeko-regelungen-2025.pdf?__blob=publicationFile&v=4
https://www.bmleh.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/anpassungen-oeko-regelungen-2025.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-2-0.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-2-0.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-2-0.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/_Landwirtschaft/EU-Agrarpolitik-Foerderung/gap-strategieplan-version-2-0.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/gap-2023.pdf?__blob=publicationFile&v=3
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/gap-2023.pdf?__blob=publicationFile&v=3
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/gap-2023.pdf?__blob=publicationFile&v=3

146 Page 22 of 23

Agroforest Syst (2026) 100:146

“Verbesserung der Agrarstruktur und des Kiistenschutzes*
2023-2026. https://www.bmel.de/SharedDocs/Downl
oads/DE/Broschueren/gak-rahmenplan-2023-2026.pdf?__
blob=publicationFile&v=4

Bundesministerium fiir Erndhrung und Landwirtschaft
(BMEL) (2024a) Nachfrage nach Oko—Regelungen 2024
deutlich gestiegen — Anpassungen des BMEL zeigen
Wirkung.  https://www.bmel.de/SharedDocs/Pressemitt
eilungen/DE/2024/062-oeko-regelungen.html

Bundesministerium fiir Landwirtschaft, Erndhrung und Heimat
(BMLEH) (2025) ()ko—Regelungen. In: BMLEH - Direk-
tzahlung - Oko-Regelungen. https://www.bmleh.de/DE/
themen/landwirtschaft/eu-agrarpolitik-und-foerderung/
direktzahlung/oeko-regelungen.html. Accessed 30 Sep
2025

Do H, Luedeling E, Whitney C (2020) Decision analysis of
agroforestry options reveals adoption risks for resource-
poor farmers. Agron Sustain Dev 40:20. https://doi.org/
10.1007/s13593-020-00624-5

Eidsvik J, Mukerji T, Bhattacharjya D (2015) Value of Infor-
mation in the Earth Sciences: Integrating Spatial Mode-
ling and Decision Analysis, 1st edn. Cambridge Univer-
sity Press

Gaspars-Wieloch H (2019) Project net present value estima-
tion under uncertainty. Cent Eur J Oper Res 27:179-197.
https://doi.org/10.1007/s10100-017-0500-0

GroBe-Kleimann J (2023) Der Beitrag von Agroforstsyste-
men zu einer nachhaltigen Land- und Flachennutzung
- Voraussetzungen fiir eine erfolgreiche Umsetzung/
Etablierung. https://www.biooekonomierat.de/media/pdf/
praesentationen/2.3_Grosse_Kleimann.pdf?m=17078
35414&

Hardaker JB, Lien G, Anderson JR, Huirne RBM (2015) Cop-
ing with Risk in Agriculture, 3rd edn. CABI, Applied
Decision Analysis

Hubbard DW (2014) How to measure anything: Finding the
value of intangibles in business. John Wiley & Sons, USA

Hiibner R, Giinzel J (2026) Ubersicht zu eingetragenen Agro-
forstflaichen 2025. https://agroforst-info.de/wp-content/
uploads/2026/02/DeFAF-2026-Auswertung-Agroforst-
Landkarte_deutsch.pdf

Kopton J (2024) A fast implementation of the Expected Value
of Perfect Parameter Information (EVPPI) for large Monte
Carlo simulations. https://zenodo.org/doi/10.5281/zenodo.
10728646

Landesamt fiir Datenverarbeitung und Statistik Nordrhein-
Westfalen (IT.NRW) (2024a) Erntebericht: Hektarertrige
nach ausgewdhlten Fruchtarten (12) - kreisfreie Stédte und
Kreise - Jahr. https://www.landesdatenbank.nrw.de/ldbnr
w//online?operation=table&code=41241-01i

Landesamt fiir Datenverarbeitung und Statistik Nordrhein-
Westfalen (IT.NRW) (2024b) Erntebericht: Hektarertrige
nach ausgewihlten Fruchtarten (39) - kreisfreie Stddte und
Kreise - Jahr. https://www.landesdatenbank.nrw.de/ldbnr
w//online?operation=table&code=41241-03i

Landesamt fiir Datenverarbeitung und Statistik Nordrhein-
Westfalen (IT.NRW) (2022) Bodenflichen in Nordrhein-
Westfalen nach Art der tatsdchlichen Nutzung, Ausgabe
2021 - Ergebnisse der Flichenerhebung am 31. Dezem-
ber 2020. Information und Technik Nordrhein-Westfalen,

