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Key messages

1. The Mediterranean Basin, home to around 7% of the world’s population, is highly vulnerable to climate change, and
thus urgently requires enhancing landscape resilience. Rising temperatures, demographic pressure, and unequal
access to resources — especially between the North and South — are converging to create systemic risks for people
and ecosystems.

2. Increased incidence of wildfires, droughts, and floods — amplified by climate change - has been and is transforming
Mediterranean landscapes. Their frequency, intensity, and cascading effects are undermining food security, ecosystem
services, carbon sequestration, and livelihoods, particularly in rural areas. Without proactive resilience-enhancing
strategies, these risks will deepen and exceed adaptive capacity of the region’s landscapes.

3. Operationalizing resilience requires defining what to make resilient, to which hazards, and for whose benefit. This
paper advances that agenda by applying the "Resilience of what, to what, for whom?" framework to Mediterranean rural
landscapes, offering a foundation for practical assessment and planning.

4. Tailored resilience strategies are needed for the distinct contexts of the Northern and Southern Mediterranean. In the
North (Southern Europe and Turkiye), priorities include restoring mosaic rural landscapes, managing wildfire risk through
proactive strategies to reduce fuel load, and reinvigorating low-intensity land uses. In the South (North Africa and parts
of the Middle East), resilience efforts should focus on sustaining extensive pastoral systems, improving water retention
and drought resilience of cropping systems, and enhancing infrastructure for climate-adapted agricultural practices.
Differentiated policies should reflect the contrasting land use, demographic, and climatic pressures across subregions.

5. Inclusive and equitable governance remains a critical dimension of resilience building, particularly in light of power
asymmetries and differing stakeholder priorities. While the brief underlines the importance of inclusive processes and
avoiding elite capture, a deeper exploration of governance structures and capacities across the region — especially their
variation by context — will be essential to inform implementable strategies.
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Figure 1. Extent of the Mediterranean biome in the Mediterranean basin

Source: Own rendition based on Malek et al. (2018).

Introduction

With 542 million inhabitants in 2020, the Mediterranean Basin
(Figure 1) ranks among the world’'s most densely inhabited
regions. Its population is expected to reach 657 million by
2050 and 694 million by 2100, which will further increase
pressure on land, water, and natural resources (Ali et al. 2022).
The region has a documented history of continuous and
increasing human pressure on natural resources (land and
water). This history extends over millennia, since agriculture
came into being about 10,000 years ago and the first urban
civilizations emerged about 6,000 years ago in Egypt

and Mesopotamia.

Climate change poses particularly severe risks to the
Mediterranean Basin (Ali et al. 2022). Using pollen-based
reconstructions of climate and ecosystem spatiotemporal
dynamics during the Holocene, Guiot and Cramer (2016)
predicted that Mediterranean ecosystems can remain

within their Holocene range of variability (a climate range
compatible with human prosperity over approximately the last
10,000 years) only if global warming stays below +1.5°C.

Accelerating climate change (EC 2018; WMO 2023a) increases
the risks to humans and ecosystems in the Mediterranean
area. Indeed, the most recent assessment report of the

Intergovernmental Panel on Climate Change (IPCC ARB) points
to alarming trends. It affirms the current surface temperature in
the Mediterranean region is already 1.5°C higher than in pre-
industrial times, a difference far above the global average of
1.1°C. It also notes that future warming in the region is expected
to occur 20% faster than the world average (Ali et al. 2022;
IPCC 2023).

According to the European Copernicus observatory, each
month between June 2023-January 2024 was the warmest
ever recorded for the respective month at the global level.

In early 2024, for the first time, the global mean temperature
for 12 consecutive months (February 2023-January 2024)
exceeded the threshold of 1.5°C above the pre-industrial era
(EC 2024). The Mediterranean region is therefore about to
enter unknown territory in terms of climatic conditions and
ecosystem changes. Specifically, risks for people, economies,
and ecosystems associated with the IPCC (2018) five "Reasons
for Concern”? are expected to increase with the level of
global warming.

2 TheIPCC (2018) special report on global warming of 1.5°C assessed the
level of risks under different warming scenarios focusing on the five following
"Reasons for Concern”: (i) unique and threatened systems; (i) extreme weather
events; (i) distribution of impacts; (iv) global aggregate impacts; and (v) large-
scale singular events.
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In this context, strengthening landscape resilience —i.e. the
ability of landscapes to endure, adapt, and transform under
changing conditions while maintaining their core structure,
functions and identity — is urgently needed to tackle the
“triple challenge"” of supporting a growing global population,
addressing climate change, and reversing biodiversity loss
and ecosystem degradation (Baldwin-Cantello et al. 2023;
Pingault and Martius 2024).

Resilience thinking serves as a practical and useful
framework for understanding the ways in which social-
ecological systems withstand, respond to, and reshape
themselves amid disturbances—whether predictable

or not (Pingault and Martius 2024). Here, we apply
resilience theory specifically to Mediterranean landscapes.
Operationalizing the concept of resilience and translating
theory into policy and action requires answering three
questions that play a central role in the resilience literature:
"Resilience of what?" (social-ecological system, landscape,
community or entity of concern); “Resilience to what?"
(drivers, stressors, shocks, and disturbances) (Carpenter et
al. 2001; Folke et al. 2010; Biggs et al. 2012); and "Resilience
for whom?” (actors, interests, power dynamics, distribution
of costs and benefits) (Lebel et al. 2006). The next sections
will successively address these three questions in the
context of the Mediterranean region.

Resilience of what?

The answer to the first question delineates the geographical,
sectoral, or thematic boundaries of the social-ecological
system of interest. There is no unique definition of the
precise area covered by the Mediterranean Basin, nor a

list of countries to be included. The Mediterranean Action
Plan of the United Nations Environment Programme (UNEP/
MAP) gathers 21 Mediterranean countries and the European
Union (UNEP n.d.). The FAO General Fisheries Commission
for the Mediterranean involves 22 Mediterranean

member countries and the European Union, as well as six
cooperating non-contracting parties (FAO n.d.). The IPCC
ARG, focusing on climate, defines the Mediterranean Basin
only as a loose area illustrated on a map (Ali et al. 2022,
Figure CCP4.1 p2238).

Political and administrative boundaries of what is called the
Mediterranean Basin have also varied across the centuries.
Furthermore, ecological boundaries of ecosystems and
agroclimatic zones will likely vary under future climate

change. If the focus of interest is landscape resilience (i.e., the
resilience of ecosystems and of the communities living in or
depending on them), then a suitable definition identifying the
Mediterranean Basin as the area covered by a Mediterranean
biome makes sense. Following the indications given in Figure 1,

this biome spreads over 23 countries® that can be grouped into two
subregions: (1) Europe (i.e. European Union, Western Balkans and
Turkiye) in the North; and (2) Middle East and North Africa (MENA)*
in the South.

The Mediterranean biome includes a wide diversity of
landscapes experiencing varying intensity of human
management — from undisturbed natural ecosystems to highly
managed urban environments. At a general level, Mediterranean
landscapes can be grouped into three broad categories:

(i) urban landscapes; (ii) seascapes; and (iii) rural landscapes
(agriculture and forestry). This paper focuses on these rural
landscapes, which experience varying levels of human
management (from natural and semi-natural to extensively or
intensively managed rural landscapes).

FAOSTAT data, collected at national level, offer only a rough view
of landscape diversity across the Mediterranean Basin, as the
Mediterranean biome covers only part of some countries (see
Figure 1). Finer, spatially explicit local data are needed to study
landscape heterogeneity and resilience. However, FAOSTAT data
for 2021 still provide useful insights,® making evident a striking
contrast between the northern and southern shores of the
Mediterranean Sea.

Landscapes in the North have evolved under human influence over
millennia. Most of them are managed, more or less intensively,

to address various human needs (e.g., production, conservation,
recreation). Agricultural lands cover almost half and forests

almost a third of total land area. The remaining part, (classified
under "other land"), covers less than a fifth of total land area. This
includes human settlements and infrastructures, and the last natural
ecosystems that are neither forest nor agriculture and that may be
less affected by human activities.

By contrast, in the South, agriculture (less than 20% of total land
area) and forest areas (less than 2%) are limited by water scarcity
and elevated temperatures. Most of the land (almost 80%) falls
under “other land". Beyond concentrated human settlements, “other
land" covers large areas of uninhabited and unused desertic lands.

In the North, cropland has expanded to cover 63% of
agricultural land, leaving only 37% to permanent meadows

3 Portugal, Spain, France, Italy, Malta, Slovenia, Croatia, Bosnia and
Herzegovina, Montenegro, Albania, North Macedonia, Greece, Turkiye,
Cyprus, the Syrian Arab Republic, Lebanon, Israel, Jordan, Egypt, Libya,
Tunisia, Algeria and Morocco. Strictly speaking, this definition also includes
the micro-states of: Andorra, Monaco, the Holy See, and the Republic of San
Marino, as well as the British Overseas Territory of Gibraltar.

