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Abstract

The EU aims to reach 25% of the total agricultural area
under organic farming by 2030. Interlinking a farm-level
and agro-economic market model, we assess impacts of
achieving the target either at Member State or aggregated
EU level. Results show that flexible budget allocation
across Member States would be more cost-efficient and
less detrimental to EU production. Conversely, targeting
at Member State level proves more effective in generating
greater aggregated and more evenly distributed environ-
mental benefits across EU regions. The results indicate
the importance of leveraging tailored approaches to opti-
mize organic farming outcomes across the EU.
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The Farm to Fork (F2F) strategy of the European Green Deal aims to stimulate the transition to
a sustainable food system that is fair, healthy, and environmentally friendly. One proposed
mean to achieve the transition is to expand the area under organic management to 25% of the
EU's agricultural area by 2030 (European Commission, 2019, 2021). However, only 9.9% of
the utilized agricultural area (UAA) is currently under organic farming in the EU." Therefore,
to achieve the 25% goal, a sizable agricultural area would need to convert from conventional
to organic production methods in the next few years.

Organic farming methods have positive local environmental effects but also adverse impacts
on production quantities when compared with conventional agricultural practices (Baker
et al., 2019; Meemken & Qaim, 2018; Reganold & Wachter, 2016; Seufert & Ramankutty, 2017;
Timsina, 2018). Thus, converting an additional 15% of the EU UAA to organic agriculture may
have a significant effect on the EU farming sector and global agricultural food systems. Such
ambitious target raise concerns about the impact on the overall supply of agricultural commodi-
ties, related market effects and global food security. These concerns gained further momentum
considering trade interruptions and high food inflation in the context of Russia's war on
Ukraine (European Commission, 2023).

In addition, the pathway to achieving the 25% target by 2030 is unclear. While the target is
established at the EU level, the commitments at the Member States (MS) level are not
predefined. In their national CAP strategic plans, MS have individually set organic area targets
and allocated the financial resources they consider appropriate through Pillars 1 and 2. The
considerable diversity of agricultural systems and the varying level of maturity of organic agri-
culture across MS justify them to allocate resources according to their specific circumstances
and needs. However, due to the target not being legally binding, there is a risk that some MS
may not fully embrace the ambition of the organic target and downplay their contribution to
achieving the overall EU target of 25%.

Within this context, this article intends to answer the following question: What are the eco-
nomic and environmental impacts of the 25% organic target in the EU, and how do these
impacts differ between alternative pathways for implementing the target? To answer this ques-
tion, we analyze two scenarios. The first scenario simulates that every MS individually reaches
the 25% organic target (MS-Target), whereas in the second scenario the EU reaches the target
with flexibility in budget allocation across MS (EU-Target). These two scenario settings likely
represent bounds within which the actual implementation of the organic target may fall if the
EU adheres to the target. The comparison of the scenarios will provide insights into the cost-
effectiveness of reaching the target as well as differences in expected budgetary requirements,
production and market impacts, and environmental outcomes.

The primary contribution of this article to the literature is in addressing the scarcity of ana-
lyses regarding the impacts of the 25% organic target at the EU level. Scientific papers that
model conversion to organic farming either assume a 100% conversion (Barbieri et al., 2019;
Jones & Crane, 2009; Lee et al., 2019; Muller et al., 2017; Smith et al., 2018), or focus on a single
country (Kerselaers et al., 2007) or a few farms (Acs et al., 2009; Acs et al., 2007), or analyze dis-
aggregated EU level impacts without taking into account all relevant behavioral effects (supply,
market and/or environmental) (Calabro & Vieri, 2024; Kremmydas et al., 2023a). Furthermore,
reports assessing the Green Deal either do not examine the organic target at all (Beckman
et al., 2020), examine the organic target jointly with other F2F measures (Barreiro-Hurle
et al., 2021; Henning et al., 2021), or focus on the target using only a limited number of crops
and countries across the EU (Bremmer et al., 2021). This article extends the previous literature
by interlinking farm-level behavior and market effects, examining both the economic and
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environmental impacts of the 25% organic target. Specifically, we employ an EU-wide farm
model—Individual Farm Model for Common Agricultural Policy Analysis (IFM-CAP)—to ana-
lyze farms' organic conversion and the supply response to the organic target. Subsequently, we
link the CAPRI market model to assess market effects of the target. To our knowledge, this is
the first attempt at modeling the organic target at the EU level comprising all relevant dimen-
sions: supply, market, and environment.

METHODOLOGY

Analyzing the impacts of the organic target requires the consideration of two critical aspects:
(i) the supply response, which encompasses farms' conversion choices, and (ii) the market
effects of the target. Given that organic conversion choices and associated production practices
are inherently farm-specific, it is important to employ an individual farm-level approach. This
approach allows a more accurate capture of the costs and benefits of organic conversion and
technology (Buysse et al., 2007; Ciaian et al., 2013). Addressing market effects requires the use
of a model capable of accounting for both intra-EU market dynamics and international trade
changes in the global context. Therefore, we use the IFM-CAP farm-level supply model
(Kremmydas et al., 2023a; Kremmydas et al., 2022) to capture the individual farm level response
in supply and the CAPRI partial-equilibrium model (Britz & Witzke, 2014) to analyze market
effects.

IFM-CAP: Modeling the supply response at farm level

The IFM-CAP model (Kremmydas et al., 2022) is a mathematical programming model designed
to characterize the behavior and decision-making processes of individual farms. The model
assumes that farmers maximize their expected utility subject to technical and policy constraints
related to resource endowments, production relationships (feed requirements), and CAP policy
obligations (including constraints related to organic farming). The policy constraints determine
eligibility with different types of direct payments (coupled and decoupled) and control compli-
ance with environmental obligations.

The parameterization of IFM-CAP is based on individual farm-level information (81,000
farms for 2017; the model's base year) across the 27 MS from the Farm Accountancy Data Net-
work (FADN) database.”? FADN data are complemented by other external EU-wide data sources
such as the European Farm Structure Survey, the CAPRI model database, and Eurostat. The
model calibrates to the observed base year data with a Positive Mathematical Programming
(PMP) approach (Petsakos & Rozakis, 2015). The PMP approach recovers the unknown parame-
ters of an implicit quadratic cost function, ensuring that (i) each farm replicates its base year
activity levels, and (ii) when all farms are pooled together, the resulting aggregate (regional)
price supply elasticity approximates a set of supply elasticity priors provided by the CAPRI
model (Kremmydas et al., 2022; Petsakos et al., 2023).