@ Springer

Statistisches Landesamt. https://webshop.it.nrw.de/gratis/
C179%20202100.pdf

Landesamt fiir Natur, Umwelt und Verbraucherschutz
(LANUV) (2024) Niederschlagsumme [mm] [Jahr] von
1881 bis 2023 fiir Nordrhein-Westfalen. https://www.
klimaatlas.nrw.de/klima-nrw-pluskarte

Landesanstalt fiir Landwirtschaft, Erndhrung und Lindli-
chen Raum (LEL) (2023) Geforderte Beratungsmodule
in Baden-Wiirttemberg. https://bzl.landwirtschaft-bw.de/
site/pbs-bw-mlr-root/get/documents_E-450179920/MLR.
Beratung/Dokumente-Beratung/Beratungskatalog_Flyer_
Modul%C3%BCbersicht/%C3%9Cbersicht_Beratungmo
dule_ab%202023.pdf

Landesverwaltungsamt Thiiringer (TLVwA) (2023) ELER
0801.a — 1.2023: Vergabe von landwirtschaftlichen und
gartenbaulichen Beratungsleistungen fiir 2024 und 2025 —
Beratungsangebote TLVwWA — Auflenstelle Erfurt. https:/
www.aw-landesverwaltungsamt.thueringen.de/foerd
erung/foerderung-a-z/vergabe-landwirtschaftliche-und-
gartenbaulichen-beratungsleistungen-2024-und-2025-
beratungsangebote

Lehmann LM, Smith J, Westaway S et al (2020) Productivity
and economic evaluation of agroforestry systems for sus-
tainable production of food and non-food products. Sus-
tainability. https://doi.org/10.3390/su12135429

Lopes MS (2022) Will temperature and rainfall changes pre-
vent yield progress in Europe? Food Energy Secur
11:e372. https://doi.org/10.1002/fes3.372

Luedeling E, Goehring L, Schiffers K, et al (2023) Decision-
support: Quantitative support of decision making under
uncertainty.  https://CRAN.R-project.org/package=decis
ionSupport

Luedeling E, Shepherd K (2016) Decision-focused agricultural
research. Solutions 7(5):46-54

Ministerium Niedersichsisches fiir Landwirtschaft, Erndhrung
und Verbraucherschutz (ML Nds.) (2023) Richtlinie iiber
die Gewihrung von Zuwendungen zur Forderung der Ein-
richtung von Agroforstsystemen (Richtlinie “Agroforst-
systeme”).  https://www.ml.niedersachsen.de/download/
202168

Ministerium fiir Klimaschutz, Landwirtschaft, ldndliche
Réume und Umwelt M-V (MKLUM MV) (2023) Rich-
tlinie zur Gewidhrung von Zuwendungen fiir Investitionen
landwirtschaftlicher Unternehmen zur Einrichtung von
Agroforstsystemen (AFo-RL M-V). https://zb.mv-servi
ceportal.de/static/MVP/AFo_RL_MV.pdf

R Core Team (2024) R: A Language and environment for sta-
tistical computing. https://www.R-project.org/

Rezgui F, Rosati A, Lambarraa-Lehnhardt F et al (2024)
Assessing Mediterranean agroforestry systems: Agro-
Economic impacts of olive wild asparagus in Central Italy.
Eur J Agron 152:127012. https://doi.org/10.1016/j.eja.
2023.127012

Roder N, Dehler M, Jungmann S (2021) Ausgestaltung der
Okoregelungen in Deutschland - Stellungnahmen fiir das
BMEL : Band 1 - Abschitzung potenzieller 6kologischer
und okonomischer Effekte auf Basis der Erstentwiirfe.
Johann Heinrich Von Thiinen-Institut, DE. https://doi.org/
10.3220/WP1633603709000

Rojas G, Fernandez E, Whitney C et al (2021) Adapting sweet
cherry orchards to extreme weather events — decision


