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A B S T R A C T   

Farmland abandonment is a major proximate driver of landscape change in European rural areas and is often 
followed by natural revegetation. In certain conditions, it might be preferable to prevent or reverse farmland 
abandonment or manage these areas towards active restoration (i.e., guided rewilding with wild or domesticated 
animals). These alternative responses to farmland abandonment lead to context-dependent impacts, which can 
potentially contribute to European Green Deal objectives for environment and rural areas. While previous studies 
analysed direct impacts of abandonment, there is little insight into how alternative ways of managing abandoned 
farmland can best contribute to environmental policy goals, and what type of management is preferred where. To 
assess opportunities in these areas, we compared three abandonment trajectories: natural revegetation, active 
restoration with rewilding, and extensive re-farming. We analysed the potential positive and negative environ
mental and cultural impacts of developing these management strategies in all farmland locations that could 
potentially be abandoned across Europe. Mapping and quantification of the benefits and risks associated with 
different management responses to abandonment indicate a large spatial variation across regions. While natural 
revegetation can support high benefits for carbon sequestration and erosion reduction, it is also linked to more 
frequent trade-offs than re-farming and rewilding. However, there is a very strong spatial variation in these 
trade-offs. It is worthwhile to focus on areas with the largest gains and fewest trade-offs when targeting in
vestments for prevention of abandonment or rewilding. Our maps can help inform interventions in abandoned 
farmland to maximise the potential contributions of these lands to the European Green Deal environmental and 
rural policy targets.   

1. Introduction 

Changes in how the land is used are one of the key approaches for 
meeting the European Union (EU)’s targets for biodiversity and climate 
change (Kopsieker et al., 2021). This requires restoring degraded areas 
and reducing land use intensity, particularly in the agriculture sector 
(Yang et al., 2020). To maximise benefits, these actions need to be 
implemented at scale (Brown, 2020; IUCN, 2020). In a context of limited 
land area available and competition for resources, finding sufficient 
space available with few conflicts between land uses is challenging 
(Cortina-Segarra et al., 2021; Ockendon et al., 2018). The EU 
acknowledged the importance of integrating natural solutions in policies 
and land management to respond to current environmental challenges 
(European Environment Agency, 2021). The European Green Deal 

specifically defines objectives for biodiversity protection, climate 
change mitigation and reviving rural areas (European Commission, 
2020a). Farmland abandonment, characterised by the cessation of 
agricultural activities and return of natural vegetation (under favorable 
climatic conditions) provides opportunities for ecological restoration 
and climate change mitigation (Ceausu et al., 2015; Navarro and Per
eira, 2012; Yang et al., 2020), especially given the low competition for 
other uses on these lands. 

Despite the various definitions that exist for farmland abandonment 
(Grădinaru et al., 2015; Pointereau et al., 2008; Terres et al., 2015), 
there is a general consensus that it includes the cessation of farming 
activities and gradual return of natural vegetation. Farmland abandon
ment is complex to map, quantify and predict, hence estimates vary 
(Estel et al., 2015; Levers et al., 2018; van der Zanden et al., 2017). A 
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recent study indicated that nearly 56 million hectares (30% of total 
agricultural lands) in the EU are under at least a moderate risk of 
farmland abandonment by 2030, with 5 million hectares (3% of agri
cultural areas) at high likelihood of abandonment (Perpiña Castillo 
et al., 2018). Agricultural abandonment is therefore an important 
consideration for rural development policies (Schuh et al., 2020). The 
main drivers of abandonment include social, economic, and environ
mental factors (Dax et al., 2021; Rey Benayas et al., 2007; Schuh et al., 
2020; Ustaoglu and Collier, 2018). Causes of abandonment can also be 
categorised into proximate (e.g., poor infrastructure) and underlying 
drivers (demographic, economic, technological, policy, and cultural 
factors) (Geist and Lambin, 2002). 

The consequences of farmland abandonment depend on local con
ditions. The socio-economic and cultural impacts are generally negative 
given the loss of rural economies, traditional knowledge, and cultural 
landscapes (Dax et al., 2021; Schuh et al., 2020; van der Zanden et al., 
2018). Revegetation processes on farmland can increase wildfire risk, 
landslides, and cause agrobiodiversity to decline (Jones et al., 2016; 
Lasanta et al., 2015; Regos et al., 2016; van der Zanden et al., 2017). 
However, abandonment also brings opportunities for ecological resto
ration (Navarro and Pereira, 2012; Wolff et al., 2018), rewilding (Per
eira and Navarro, 2015) with wild or domesticated species (Hall and 
Bunce, 2019; Perino et al., 2019), and carbon sequestration (Chazdon 
et al., 2020; Rytter et al., 2016; Schulp et al., 2008). 