Recently, the IFM-CAP model was modified to model the potential conversion of conven-
tional farms to organic farming (Kremmydas et al., 2023a). This modeling is based on the
assumption of economic rationality of farms. When faced with the decision of converting to
organic farming or not, a conventional farm compares the expected utility of its maintaining
the current conventional status with that of becoming organic. The expected utility of the
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potential organic status considers specific factors such as farming practices, prices, yields, and
costs specific to organic production. Overall, a farm will opt for organic over conventional pro-
duction if the expected utility of organic farming exceeds that of conventional.

Consequently, the IFM-CAP modification enriched the model's database with data on the
organic practices (crop rotation, nitrogen management, maximum stocking density, feed self-
sufficiency, and minimum share of fodder in the animals’ diet) and yield gaps, price premiums,
and costs differentials between organic and conventional production. Appendix C provides a
summary of the model's database update, while detailed information is available in Kremmydas
et al. (Kremmydas et al., 2023a). The modification also extended the calibration of the model to
ensure that, for the conventional farms in the base year, the expected utility of a potential con-
version to organic is lower than their expected utility as conventional farms. This condition
implies that farms observed as conventional in the base year will only convert to organic if the
organic payment is higher than in the base year.

In fact, the IFM-CAP enables the estimation of the payment threshold necessary to incentiv-
ize an FADN farm to convert to organic production (Kremmydas et al., 2023b). This allows to
simulate scenarios of different levels of organic payments and estimate the number of farms
likely to convert to organic production, for example, an increase of 1% of the current organic
payments may result in a 0.5% increase in the number of farms transitioning to organic. Thus,
to simulate the supply response to achieving the 25% organic target, we simulate a stepwise
increase in the payment levels. As organic payments increases, more and more farms will con-
vert. Eventually payment level will be reached where a sufficient number of farms convert to
meet the area target.

CAPRI: Modeling the market effects

The Common Agricultural Regionalized Impact Analysis model (CAPRI) is a comparative
static, partial equilibrium model for the agricultural sector designed for policy impact assess-
ment of agricultural, environmental, climate change, and trade-related policies (CAPRI, 2022).
CAPRI is composed of two different interlinked modules: the supply module and the market
module. The supply module consists of a set of independent regional mathematical program-
ming models for each of 280 NUTS2 regions of EU 27, Norway, Western Balkans and Turkey
representing around 50 animal and crop activities. Each supply model maximizes the regional
agricultural income subject to land constraints, nutrient balances and policy requirements. The
market model is a comparative static, deterministic, spatial multi-commodity model depicting
about 60 primary and secondary agricultural products, covering around 80 countries and trade
blocks worldwide. In the market module supply, feed, processing and human consumption are
simulated with behavioral equations that have flexible functional forms. The functions' coeffi-
cients are calibrated with the use of algorithms that make them consistent with micro-economic
theory. International trade is modeled following the Armington assumption (Armington, 1969).
Goods are differentiated by place of origin, which allows modeling bilateral trade flow between
countries and establishing consumer preferences for imports based on historical trade patterns.
Moreover, bilateral import prices are derived by accounting for trade policy measures at the
border, such as tariffs, tariff-rate quotas, variable levies, and the entry-price system for fruits
and vegetables. Where applicable, further market measures like public intervention and export
subsidies are also implemented. This detailed modeling approach ensures a nuanced
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representation of international trade dynamics within the agricultural sector. In this article, we
use only the market module of CAPRI.

The estimated supply effects resulting from the organic target, simulated in IFM-CAP, are
subsequently implemented into CAPRI. In this integration process, the farm-level results from
IFM-CAP are aggregated at NUTS2 level, which then serve to shift the crop-specific supply cur-
ves of each respective NUTS2 region within CAPRI. The simulations of the two models stop at
this stage, that is, the market feedback effect is not further taken into account in IFM-CAP.

Scenarios
To assess the potential impacts of reaching the EU organic target, we analyze two scenarios:

« Scenario “MS-Target” simulates the imposition of a 25% organic target individually for each
MS. This scenario represents a more stringent application of a shared effort across all MS,
without allowing flexibility to select converting farms across MS.

» Scenario “EU-Target” simulates a flexible budget allocation across MS to reach the 25%
organic target at the EU level. In this scenario, farms requiring a lower organic payment,
irrespective of the MS they belong to, convert and receive payments until the 25% target is
reached at EU level.

The main difference between the two scenarios lies in the pool from which the converting
farms are drawn and in the corresponding level of organic payments.® This distinction is graphi-
cally depicted in Figure 1a, b. The x-axis represents farms ordered by the payment required to
trigger conversion to organic farming, with those requiring less payment positioned at the
beginning. The y-axis indicates the level of organic payment per hectare. The starting point of
the curve on the y-axis represents the current level of organic payments (Py or Pys1.0 OF Pyszo)-
The curve illustrates the relationship between the organic payment level and the number of
farms that will convert. The dotted vertical line shows where the converted area will equal the
organic target, corresponding to the marginal farm (Fys; , 0 Fysom OF Fp), where the organic
payment makes the farm indifferent between being conventional or organic. For farms below
this threshold, the payment exceeds their conversion costs.

In Figure 1a, the selection of farms for the MS-Target scenario is illustrated for two Member
States, MS1 and MS2. The varying levels of current payments (Pys1.0 VS. Pumsz2,0) and the rela-
tionship between payment levels and the number of farms (different curves) result in differing

a MS-Target scenario b EU-Target scenario

Conversion Conversion
Payment Payment
per ha

per ha

P25

Pms2 .25
Pus1,25

Pums1.0 PMs2,0 PO

Fmstn Farms in MS1 Fus2m Farms in MS2 Farms in EU

FIGURE 1 Selection of farms in the MS-Target and EU-Target scenarios.
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numbers of farms and payment levels required to reach the 25% in each MS (Pys1.25 VS. Pus2.25
and Fysin VS. Fusam)- In Figure 1b illustrates the selection of farms in the EU-Target scenario.
As the target and budget are defined at EU level, all farms and their corresponding conversion
payment levels are pooled together. Hence, P, corresponds to the minimum of Py and
Pusz0- The payment level P,s induces the conversion of enough farms to meet the 25% organic
area target. While the selected farms may belong to both MS, if MS1 farms generally have lower
conversion payments than MS2 farms, the majority of the chosen farms will likely be
from MSI1.