4 For this study, as indicated in Figure 1, the MENA subregion also

includes Israel. However, Israel is included in the FAO region of Europe and
Central Asia; and Israel closely resembles European countries in terms of
socioeconomic development, technology, education, and political institutions.

5 For land use, see: https://www.fao.org/faostat/en/#data/RL (last update
13 July 2023; extraction 31 January 2024). For crops (area, production,
and yield), see: https://www.fao.org/faostat/en/#data/QCL (last update

27 December 2023; extraction 31 January 2024).
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and pastures. In the South, this proportion is reversed:
cropland covers 30% of total agricultural land, and permanent
meadows 70% because secure access to water (mainly
through irrigation) determines the few places where cultivation
is possible. According to FAOSTAT, only two crops — wheat
and barley — each account for more than 10% of total cropland
area in the Mediterranean Basin compared to three dominant
crops globally: wheat, maize, and rice. Only 10 crops cover
each more than 1% of total cropland in the Mediterranean
Basin against 17 at the global level. These figures suggest a
lower diversity in Mediterranean cropland area.

However, while the global top five crops include only cereals
(wheat, maize, rice, and barley) and soybean, the top five crops
in the Mediterranean (wheat, barley, olives, maize, and grapes)
are more diverse. They include two permanent crops, which
could be positive for agrobiodiversity and landscape resilience.

The difference in the average yield gap between the northern
and southern shores of the Mediterranean Sea is striking —

more than 2 for olives and 3.5 for barley. Within the top 10
Mediterranean crops, only grapes and almonds show higher
average yields in the South. This yield gap can be explained
partly by soil and climate conditions, especially by more severe
water scarcity and poorer soils in the South. Other factors

are contrasted levels of access to fertilizers, crop protection
products, machinery and equipment, technology, and education,
as well as differences in farm income or average size.

Resilience to what?

In complex social-ecological systems, landscape resilience
approaches must address many different disturbances. These
disturbances can be grouped under three main categories:

(i) single events, including extreme events, such as war,
economic crisis, or natural disasters; (ii) variations in periodic
cycles, such as seasonal precipitation patterns or fire regimes;
and (iii) continuous and progressive changes like current and
future climate changes (Pingault and Martius 2024).

This section provides some insights on natural disasters in
Mediterranean landscapes, focusing on wildfires, droughts,
and floods identified in Ali et al. (2022) as significant matters
of concern. Not only these three hazards spread at landscape
scale, threaten forest and agricultural landscapes and affect
local communities across the Mediterranean Basin. But also,
their increasing frequency and intensity are clearly and largely
attributable to climate change.

Between 1970 and 2021, almost 12,000 disasters induced

by extreme weather, climate- and water-related events were
registered globally (WMO 2023b). Such disasters caused over

2 million deaths and economic losses of USD 4.3 trillion. Globally,

floods and tropical cyclones were the first causes of natural
disasters (respectively, 45% and 35% of reported disasters; 16 %
and 38% of reported deaths; 32% and 38% of reported economic
losses). However, taken together, droughts and heat waves were
the foremost global cause of mortality (43% of deaths). In Europe,
over the same period, 1,784 climate- and water-related disasters
were reported. Floods and storms were the leading cause

of economic losses, while most deaths were due to extreme
temperatures (WMQO 2021; Acrgis n.d.).

Wildfires

From 2002 to 2016, an average of 4.2 million km? burned annually
worldwide (Giglio et al. 2018). Wildfires play a natural role in

the resilience and regeneration of ecosystems such as forests
and rangelands (e.g., Holling 1973, 1986). However, excessive
and uncontrolled fires can lead to loss of human and animal life,
respiratory illnesses, destruction of infrastructure and severe
ecosystem degradation (IPCC 2022, 243, 271).

Climate change is expected to increase the frequency, size, and
intensity of wildfires by lengthening the fire season and amplifying
the key drivers of wildfires — heat, fuel load, and ignition —through
higher temperatures, reduced precipitation, and more frequent
droughts and heatwaves (Moritz et al. 2012; Huang et al. 2014;

Jolly et al. 2015; Jia et al. 2019; Jones et al. 2020; Vafeidis et

al. 2020; IPCC 2022, 243). In turn, wildfires emit significant amounts
of greenhouse gases (GHGs) — CO,, CH,, N,O —and short-lived
climate forcers (e.g., aerosols, ozone, volatile organic compounds),
reinforcing climate change (van der Werf et al. 2017; Jia et al. 2019).

Historical data and models suggest strong links between

climate, vegetation, and fire activity over the past 12,000 years

(Jones et al. 2020). Jolly et al. (2015) documented a nearly 20%
increase in global average fire season length from 1979 to 2013 across
one-quarter of vegetated land resulting from climate change.

However, the relationship between climate and fire is complex and
not exempt of trade-offs. While warmer and drier conditions increase
vegetation flammability thus facilitating ignition and increasing the
risk and intensity of wildfires — direct effect —, they may also hamper
vegetation growth, thus reducing the fuel load and limiting fire spread
during the following fire season — indirect effect — (Batllori et al. 2013;
Turco et al. 2018; Jia et al. 2019; Vafeidis et al. 2020).

Fire behaviour also varies by land cover. In forests, fuel aridity
correlates with temperature and is determinant to explain current
burned area. Conversely, in non-forested areas, rainfall boosts
biomass growth and thus future fire risk (Abatzoglou et al. 2018).
Effective fuel load management is therefore critical to wildfire
resilience (Vafeidis et al. 2020; Xanthopoulos 2023).

Historically, fire suppression policies reduced fire incidence in the
short term but led to fuel build-up and the loss of natural firebreaks.
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This created conditions for unprecedented fires, which were
larger and more destructive, and much harder to control —a
phenomenon known as the “fire paradox” (Holling 1986; Arévalo
and Naranjo-Cigala 2018; Xanthopoulos 2023).

The European Commission's Joint Research Centre (JRC)
monitors wildfires via two near real-time early warning systems:
the European Forest Fire Information System® and the Global
Wildfire Information System (GWIS n.d.). Since 2000, the JRC
has published annual wildfire reports.” The 2022 edition (San-
Miguel-Ayanz et al. 2023), covering 45 countries in Europe and
MENA, reported 1.4 million hectares burned —a 20% increase
over 2021. With nearly 900,000 hectares burned, 2022 was
the second-worst fire season in the European Union. The
report identifies recent extreme fire events as clear evidence of
climate change impacts.

The IPCC ARG (Ali et al. 2022; IPCC 2022, 271) lists Mediterranean
Europe among the regions most at risk for increased fire
frequency, burned area, and longer fire seasons. Wet cold winters
promote biomass growth, increasing fuel for summer fires, while
hot, dry summers and strong winds raise flammability and ignition
risks (Batllori et al. 2013; Vafeidis et al. 2020). Climate models
project that, under +1.5°C warming, annual burned area over
Mediterranean Europe could increase by over 40% and may
double or triple under a +3°C scenario (Turco et al. 2018). Heat-
induced wildfire frequency could rise by 14% under RCP4.5 and
by 30% under RCP8.5 by century's end (Ruffault et al. 2020).

Yet, non-climatic drivers — such as fire management, land-use
change and urbanization — often have an even greater influence
on wildfire impacts than climate change alone (Turco et al. 2017,
2019; IPCC 2022, 245; Xanthopoulos 2023). While fire hazard

is increasing, improved prevention and management may help
explain the declining forest area burned in Europe from 1985 to
2011 (Turco et al. 2016, 2018; Ali et al. 2022). In contrast, rural
depopulation and agricultural land abandonment have raised fuel
loads and reduced firebreaks, increasing fire risk in Southeastern
Europe and the Middle East (Xanthopoulos and Nikolov 2019).

The JRC estimates that 96% of EU wildfires are caused
by human actions — whether accidental or deliberate

- highlighting the central role of public awareness and
prevention. In 2022, for instance, fires in Morocco larger
than 50 ha made up just 4% of fire events. However, they
accounted for 96% of total burned area, underscoring the
importance of early warning and rapid response systems
(San-Miguel-Ayanz et al. 2023; Xanthopoulos 2023).

6 In 2015, the European Forest Fire Information System became part of
the European Copernicus Emergency Management Service. See: https://
effis.jrc.ec.europa.eu/

7 See https://effis.jrc.ec.europa.eu/reports-and-publications/annual-fire-
reports for annual fire reports.

Droughts

Unlike long-term water scarcity or permanent aridity, drought
is defined by its temporary nature (Rossi et al. 2023). Drought
comes in multiple, interrelated forms. Meteorological droughts
- defined as prolonged periods of low precipitation — can lead
to hydrological droughts, where water storage, streamflow,
and soil moisture decline. When water stress begins to affect
vegetation growth or survival, agricultural or ecological
droughts occur (Wilhite and Glantz 1985; Tramblay et al. 2020;
Vafeidis et al. 2020; Douville et al. 2021; IPCC 2022, 579).