https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/gak-rahmenplan-2023-2026.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/gak-rahmenplan-2023-2026.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/gak-rahmenplan-2023-2026.pdf?__blob=publicationFile&v=4
https://www.bmel.de/SharedDocs/Pressemitteilungen/DE/2024/062-oeko-regelungen.html
https://www.bmel.de/SharedDocs/Pressemitteilungen/DE/2024/062-oeko-regelungen.html
https://www.bmleh.de/DE/themen/landwirtschaft/eu-agrarpolitik-und-foerderung/direktzahlung/oeko-regelungen.html
https://www.bmleh.de/DE/themen/landwirtschaft/eu-agrarpolitik-und-foerderung/direktzahlung/oeko-regelungen.html
https://www.bmleh.de/DE/themen/landwirtschaft/eu-agrarpolitik-und-foerderung/direktzahlung/oeko-regelungen.html
https://doi.org/10.1007/s13593-020-00624-5
https://doi.org/10.1007/s13593-020-00624-5
https://doi.org/10.1007/s10100-017-0500-0
https://www.biooekonomierat.de/media/pdf/praesentationen/2.3_Grosse_Kleimann.pdf?m=1707835414
https://www.biooekonomierat.de/media/pdf/praesentationen/2.3_Grosse_Kleimann.pdf?m=1707835414
https://www.biooekonomierat.de/media/pdf/praesentationen/2.3_Grosse_Kleimann.pdf?m=1707835414
https://agroforst-info.de/wp-content/uploads/2026/02/DeFAF-2026-Auswertung-Agroforst-Landkarte_deutsch.pdf
https://agroforst-info.de/wp-content/uploads/2026/02/DeFAF-2026-Auswertung-Agroforst-Landkarte_deutsch.pdf
https://agroforst-info.de/wp-content/uploads/2026/02/DeFAF-2026-Auswertung-Agroforst-Landkarte_deutsch.pdf
https://zenodo.org/doi/10.5281/zenodo.10728646
https://zenodo.org/doi/10.5281/zenodo.10728646
https://www.landesdatenbank.nrw.de/ldbnrw//online?operation=table&code=41241-01i
https://www.landesdatenbank.nrw.de/ldbnrw//online?operation=table&code=41241-01i
https://www.landesdatenbank.nrw.de/ldbnrw//online?operation=table&code=41241-03i
https://www.landesdatenbank.nrw.de/ldbnrw//online?operation=table&code=41241-03i
https://webshop.it.nrw.de/gratis/C179%20202100.pdf
https://webshop.it.nrw.de/gratis/C179%20202100.pdf
https://www.klimaatlas.nrw.de/klima-nrw-pluskarte
https://www.klimaatlas.nrw.de/klima-nrw-pluskarte
https://bzl.landwirtschaft-bw.de/site/pbs-bw-mlr-root/get/documents_E-450179920/MLR.Beratung/Dokumente-Beratung/Beratungskatalog_Flyer_Modul%C3%BCbersicht/%C3%9Cbersicht_Beratungmodule_ab%202023.pdf
https://bzl.landwirtschaft-bw.de/site/pbs-bw-mlr-root/get/documents_E-450179920/MLR.Beratung/Dokumente-Beratung/Beratungskatalog_Flyer_Modul%C3%BCbersicht/%C3%9Cbersicht_Beratungmodule_ab%202023.pdf
https://bzl.landwirtschaft-bw.de/site/pbs-bw-mlr-root/get/documents_E-450179920/MLR.Beratung/Dokumente-Beratung/Beratungskatalog_Flyer_Modul%C3%BCbersicht/%C3%9Cbersicht_Beratungmodule_ab%202023.pdf
https://bzl.landwirtschaft-bw.de/site/pbs-bw-mlr-root/get/documents_E-450179920/MLR.Beratung/Dokumente-Beratung/Beratungskatalog_Flyer_Modul%C3%BCbersicht/%C3%9Cbersicht_Beratungmodule_ab%202023.pdf
https://bzl.landwirtschaft-bw.de/site/pbs-bw-mlr-root/get/documents_E-450179920/MLR.Beratung/Dokumente-Beratung/Beratungskatalog_Flyer_Modul%C3%BCbersicht/%C3%9Cbersicht_Beratungmodule_ab%202023.pdf
https://www.aw-landesverwaltungsamt.thueringen.de/foerderung/foerderung-a-z/vergabe-landwirtschaftliche-und-gartenbaulichen-beratungsleistungen-2024-und-2025-beratungsangebote
https://www.aw-landesverwaltungsamt.thueringen.de/foerderung/foerderung-a-z/vergabe-landwirtschaftliche-und-gartenbaulichen-beratungsleistungen-2024-und-2025-beratungsangebote
https://www.aw-landesverwaltungsamt.thueringen.de/foerderung/foerderung-a-z/vergabe-landwirtschaftliche-und-gartenbaulichen-beratungsleistungen-2024-und-2025-beratungsangebote
https://www.aw-landesverwaltungsamt.thueringen.de/foerderung/foerderung-a-z/vergabe-landwirtschaftliche-und-gartenbaulichen-beratungsleistungen-2024-und-2025-beratungsangebote
https://www.aw-landesverwaltungsamt.thueringen.de/foerderung/foerderung-a-z/vergabe-landwirtschaftliche-und-gartenbaulichen-beratungsleistungen-2024-und-2025-beratungsangebote
https://doi.org/10.3390/su12135429
https://doi.org/10.1002/fes3.372
https://CRAN.R-project.org/package=decisionSupport
https://CRAN.R-project.org/package=decisionSupport
https://www.ml.niedersachsen.de/download/202168
https://www.ml.niedersachsen.de/download/202168
https://zb.mv-serviceportal.de/static/MVP/AFo_RL_MV.pdf
https://zb.mv-serviceportal.de/static/MVP/AFo_RL_MV.pdf
https://www.R-project.org/
https://doi.org/10.1016/j.eja.2023.127012
https://doi.org/10.1016/j.eja.2023.127012
https://doi.org/10.3220/WP1633603709000
https://doi.org/10.3220/WP1633603709000