For each scenario, to calculate the new organic supplies (which will be implemented as sup-
ply shocks in CAPRI), we first determine the number of farms required to reach the
corresponding area target (farms are arranged in ascending order of conversion payment, as
depicted in Figures la and 1b). Then, the supply shock is computed as the supply changes
resulting from these selected farms transitioning from conventional to organic production. The
budgetary requirement corresponds to the payment level multiplied by the area of the conver-
ting farms (the rectangles formed by the dotted lines and the two axes in Figures 1a and 1b).

The supply shock is relative to a baseline that represents the European Commission's
medium-term outlook for EU agricultural markets in 2030 (DG AGRI, 2020).4 However, in the
baseline, we assume no change in the number of organic farms compared to the current (2017)
situation. We make this assumption because we are interested in simulating the effects of
increasing the organic area from the current base year levels to the 25% target. We provide the
organic area in baseline/current situation and under the MS-Target and EU-Target scenarios
Tables A1, A2 and A3 in Appendix A. Finally, the baseline also assumes the continuation of the
current CAP until 2030, including the environmental restrictions (e.g., restriction on grassland
conversion).

RESULTS
Supply effects

The 25% organic target impacts agricultural supply through three primary factors: (i) the adop-
tion of organic farming practices on converted farms, such as crop rotation, nitrogen manage-
ment, stocking density, feed self-sufficiency, and minimum fodder share in the livestock diet,
(ii) the lower yields associated with organic farming as a direct consequence of the management
requirements and restrictions, and (iii) the price premiums for organic products (including the
higher price of purchased feed on organic farms). All these factors (and their interaction) lead
farms to adjust land allocation, animal numbers and production quantities. These adjustments,
however, are heterogeneous across activities depending on which factor is a stronger driver for
a particular activity.

Table 1 shows the impact of the organic target on land allocation and animal numbers in
the EU. Notably, the organic target tends to influence the distribution of land use, with major
crops experiencing reductions in area while smaller crops see increases, largely due to rotation
and nitrogen management requirements specific to organic farms. Consequently, some primary
crops like soft wheat, barley, and maize are often replaced by secondary crop activities such as
oats and rye, and protein crops. Additionally, the number of animals decreases due to restric-
tions on the livestock density. This reduction of animal numbers is also reflected in a reduction
in area dedicated to the production of animal feed, such as grassland or fodder crops. However,
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TABLE 1 Change in crop areas and in animal numbers for main agricultural activities in the EU (absolute
and relative change compared to the base year).

Soft wheat
Barley
Maize
Oats
Potatoes
Pulses
Soya
Rapeseed
Sunflower
Grassland

Fodder
Maize

Other
fodder
crops

Fallow
land

Bovine
Meat

Cow
milk

Sheep
and
goats

Meat
Pigs
Pork
Poultry
Eggs
Meat

EU-Target MS-Target
Area Production Area Production
(1000 ha) (%) (1000 ton) (%) (1000 ha) (%) (1000 ton) (%)
—348.1 (=2.0)  —5909.5 (=5.1) —525.7 (=3.1) —8954.5 (=7.7)
—179.2 (-1.6)  —3037.3 (—4.6) —2554 (—22) —44722 (—6.7)
—66.6 (-1.0)  —1596.3 (-24) -—30238 (—44) —4560.6 (—6.8)
+19.5 (+1.0) —163.0 (—23) +425 (+2.2) —227.6 (-3.2)
—-7.8 (-=0.7) —863.6 (-2.2) —30.0 (-2.8) —2100.9 (=5.3)
+30.4 (+1.2) —71.7 (—0.9) 212 (+0.8) —249.1 (=3.1)
+18.6 (+3.3) 15.8 (+0.8) 4459 (+8.1) 44.4 (+2.3)
+39.8 (+1.1) —384.0 (=2.7) —26 (-0.1) —902.7 (—6.5)
—9.2 (-0.3) —236.9 (—2.8) -169 (~0.6) —515.9 (—6.0)
—394.3 (~1.5) —27,247.5 (—3.8) +68.5 (+0.3)  —9348.9 (~1.3)
~199.8 (=2.6)  —5795.6 (-23) —307.5 (~=3.9) -—11631.6 (—4.7)
—99.3 (~0.5) —535.9 (—0.3) +4334 (+2.3) 1893.0 (+1.1)
+803.5 (+9.8) — — +496.7 (+6.1) — —
EU-Target MS-Target
Animals Animals
(1000 Production (1000 Production
heads) (%) (1000 ton) (%) heads) (%) (1000 ton) (%)
—1913.6 (=2.3) —1468.1 (-1.8)
—341.6 (—4.3) —217.0 (~=2.7)
—12,375 (—0.5) —2392.3 (-1.1)
—3080.6  (—3.3) —2265.7  (—2.4)
—17.4 (~1.3) —18.5 (~1.4)
—280.4 -3.3 —3442  (-0.5)
—384 (~0.3) —42.2 (—0.3)
~-16,130.6  (=2.1) ~15,527.0  (=2.0)
—78.7 (-3.6) —114.7 (~5.2)
—459 (~1.0) —33.1 (~0.7)

Note: The breakdown of areas and animals into conventional and organic are in Table B1 in Appendix B.
Source: IFM-CAP simulations.
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the grassland and fodder area per animal increases on farms that have converted to organic pro-
duction because of the requirements for a greater feed self-sufficiency and a higher proportion
of fodder in the animal diet. The grassland and fodder areas decrease because the reduced feed
demand due to the organic farming restriction on livestock density, more than offsets the
increased feed demand due to the requirement for greater feed self-sufficiency and a higher pro-
portion of forage in the diet. Note that the effect of lower yields and price premiums on organic
farms also affects land allocation and animal numbers but their effect is secondary relative to
the impact of organic farming practices. This is because only the relative changes in yields and
prices of organic farms have an impact on land allocation and animal numbers, and the two
have offsetting effect on each other.”

The high increase in fallow land area (9.8% in the EU-Target and 6.1% in MS-Target) can be
attributed to two primary factors. Firstly, the model assumes that grazing farms, which reduce
the number of animals, convert grassland and fodder crops into fallow land. This is more pro-
nounced in the EU-target scenario, where over 43% of the converting farms engage in grazing
livestock, compared to 18% in the MS-Target scenario, thereby resulting in a more substantial
increase in fallow land. Secondly, the adoption of organic management practices, notably crop
rotation, requires a higher share of arable land to be fallow. Overall, however, the increase in
fallow land may be an overestimation, as IFM-CAP does not capture the structural change that
grazing farms might undergo.® In practice, grazing farms could opt to convert unused grazing
areas into alternative arable activities, thereby mitigating the surge in fallow land.