Droughts are complex social-ecological events shaped by
both natural and human drivers. Natural drivers include
precipitation deficit, rising evapotranspiration and wind,
and reduced soil moisture and water retention capacity,
while human factors include land and water management
(van Loon et al. 2016; Tramblay et al. 2020; Rossi et al.
2023). Their impacts can be direct, indirect, or cascading,
and may manifest far beyond the original location or time
of onset (Tramblay et al. 2020; Hagenlocher et al. 2023;
Rossi et al. 2023).

While future precipitation remains difficult to model

precisely (IPCC 2022, 597), experts broadly agree that the
Mediterranean Basin will experience a long-term decline

in rainfall beyond historical variability under all climate
scenarios (Barcikowska et al. 2018; Rojas et al. 2019;
Tramblay et al. 2020; Ali et al. 2022). Analyzing tree-ring
carbon and oxygen isotopes in relict and living oaks, Buntgen
et al. (2021) demonstrated that the recent European summer
droughts are unprecedented in the past two millennia and
likely linked to anthropogenic warming.

These increasingly dry conditions, combined with

higher evapotranspiration under global warming, are
already intensifying the frequency, duration, and severity
of agricultural and ecological droughts across the
Mediterranean.® Impacts range from falling crop yields and
declining fruit and wine quality — affecting, in turn,

wine tourism —to widespread stress on forests and
ecosystems (Valverde et al. 2015; Tramblay et al. 2020;
Vafeidis et al. 2020; Ali et al. 2022; IPCC 2022, 580, 739).

Drought-induced ecosystem shifts — such as vegetation
browning or mass tree mortality — can in turn alter local to
global temperature, wind, and precipitation patterns. This
occurs through feedback affecting albedo, surface roughness,
GHG emissions, carbon storage, and energy and water fluxes
between land and atmosphere (Jia et al. 2019).

8 Even under the ambitious mitigation targets of the Paris Agreement,
Mediterranean droughts could become 5 to 10 times more frequent
compared to the recent past (Naumann et al. 2018).


https://effis.jrc.ec.europa.eu/
https://effis.jrc.ec.europa.eu/
https://effis.jrc.ec.europa.eu/reports-and-publications/annual-fire-reports
https://effis.jrc.ec.europa.eu/reports-and-publications/annual-fire-reports
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This trend toward aridification® — expected to be most severe
in Northwest Africa, the Iberian Peninsula, and Greece — could
surpass the magnitude of past millennial-scale changes and
impose hard limits to adaptation (Guiot and Cramer 2016;
Schleussner et al. 2016; Tramblay et al. 2020; IPCC 2022, 608,
649). Under a +4°C warming scenario without adaptation, annual
drought-related economic losses in the European Union and
the United Kingdom could rise from EUR 9 billion today to over
EUR 65 billion by 2100. Agriculture is the most affected sector,
accounting for 60% of all drought-related economic losses in
Mediterranean Europe (Naumann et al. 2021).

The European Drought Observatory (EDO), part of the
Copernicus Emergency Management Service, provides 10-day
updates and long-term datasets on drought conditions (weather,
vegetation, and soil) across Europe and MENA (EDO n.d.). Since
2011, the EDO has documented 24 severe drought events™ — half
of them since 2021 - highlighting the accelerating toll of climate
change. The resulting shorter recovery windows between
successive drought events, such as the 2022-2023 sequence,
increase ecosystem vulnerability and amplify future risks (Toreti
etal. 2022, 2023; Rossi et al. 2023).

To support risk assessment and planning, the JRC has
developed a European Drought Risk Atlas (Rossi et al. 2023).
Using machine learning and expert input, it evaluates current
and future drought risks," as well as impacts across five

key systems: rainfed and irrigated agriculture, public water
supply, energy production, inland transport, and terrestrial
and freshwater ecosystems. A complementary database

of drought impacts since 1977 will also be made publicly
available to enhance preparedness and response strategies.

Floods

While IPCC AR5 (Collins et al. 2013) promoted the idea that
wet regions would get wetter and dry regions drier, AR6
regards this analysis as overly simplistic (Douville et al. 2021;
IPCC 2022, 608). Instead, there is strong scientific consensus
that heavy precipitation events will become more frequent
and intense with rising global temperatures (Seneviratne et
al. 2021). In the Mediterranean Basin, while overall rainfall

is projected to decline, precipitation is expected to become
more erratic and unpredictable, increasing the risk of extreme
weather events — especially flash floods in the northern
Mediterranean region (Llasat et al. 2016; Vafeidis et al. 2020;
Ali et al. 2022).

9 By 2100, under RCP8.5, Mediterranean arid zones could increase by
almost 400,000 km2, more than twice their current extent and three times
the size of Greece (Barredo et al. 2018; Tramblay et al. 2020).

10 As of 27 February 2024. https://joint-research-centre.ec.europa.eu/
european-and-global-drought-observatories/drought-reports_en

11 Where, in line with IPCC (2023) definitions, the level of risk is the result of
the interaction between hazard, exposure, and vulnerability.

Flash flood risk, however, is not determined by rainfall patterns
alone. Other local factors include watershed size and topography,
urbanization, land-use changes and land management practices,
soil structure and permeability, the presence of karst systems,
and pre-existing soil moisture levels. These highly local variables
make it difficult to detect broad regional trends in flash flood
hazard clearly attributable to climate change, even with increased
frequency and intensity of extreme precipitation events.
Nonetheless, growing populations, urban sprawl, and land
degradation have increased the vulnerability of Mediterranean
communities to floods, amplifying the risks of injury, death,

and financial losses (Gaume et al. 2016; Amponsah et al.

2018; Tramblay et al. 2019; Vafeidis et al. 2020; Ali et al. 2022;
IPCC 2022, 573).

Floods also pose serious public health risks, especially

for vulnerable populations. Standing water and runoff can
promote bacterial outbreaks, algal blooms, and parasite
transmission, while worsening access to safe water, sanitation,
and hygiene (WHO 2017; Vafeidis et al. 2020).

To monitor and forecast these risks, the European Flood
Awareness System (EFAS)™ provides real-time flood forecasts
across Europe and, more recently, the entire Mediterranean.
With the 2020 update (EFAS 4.0), temporal resolution improved
from daily to six-hourly, and the 2023 update (EFAS 5.0) refined
spatial resolution from 5 km to approximately 1.4 km. While real-
time data sets are restricted to EFAS partners, all datasets are
made publicly available after 30 days.

Beyond inland flooding, the Mediterranean coastline faces growing
threats from sea level rise, coastal erosion, and saltwater intrusion
in coastal aquifers. Sea level in the Mediterranean rose by an
average of 1.7 mm/year during the 20th century and accelerated
to around 2.4 mm/year between 1993 and 2012 (Woppelmann and
Marcos 2012; Bonaduce et al. 2016). Projections estimate a rise

of 15-33 cm by 2050 and up to 1.1 metres by 2100, depending on
the climate scenario. This rise could be even greater if Greenland
or Antarctic ice sheets collapse. Crucially, sea level rise is now
considered irreversible over centuries to millennia, regardless of
near-term mitigation efforts (Ali et al. 2022).

Mediterranean communities are particularly vulnerable due to their
adaptation to an environment with minimal tidal fluctuation. As a
result, the coastline is densely populated and urbanized. Today,
one-third of the region’s population lives in coastal zones —a
number that could grow by 130% by 2100, especially in southern
countries (Reimann et al. 2018a). Much of this infrastructure sits
just metres above sea level, leaving it highly exposed to even
modest sea level increases (Vafeidis et al. 2020; Ali et al. 2022).

12 The EFAS has been fully operational since autumn 2012 and is
integrated into the European Copernicus Emergency Management Service.
See: https://www.efas.eu/


https://joint-research-centre.ec.europa.eu/european-and-global-drought-observatories/drought-reports_en
https://joint-research-centre.ec.europa.eu/european-and-global-drought-observatories/drought-reports_en
https://www.efas.eu/
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Without significant investment in coastal protection and
adaptation, economic losses from coastal flooding could
increase by two to three orders of magnitude by 2100
(Vousdoukas et al. 2018; Vafeidis et al. 2020). In some areas,
particularly under high-emissions scenarios, the costs and
feasibility of adaptation may become prohibitive. The IPCC
expresses low confidence in regional long-term adaptive
capacity, especially beyond 2100 or under scenarios of rapid
ice-sheet collapse (Ali et al. 2022).