Various trajectories can develop after an initial state of abandon
ment, ranging from active to no management (Crawford et al., 2022; 
Fayet et al., 2022; Munroe et al., 2013). A common approach to studying 
abandonment trajectories has been to look at them separately, for 
instance focusing on recultivation (Estel et al., 2015; Meyfroidt et al., 
2016), rewilding (Ceausu et al., 2015), afforestation (Chazdon et al., 
2020; Freer-Smith et al., 2019), or no management (Broughton et al., 
2021; Morel et al., 2020). However, this approach does not allow for 
comparison of the potential impacts of a more active decision to 
implement a specific trajectory in a given location. 

This paper aims to quantify the benefits and risks of different man
agement responses to potential farmland abandonment across the EU. 
We hypothesise that the impacts of post-abandonment trajectories are 

context-dependent, leading to different preferential management stra
tegies in different areas. We therefore evaluate the benefits, risks, and 
trade-offs of different management responses to abandonment, using 
selected impact indicators that help guide future responses to potential 
abandonment. We selected different management responses that 
represent nature-based solutions and contribute to the European Green 
Deal targets for climate, biodiversity, and rural areas. 

2. Material and methods 

We modelled the impacts of different management responses and 
associated trajectories in agricultural lands likely to be abandoned 
across Europe. Fig. 1 provides an overview of the methods. 

2.1. Study area 

We identified locations of potential future agricultural abandonment 
within the EU-27 plus the United Kingdom (UK) based on a series of 
projections of agricultural land abandonment for the period 2000–2040 
(van der Zanden et al., 2017). The locations of potential abandonment 
were determined based on modelling land use change for four alterna
tive scenarios using the Dyna-CLUE land use model. Given the somewhat 
dated nature of this dataset, we compared it with a more recent land 
system map (Dou et al., 2021) to ensure that we included only locations 
currently under agricultural use. The selected area identified by land use 
modelling as farmland likely to be abandoned covers approximately 
160,000 km2, including locations (pixels at 1 km2 resolution) of arable 
lands, grasslands, and farmland mosaics (Appendix A for details). 

2.2. Definition of post-abandonment trajectories 

We defined three post-abandonment trajectories that could develop 
as potential management responses to farmland abandonment: Natural 
Revegetation, active restoration with rewilding and natural grazing 
(hereafter Rewilding), and reversal (or prevention) of abandonment 
with extensive re-farming (hereafter Re-Farming). Appendix A provides 
more details on how we defined these trajectories and their policy 

Fig. 1. Overview of the methodological steps for this study to quantify the levels of benefits and risks of the three management responses (trajectories) to agricultural 
abandonment. 
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relevance. 
In the Natural Revegetation trajectory, we assumed that the devel

opment of new land cover on abandoned cells was either forest or 
shrubland, depending on the time required for re-growth of vegetation. 
This was based on estimates documented by Verburg and Overmars 
(2009) who assessed vegetation regrowth based on climatic, terrain and 
land use indicators calibrated with evidence from case-studies and 
expert-based contributions. Based on these estimates, we considered a 
location to become shrubland if a forest would not have regenerated 
within 30 years in that location. Otherwise, we considered it to be forest. 
Grassland could also be an outcome of revegetation. However, it is less 
common than forest and shrubland after several decades without land 
management (Arnaez et al., 2011; Peña-Angulo et al., 2019; Zakkak 
et al., 2018). Moreover, herbivore impacts on vegetation re-growth are 
often an important factor to maintain open landscapes, such as grassland 
(Malhi et al., 2022; Svenning, 2002). Since the grazing dimension is 
captured by the Rewilding trajectory, landscape outcomes where 
grassland dominates were not included in the Natural Revegetation 
trajectory. 

Based on temperate woodland ecosystem models by Malhi et al. 
(2022), we defined three landscape outcomes for the Rewilding trajec
tory: closed vegetation (forest or shrubland), mosaic landscape of 
grassland and forest, and open landscape (grassland or bare land/shrubs 
depending on the bioclimatic region). We predicted these land classes 
based on the estimated impact that herbivore grazing, an important 
component of many rewilding projects, would have on natural vegeta
tion re-growth. Previous studies reported preference of grazers for flat 
topography and proximity to water, while forest vegetation prevails on 
slopes (Malhi et al., 2022; Svenning, 2002). We used datasets on 
topography (Airbus et al., n.d.) and water courses (Dottori et al., 2021) 
to predict potential interactions between grazing and vegetation re- 
growth (Verburg and Overmars, 2009) in abandonment locations. We 
did not account for the difference between domesticated or wild her
bivores in the modelling of the feasibility and impacts of the rewilding 
scenario. In practice, this would require assessing differential suitability 
conditions for costs, local acceptance, effects on vegetation, as well as 
and management opportunities and constraints (DeSilvey and Bartolini, 
2018; Hall, 2018; Rouet-Leduc et al., 2021). Appendix A provides more 
information on the modelling of potential herbivore impacts following 
the Rewilding trajectory. 