The impact of the organic target on land allocation is greater in the MS-Target scenario than
in the EU-Target scenario (Table 1). This outcome can be attributed to the differences in the
farm selection process for conversion between the two scenarios: the EU-Target selects from a
combined pool of all EU farms, whereas the MS-Target involves farm selection split by MS sub-
pools. Essentially, the EU-Target facilitates a more profitable allocation of organic land,
enabling countries in which organic farming is more profitable to surpass the 25% target, while
other countries may remain below this threshold. Surprisingly, the impact of the organic target
on animal numbers is smaller in the MS-Target scenario compared to the EU-Target scenario,
which is primarily due to a larger share of livestock farms (especially grazing livestock) conver-
ting in the former scenario than in the latter.

The changes in land allocation and animal numbers, combined with yield reductions associ-
ated with organic farming, generally result in decreased production for most activities in the
EU. Table 1 provides an overview of the changes in the production of main agricultural prod-
ucts. Both scenarios exhibit a reduction in production for most main products, ranging from
—0.2% to —8%. The mostly negative changes in production quantities indicate that the yield
reduction dominates the area changes. The exceptions are soya seed and other fodder crops, for
which production increases in at least one scenario, implying that the area increase compen-
sates for the yield reduction. With few exceptions, the EU-Target scenario results in lower pro-
duction changes (between —0.3% and —5.1%) than the MS-Target scenario (between —1.3%
and —7.7%).

For example, the —7.7% reduction in soft wheat production in the MS-Target scenario can
be attribute to two causes. First, a reduction of soft wheat area by —3.1%, as farms that convert
to organic farming need to use crop rotations with a greater variety of crops, causing soft wheat
to be planted less frequently. Second, the further —4.6% reduction in wheat production is due to
the lower organic yields compared to conventional wheat production. This dual influence
explains why certain crops show both increases in areas and decreases in supply. For example,
oats experience a +2.2% increase in area but a —-3.2% decrease in production in the MS-Target
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scenario. That occurs because for converting farms oats become more prevalent in rotations, yet
the expanded cultivation area does not compensate for the reduced organic yield compared to
conventional agriculture.

To better explain the disparities in the supply response between the two scenarios, an exam-
ination of the difference in the farm types undergoing conversion is essential (Table 2). Notably,
a significant difference between the EU-Target and the MS-Target scenarios is the number of
converting farms. Approximately 0.65 million farms convert in the EU-Target scenario, whereas
1.26 million farms convert in the MS-Target scenario. This implies that, on average, the conver-
ting farms in the EU-Target are larger in terms of land use.

Another notable difference between the EU-Target and the MS-Target scenario results is the
composition of farm specializations (Table 2). Livestock farms are more prevalent in the EU-
Target scenario (55% livestock farms versus 38% crop farms), while crop farms have a greater
representation in the MS-Target scenario (29% livestock farms versus 58% crop farms).” This is
particularly notable in the “Other grazing livestock™” farm specializations (cattle farms), which
accounts for 18.2% of all organic farms in the MS-Target scenario and 43.9% in the EU-Target
scenario. The rationale behind this difference are lower conversion costs (and hence lower
minimum organic payment) associated with these farm specializations. Consequently, as the

TABLE 2 The distribution of organic farms by farm specialization in the EU (Number of farms; % in the total
organic farms).

Baseline® EU-Target MS-Target
Field crops (1) 55,392 138,844 329,224
19.8% 20.5% 26.1%
Horticulture (2) 5087 5228 12,559
1.8% 0.8% 1.0%
Wine (3) 19,852 34,975 96,065
7.1% 5.2% 7.6%
Other permanent crops (4) 76,160 76,292 296,304
27.2% 11.2% 23.5%
Milk (5) 30,434 65,789 128,161
10.9% 9.7% 10.2%
Other grazing livestock (6) 58,739 297,692 229,051
21.0% 43.9% 18.2%
Granivores (7) 3346 7840 11,022
1.2% 1.2% 0.9%
Mixed (8) 30,964 51,644 157,600
11.1% 7.6% 12.5%
All organic farms 279,975 678,304 1,259,985
100.0% 100.00% 100.0%

Source: IFM-CAP.
*Regarding the number of organic farms and the organic area, the baseline scenario assumes the current situation in the base
year and is not a projection to 2030. For more information, see Section 2.3.

IO}IPUOD PUE SWLB | 31 895 *[G202/TT/72] U0 ARIGITSUINO ABIIM * S JO ASRAIIN BINNOLBY - SepAWLLBI3 SOLIWIA Aq 02VET dda./Z00T OT/10p/wo0Ad] 1M ARG 1pUI|UO//'SANY WO1) POPEOIUMOQ) ‘2 'SZ0Z ‘T08SOVOZ

W0 /3| AReiq U1 oy Sd

35UBD1 7 SUOLLILLOD SAIES1D 3|qeajdde auy Aq paussnob afe sspie O ‘38N Jo Sa|ni Jo) Ariqi auluQ /B|im uo



TWO ALTERNATIVE PATHWAYS FOR THE EU ORGANIC TARGET &% AAEA | 611
—WILEY

EU-Target scenario pools all farms across the EU, these farm specializations are selected in
greater numbers compared to the MS-Target scenario.

Both of the aforementioned factors contribute to the more adverse supply impact on crops
in the MS-Target scenario, and conversely, the more negative supply impact on animal produc-
tion in the EU-Target scenario.

Budgetary costs

Table 3 presents the budgetary costs in the baseline scenario and for achieving the 25% organic
target under the two scenarios. The baseline budget for organic payments paid to exiting
organic farms is around 1.6 billion EUR. In the EU-Target scenario, the simulated expenditure
increases to 5.1 billion EUR, whereas in the MS-Target it rises to 8.6 billion. Thus, the budget-
ary costs for the organic target represent a 3.2-fold increase in the EU-Target scenario and
5.3-fold increase in the MS-Target scenario compared to the baseline organic budget.

For context, the total Pillar 1 CAP budget is approximately 40 billion EUR.® This means that
in the MS-Target scenario, the organic budget needs to increase from the baseline level of 4%-
21% of the Pillar 1 budget. In the case of EU-Target, the share in the Pillar 1 budget represents
13%. This information underscores the substantial budgetary adjustments required in both sce-
narios to achieve the 25% organic target.