The consequences for agriculture and tourism —two key sectors
in the Mediterranean economy — will be profound. The region is
the world's top tourist destination, hosting 330 million visitors in
2016, or one-third of global tourism (Tovar-Sanchez et al. 2019;
Ali et al. 2022). The agriculture sector (including forestry and
fishing) — although its contribution to gross domestic product

has declined®™ — remains vital for food security, rural livelihoods,
and water resource management. Coastal erosion, flooding, and
seawater intrusion threaten both water quality and agricultural
productivity, potentially rendering some areas unfit for cultivation.

Coastal tourism is also at risk: the characteristic Mediterranean
sandy beaches are increasingly eroding and could vanish
entirely in some locations. Coastal ecosystems will suffer as
well (Ali et al. 2022). Cultural heritage is under threat, too. Most
UNESCO World Heritage sites in low-lying Mediterranean areas
are already at risk from flooding or erosion, and sea level rise
will increase these risks by 2100 (Reimann et al. 2018b).

Resilience for whom?

Diversity and redundancy are key components of resilient
systems, but they involve trade-offs and costs (Pingault and
Martius 2024). This brings into focus deeper questions about
who gains and who loses from resilience-building efforts. It
matters not only who benefits from increased resilience, but
also who shoulders the burden — whether in terms of financial
cost, restricted choices, or heightened vulnerability. Decisions
about what should be made resilient — and to what stressors
—are shaped by value judgements, conflicting interests, and
political priorities. Making such decisions involve defining
which system states are considered desirable, which outcomes
are worth preserving or pursuing, and which risks must be
accepted or avoided - not easy questions.

Equally important is the question of who holds the power to make
these decisions. Whose knowledge and perspectives inform the

13 According to FAOSTAT, in 2021, in average for the 23 countries of the
region, agriculture at large represented only 3.2% of gross domestic product
(GDP) but still 11.5% of total employment. Agriculture remains important in some
countries like Morocco and Albania (34.6% of total employment); or in the Syrian
Arab Republic (20.6% of total GDP). See: https://www.fao.org/faostat/en/#data/
MK (last update 5 December 2023, accessed 4 March 2024); https://www.fao.
org/faostat/en/#data/OEA (last update 17 July 2023, accessed 4 March 2024,
data on employment based on ILO modelled estimates).

framing of resilience goals? Who decides which trade-offs are
acceptable? These questions are not merely technical —they are
fundamentally normative and political. Influenced by their values,
interests, and experiences, different actors and stakeholder
groups may hold divergent views about which futures are
feasible, fair, or even imaginable, and what constitutes a
desirable or feasible system state (Walker et al. 2006). Pingault
and Martius (2025) proposed a systematic framework to assess
the feasibility and desirability and prioritize alternative mitigation
options in land use and food systems.

Ultimately, asking "resilience for whom?" requires confronting
the politics of inclusion, voice, and legitimacy in decision making.
The question exposes power asymmetries, as dominant actors
may shape resilience strategies in ways that reflect their own
priorities while marginalizing less powerful groups. When

elites capture decision making, resilience-building efforts risk
reinforcing inequalities rather than reducing them (Lebel et al.
2006; Nelson et al. 2007; Davoudi 2012; Ensor et al. 2016; Cinner
and Barnes 2019).

Approaches like adaptive co-management and decentralized
governance are often proposed to address these
asymmetries (Nelson et al. 2007). While promising, these
approaches are not immune to manipulation and power

may be redistributed in appearance rather than in practice
(Brockhaus and Angelsen 2012; Sarmiento Barletti and
Larson 2019). Genuine inclusion requires more than formal
participation: it demands attention to voice, equity, and
influence in shaping outcomes.

Considering synergies and navigating trade-offs is important
in this context — not only across development goals, sectors,
and scales, but also among stakeholder groups, both local and
distant. Integrated approaches to resilience and sustainability
aim to find desirable and feasible "win-win" outcomes

that balance conservation and development. Yet, most
decisions create both winners and losers. Even well-designed
processes are unlikely to equally satisfy all interests.

In this context, a more grounded principle may be to strive

for "more winners, fewer losers”. This implies embracing
negotiation, compromise, and transparency. Inclusive and
well-facilitated decision-making processes can help identify
potential conflicts early on. This would allow for co-created
strategies that maximize collective gains while minimizing — or
offering fair compensating for — losses (McShane et al. 2017;
Sayer et al. 2014; Reed et al. 2020, 2021). While ideal
outcomes may not always be possible, legitimacy and fairness
in the process can foster more durable and broadly supported
resilience strategies.

14  See for instance the literature developed around the notion of
integrated landscape approaches (e.g., Reed et al. 2020, 2021).
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Conclusion: Towards a coherent
resilience agenda for the Medi-
terranean

The Mediterranean Basin is at the frontline of global climate
change. The region is warming faster than the global average,
and facing converging pressures from land degradation,
water scarcity, and biodiversity loss, as well as demographic
changes and rural exodus. This demonstrates both the
urgency and complexity of building social-ecological
resilience. These pressures are not distributed evenly:
vulnerabilities are shaped by geography, land-use history,
socioeconomic conditions, and access to natural, technical
and financial resources, infrastructure, institutions, and
governance. In this context, the concept of resilience, applied
with nuance, offers a unifying framework to understand

and respond to interlinked environmental, social, and
economic risks.

A key insight is that resilience must be operationalized
through differentiation. There is no one-size-fits-all solution
for Mediterranean landscapes. The North and South face
distinct stressors and institutional contexts, requiring tailored
interventions. In the North, depopulated rural areas and
intensifying wildfire regimes demand renewed investment in
mosaic landscapes, invigorated low-intensity land uses, and
fire-smart landscape planning. In the South, resilience hinges
on sustaining extensive pastoral systems, improving water
management and drought tolerance of crops, and reinforcing
early warning and rural infrastructure systems. Climate-
smart practices in both regions must be backed by coherent,
inclusive policies that integrate land, water, and biodiversity
planning. Yet, North-to-South differences are only a larger
trend; smaller differences need to be addressed in locally
contextualized approaches, too.

Moreover, resilience is about managing both biophysical
hazards and trade-offs. Whether between competing land
uses, short- and long-term gains, or conservation and
production goals, resilience planning inevitably creates
winners and losers. This raises fundamental questions of
equity, legitimacy, and agency. Decisions about “what" and
“whom" to make resilient are inherently political. They must
be approached with full awareness of power asymmetries,
participatory gaps, and the risks of elite capture. Inclusive
governance — while challenging to implement — remains
essential for durable and just resilience outcomes.

In parallel, technology must be seen not as a panacea but as
an enabler. Early warning systems, smart irrigation, remote
sensing, and drought-resilient seeds all offer potential, but
their impact depends on the institutions and capacities that
surround them. Without equitable access, local adaptation,
and robust feedback loops, even the most advanced tools

may widen rather than narrow resilience gaps. Investing in
context-appropriate innovation and knowledge systems is
thus a core pillar of resilience.

The region’s resilience strategy must also embrace
anticipatory planning and cross-sectoral integration. This
includes strengthening the links between science, policy, and
practice; aligning local resilience strategies with national and
regional adaptation frameworks; and ensuring that resilience-
building efforts are sustained over time. Efforts should go
beyond managing immediate risks and focus on building the
enabling conditions for long-term transformation, especially in
rural areas where adaptive capacity remains lowest.

As the Mediterranean climate crosses critical and sometimes
irreversible thresholds and is susceptible to enter completely
unknown territory, the resilience of its landscapes will define
the sustainability of its societies. This paper shows that
resilience is not a fixed goal but a negotiated, contested
process rooted in ecological realities, institutional capacities,
and social choices. Building resilience means not just weathering
disturbances, but transforming systems to be more adaptable,
more regenerative, and fairer. It also means embracing
differentiated, context-sensitive strategies, managing the
inevitable trade-offs, and prioritizing governance structures

that are inclusive, transparent, and accountable. Only by
grounding resilience in both biophysical and political realities can
Mediterranean countries build futures that are viable, just, and
climate smart.

Acknowledgments

Co-funded by the European Union under the ResAlliance
project (Grant No. 101086600). The views and opinions
expressed are solely those of the authors and do not
necessarily reflect those of the European Union or the
European Research Executive Agency (REA). The EU and the
granting authority are not responsible for any use that may be
made of the information contained herein.