Dou et al. (2021) identified three intensity classes for arable lands 
and grasslands, and two intensity classes for permanent crops based on 
management practices and nitrogen (N) inputs which are used as pri
mary indicators. For the Extensive Re-Farming trajectory, we assumed 
that the lowest intensity class is applied, corresponding to extensive 
farming with <50 kg N/ha for cropland, as well as lower livestock 
densities and reduced mowing frequency on grassland, as defined by 
Dou et al. (2021). In addition, we also assume that farming in this tra
jectory includes environmentally friendly practices such as cover crop
ping, reduction in use of synthetic pesticides and mineral fertilisers, no 
or minimal tillage, as well as landscape elements such as hedgerows and 
flower strips. Taken together these practices can be referred to as sus
tainable agricultural activities that bring biodiversity and environ
mental benefits (Oberč and Schnell, 2020). 

2.3. Assessing impacts of abandonment trajectories 

We selected six indicators to quantify changes (impacts) between 
current conditions and the potential conditions in 30 years’ time that 
would result from management leading to one of the post-abandonment 
trajectories. In our selection of impacts, we considered policy relevance 
in terms of contributions to achieving European Green Deal objectives 
and societal debate on the trade-offs of agricultural abandonment 
(Merckx and Pereira, 2015; Perino et al., 2019; van der Zanden et al., 
2017), as well as data accessibility and feasibility for mapping at Eu
ropean scale (Appendix B). For example, assessing carbon sequestration 

potential is relevant for climate change mitigation (Griscom et al., 2017) 
while agrobiodiversity and potential for ecological integrity are useful 
indicators for the biodiversity targets of the European Green Deal (Eu
ropean Commission, 2019). 

The indicators are based on existing models (Table 1) that we 
modified to the land classification system used in this study. Appendix B 
provides additional details on the model descriptions and adaptations. 
Focussing on the change in impact, rather than the absolute impact, does 
not account for differences in initial conditions, but allows us to assess 
the potential effects of alternative management responses to abandon
ment. For Extensive Re-Farming, we assumed no change in carbon 
sequestration and forest fire risk since the land cover remains stable, and 
therefore with comparable levels to initial conditions (under farming 
management). In addition, benefits of extensive agricultural practices 
for these impacts strongly depend on local conditions and cannot be 
generalized easily. Since the ecological integrity indicator (Fernández 
et al., 2020) measures the potential to successfully rewild, it was only 
relevant for the Natural Revegetation and Rewilding trajectories, but not 
for Re-Farming as these lands remain under management. 

2.4. Analysis 

We modelled the potential impacts in the future situation based on 
the projected outcomes of the post-abandonment trajectories, while 
assuming stable land use in the surrounding cells. To allow 

Table 1 
Environmental and cultural impact indicators included to evaluate different 
post-abandonment trajectories. For each trajectory (NR: Natural Revegetation; 
REW: Rewilding; EXT: extensive Re-Farming), we indicate the expected direc
tion of change compared to initial conditions (+increase; − decrease; +/− in
crease or decrease; / stable) and the (normative) judgment of the effect of the 
impact as positive (pos), negative (neg), stable (stb) based on its contributions to 
European Green Deal policy ambitions (detailed in Appendix B).  

Impact indicator Description 
[units] 

Reference Expected direction and 
effect by trajectory 

NR REW EXT 

Carbon 
sequestration 

Change in 
potential carbon 
sequestration in 
aboveground 
biomass within 
the next 30 years 
[Mg C / km2 / 30 
yr] 

Based on 
Cook-Patton 
et al. (2020) 

+

(pos) 
+

(pos) 
/ 
(stb) 

Soil erosion Change in mean 
annual soil loss 
rate by water 
erosion [ton/ha/ 
year] 

Based on 
Panagos 
et al. (2015) 

−

(pos) 
− /+
(pos/ 
neg) 

−

(pos) 

Agro− biodiversity Change in 
relative 
vertebrates and 
plant species 
richness on 
farmland [index] 

Based on 
Overmars 
et al. (2014) 

−

(neg) 
− /+
(neg/ 
pos) 

+

(pos) 

Ecological 
integrity 

Ecological 
potential of 
agricultural lands 
to successfully re- 
wild upon 
abandonment 
[index] 

Based on 
Fernández 
et al. (2020) 

+

(pos) 
+

(pos) 
n.a. 

Heritage Change in 
cultural value/ 
meaning [index] 

Based on 
Tieskens 
et al. (2017) 

−

(neg) 
−

(neg) 
+

(pos) 

Forest fire risk Change in forest 
wildfire risk 
[index] 

Based on 
Sueur- 
Ochoa and 
Chuvieco 
(in prep.) 