Prices

Table 4 presents the simulated price changes associated with achieving the 25% organic target
in the EU. The overall reduction in supply for most products is reflected in price increases in
both scenarios. Following the production changes, prices for most products tend to increase
more in the MS-Target scenario (ranging from 0.3% to 14%) than in the EU-Target scenario
(ranging from 0.2% to 10.7%). This holds particularly for crop products, with the exceptions
being soya seed in both scenarios and potatoes in the EU-Target scenario. The price of soya seed
decreases due to the supply increase, although its production level in the EU remains minor

TABLE 3 Budgetary cost for reaching the 25% organic target in the EU (billion EUR).
Budgetary expenditure Additional expenditure to CAP
Scenario (billion EUR) strategic plans (billion EUR)

Baseline® (source: see 1.611 —
scenarios; 9.9%)

CAP strategic plans® (source: ~ 2.278 —
IFOAM; 15%)

EU-Target (source: own 5.132 2.854
estimations; 25%)
MS-Target (source: own 8.576 6.298

estimations; 25%)

“Baseline refers to the base year situation, where the organic area is 9.9% of total UAA (see scenario description).
"We take the projected CAP expenditure from the IFOAM report that corresponds to reaching 15% of the EU agricultural area
under organic farming.
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TABLE 4 Producer price changes for the aggregate organic and conventional production in the EU (%
change relative to baseline).

EU-Target MS-Target
Cereals 6.4% 8.3%
Soft wheat 6.6% 8.5%
Barley 6.3% 7.5%
Oats 6.2% 9.6%
Grain maize 6.3% 8.4%
Oilseeds 5.3% 6.3%
Rapeseed 5.5% 8.2%
Sunflower seed 6.7% 5.0%
Soya seed —0.2% 0.3%
Vegetables and permanent crops 1.7% 3.8%
Table grapes 0.2% 0.3%
Table olives 0.9% 14.5%
Wine 3.5% 8.7%
Pulses 4.2% 5.0%
Potatoes —2.2% 1.2%
Meat 3.7% 3.1%
Beef 10.7% 6.7%
Pork meat 1.4% 1.5%
Poultry meat 3.2% 3.3%
Eggs 9.4% 9.0%

Source: CAPRI.

compared to other oilseeds, such as rapeseed and sunflower. The price of potatoes decreases in
the EU-Target scenario due to their relative affordability compared to other more expensive
alternatives, resulting in substitution effects that drive the demand for potatoes, despite the pro-
duction decreases.

Trade

As the demand for food products in the EU is relatively inelastic, the price changes resulting
from the introduction of the organic target have only a limited impact on total EU demand. The
combination of the inelastic demand and reduced supply contributes to decreases in exports
from the EU to the rest of the world and increases in imports of agricultural products to the EU
to meet demand. This leads to an overall worsening of the EU net trade position, which is most
pronounced for cereals and livestock products.

Figure 2 presents the changes in the EU net trade (i.e., exports—imports) positions, excluding
intra-EU trade in the EU. In both scenarios, the introduction of the organic target leads to an
increase in imports and decline in EU exports for all agricultural products, except soya seed.
Differences between scenarios are primarily characterized by the EU-Target scenario’s less
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Baseline WEU-Target M MS-Target Baseline MWEU-Target M MS-Target

Source: CAPRI
FIGURE 2 Absolute difference in EU net trade quantities for main agricultural products (absolute change

relative to baseline). Source: CAPRI.

TABLE 5 The impact of the organic target on key environmental indicators in EU (% change relative to
baseline).

EU-Target MS-Target
Aggregate Per billion EUR of Aggregate Per billion EUR of
Indicator change organic payments change organic payments
GHG —-3.7% —0.88% —3.8% —0.49%
emissions
N surplus —12.5% —2.97% —14.9% —1.92%
Biodiversity 0.7% 0.17% 0.8% 0.10%
Soil erosion —1.0% —0.24% —1.0% —0.13%
Pesticide —0.8% —0.19% —2.1% —0.27%
risk

Note: GHG emissions (N,0, CH,, and CO,) from livestock and managed soils are estimated per farm using the IPCC Guidelines
(IPCC, 2019a; IPCC, 2019b). (1) Nitrogen (N) surplus for each farm is estimated through a farm balance approach, accounting
for all the N inputs to and outputs from the farm (Leip et al., 2011). (2) Biodiversity impact is quantified through calculation of
the Shannon diversity index for both the entire farm, based on crop group shares. (3) Soil erosion effects are assessed by
adaption the Revised Universal Soil Loss Equation (RUSLE). (4) Pesticide risk is approximated by using the expenditure on
pesticides on farms (EUR) as a proxy for environmental impacts related to pesticide use.

Source: IFM-CAP.

pronounced effects on net trade, especially within the “vegetables and permanent crops” and
“wheat” categories. This is largely due to the scenario’s lower impact on exports.

Environment

To assess the environmental impacts of the organic target, we consider the following key indica-
tors: GHG emissions, N surplus, biodiversity, soil erosion, and pesticide risk (Table 5). The
results indicate that the organic target positively affects the environment by improving the envi-
ronmental performance of converting farms. The MS-Target scenario leads to greater aggregate
changes in environmental indicators, mainly attributed to a higher share of intensive farms
converting to organic production compared to the EU-Target scenario.
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The reduction in emissions (—3.7% in the EU-Target and -3.8% in the MS-Target) is mainly
due to the elimination of synthetic fertilizer usage in farms converting to organic farming, lead-
ing to lower emissions from nitrogen (N) application to soils. Additionally, the decrease in ani-
mal numbers in newly converted organic farms contributes to reduced emissions from manure
management and enteric fermentation in the case of ruminants.

The N surplus across Europe also diminishes (—12.5% and -14.9%), as organic farms gener-
ally have less N inputs (e.g., feed imports) compared to conventional farms, and they do not
purchase synthetic fertilizers. We assume that new organic farms that used synthetic fertilizers
in the baseline will increase their use of organic manure, but this increase is lower than the
nitrogen content in the synthetic fertilizers they applied before the conversion. Similarly,
the pesticide risk decreases (—0.8% and -2.1%), a result of the restrictions on the types of pesti-
cides permitted in organic farming practices.

Biodiversity also improves (0.7% and 0.8%) because the farms converting to organic have a
more diversified crop mix. The changes in the crop mix also reduce the risk of soil erosion
(—1%), despite the increase in fallow land, as the area of crops with lower c-factor (crop-specific
soil loss factor) expands under both scenarios.