References

Abatzoglou JT, Williams AP, Boschetti L, Zubkova M, Kolden
CA. 2018. Global patterns of interannual climate-fire
relationships. Global Change Biology 24(11):5164-5175.
https://doi.org/10.1111/gcb.14405

Ali E, Cramer W, Carnicer J, Georgopoulou E, Hilmi NJM,

Le Cozannet G, Lionello P. 2022. Cross-chapter paper
4: Mediterranean region. In Portner H-O, Roberts DC,
Tignor M, Poloczanska ES, Mintenbeck K, Alegria A,
Craig M, Langsdorf S, Loschke S, Moller V, Okem A,
Rama B. eds. Climate Change 2022: Impacts, adaptation


https://doi.org/10.1111/gcb.14405

Resilience thinking for the Mediterranean basin: How to respond to fire, drought, and flood at the landscape level 9

and vulnerability. Contribution of Working Group Il to
the sixth assessment report of the Intergovernmental
Panel on Climate Change. Cambridge, UK and New
York, NY: Cambridge University Press. https://doi.
0rg/10.1017/9781009325844.021 2233-2272.

Amponsah W, Ayral P-A, Boudevillain B, Bouvier C, Braud |,
Brunet P, Delrieu G, Didon-Lescot J-F, Gaume E, Lebouc
L, et al. 2018 Integrated high-resolution dataset of high-
intensity European and Mediterranean flash floods. Earth
System Science Data 10:1783-1794. https://doi.org/10.5194/
essd-10-1783-2018

Arcgis. n.d. Accessed 3 June 2025. Status of mortality
and economic losses: Status of mortality and
economic losses due to weather, climate and water
extremes (1970-2021). https://storymaps.arcgis.com/
stories/8df884dbd4e849¢c89d4b1128fa5dc1d6

Arévalo JR and Naranjo-Cigala A. 2018. Wildfire impact and
the "fire paradox” in a natural and endemic pine forest
stand and shrubland. Fire 1(3):44. https://doi.org/10.3390/
fire1030044

Baldwin-Cantello W, Tickner D, Wright M, Clark M, Cornelius S,
Ellis K, Francis A, Ghazoul J, Gordon JE, Matthews N, et
al. 2023. The triple challenge: Synergies, trade-offs and
integrated responses for climate, biodiversity, and human

wellbeing goals. Climate Policy 23(6):782-799. https://doi.or

g/10.1080/14693062.2023.2175637

Barcikowska MJ, Kapnick SB, Feser F. 2018. Impact of large-
scale circulation changes in the North Atlantic sector on
the current and future Mediterranean winter hydroclimate.
Climate Dynamics 50:2039-2059. https://doi.org/10.1007/
s00382-017-3735-5

Barredo JI, Mauri A, Caudullo G, Dosio A. 2018. Assessing shifts
of Mediterranean and arid climates under RCP4.5 and
RCP8.5 climate projections in Europe. Pure and Applied
Geophysics 175:3955-3971. https://doi.org/10.1007/s00024-
018-1853-6

Batllori E, Parisien M-A, Krawchuk MA, Moritz MA. 2013. Climate
change-induced shifts in fire for Mediterranean ecosystems.

Global Ecology and Biogeography 22(10):1118-1129. https://doi.

0rg/10.1111/geb 12065

Biggs R, Schltter M, Biggs D, Bohensky EL, BurnSilver S,
Cundill G, Dakos V, Daw TM, Evans LS, Kotschy K, et al.
2012. Toward principles for enhancing the resilience of
ecosystem services. Annual Review of Environment and
Resources 37:421-448. https://doi.org/10.1146/annurev-
environ-051211-123836

Bonaduce A, Pinardi N, Oddo P, Spada G, Larnicol G. 2016. Sea-
level variability in the Mediterranean Sea from altimetry and
tide gauges. Climate Dynamics 47(9):2851-2866, https://
doi.org/10.1007/s00382-016-3001-2

Brockhaus M and Angelsen A. 2012. Seeing REDD+ through 4ls: A
political economy framework. In Angelsen A, Brockhaus M,
Sunderlin WD, Verchot LV. eds. Analysing REDD+: Challenges
and choices. Bogor, Indonesia: CIFOR. https://www.cifor.org/
knowledge/publication/3816/ 15-30.

Blntgen U, Urban O, Krusic PJ, Rybnic¢ek M, Kolaf T, Kyncl
T, A& A, Koriasova E, Caslavsky J, Esper J, et al. 2021.
Recent European drought extremes beyond Common Era
background variability. Nature Geoscience 14:190-196.
https://doi.org/10.1038/s41561-021-00698-0

Carpenter S, Walker B, Anderies JM, Abel N. 2001 From
metaphor to measurement: Resilience of what to what?
Ecosystems 4:765-781. https://doi.org/10.1007/s10021-001-
0045-9

Cinner JE and Barnes ML. 2019. Social dimensions of resilience
in social-ecological systems. One Earth 1(1): 51-56. https://
doi.org/10.1016/j.oneear.2019.08.003

Collins M, Knutti R, Arblaster J, Dufresne J-L, Fichefet T,
Friedlingstein P, Gao X, Gutowski WJ, Johns T, Krinner G, et
al. 2013. Chapter 12: Long-term climate change: Projections,
commitments and irreversibility. In Stocker TF, Qin D, Plattner
G-K, Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex
V, Midgley PM. eds. Climate change 2013: The physical
science basis. Contribution of Working Group | to the fifth
assessment report of the Intergovernmental Panel on Climate
Change. Cambridge, United Kingdom and New York, NY:
Cambridge University Press. https://www.ipcc.ch/site/assets/
uploads/2018/02/WG1AR5_Chapter12_FINAL.pdf 1029-1136.

Davoudi S. 2012. Resilience: A bridging concept or a dead end?
Planning Theory & Practice 13(2):299-307. https://doi.org/10.1
080/14649357.2012.677124

Douville H, Raghavan K, Renwick J, Allan RP, Arias PA, Barlow
M, Cerezo-Mota R, Cherchi A, Gan TY, Gergis J, et al. 2021.
Chapter 8: Water cycle changes. In Masson-Delmotte V, Zhai
P, Pirani A, Connors SL, Péan C, Berger S, Caud N, Chen
Y, Goldfarb L, Gomis M, et al. eds. Climate change 2021:

The physical science basis. Contribution of Working Group
| to the sixth assessment report of the Intergovernmental
Panel on Climate Change. Cambridge, United Kingdom
and New York, NY: Cambridge University Press https://doi.
0rg/10.1017/9781009157896.010 1055-1210.

EC (European Commission). 2024. In 2024, the world
experienced the warmest January on record: Copernicus.
Press Release 8 February. Luxembourg: Publications Office
of the European Commission. https://climate.copernicus.
eu/copernicus-2024-world-experienced-warmest-
january-record

EC. 2018. A sustainable bioeconomy for Europe — Strengthening
the connection between economy, society and
the environment — Updated bioeconomy strategy.
Luxembourg: Publications Office of the European Union,
Directorate-General for Research and Innovation, European
Commission. https://data.europa.eu/doi/10.2777/792130

EDO (European Drought Observatory). n.d. Accessed 3 June
2025. https://edo.jrc.ec.europa.eu/edov2/php/index.
php?id=1052

Ensor JE, Park SE, Attwood SJ, Kaminski AM, Johnson JE. 2016.
Can community-based adaptation increase resilience?
Climate and Development 10(2):134-151. https://doi.org/10.1
080/17565529.2016.1223595


https://doi.org/10.1017/9781009325844.021
https://doi.org/10.1017/9781009325844.021
https://doi.org/10.5194/essd-10-1783-2018
https://doi.org/10.5194/essd-10-1783-2018
https://storymaps.arcgis.com/stories/8df884dbd4e849c89d4b1128fa5dc1d6
https://storymaps.arcgis.com/stories/8df884dbd4e849c89d4b1128fa5dc1d6
https://doi.org/10.3390/fire1030044
https://doi.org/10.3390/fire1030044
https://doi.org/10.1080/14693062.2023.2175637
https://doi.org/10.1080/14693062.2023.2175637
https://doi.org/10.1007/s00382-017-3735-5
https://doi.org/10.1007/s00382-017-3735-5
https://doi.org/10.1007/s00024-018-1853-6
https://doi.org/10.1007/s00024-018-1853-6
https://doi.org/10.1111/geb.12065
https://doi.org/10.1111/geb.12065
https://doi.org/10.1146/annurev-environ-051211-123836
https://doi.org/10.1146/annurev-environ-051211-123836
https://doi.org/10.1007/s00382-016-3001-2
https://doi.org/10.1007/s00382-016-3001-2
https://www.cifor.org/knowledge/publication/3816/
https://www.cifor.org/knowledge/publication/3816/
https://doi.org/10.1038/s41561-021-00698-0
https://doi.org/10.1007/s10021-001-0045-9
https://doi.org/10.1007/s10021-001-0045-9
https://doi.org/10.1016/j.oneear.2019.08.003
https://doi.org/10.1016/j.oneear.2019.08.003
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter12_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter12_FINAL.pdf
https://doi.org/10.1080/14649357.2012.677124
https://doi.org/10.1080/14649357.2012.677124
https://doi.org/10.1017/9781009157896.010
https://doi.org/10.1017/9781009157896.010
https://climate.copernicus.eu/copernicus-2024-world-experienced-warmest-january-record
https://climate.copernicus.eu/copernicus-2024-world-experienced-warmest-january-record
https://climate.copernicus.eu/copernicus-2024-world-experienced-warmest-january-record
https://data.europa.eu/doi/10.2777/792130
https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1052
https://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1052
https://doi.org/10.1080/17565529.2016.1223595
https://doi.org/10.1080/17565529.2016.1223595