+

(neg) 
+

(neg) 
/ 
(stb)  
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comparability among the impacts of the different trajectories, we 
applied a min–max normalisation method on the raw differences between 
the start (initial land use values) and end conditions (outcomes of the 
trajectories). Since some indicators in the Rewilding trajectory had bi- 
directional impacts, we normalised based on the highest absolute 
value. Individual impact maps for each trajectory are provided in Ap
pendix C, Section 2.2, showing absolute and normalised differences 
between initial and outcome conditions for the different trajectories. 

From the impact maps, we quantified the highest impacts for each 
indicator in two different ways: (1) by (arbitrarily) selecting the 25% 
highest impacts within one trajectory and, (2) by selecting the 25% 
highest impacts of the specific indicator across the different trajectories. 
While the first approach highlights which areas face the largest impacts 
for a specific trajectory, the second one indicates where and under which 
trajectories the highest impacts occur for a given indicator. Tables C1 
and C3 in Appendix C present the thresholds used for each approach. As 
the threshold is based on 25% of all pixels changing the threshold will 
linearly increase the area that is meeting this classification. Therefore, 
no separate sensitivity analysis was conducted. 

To characterize the relation between positively and negatively 
perceived impacts (Table 1), we defined four categories that group the 
high impacts by their level of benefits, risks, and trade-offs. Each loca
tion (pixel) was classified in one of the four categories (Fig. 2). Positive 
impacts (benefits) refer to locations that score in the top 25% for gains in 
carbon sequestration, agrobiodiversity, heritage, erosion reduction, and 
ecological integrity. Negative impacts (risks) refer to locations that score 
in the top 25% for losses in agrobiodiversity, cultural heritage, and in
crease in erosion or forest fire risk. Trade-offs refer to the co-occurrence 
of high positive and high negative impacts in the location. The 
remaining areas are those with relatively little impact overall. We 
treated impacts equally and did not give a different weight to specific 
impacts. Applications in policy context might consider different weights 
to align with local realities and different national priorities. The 
resulting maps intend to identify the most suitable locations for each 
trajectory. 

Finally, we aimed to identify which trajectory led to high positive 
impacts in which locations. To do that, we identified locations that are in 
the category “high positive impacts’ for the individual trajectories 
(Fig. 2). We applied the same procedure for both threshold approaches 
(detailed in Appendix C), but only present results of the second one in 
the main text as it presents the comparison of trajectories in terms of 

their absolute impacts. In a land management and policy perspective, 
these maps show the preferred locations for implementation or 
encouragement of each trajectory (where preference is being understood 
as indicating high benefits, with no or few negative impacts and trade- 
offs associated). 

3. Results 

3.1. Overall impacts 

Fig. 3 shows the distribution and direction of change for the in
dicators in the three post-abandonment trajectories. Impacts of Natural 
Revegetation and Rewilding are overall larger than those for Re-Farming 
due to larger changes in land cover that affect ecosystem structure and 
function. For the maps presented in the main paper (Fig. 4 and Fig. 5), 
we used a focal statistics method (3 by 3 aggregation) for an improved 
visualization only. However, all calculations were based on the original 
data. 

Carbon: carbon sequestration gains are overall higher upon Natural 
Revegetation than Rewilding (M = 1.23 and M = 0.61 Mg C / km2 / 30 
yr respectively), with generally lower gains around the Mediterranean, 
South-Eastern Europe, and Scandinavia due to slower tree growth and 
climate limitations, while the largest benefits are observed in the East- 
Northern part of Europe (Appendix C – Fig. C.4). However, given dif
ferences in vegetation cover, the overall largest benefits are found with 
Natural Revegetation in the North of Portugal and Spain, Ireland, the 
UK, Northern France, Germany, Denmark, and Western Austria. The 
highest gains following Rewilding are limited to Ireland, Wales, Austria, 
and some locations in the Alps, where grazing impacts are lower. 

Erosion: erosion reduction is overall greater with Natural Revege
tation than Rewilding and Re-Farming (M = − 6.94; M = − 5.18 and M 
= − 0.36 ton/ha/year respectively). An increase in erosion with 
Rewilding occurs in 4% of locations, mostly where grazing reduces 
permanent crop cover and mosaic forest cover. Natural Revegetation 
and Rewilding support the strongest erosion reduction in Southern and 
Eastern Europe, as well as some locations in Northern Europe (Fig. C.5). 
The largest reductions in erosion with Re-Farming are concentrated in 
intensive farmland, notably in Central France, Germany, Poland, and the 
Czech Republic. Due to the difference in land use and cover between 
trajectories, the overall largest benefits for erosion reduction occur with 
Natural Revegetation, while the effects of Rewilding and Re-Farming are 