While the MS-Target scenario demonstrates a more positive impact in absolute terms com-
pared to the EU-Target scenario, this perspective shifts when considering the effect per billion
EUR of public expenditure on organic subsidies. In this context, the MS-Target scenario is more
effective (exhibiting a higher absolute effect) but less efficient (demonstrating a lower relative
effect) than the EU-Target scenario. As shown in Table 5, most environmental indicators show
a higher improvement per billion EUR of organic payments in the EU-Target scenario com-
pared to the MS-Target scenario, while the reverse holds true for the aggregate effects. As
suggested earlier, this outcome can be attributed to the fact that in the EU-Target scenario a
greater proportion of extensive farms (e.g., those with a higher grassland share) convert to
organic production compared to the MS-Target scenario. Additionally, the former scenario
results in converting farms being less costly from a budgetary expenditure perspective. The
exception is pesticides risk, which is both more effective and efficient in the MS-Target
scenario.

Crucially, the two scenarios yield a very different distribution of the environmental benefits
across EU regions (Figure 3). In the MS-Target scenario, environmental improvements are rela-
tively evenly dispersed across different EU regions, whereas in the EU-Target scenario, the ben-
efits are concentrated mainly in Central and Northern Europe. This discrepancy arises because
the MS-Target scenario requires that farms from all MS reach the 25% organic target. This is
not the case for the EU-Target, where some MS may over or under deliver the organic area rela-
tive to the set target. For example, more farms from Central and Northern Europe (mainly graz-
ing livestock) undergo conversion in the EU-Target scenario, while fewer crop related farms
convert in Southern Europe. This leads to significant disparities in environmental impacts
between the two regions in the EU-Target scenario.

DISCUSSION AND CONCLUSIONS

In this article, we link the IFM-CAP farm-level model with the CAPRI agro-economic market
model to analyze economic and environmental impacts of reaching the EU's 25% target for
organic agriculture, as outlined in the Farm to Fork strategy. Given the lack of clear and
established specifics regarding target implementation in the strategy, we explore two plausible
alternative pathways. The first scenario (MS-Target) assumes that each MS must strictly achieve
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a EU-Target b MS-Target

Note: - Central Europe North: BE, LU, NL, DE, PL
- Central Europe South: AT, CZ, FR, HU, SK, RO
- Northern Europe: SE, Fl, EE, LT, LV, DK,IE
- Southern Europe: BG, HR, CY, EL, IT, MT, PT, SI, ES

Source: [IFM-CAP

FIGURE 3 Regional impacts of the organic target on key environmental indicators in the EU (% change
relative to baseline). Central Europe North: BE, LU, NL, DE, PL. Central Europe South: AT, CZ, FR, HU, SK,
RO. Northern Europe: SE, FI, EE, LT, LV, DK, IE. Southern Europe: BG, HR, CY, EL, IT, MT, PT, SI, ES.
Source: IFM-CAP.

the 25% target, resembling the current situation where MS manage the organic budget individu-
ally. In contrast, the second scenario (EU-Target) assumes that the 25% target is set at the EU
level, allowing some MS to underperform and others to over perform with respect to their share
in organic agriculture. This scenario represents a hypothetical situation where the target imple-
mentation and organic budget allocation are managed at the EU level. The primary contribu-
tion of this article to the literature is the integration of farm-level behavior and market effects
to examine the impact of the EU's organic target. Additionally, the article provides a more com-
prehensive analysis by focusing on both the economic and environmental impacts of the target.

The simulation results align with expectations, indicating that, on one hand, the introduc-
tion of the organic target would lead to some adverse economic impacts, while, on the other
hand, the expansion of the organic area would result in various environmental benefits. From
an economic perspective, we find a decrease in the supply of main agricultural products in the
EU ranging from —0.3% to —7.7%, depending on the crop and animal type. Additionally, we
estimate a price increase between 0.2% and 14.4% and a decrease in EU net trade position
(exports minus imports), varying across products. Furthermore, our results underscore the
necessity for a substantial increase in the organic budget to reach the 25% target, ranging from
5.1 to 8.6 billion EUR depending on the target implementation. From an environmental per-
spective, our simulations indicate positive environmental impacts, reducing agricultural GHG
emissions by almost 4% and the nitrogen surplus by over 10%, with positive impacts on soil ero-
sion, pesticide risks, and biodiversity.

The results reveal that significant differences exist in both economic and environmental
impacts between the EU and MS implementation of the organic target. First, the EU-Target is
substantially less costly than the MS-Target. This difference arises from the EU-Target selecting
farms for conversion with the lowest costs from a combined pool of all EU farms, whereas the
MS-Target involves farm selection split by MS sub-pools. Second, the number of farms converting
in the EU-Target scenario (0.65 million) is only about half compared to the MS-Target scenario
(1.26 million farms). Furthermore, converting farms in the EU-Target scenario are larger on
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average, with most specializing in livestock production. Conversely, in the MS-Target scenario,
farms are smaller on average, and most are crop farms. Third, with some exceptions, the EU-
Target scenario results in a lower production reduction, lower price increases and a less signifi-
cant deterioration of the EU net trade position. Overall, from an economic perspective, the EU
implementation appears to be more attractive, yielding fewer adverse economic consequences.

However, from an environmental perspective, the MS implementation of the organic target
may offer advantages over the EU implementation in at least two respects. First, the MS-Target
is more effective, generating higher absolute environmental benefits (e.g., for GHG emissions,
N surplus, biodiversity, soil erosion) than the EU-Target. It is important to note here that
although the MS-Target is more effective, it is less efficient when measuring the generated envi-
ronmental benefits per euro of public money spent compared to the EU-Target. This result can
be explained by a higher proportion of extensive farms converting to organic production in the
EU-Target scenario. Moreover, the converting farms in the EU-Target scenario are less costly
from a budgetary expenditure perspective. Second, another area where MS-Target outperforms
the EU-Target is in the regional distribution of the environmental benefits. The MS-Target
results in a relatively even distribution of environmental benefits across different EU regions,
whereas in the EU-Target, they are concentrated in a few regions. This discrepancy arises
because the MS-Target scenario requires that farms from all MS reach the 25% organic target,
whereas under the EU-Target, some MS may over or under deliver the organic area relative to
the set target.