10 Resilience thinking for the Mediterranean basin: How to respond to fire, drought, and flood at the landscape level

FAO (Food and Agriculture Organization of the United Nations).
n.d. Accessed 3 June 2025. https://www.fao.org/gfcm/
about/membership/en/

Folke C, Carpenter SR, Walker B, Scheffer M, Chapin, Rockstrom J.
2010. Resilience thinking: Integrating resilience, adaptability
and transformability. Ecology and Society 15(4):20. https://
www.ecologyandsociety.org/vol15/iss4/art20/

Gaume E, Borga M, Llasat MC, Maouche S, Lang M, Diakakis M.
2016 Mediterranean extreme floods and flash floods. The
Mediterranean region under climate change. A scientific
update. IRD Editions, Collection Synthéses, Marseille, France.
https://hal.archives-ouvertes.fr/hal-01465740 133-144

Giglio L, Boschetti L, Roy DP, Humber ML, Justice CO. 2018. The
Collection 6 MODIS burned area mapping algorithm and
product. Remote Sensing of Environment 217:72-85. https://
doi.org/10.1016/j.rse.2018.08.005

Guiot J and Cramer W. 2016. Climate change: The 2015 Paris
Agreement thresholds and Mediterranean basin ecosystems.
Science 354:465-468. https://doi.org/10.1126/science.
aah5015

GWIS (Global Wildfire Information System). n.d. Accessed 3
June 2025. https://gwis.jrc.ec.europa.eu/

Hagenlocher M, Naumann G, Meza |, Blauhut V, Cotti D, Doll P,
Ehlert K, Gaupp F, van Loon AF, Marengo JA, et al. 2023.
Tackling growing drought risks — The need for a systemic
perspective. Earth’s Future 11(9):e2023EF003857. https://
doi.org/10.1029/2023EF003857

Holling CS. 1986. The resilience of terrestrial ecosystems:
Local surprise and global change. In Clark WC and Munn
RE. eds. Sustainable Development of the Biosphere.
Cambridge, UK: Cambridge University Press. https://pure.
iiasa.ac.at/2751292-317.

Holling CS. 1973. Resilience and stability of ecological systems.
Annual Review of Ecological Systems 4:1-23. https://doi.
org/10.1146/annurev.es.04.110173.000245

Huang Y, Wu S, Kaplan JO. 2014. Sensitivity of global wildfire
occurrences to various factors in the context of global
change. Atmospheric Environment 121:86-92. https://doi.
0rg/10.1016/j.atmosenv.2015.06.002

IPCC (Intergovernmental Panel on Climate Change). 2023.
Climate change 2023: Synthesis report. Contribution
of Working Groups I, Il and lll to the sixth assessment
report of the Intergovernmental Panel on Climate Change.
Lee H and Romero J. eds. Geneva: IPCC. https://doi.
0rg/10.59327/IPCC/AR6-9789291691647 184.

IPCC. 2022. Climate change 2022: Impacts, adaptation and
vulnerability. Contribution of Working Group Il to the
sixth assessment report of the Intergovernmental Panel
on Climate Change. Portner H-O, Roberts DC, Tignor
M, Poloczanska ES, Mintenbeck K, Alegria A, Craig M,
Langsdorf S, Loschke S, Moller V, et al. eds. Cambridge,
UK and New York, NY: Cambridge University Press. https://
doi.org/10.1017/9781009325844 3056.

IPCC. 2018. Summary for policymakers. In Masson-Delmotte V,
Zhai P, Portner H-O, Roberts D, Skea J, Shukla PR, Pirani

A, Moufouma-Okia W, Péan C, Pidcock RS, et al. Global
warming of 1.5°C. An IPCC special report on the impacts
of global warming of 1.5°C above pre-industrial levels
and related global greenhouse gas emission pathways,
in the context of strengthening the global response to
the threat of climate change, sustainable development,
and efforts to eradicate poverty. Cambridge, UK and
New York, NY: Cambridge University Press. https://doi.
0rg/10.1017/9781009157940.001 3-24.

Jia G, Shevliakova E, Artaxo P, de Noblet-Ducoudré N,
Houghton R, House J, Kitajima K, Lennard C, Popp A,

Sirin A, et al. 2019. Chapter 2: Land—climate interactions.
In Shukla PR, Skea J, Calvo Buendia E, Masson-Delmotte
V, Portner H-O, Roberts DC, Zhai P, Slade R, Connors S,
van Diemen R, et al. Climate change and land: An IPCC
special report on climate change, desertification, land
degradation, sustainable land management, food security,
and greenhouse gas fluxes in terrestrial ecosystems.
Cambridge, UK and New York, NY: Cambridge Univ’

Jolly WM, Cochrane MA, Freeborn PH, Holden ZA, Brown TJ,
Williamson GJ, Bowman DMJS. 2015. Climate-induced
variations in global wildfire danger from 1979 to 2013.
Nature Communications 6:7537. https://doi.org/10.1038/
ncomms8537

Jones MW, Smith A, Betts R, Canadell JG, Prentice IC, Le Quéré
C. 2020. Climate change increases the risk of wildfires.
Rapid Response Review using ScienceBrief.org. https://
tyndall.ac.uk/sites/default/files/wildfires_briefing_note.pdf

Lebel L, Anderies JM, Campbell BM, Folke C, Hatfield-Dodds S,
Hughes TP, Wilson J. 2006. Governance and the capacity
to manage resilience in social-ecological systems. Ecology
& Society 11(1):19. https://doi.org/10.5751/ES-01606-110119

Llasat MC, Marcos R, Turco M, Gilabert J, Llasat-Botija M.

2016. Trends in flash flood events versus convective
precipitation in the Mediterranean region: The case of
Catalonia. Journal of Hydrology 541(Part A):24-37. https://
doi.org/10.1016/].jhydrol.2016.05.040

Malek Z, Verburg PH, Geijzendorffer IR, Bondeau A, Cramer W.
2018. Global change effects on land management in the
Mediterranean region. Global Environmental Change 50:238—
254. https://doi.org/10.1016/j.gloenvcha.2018.04.007

McShane TO, Hirsch PD, Trung TC, Songorwa AN, Kinzig A,
Monteferri B, Mutekanga D, Van Thang H, Dammert JL,
Pulgar-Vidal M, et al. 2011. Hard choices: Making trade-offs
between biodiversity conservation and human well-being.
Biological Conservation 144(3):966-972. https://doi.
org/10.1016/j.biocon.2010.04.038

Moritz MA, Parisien M-A, Batllori E, Krawchuk MA, van Dorn J,
Ganz DJ, Hayhoe K. 2012. Climate change and disruptions
to global fire activity. Ecosphere 3(6):1-22. https://doi.
org/10.1890/ES11-00345.1

Naumann G, Cammalleri C, Mentaschi L, Feyen L. 2021. Increased
economic drought impacts in Europe with anthropogenic
warming. Nature Climate Change 11(6):485-491. https://doi.
0rg/10.1038/s41558-021-01044-3


https://www.fao.org/gfcm/about/membership/en/
https://www.fao.org/gfcm/about/membership/en/
https://www.ecologyandsociety.org/vol15/iss4/art20/
https://www.ecologyandsociety.org/vol15/iss4/art20/
https://hal.archives-ouvertes.fr/hal-01465740
https://doi.org/10.1016/j.rse.2018.08.005
https://doi.org/10.1016/j.rse.2018.08.005
https://doi.org/10.1126/science.aah5015
https://doi.org/10.1126/science.aah5015
https://gwis.jrc.ec.europa.eu/
https://doi.org/10.1029/2023EF003857
https://doi.org/10.1029/2023EF003857
https://pure.iiasa.ac.at/2751
https://pure.iiasa.ac.at/2751
https://doi.org/10.1146/annurev.es.04.110173.000245
https://doi.org/10.1146/annurev.es.04.110173.000245
https://doi.org/10.1016/j.atmosenv.2015.06.002
https://doi.org/10.1016/j.atmosenv.2015.06.002
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1017/9781009325844
https://doi.org/10.1017/9781009325844
https://doi.org/10.1017/9781009157940.001
https://doi.org/10.1017/9781009157940.001
https://doi.org/10.1038/ncomms8537
https://doi.org/10.1038/ncomms8537
https://tyndall.ac.uk/sites/default/files/wildfires_briefing_note.pdf
https://tyndall.ac.uk/sites/default/files/wildfires_briefing_note.pdf
https://doi.org/10.5751/ES-01606-110119
https://doi.org/10.1016/j.jhydrol.2016.05.040
https://doi.org/10.1016/j.jhydrol.2016.05.040
https://doi.org/10.1016/j.gloenvcha.2018.04.007
https://doi.org/10.1016/j.biocon.2010.04.038
https://doi.org/10.1016/j.biocon.2010.04.038
https://doi.org/10.1890/ES11-00345.1
https://doi.org/10.1890/ES11-00345.1
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3