Fig. 2. Steps to identify locations with the highest benefits and risks (top 25%) to build the preference maps. The specific implementation for the different tra
jectories is detailed in Appendix C. 
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relatively lower. 
Agrobiodiversity: the relative species richness indicator increases 

with Re-Farming (M = 0.1) but decreases on average for Rewilding (M =
-0.05) and decrease even more with Natural Revegetation (M = -0.33). 
The benefits of Re-Farming for this indicator dominate in intensive 
farming regions (Central France, Ireland, Wales, the Netherlands, 
Poland, and Denmark) whereas they are more scattered across Europe 
with Rewilding (Fig. C.6). Increases in agrobiodiversity can be higher 
when Rewilding predicts a mosaic of forests and grasslands on previ
ously intensively managed cropland compared to Re-Farming. Increases 
in forest cover with Natural Revegetation and Rewilding (when grazing 
is not sufficient) lead to a decline in agrobiodiversity, with overall 
higher losses following Natural Revegetation in Spain, Portugal, Italy, 
Sicily, Austria, Romania, and Estonia. In some places, losses are low, 
which can often be explained by low initial values. Specifically, if there 
is little agrobiodiversity before agricultural abandonment, there is 
relatively little to lose. 

Heritage: following different degrees of revegetation, stronger losses 
in cultural values are expected with Natural Revegetation (M = -0.12) 
than Rewilding (M = -0.06), whereas Re-Farming is beneficial for 
maintaining landscapes’ heritage values (M = 0.01). High initial heri
tage values combined with relatively large changes in vegetation cover 
lead to the highest losses of heritage function with Natural Revegetation 
in central France, Spain, Portugal, Italy, Germany, and Slovakia 

(Fig. C7). By contrast, these regions show fewer losses following 
Rewilding given the greater landscape openness. The highest benefits 
with Re-Farming dominate in intensive farmlands (i.e., France, the UK 
and Netherlands, North Poland) while fewer changes are observed in 
Eastern and Southern Europe where farming was mostly already 
extensive (Fig. C.7). 

Forest fire risk: forest fire risk increases on average with Natural 
Revegetation (M = 0.22) and Rewilding (M = 0.17), with no change in 
the Re-Farming trajectory as the landscape structure remains the same 
(and changing climate conditions are not accounted for in this assess
ment). Natural Revegetation leads to a higher overall increase in risk, 
notably in Mediterranean regions, Central France, South-Eastern 
Europe, the UK, and Ireland (Fig. C8). The more open landscape struc
ture in the Rewilding trajectory mitigates the increased risk for these 
regions by a lower frequency of high impacts. Increased risk is mostly 
found in locations where grazing is limited due to local conditions 
(topography and distance to water). 

Ecological integrity: the ecological integrity indicator is not depen
dent on the trajectories’ characteristics (Appendix B) but rather on the 
position of the location relative to natural areas. Therefore, we observe 
the same potential increase for Natural Revegetation and Rewilding (M 
= 0.32). The highest values for ecological integrity are observed in 
North Portugal, South-East France, the Alps, most of Eastern Europe, and 
Scandinavia (Fig. C.9). 

Fig. 3. Distribution of impacts of the different post-abandonment trajectories (NR = Natural Revegetation; REW = Rewilding; EXT = Extensive Re-Farming).  
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3.2. Spatial distribution of high impacts 

The distribution of high impacts varies depending on how the 25% 
highest impacts are defined. The results based on the 25% highest im
pacts within each trajectory are shown in Appendix C, Section 3. Here, 
we only present and discuss the results based on the 25% highest im
pacts per indicator across the different trajectories. These results inform, 
for each indictor, where and under what trajectories the highest impacts 
occur (see Appendix C, section 4 for detailed individual maps). 

The highest impacts with Natural Revegetation (Fig. 4a and Table 2) 
include benefits (36% of locations), followed by trade-offs (33% of lo
cations) and negative impacts (24% of locations). Benefits are mostly 
due to carbon sequestration and erosion reduction (outside fire prone 
and agrobiodiversity rich areas). High negative impacts dominate in 

France, the south of Spain, north of Portugal, Sicily, and Eastern Europe 
particularly due to fire risk, agrobiodiversity, and landscape heritage 
losses. Co-occurrence of these high positive and negative impacts leads 
to trade-offs. 

In half of the locations, Rewilding leads to high benefits, while 
negative impacts and trade-offs are less frequent (in 8% and 15% of 
locations) (Fig. 4b and Table 2). In Eastern Europe, benefits often 
include agrobiodiversity gains combined with ecological integrity, while 
they mostly include erosion reduction and carbon sequestration in 
Mediterranean regions. Rewilding leads to fewer trade-offs than the 
other trajectories. They prevail where grazing is insufficient to mitigate 
the negative impacts of revegetation, like in Northern Italy and Austria 
where trade-offs occur between losses in agrobiodiversity and heritage 
and gains in carbon sequestration. 