When drawing conclusions from our findings, it is necessary to recognize the assumptions
inherent in our modeling framework applied in this article. First, the modeling framework does
not differentiate between conventional and organic products, hindering the consideration of
substitution dynamics in simulations for both internal and external EU markets. Furthermore,
it does not allow for the incorporation of potential changes in price premiums of organic prod-
ucts. Our results are contingent upon the assumption that organic price premiums over conven-
tional products remain unchanged from the current (pre-target) level. However, an increased
supply of organic products could potentially lead to a decrease in the price premiums, thereby
influencing the simulation results. Second, environmental leakages to non-EU countries are not
accounted for in our article. However, the simulated deterioration of the EU net trade position
in the article can be expected to result in negative environmental outcomes being leaked to
non-EU countries. This, for example, has been shown by other studies when investigating
potential GHG emission leakage effects arising from GHG mitigation efforts in the EU
(Fellmann et al., 2018; Himics et al., 2018; van Doorslaer et al., 2015). Third, our model assumes
a fixed farm structure, that is, farms' production specialization and size remain unchanged fol-
lowing conversion to organic production. In reality, converted farms may make more signifi-
cant adjustments in production structure and scale than our modeling framework estimates.
Finally, the estimated supply shock will prompt market adjustments, but since we do not
account for any market feedback effects on supply, we do not capture this aspect. Consequently,
our results tend to overestimate the magnitude of positive supply shocks and underestimate
negative ones.

Despite these limitations, our results indicate that a strategic decision might need to be
taken by the MS and the EU on how to allocate the organic budget most efficiently in order to
minimize adverse effects on production, while concurrently leveraging targeted approaches
to maximize the generation of environmental benefits across EU regions. This may require
more targeted and regionally customized policy frameworks. One aspect that merits further
investigation in this respect is assessing how a targeted conversion to organic agriculture in
environmental hotspot regions would affect economic and environmental indicators.
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Overall, compared to exiting literature, our article establishes a basis for more comprehen-
sive and differentiated analyses regarding economic and environmental impacts and different
pathways for achieving the organic target in the EU. Future research should aim to extend the
analysis by considering more disaggregated differentiation between conventional and organic
products to be able to account more accurately for the market implications of the target. Other
areas of future research could focus on issues such as the territorial heterogeneity of the organic
target effects and changes in consumption habits with respect to organic products.

DISCLAIMER

The authors are solely responsible for the content of the paper. The views expressed are purely
those of the authors and may not in any circumstances be regarded as stating an official posi-
tion of the European Commission.

ENDNOTES

Eurostat, Organic farming statistics, https://ec.europa.eu/eurostat/statistics-explained/index.php?title=
Organic_farming_statistics.

—

N

The FADN is a European system of annual farm surveys that collects structural and accountancy information
on EU farms, such as output, land use, input costs, subsidies, and income. It is unique in the sense that it is the
only source of EU-wide harmonized and representative farm-level microeconomic data.

w

Under the CAP, organic farms can receive financial support through Pillar 1 and Pillar 2. In this paper, we do
not differentiate the source of the payments.

IS

CAPRI calibrates the baseline to the European Commission's medium-term outlook for EU agricultural mar-
kets, considering the CAP 2014 policy reform. IFM-CAP uses CAPRI baseline projections (e.g., prices and
yields) to construct the IFM-CAP baseline.

> Note that differences in yields and prices between conventional and organic farms have only an indirect effect

on land allocation and animal numbers. They determine which farm converts to organic system because they
determine the overall farm profitability of organic production (alongside organic farming practices). That is,
the differences in yields and prices between conventional and organic farms determine for which farm speciali-
zations it is most profitable to convert to organic, while their relative changes in turn affect how converted
farms allocate crop and animal activities within the farm.

o

Note that IFM-CAP allows substitution of crops for alternative crop activities. For a given farm, these alterna-
tive crop activities are those previously observed on farms specializing in the same production activities in the
same region. In line with this modeling assumption, for the farms specializing only in livestock and having
only permanent grassland, there is no option to switch to alternative crops such as arable crops. Therefore, the
only alternative for these farms is to leave the grassland fallow if it economically not profitable to use it in
the production process.

7 The rest of farms are mixed farms: 7.6% in the EU-Target scenario and 12.5% in the MSU-Target scenario.

8 Regulation (EU) No 1307/2013, Annex L.
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In Table Al we provide the organic area in base year/baseline.
For the MS-Target scenario, each MS needs to reach at least to 25% of UAA with organics.

TABLE A1 Organic area in base year/baseline

Base year (2017) — Same as baseline

UAA Organic area Share of UAA Organic area  Share of
(1000 ha) (1000 ha) organic land (1000 ha) (1000 ha) organic land
AT 2305.1 674.8 29.3% 1IE 4401.6 124.5 2.8%
BE 1349.7 121.8 9.0% IT  11600.3 2549.1 22.0%
BG 3502.7 159 4.5% LT 2799.3 289.8 10.4%
CY 100.4 2.8 2.8% LU 126 53 4.2%
Cz 2273.5 550.4 24.2% LV 1518.2 380.8 25.1%
DE 13569.7 1266.8 9.3% MT 7.3 0 0.0%
DK 2255.3 371 16.5% NL 1628.2 164.1 10.1%
EE 826 179.7 21.8% PL 13733.2 616.7 4.5%
EL 3289.5 213 6.5% PT 2341.8 180.1 7.7%
ES  19940.9 2625.1 13.2% RO 10,027 50.8 0.5%
FI 22174 325.2 14.7% SE 2682.2 554.7 20.7%
FR  25533.6 1462.3 5.7% SI 446.2 97.9 21.9%
HR 1035.6 116.6 11.3% SK 1462.5 188.9 12.9%
HU 44489 116.4 2.6% EU 135422.1 13387.6 9.9%

In Table A2 we show the additional organic area in 1000 ha and as a share of the base
year UAA.
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For the EU-Target scenario, the MS do not have national targets. The target is set at the EU
level. For this, in Table A3, we present the area (1000 ha) and the share of the land that will

convert only in EU level and not in MS level.