Resilience thinking for the Mediterranean basin: How to respond to fire, drought, and flood at the landscape level 11

Naumann G, Alfieri L, Wyser K, Mentaschi L, Betts RA, Carrao
H, Spinoni J, Vogt J, Feyen L. 2018. Global changes in
drought conditions under different levels of warming.
Geophysical Research Letters 45(7):3285-3296. https://doi.
0rg/10.1002/2017GL076521

Nelson DR, Adger WN, Brown K. 2007. Adaptation to
environmental change: Contributions of a resilience
framework. Annual Review of Environment and
Resources 32(1):395-419. https://doi.org/10.1146/annurev.
energy.32.051807.090348

Pingault N. and Martius C. 2025. Prioritizing mitigation pathways
in land use and food systems: A systematic framework
to assess opportunities. Working Paper No. XX. Bogor,
Indonesia: CIFOR; Kenya, Nairobi: ICRAF [in press]

Pingault N and Martius C. 2024. Resilience thinking: A review of
key concepts. Occasional Paper 16. Bogor, Indonesia and
Nairobi, Kenya: CIFOR-ICRAF. https://doi.org/10.17528/cifor-
icraf/009316

Reed J, Kusters K, Barlow J, Balinga M, Rumi Borah J, Carmenta
R, Chervier C, Djoudi H, Gumbo D, Laumonier Y, et al.
2021. Re-integrating ecology into integrated landscape
approaches. Landscape Ecology 36:2395-2407. https://doi.
org/10.1007/s10980-021-01268-w

Reed J, Ickowitz A, Chervier C, Djoudi H, Moombe K, Ros-Tonen
M, Yanou M, Yuliani L, Sunderland T. 2020. Integrated
landscape approaches in the tropics — a brief stock take.
Land Use Policy 99:104822. https://doi.org/10.1016/].
landusepol.2020.104822

Reimann L, Merkens J-L, Vafeidis AT. 2018a. Regionalized shared
socioeconomic pathways: Narratives and spatial population
projections for the Mediterranean coastal zone. Regional
Environmental Change 18(1):235-245. https://doi.org/10.1007/
s10113-017-1189-2

Reimann L, Vafeidis AT, Brown S, Hinkel J, Tol RSJ. 2018b.
Mediterranean UNESCO World Heritage at risk from
coastal flooding and erosion due to sea-level rise. Nature
Communication 9(1):4161. https://doi.org/10.1038/s41467-018-
06645-9

Rojas M, Lambert F, Ramirez-Villegas J, Challinor AJ. 2019.
Emergence of robust precipitation changes across crop
production areas in the 21st century. Proceedings of the
National Academy of Sciences of the United States of
America (PNAS) 116(14):6673-6678. https://doi.org/10.1073/
pnas.1811463116

Rossi L, Wens M, De Moel H, Cotti D, Sabino Siemons A, Toreti
A, Maetens W, Masante D, Van Loon A, Hagenlocher M,
et al. 2023. European Drought Risk Atlas. Luxembourg:
Publications Office of the European Union. JRC135215.
https://doi.org/10.2760/608737

Ruffault J, Curt T, Moron V, Trigo RM, Mouillot F, Koutsias N,
Pimont F, Martin-StPaul N, Barbero R, Dupuy J-L, et al.
2020. Increased likelihood of heat-induced large wildfires
in the Mediterranean Basin. Scientific Reports 10:13790.
https://doi.org/10.1038/s41598-020-70069-z

San-Miguel-Ayanz J, Durrant T, Boca R, Maianti P, Liberta
G, Jacome Felix Oom D, Branco A, de Rigo D, Suarez-
Moreno M, Ferrari D, et al. 2023. Forest fires in Europe,
Middle East and North Africa 2022. Luxembourg:
Publications Office of the European Union. JRC135226.
https://doi.org/10.2760/348120

Sarmiento Barletti JP and Larson AM. 2019. The role of
multi-stakeholder forums in subnational jurisdictions:
Framing literature review for in-depth field research.
Occasional Paper 194. Bogor, Indonesia: CIFOR. https://
doi.org/10.17528/cifor/007150

Sayer J, Margules C, Boedhihartono AK, Dale A, Sunderland T,
Supriatna J, Saryanthi R. 2014. Landscape approaches: What
are the pre-conditions for success? Sustainability Science
10(2):345-355. https://doi.org/10.1007/s11625-014-0281-5

Schleussner C-F, Lissner TK, Fischer EM, Wohland J, Perrette
M, Golly A, Rogelj J, Childers K, Schewe J, Frieler K, et al.
2016. Differential climate impacts for policy-relevant limits
to global warming: The case of 1.5 °C and 2 °C. Earth
System Dynamics 7(2):327-351. https://doi.org/10.5194/
esd-7-327-2016

Seneviratne BSI, Zhang X, Adnan M, Badi W, Dereczynski C,
Di Luca A, Ghosh S, Iskandar I, Kossin J, Lewis S et al,
2021. Chapter 11: Weather and climate extreme events in a
changing climate. In Masson-Delmotte V, Zhai P, Pirani A,
Connors SL, Péan C, Berger S, Caud N, Chen Y, Goldfarb
L, Gomis M, et al. eds. Climate change 2021: The
physical science basis. Contribution of Working Group |
to the sixth assessment report of the Intergovernmental
Panel on Climate Change. Cambridge, UK and New
York, NY: Cambridge University Press. https://doi.
0rg/10.1017/9781009157896.013 1513-1766

Toreti A, Bavera D, Acosta Navarro J, Arias-Muhoz C, Avanzi
F, Marinho Ferreira Barbosa P, de Jager A, di Ciollo C,
Ferraris L, Fioravanti G, et al. 2023. Drought in Europe
March 2023. Luxembourg: Publications Office of the
European Union. EUR 31448 EN, JRC133025. https://doi.
0rg/10.2760/998985

Toreti A, Bavera D, Acosta Navarro J, Cammalleri C, de Jager
A, di Ciollo C, Hrast Essenfelder A, Maetens W, Magni D,
Masante D, et al. 2022. Drought in Europe August 2022.
Luxembourg: Publications Office of the European Union.
JRC130493. https://doi.org/10.2760/264241

Tovar-Sanchez A, Sanchez-Quiles D, Rodriguez-Romero A.
2019. Massive coastal tourism influx to the Mediterranean
Sea: The environmental risk of sunscreens. Science
of The Total Environment 656:316—-321. https://doi.
org/10.1016/j.scitotenv.2018.11.399

Tramblay Y, Koutroulis A, Samaniego L, Vicente-Serrano SM,
Volaire F, Boone A, Le Page M, Llasat MC, Albergel C,
Burak S, et al. 2020. Challenges for drought assessment
in the Mediterranean region under future climate
scenarios. Earth-Science Reviews 210:103348. https://doi.
org/10.1016/j.earscirev.2020.103348


https://doi.org/10.1002/2017GL076521
https://doi.org/10.1002/2017GL076521
https://doi.org/10.1146/annurev.energy.32.051807.090348
https://doi.org/10.1146/annurev.energy.32.051807.090348
https://doi.org/10.17528/cifor-icraf/009316
https://doi.org/10.17528/cifor-icraf/009316
https://doi.org/10.1007/s10980-021-01268-w
https://doi.org/10.1007/s10980-021-01268-w
https://doi.org/10.1016/j.landusepol.2020.104822
https://doi.org/10.1016/j.landusepol.2020.104822
https://doi.org/10.1007/s10113-017-1189-2
https://doi.org/10.1007/s10113-017-1189-2
https://doi.org/10.1038/s41467-018-06645-9
https://doi.org/10.1038/s41467-018-06645-9
https://doi.org/10.1073/pnas.1811463116
https://doi.org/10.1073/pnas.1811463116
https://doi.org/10.2760/608737
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.2760/348120
https://doi.org/10.17528/cifor/007150
https://doi.org/10.17528/cifor/007150
https://doi.org/10.1007/s11625-014-0281-5
https://doi.org/10.5194/esd-7-327-2016
https://doi.org/10.5194/esd-7-327-2016
https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1017/9781009157896.013
https://doi.org/10.2760/998985
https://doi.org/10.2760/998985
https://doi.org/10.2760/264241
https://doi.org/10.1016/j.scitotenv.2018.11.399
https://doi.org/10.1016/j.scitotenv.2018.11.399
https://doi.org/10.1016/j.earscirev.2020.103348
https://doi.org/10.1016/j.earscirev.2020.103348

12 Resilience thinking for the Mediterranean basin: How to respond to fire, drought, and flood at the landscape level

Tramblay Y, Mimeau L, Vinet F, Sauquet E. 2019. Detection
and attribution of flood trends in Mediterranean basins.
Hydrology and Earth System Sciences 23:4419-4431.
https://doi.org/10.5194/hess-23-4419-2019.