Fig. 4. Levels of benefits, risks (negative impacts), and trade-offs based on the high impact maps for Natural Revegetation (a), Rewilding (b) and Extensive Re- 
Farming (c). 
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Regarding extensive Re-Farming, high benefits occur in one-third of 
locations whereas low impacts prevail overall (62% of locations) (Fig. 4c 
and Table 2). This is linked to the high proportion of initially extensive 
farmland, as well as lower changes in vegetation cover compared to the 
other two trajectories. Some regions (e.g., Sicily) have high trade-offs or 
negative impacts in the other two trajectories whereas benefits prevail 
upon Re-Farming, especially for heritage gains and erosion reduction. 

3.3. Comparison of trajectories 

We selected the locations that supported high benefits for each tra
jectory (Fig. 5). 

For about one third of potential abandonment locations, we did not 
find high benefits, and therefore there was no preferred trajectory. This 
can be due to either small overall benefits of the trajectories at these 
locations, or the occurrence of strong negative impacts or trade-offs. The 
latter frequently occurs in Mediterranean regions and Eastern Europe 
upon Rewilding and Natural Revegetation, with trade-offs between 
benefits in carbon sequestration or erosion reduction, and increases in 
fire risk or losses of agrobiodiversity and cultural landscapes. 

In 16% of locations, all three abandonment trajectories can lead to 
predominantly positive impacts. This occurs especially in lands 
currently under high-intensity farming. The three trajectories each bring 
different benefits. For instance, in Northern Poland, Re-Farming and 

Fig. 5. Preferred management responses for potentially abandoned locations. The map shows which trajectory brings high benefits with limited trade-offs.  
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Rewilding benefit agrobiodiversity, while Natural Revegetation partic
ularly benefits carbon sequestration. 

For locations where a single trajectory is preferred, Rewilding is the 
most frequently preferred trajectory (14% of locations), notably in 
Southern and Eastern Europe (Italy, North of Portugal, Romania, 
Bulgaria, Hungary, and south of France) where open landscapes mitigate 
negative risks of revegetation, especially in fire-prone or highly agro
biodiverse regions. Rewilding and Natural Revegetation are preferred in 
13% of locations. These locations are often in mountain regions (Italy, 
Pyreneans, Austria) where carbon sequestration, erosion reduction, and 
rewilding potential bring few trade-offs. 

Maintaining agricultural management with Re-Farming is the 
preferred trajectory for 11% of locations, especially in Southern Europe, 
where vegetation re-growth would bring high risks in the other trajec
tories. Rewilding can be equally as positive as Re-Farming when grazing 
supports open landscapes that preserve cultural values and agro
biodiversity. This applied to 7% of locations, mostly in Northern Italy 
and intensive croplands in Poland and Finland. Re-Farming and Natural 
Revegetation bring the highest benefits (4% of locations, mostly in 
Northern Europe) for different reasons: while Natural Revegetation 
supports carbon sequestration and erosion reduction, Re-Farming is 
mostly positive for agrobiodiversity and cultural heritage. 

Natural Revegetation appears as the preferred trajectory for only a 
minority of locations (3%). This is mostly due to an overlap in preferred 
locations with the Rewilding trajectory. As natural revegetation can be 
associated with larger benefits, it also often has trade-offs. Therefore, the 
locations where it is the preferred trajectory are those where initial 
conditions for some indicators were low (e.g., for heritage or agro
biodiversity in intensive arable lands). In this case, revegetation does not 
lead to such trade-offs. 

4. Discussion 

We analysed the environmental and cultural impacts of different 
management strategies in farmland that may become abandoned in the 
EU and UK. Levels of benefits and trade-offs vary across regions, as a 
function of the trajectory outcomes and local conditions. From a 
decision-making perspective and to support contributions to policy, our 
results help guide management responses to farmland abandonment. 

Active management of abandoned lands towards Rewilding is a 
preferential trajectory in many locations. When opportunities for human 
management of the landscape are limited, natural grazing helps to 
reduce forest fire risk (Fuhlendorf et al., 2009; Lasanta et al., 2018; 
Rouet-Leduc et al., 2021) and preserve open areas favourable to species 
typical for agrobiodiversity (Putfarken et al., 2008). The favourable 
outcomes for Rewilding should be placed in the perspective of our 
approach as we only looked at optimal outcomes. In practice, additional 
factors should be considered such as management costs, logistics or local 
acceptance to avoid tensions (Lorimer et al., 2015; Loth and Newton, 
2018; Regos et al., 2016; Smit et al., 2015). 