Agroforest Syst (2026) 100:146

Page 23 0f 23 146

analysis in support of farmers’ investments in Central
Chile. Agric Syst 187:103031. https://doi.org/10.1016/j.
agsy.2020.103031

Ruett M, Dalhaus T, Whitney C, Luedeling E (2022) Assessing
expected utility and profitability to support decision-mak-
ing for disease control strategies in ornamental heather
production. Precis Agric 23:1775-1800. https://doi.org/
10.1007/s11119-022-09909-z

Sidchsisches Staatsministerium fiir Umwelt und Landwirtschaft
(SMUL) (2023) Forderung landwirtschaftlicher Inves-
titionen und  Existenzgriindungen (Forderrichtlinie
Landwirtschaft, Investition, Existenzgriindung — FRL
LIE/2023). https://www.foerderdatenbank.de/FDB/Conte
nt/DE/Foerderprogramm/Land/Sachsen/frl-lie-2023-inves
titionen-landwirtschaft-betriebe.html

Smith LG, Westaway S, Mullender S et al (2022) Assessing the
multidimensional elements of sustainability in European
agroforestry systems. Agric Syst 197:103357. https://doi.
org/10.1016/j.agsy.2021.103357

Sollen-Norrlin M, Ghaley BB, Rintoul NLJ (2020) Agrofor-
estry benefits and challenges for adoption in Europe and
beyond.  Sustainability.  https://doi.org/10.3390/sul21
77001

Staatsministerium fiir Erndhrung, Landwirtschaft und Forsten
(StMELF), Staatsministerium fiir Umwelt und Verbrauch-
erschutz (StMUV) (2022) Gemeinsame Richtlinie zur
Forderung zur Forderung von Agrarumwelt-, Klima- und
TierschutzmaBBnahmen (AUKM) in Bayern. https://www.
stmelf.bayern.de/mam/cms01/agrarpolitik/dateien/rili_
gemeinsam_foerderung_aum_2023.pdf

Staton T, Breeze TD, Walters RJ et al (2022) Productivity, bio-
diversity trade-offs, and farm income in an agroforestry
versus an arable system. Ecol Econ 191:107214. https://
doi.org/10.1016/j.ecolecon.2021.107214

Strong M, Oakley JE, Brennan A (2014) Estimating multipa-
rameter partial expected value of perfect information from
a probabilistic sensitivity analysis sample: A nonparamet-
ric regression approach. Med Decis Making 34:311-326.
https://doi.org/10.1177/0272989X 13505910

Szaniawski K (1967) The value of perfect information. Syn-
these 17:408-424. https://doi.org/10.1007/BF00485042

Thiesmeier A (2024) Comparing the economic performance of
poplar-based alley cropping systems with arable farming
in Brandenburg under varying site conditions and policy
scenarios. Agrofor Syst 98:1507-1522. https://doi.org/10.
1007/s10457-024-01021-7

Thiesmeier A, Zander P (2023) Can agroforestry compete?
A scoping review of the economic performance of agro-
forestry practices in Europe and North America. Forest
Policy Econ 150:102939. https://doi.org/10.1016/j.forpol.
2023.102939

Thompson D, George B (2009) Financial and economic evalu-
ation of agroforestry. Agrofor Nat Resour Manag. CSIRO
Publ, Canberra Aust, pp 283-308

Tranchina M, Reubens B, Frey M et al (2024) What chal-
lenges impede the adoption of agroforestry practices? A
global perspective through a systematic literature review.
Agrofor Syst 98:1817-1837. https://doi.org/10.1007/
$10457-024-00993-w