Turco M, Jerez S, Augusto S, Tarin-Carrasco P, Ratola N,
Jiménez-Guerrero P, Trigo RM. 2019. Climate drivers of
the 2017 devastating fires in Portugal. Scientific Reports
9:13886. https://doi.org/10.1038/s41598-019-50281-2

Turco M, Rosa-Cénovas JJ, Bedia J, Jerez S, Montavez JP, Llasat
MC, Provenzale A. 2018. Exacerbated fires in Mediterranean
Europe due to anthropogenic warming projected with non-
stationary climate-fire models. Nature Communications
9:3821. https://doi.org/10.1038/s41467-018-06358-z

Turco M, von Hardenberg J, AghaKouchak A, Llasat MC,
Provenzale A, Trigo RM. 2017. On the key role of droughts
in the dynamics of summer fires in Mediterranean Europe.
Scientific Reports 7:81. https://doi.org/10.1038/s41598-017-
00M6-9

Turco M, Bedia J, di Liberto F, Fiorucci P, von Hardenberg J,
Koutsias N, Llasat MC, Xystrakis F, Provenzale A. 2016.
Decreasing fires in Mediterranean Europe. PLoS ONE
11(3):e0150663. https://doi.org/10.1371/journal.pone.0150663

UNEP (United Nations Environment Programme). n.d. Accessed 3
June 2025. https://www.unep.org/unepmap/who-we-are

Vafeidis AT, Abdulla AA, Bondeau A, Brotons L, Ludwig R, Portman
M, Reimann L, Vousdoukas M, Xoplaki E. 2020. Chapter
6 — Managing future risks and building socio-ecological
resilience in the Mediterranean. In Cramer W, Guiot J,

Marini K. eds. Climate and environmental change in the
Mediterranean Basin — Current situation and risks for the
future. First Mediterranean Assessment Report Union for
the Mediterranean, Plan Bleu, UNEP/MAP, Marseille, France
https://www.medecc.org/wp-content/uploads/2021/05/
MedECC_MAR1_6_Managing-future-risks.pdf 539-588.

Valverde P, Serralheiro R, de Carvalho M, Maia R, Oliveira
B, Ramos V. 2015. Climate change impacts on irrigated
agriculture in the Guadiana river basin (Portugal).
Agricultural Water Management 152:17-30, https://doi.
0rg/10.1016/j.agwat.2014.12.012

Van der Werf GR, Randerson JT, Giglio L, van Leeuwen TT,
Chen 'Y, Rogers BM, Mu M, van Marle MJE, Morton, DC, et
al. 2017. Global fire emissions estimates during 1997-2016.
Earth System Science Data Discussions 9(2):697-720.
https://doi.org/10.5194/essd-2016-62

Van Loon AF, Gleeson T, Clark J, van Dijk AlJM, Stahl K, Hannaford
J, di Baldassarre G, Teuling AJ, Tallaksen LM, Uijlenhoet R,

cifor-icraf.org

CIFOR-ICRAF

The Center for International Forestry Research and World Agroforestry (CIFOR-ICRAF) harnesses the
power of trees, forests and agroforestry landscapes to shift the trajectories of three global issues -
biodiversity, climate change and food security — supported by our work on equity and value chains.

CIFOR and ICRAF are CGIAR Research Centers.

et al. 2016. Drought in the Anthropocene. Nature Geoscience
9(2):89-91. hitps://doi.org/10.1038/nge02646

Vousdoukas MI, Mentaschi L, Voukouvalas E, Bianchi A, Dottori
F, Feyen L. 2018. Climatic and socioeconomic controls of
future coastal flood risk in Europe. Nature Climate Change
8:776-780. https://doi.org/10.1038/s41558-018-0260-4

Walker B, Gunderson LH, Kinzig A, Folke C, Carpenter S, Schultz
L. 2006. A handful of heuristics and some propositions
for understanding resilience in social-ecological
systems. Ecology and Society 11(1):13. http://www.
ecologyandsociety.org/vol11/iss1/art13/

Wilhite DA, Glantz MH. 1985. Understanding: The drought
phenomenon: The role of definitions. Water International
10(3):111-120. https://doi.org/10.1080/02508068508686328

WHO (World Health Organization). 2017 Flooding: Managing
health risks in the WHO European region. Copenhagen:
WHO, Regional Office for Europe. https://www.who.int/
europe/publications/i/item/9789289052795

WMO (World Meteorological Organization). 2023a. The Global
Climate 2011-2020. A decade of accelerating climate
change. World Meterological Organization No. 1338.
Geneva: WMO. https://library.wmo.int/idurl/4/68585

WMO. 2023b. Economic costs of weather-related disasters
soars but early warnings save lives. Press Release 22
May. Geneva: WMO. https://wmo.int/news/media-centre/
economic-costs-of-weather-related-disasters-soars-early-
warnings-save-lives

WMO. 2021. WMO atlas of mortality and economic losses from
weather, climate and water extremes (1970-2019). 1267.
Geneva: WMO. https://library.wmo.int/idurl/4/57564

Woppelmann G and Marcos M. 2012. Coastal sea level rise
in southern Europe and the nonclimate contribution of
vertical land motion. Journal of Geophysical Research
117(C1):C01007. https://doi.org/10.1029/2011JC007469

Xanthopoulos G. 2023. Fires and agroforestry landscapes.

In Tsiakiris R, Mantzanas K, Kazoglou J, Kakouros P,
Papanastasis V. eds. Reviving agroforestry landscapes

in the era of climate change: For people, nature and

local economy. Brussels: European Network of Political
Foundations and Green Institute Greece. https://hdl.handle.
net/20.500.12038/278 192-199.

Xanthopoulos G and Nikolov N. 2019. Wildfires and fire
management in the Eastern Mediterranean, Southeastern
Europe, and Middle East regions. Fire Management Today
77(1):29-38. https://www.frames.gov/documents/usfs/fmt/
fmt_77-1.pdf

forestsnews.cifor.org

<

CGIAR


https://doi.org/10.5194/hess-23-4419-2019
https://doi.org/10.1038/s41598-019-50281-2
https://doi.org/10.1038/s41467-018-06358-z
https://doi.org/10.1038/s41598-017-00116-9
https://doi.org/10.1038/s41598-017-00116-9
https://doi.org/10.1371/journal.pone.0150663
https://www.unep.org/unepmap/who-we-are
https://www.medecc.org/wp-content/uploads/2021/05/MedECC_MAR1_6_Managing-future-risks.pdf
https://www.medecc.org/wp-content/uploads/2021/05/MedECC_MAR1_6_Managing-future-risks.pdf
https://doi.org/10.1016/j.agwat.2014.12.012
https://doi.org/10.1016/j.agwat.2014.12.012
https://doi.org/10.5194/essd-2016-62
https://doi.org/10.1038/ngeo2646
https://doi.org/10.1038/s41558-018-0260-4
http://www.ecologyandsociety.org/vol11/iss1/art13/
http://www.ecologyandsociety.org/vol11/iss1/art13/
https://doi.org/10.1080/02508068508686328
https://www.who.int/europe/publications/i/item/9789289052795
https://www.who.int/europe/publications/i/item/9789289052795
https://library.wmo.int/idurl/4/68585
https://wmo.int/news/media-centre/economic-costs-of-weather-related-disasters-soars-early-warnings-save-lives
https://wmo.int/news/media-centre/economic-costs-of-weather-related-disasters-soars-early-warnings-save-lives
https://wmo.int/news/media-centre/economic-costs-of-weather-related-disasters-soars-early-warnings-save-lives
https://library.wmo.int/idurl/4/57564
https://doi.org/10.1029/2011JC007469
https://hdl.handle.net/20.500.12038/278
https://hdl.handle.net/20.500.12038/278
https://www.frames.gov/documents/usfs/fmt/fmt_77-1.pdf
https://www.frames.gov/documents/usfs/fmt/fmt_77-1.pdf
http://forestsnews.cifor.org
http://cifor-icraf.org