Although Natural Revegetation is one of the most frequent conse
quences of farmland abandonment (Fayet et al., 2022; Plieninger et al., 

2016; Rey Benayas et al., 2007), we found that this trajectory leads to 
frequent trade-offs, especially on extensive farmland and in fire prone 
regions. Extensive Re-Farming was particularly beneficial in locations 
farmed at higher intensity in initial conditions and where revegetation 
and rewilding would bring trade-offs. 

4.1. Policy perspectives 

Smaller, extensive, and family farms are more likely to be abandoned 
(Dax et al., 2021; Perpiña Castillo et al., 2018; Rey Benayas et al., 2007; 
Schuh et al., 2020). While Re-Farming indicates priority areas for 
farming preservation, we also identify where more “natural” options can 
be implemented, as observed following Natural Revegetation and 
Rewilding. These two trajectories should be prioritised where environ
mental risks and trade-offs are low, as they can contribute to the growing 
interest for nature-based solutions in European environmental policies 
(Chausson et al., 2020; Seddon et al., 2021, 2019), including for instance 
the EU Climate Adaptation Strategy (European Commission, 2021) and 
the Biodiversity Strategy for 2030 (European Commission, 2020b). 
When negative impacts are more likely, we recommend maintaining or 
restoring management at extensive levels with biodiversity-friendly 
farming, which can also support broader environmental and societal 
benefits (Lomba et al., 2019; Oberč and Schnell, 2020; Špulerová et al., 
2017). In this case, avoiding farmland abandonment will require 
alignment with policies beyond agriculture to address the broader socio- 
economic challenges in rural areas (Dwyer et al., 2019; Schuh et al., 
2020) with improved services and connectivity to revive local econo
mies, as outlined in the European Commission’s vision for rural areas 
(European Commission, 2022). Moreover, the suitability and likelihood 
to adopt different management responses to potential abandonment is 
also influenced by landowners and farmers’ perceptions of these op
tions. This may include economic, social, and individual preferences 
that can influence individual preferences and willingness to engage in 
various land management responses to abandonment (Kristensen et al., 
2016; Malek et al., 2019; Malek and Verburg, 2020). 

Informed decision-making about the benefits and trade-offs of 
different abandonment options is key to foster the most suitable post- 
abandonment trajectory. Targeting resources and efforts to regions 
where benefits can be maximised for a specific trajectory is in line with 
the urgency of the climate and biodiversity crises. At the same time, 
aiming to maximise ecosystem benefits without considering stake
holders’ preferences, needs, land history, and societal relevance can lead 
to non-optimal and non-effective decisions (Cord et al., 2017). Here, we 
quantified the highest benefits based on the scale of impacts and using 
equal weights for the different benefits, which does not necessarily 
reflect local stakeholders’ preferences. The loss of farming and tradi
tional landscapes can be perceived more negatively than our indicators 
suggest (Frei et al., 2020; Ruskule et al., 2013; van der Zanden et al., 
2018). It is therefore key to find a balance between ecological and so
cietal considerations to navigate the implications of abandonment 
trajectories. 

4.2. Limitations and future directions 

We treated impacts equally whereas in a policy context, decision- 
makers would work differently to ensure that the selected response to 
abandonment aligns with local conditions and national or regional pri
orities. Consultation with experts and local stakeholders may therefore 
be appropriate (Ockendon et al., 2018; Ruskule et al., 2013). At the same 
time, a focus on EU targets for biodiversity and climate change mitiga
tion is also essential. Achieving such targets is to the benefit of stake
holders far away from the locations discussed, and is not easily 
accounted for in local debates on the future of abandoned lands. 

Our study assesses the impacts of different abandonment trajectories 
in an unchanged world, without accounting for climate change and 
subsequent changes in precipitation and temperature patterns (IPCC, 

Table 2 
Distribution of high benefits, negative impacts, trade-offs, and low impacts 
across trajectories. We did not include negative impact indicators for Extensive 
Re-Farming (Table 1).  

High impacts 
category 

Trajectory 

Natural 
Revegetation 

Rewilding Extensive Re- 
Farming 

High benefits 36% 50% 38% 
High negative 

impacts 
24% 8% n.a. 