Veldkamp E, Schmidt M, Markwitz C et al (2023) Multifunc-
tionality of temperate alley-cropping agroforestry outper-
forms open cropland and grassland. Commun Earth Envi-
ron 4:20. https://doi.org/10.1038/s43247-023-00680-1

Whitney C, Shepherd K, Luedeling E (2018) Decision analysis
methods guide. World Agroforestry Centre, Agricultural
policy for nutrition. https://doi.org/10.5716/wp18001.pdf

Wittstock F, Paulus A, Beckmann M et al (2022) Understand-
ing farmers’ decision-making on agri-environmental
schemes: A case study from Saxony, Germany. Land Use
Policy 122:106371. https://doi.org/10.1016/j.1andusepol.
2022.106371

Zehlius-Eckert W, Bohm C (2022) Concerns on Germanys’
CAP Strategic Plan related to agroforestry. https://agrof
orst-info.de/wp-content/uploads/2022/03/2022-03-
DeFAF-Letter-to-DG-AGRI-on-Germanys-CAP-SP.pdf

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

@ Springer


https://doi.org/10.1016/j.agsy.2020.103031
https://doi.org/10.1016/j.agsy.2020.103031
https://doi.org/10.1007/s11119-022-09909-z
https://doi.org/10.1007/s11119-022-09909-z
https://www.foerderdatenbank.de/FDB/Content/DE/Foerderprogramm/Land/Sachsen/frl-lie-2023-investitionen-landwirtschaft-betriebe.html
https://www.foerderdatenbank.de/FDB/Content/DE/Foerderprogramm/Land/Sachsen/frl-lie-2023-investitionen-landwirtschaft-betriebe.html
https://www.foerderdatenbank.de/FDB/Content/DE/Foerderprogramm/Land/Sachsen/frl-lie-2023-investitionen-landwirtschaft-betriebe.html
https://doi.org/10.1016/j.agsy.2021.103357
https://doi.org/10.1016/j.agsy.2021.103357
https://doi.org/10.3390/su12177001
https://doi.org/10.3390/su12177001
https://www.stmelf.bayern.de/mam/cms01/agrarpolitik/dateien/rili_gemeinsam_foerderung_aum_2023.pdf
https://www.stmelf.bayern.de/mam/cms01/agrarpolitik/dateien/rili_gemeinsam_foerderung_aum_2023.pdf
https://www.stmelf.bayern.de/mam/cms01/agrarpolitik/dateien/rili_gemeinsam_foerderung_aum_2023.pdf
https://doi.org/10.1016/j.ecolecon.2021.107214
https://doi.org/10.1016/j.ecolecon.2021.107214
https://doi.org/10.1177/0272989X13505910
https://doi.org/10.1007/BF00485042
https://doi.org/10.1007/s10457-024-01021-7
https://doi.org/10.1007/s10457-024-01021-7
https://doi.org/10.1016/j.forpol.2023.102939
https://doi.org/10.1016/j.forpol.2023.102939
https://doi.org/10.1007/s10457-024-00993-w
https://doi.org/10.1007/s10457-024-00993-w
https://doi.org/10.1038/s43247-023-00680-1
https://doi.org/10.5716/wp18001.pdf
https://doi.org/10.1016/j.landusepol.2022.106371
https://doi.org/10.1016/j.landusepol.2022.106371
https://agroforst-info.de/wp-content/uploads/2022/03/2022-03-DeFAF-Letter-to-DG-AGRI-on-Germanys-CAP-SP.pdf
https://agroforst-info.de/wp-content/uploads/2022/03/2022-03-DeFAF-Letter-to-DG-AGRI-on-Germanys-CAP-SP.pdf
https://agroforst-info.de/wp-content/uploads/2022/03/2022-03-DeFAF-Letter-to-DG-AGRI-on-Germanys-CAP-SP.pdf

	Agroforestry adoption in Germany: using decision analysis to explore the impact of funding mechanisms on system profitability
	Abstract 
	Introduction
	Methods
	Case study
	Germany’s AF funding framework
	Decision analysis model
	Conceptual model
	Mathematical modelling
	Value of information analysis
	Model limitations and assumptions


	Results
	Conceptual cost–benefit model
	Impact of funding on the net present value of the decision
	Payback period
	Key uncertainties and decision preference

	Discussion
	Impact of funding schemes on the economic profitability of the modelled AF system
	Uncertainty factors
	Time horizon considerations in AF decision-making
	Implications for policy design
	Methodological contributions and limitations

	Conclusion
	Supplementary materials.
	Acknowledgements 
	References