TABLE A2 Organic area in MS-Target scenario

New New
organic % of new % current organic % of new % current
area organic area and new area organic area and new
(1000 ha) to UAA organic area (1000 ha) to UAA organic area

AT 0 0.0% 29.3% 1IE 975.9 22.2% 25.0%

BE 215.7 16.0% 25.0% IT 351 3.0% 25.0%

BG 716.7 20.5% 25.0% LT 410 14.6% 25.0%

CY 22.3 22.2% 25.0% LU 26.2 20.8% 25.0%

CzZ 18 0.8% 25.0% LV 0 0.0% 25.1%

DE 2125.6 15.7% 25.0% MT 1.8 25.0% 25.0%

DK 1928 8.5% 25.0% NL 242.9 14.9% 25.0%

EE 26.8 3.2% 25.0% PL  2816.6 20.5% 25.0%

EL 609.4 18.5% 25.0% PT 405.3 17.3% 25.0%

ES  2360.1 11.8% 25.0% RO 2456 24.5% 25.0%

FI 229.1 10.3% 25.0% SE 115.8 4.3% 25.0%

FR 49211 19.3% 25.0% SI 13.6 3.1% 25.0%

HR 142.3 13.7% 25.0% SK 176.7 12.1% 25.0%

HU  995.8 22.4% 25.0% EU 20567.5 15.2% 25.1%

TABLE A3 Organic area in EU-Target scenario

New organic area

(1000 ha)
EU 20,567.7

% of new organic area

to UAA
15.2%

% current and new

organic area

25.1%
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TABLE B1 Breakdown of areas and animals into conventional and organic (1000 ha or 100 heads, %
of area).

Baseline EU-Target MS-Target
ORG ORG ORG
CONV ORG % CONV ORG % CONV ORG %

Soft wheat 16400.9 6264  3.7% 14820.1 1859.0 11.1% 13859.2 26424 16.0%
Barley 10880.0 5572 4.9% 9760.4  1497.6 13.3% 9458.7  1723.0 15.4%
Maize 6769.4 1523 2.2% 6234.7 6204  9.0% 5516.0  1102.8 16.7%
Oats 1586.0 3853 19.5% 1414.8 576.0 28.9% 1350.1 663.8 33.0%
Rye 1715.3 2642 13.3% 1649.8 3247 16.4% 1400.8 610.8  30.4%
Durum wheat 1706.2 237.7 12.2% 1473.0 5251 26.3% 1447.6 546.0 27.4%
Other cereals 2244.6 272.7 10.8% 2087.2 4479 17.7% 1819.1 772.4  29.8%
Potatoes 1019.3 55.9 5.2% 978.5 88.8  83% 899.1 146.0 14.0%
Pulses 2249.3 376.4 14.3% 2083.9 5723 21.5% 1976.2 670.8 25.3%
Soya 522.2 419  7.4% 495.5 87.3 15.0% 460.9 149.2  24.5%
Rapeseed 3592.3 82.7  2.3% 3195.7 519.1 14.0% 2950.9 7214  19.6%
Sunflower 2841.9 115.0  3.9% 2587.8 359.9 12.2% 2329.2 610.8 20.8%
Grassland 225444 4219.8 158% 14146.5 122233 46.4% 18723.1 8109.6 30.2%
Fodder maize 7668.8 1551  2.0% 7276.1 3478  4.6% 6946.6 569.7  7.6%
Other fodder 15508.0 29549 16.0% 12600.0  5962.2 32.1% 124053  6491.1 34.4%
Vegetables (open 908.6 843  85% 886.6 117.5 11.7% 686.6 3348 32.8%
field)
Fallow land 7480.9 719.7 8.8% 66983 23059 256% 64468  2250.6 25.9%
Bovine 75886.4  7894.2  9.4% 62039.5 19827.5 24.2% 674412 14871.3 18.1%
Sheep and goats 80496.7 12380.5 13.3% 58667.6 31129.0 34.7% 70800.7 19810.8 21.9%
Pigs 66203.2 1690.8  2.5% 64001.8 3611.8 53% 634414 41083  6.1%

Note: CONV refers conventional farms; ORG to organic farms.

APPENDIX C

C.1 | PERFORMANCE DIFFERENCE BETWEEN ORGANIC AND
CONVENTIONAL FARMS
Economic and agronomic literature point to significant differences in the performance of
organic farms when compared to conventional ones (Alvarez, 2021; De Ponti et al., 2012;
Offermann & Nieberg, 2000; Seufert et al., 2012). To model the farm-level supply response in
scenarios of increased agricultural area under organic farming, the current modeling approach
applies performance differences and behavioral constraints to the farms selected to convert to
organic farming.

Estimates of performance differences are extracted from the literature and are based on
either econometric studies using FADN data (Kremmydas et al., 2023b) or on farm monitoring
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TABLE C1 Performance differentials of organic farms with respect to conventional ones.

Type Parameter Activity Range Source
Output Yields Crops —2%to-76%  (Kremmydas et al., 2023a)
Animal —0.1% to - (Kremmydas et al., 2023a); Gaudaré et al.
products 32% (2021)
Prices Crops +1% to (Kremmydas et al., 2023a)
+114%
Animal +1% to (Kremmydas et al., 2023a); Gaudaré et al.
products +113% (2021)
Input  Costs Seeds —1%to +78%  (Kremmydas et al., 2023a)
Fertilizers —3%to +25%  (Kremmydas et al., 2023a)
Crop protection ~ —99% to (Kremmydas et al., 2023a)
+18%
Other costs —56% to (Kremmydas et al., 2023a)
+98%
Feeds +1% to +24%  Kremmydas et al., 2023a)
Efficiency Feeds —13% Gaudaré et al. (2021)

and field experiments (Gaudaré et al., 2021). These are then applied to the output (yields and
prices) and to the inputs (costs and efficiency) of converted farms according to the type of activ-
ity and macro-region (Kremmydas et al., 2023a). Table C1 describes the sets of parameters used
to model the performance difference between conventional and organic farming as well as
respective data sources.

Yield decreases, changes in input costs and efficiency, and behavioral constraints influence
the environmental performance of organic farms with respect to the conventional ones. To esti-
mate the environmental implications of reaching the 25% organic farming target, we focus on:
GHG emissions, N surplus, crop diversity, soil erosion, and pesticide risk. The GHG emissions
(N,0, CHy, and CO,) from livestock and managed soils are estimated per farm using the IPCC
Guidelines (IPCC, 2019a; IPCC, 2019b), based on the crops and livestock activity levels and
quantity of input use from FADN. Emission factors, volatilization and leaching fractions are
mainly coming from National Inventory Reports or default IPCC values when national/regional
ones are not available. Nitrogen (N) surplus for each farm is estimated through a farm balance
approach, accounting for all the N inputs to and outputs from the farm (Leip et al., 2011).
Throughputs, as the uptake of grass by animals, or the application of manure, are not part of
the farm N budget. Crop diversity impacts are quantified through calculation of the Shannon
diversity index for the farm, based on crop group shares. Soil erosion effects are assessed by
adaption the Revised Universal Soil Loss Equation (RUSLE) (Kremmydas et al., 2022). Finally,
the pesticide risk is approximated by using the expenditure on pesticides on farms (EUR) as a
proxy for environmental impacts related to pesticide use.
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