Trade-offs 33% 15% n.a. 
Low impacts 7% 27% 62% 
Total 100% 100% 100%  

C.M.J. Fayet and P.H. Verburg                                                                                                                                                                                                              
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2019; Pielke et al., 2011). Although our results help understand the 
potential impacts of different management responses to abandonment, 
they are not intended to predict future scenarios. They should be 
interpretated with caution and with respect to changing environmental 
conditions across Europe. For instance, climate change is likely to cause 
more abandonment or make re-farming difficult due land degradation 
and unsuitable conditions for cultivation (IPCC, 2019; Malek and Ver
burg, 2021). Other issues include global changes in land use such as 
coastal erosion, land subsidence, desertification, increased fire risk, and 
population migration (Costa et al., 2020; Ferreira et al., 2022) which can 
influence abandonment trajectories. Moreover, the vegetation re- 
growth model (Verburg and Overmars, 2009) used in this study to 
model landscape outcomes of the Natural Revegetation and Rewilding 
trajectories may be outdated and may not account for changes in 
vegetation patterns, species distributions, tree line shifts as well as 
carbon sequestration (e.g., Cudlín et al., 2017; Verkerk et al., 2022). 

Difficult conditions for farming (i.e., biophysical or climatic limita
tions, remoteness, low population densities) are often associated with a 
higher likelihood of abandonment (Dax et al., 2021; Perpiña Castillo 
et al., 2021; Schuh et al., 2020). In addition, most lands predicted to be 
abandoned in our study area were initially farmed at low to medium 
intensity (Appendix A, Table A1). Therefore, we did not include inten
sive re-farming as an option among our selected trajectories. We 
acknowledge that intensification could nonetheless apply, notably 
under suitable biophysical, socio-economic conditions, as well as policy 
incentives and landowners’ preferences (Malek and Verburg, 2020; 
Nainggolan et al., 2012; Schuh et al., 2020). In this case, benefits, risks, 
and trade-offs for biodiversity, carbon, and other ecological indicators 
would differ from our trajectories. An assessment of trade-offs of 
intensification in current agricultural areas was notably explored by 
Felix et al. (2022). Future research could consider different impact in
dicators. We did not measure below ground carbon sequestration despite 
opportunities that abandoned lands can provide as carbon sinks (Bell 
et al., 2020; Yang et al., 2019). We also assumed a continuous vegetation 
re-growth, although vegetation structure is more complex, open-canopy 
is frequent in Mediterranean climates (Stritih et al., 2023), and carbon 
sequestration in forests can vary over time and by ecosystems (Kil
peläinen and Peltola, 2022). In addition, the different stages of reveg
etation can also provide habitat to important species and can be 
beneficial for conservation objectives (Broughton et al., 2022; Regos 
et al., 2016). We did not have a negative impact indicator for Re- 
Farming, although some critics expressed potential detrimental effects 
for biodiversity and the environment even from farming at low intensity 
(Merckx and Pereira, 2015). Furthermore, from a biodiversity perspec
tive, the ecological integrity indicator only captures a small part of the 
multiple facets of biodiversity (Díaz et al., 2020). Finally, individual 
member states may have set specific targets for future land use planning. 
For instance, while Re-Farming is identified as a beneficial trajectory in 
countries like the Netherlands, the urgent need to expand the few areas 
of nature left in intensively farmed countryside may outweigh the trade- 
offs observed under the Natural Revegetation and Rewilding 
trajectories. 

5. Conclusions 

The approach of targeting interventions based on an assessment of 
benefits and trade-offs brings new insights to support decision-making 
for management in current and future farmland abandonment regions. 
It helps to use resources in ways that maximise contributions to EU 
Green Deal policy targets while providing services to nature and society. 
Our results indicate that the benefits and trade-offs of alternative futures 
for abandoned farmland are highly context-dependent. Therefore, 
navigating trade-offs requires targeting interventions to specific loca
tions, providing enabling conditions to maintain agricultural manage
ment or addressing abandonment drivers where natural revegetation is 
unlikely to bring positive outcomes. When scientific data are combined 

with local knowledge, decision-making can be better informed on the 
risks, benefits, and costs of action (and inaction), hence ensuring that 
management responses to farmland abandonment align with local 
conditions and contribute to EU level targets. 
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C.M.J. Fayet and P.H. Verburg                                                                                                                                                                                                              

https://dx.doi.org/10.34894/E5BQK0
https://dx.doi.org/10.34894/E5BQK0
https://doi.org/10.1016/j.catena.2023.107460
https://doi.org/10.1016/j.catena.2023.107460
https://doi.org/10.1002/ldr.1032
https://doi.org/10.1016/j.envsci.2020.03.018
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0020
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0020
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0020
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0020
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0025
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0025
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0025
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0025
https://doi.org/10.1016/j.envsci.2020.02.013
https://doi.org/10.1016/j.envsci.2020.02.013
https://doi.org/10.1111/cobi.12533
https://doi.org/10.1111/gcb.15310
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0045
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0045
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0045
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0050
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0050
http://refhub.elsevier.com/S0341-8162(23)00551-9/h0050
https://ec.europa.eu/environment/nature/biodiversity/strategy/index_en.htm
https://ec.europa.eu/environment/nature/biodiversity/strategy/index_en.htm


Catena 232 (2023) 107460

10
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