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Abstract: Wildfires are one of the strongest drivers of degradation of Mediterranean ecosystems, while
weather and climate are among the main factors influencing fire potential. From this perspective,
we attempt to assess the future forest fire risk in Crete in the near (2046–2065) and distant future
(2081–2100), under the Representative Concentration Pathways (RCPs) of RCP2.6, RCP4.5, and
RCP8.5. A risk assessment model was developed according to the conceptual framework of the
“impact chain”, as defined by the Intergovernmental Panel on Climate Change (IPCC), aiming
at the formulation of a final composite risk index. The multicriteria spatial analysis, which was
implemented with GIS techniques, highlighted the areas that are expected to be heavily affected in the
future. It was found that the forest fire risk for the tourism sector increases with the higher emissions
scenarios and towards the end of the century, with the south and central parts of the island exhibiting
‘very high’ risk. The effectiveness of this method is underlined, both in terms of implementing the
necessary preventive measures against the adverse effects of climate change and of strengthening
adaptation planning.
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1. Introduction

Nowadays, the consequences of climate change are undoubtedly more evident than
ever, as they affect ecological, social, and economic sustainability in various ways. In
particular, the increasing frequency of fire incidents constitutes one of the most critical
threats to continental and island ecosystems, while having a negative impact on different
sectors of the economy, including tourism.

The Mediterranean is considered a high-fire risk region where fires cause severe
environmental and economic losses and even loss of human lives. Weather and climate,
vegetation conditions and composition, and human activities play an essential role in
fire regimes [1]. Mediterranean forests are directly affected by the observed increase in
temperature and drought levels, while evidence shows that the risk of fire is set to increase
in the coming decades (e.g., [2]).

Crete is of particular interest from a climatological point, but also from an economic
point of view, due to its geographical position in the Mediterranean basin and because
of its highly touristic profile. The analysis conducted by WWF Greece and the Institute
of Mediterranean Forest Ecosystems in 2011 about forest fires in Crete during the period
1983–2008 (http://www.oikoskopio.gr/pyroskopio/pdfs/pyrkagies-kriti.pdf, accessed on
11 July 2023), highlighted the criticality of the phenomenon and its effects. Specifically for
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Crete, the total area affected was estimated to be 751,949 ha, as a result of 2866 recorded
fire incidents.

Thus, the scope of this work is the development of a standard methodological frame-
work for assessing the level of risk of forest fires for tourism sector in the Region of Crete,
which is expected to be directly affected by climate change.

2. Material and Methods

Risk-based climate change impact chain (IC) is a conceptual framework that allows
integrating data from various disciplines (e.g., geography, climate modelling, stakeholders’
knowledge), methodological approaches, and sources, and follows a participatory approach
to facilitate a better understanding and cross-cutting dialogue. Specifically, it is based on
the combined use of qualitative and quantitative variables that fully describe the three
components of risk, i.e., hazard, exposure, and vulnerability. It was implemented by
the German corporation for International Cooperation (GIZ) [3]. Since then, ICs have
been increasingly used as a climate risk assessment method, both for research purposes
and decision making. Furthermore, it has been updated [4] for the understanding of
climate change-related risks as proposed by the IPCC Fifth Assessment Report [5]. The risk
results from the interaction of climate hazards, exposure, and vulnerability of the exposed
elements, systems, and population. The IC development increases the usability of climate
projections and climate impact models and can either involve a sophisticated modelling
chain or support a quick diagnosis.

The three risk components are composed of several indicators. For the current study,
the selected indicators can be seen in Figure 1. To set up the vulnerability and exposure
indicators, we used land cover from CORINE Land Cover (2018) available via Copernicus
Land Monitoring, protected areas from the World Database on Protected Areas (WDPA),
and information for demographics and economics from the Hellenic Statistical Author-
ity (Census 2011). Flammability per vegetation type was approached with the method
proposed by [6].
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Figure 1. Structure of the impact chain with the selected indicators, according to the IPCC AR5 approach.

For the hazard component, we used the Canadian Forest Fire Weather Index (FWI)
being one of the most widely used systems [7] that assessed fire danger for research
and operational purposes. The FWI has been shown to correlate well with fire activity
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globally and regionally [8–11]. Since 2007, the FWI has been adopted at the EU level by
the European Forest Fire Information System (EFFIS), a component of the Copernicus
Emergency Management Service (CEMS), to assess fire danger level in a harmonized way
throughout Europe.

For the calculation of the FWI, we used three-hourly climatic output of air temper-
ature, precipitation, wind speed, and relative humidity derived from three RCM/GCM
pairs (ICHEC-EC-EARTH/RCA4, MPI-M-MPI-ESM-LR/RCA4, and MOHC-HadGEM2-
ES/RCA4), developed within the EURO-CORDEX initiative (www.euro-cordex.net, ac-
cessed on 11 July 2023), for three periods [1986–2005 (reference), 2046–2065 (near future),
and 2081–2100 (distant future)]. The future simulations were based on three RCPs, namely,
RCP2.6, RCP4.5, and RCP8.5 [5].

The weighting of the indicators, sub-components, and components of the IC were
based on experts’ opinions and calculated via the Analytic Hierarchical Process (AHP), a
decision support method for multicriteria problems [12,13]. The application of the AHP
aims to develop realistic models for more effective decision making on complex problems,
taking into consideration quantitative and qualitative variables based on pairwise compar-
isons [14]. The AHP was performed via the Business Performance Management Singapore’s
(BPMSG’s) AHP Online System (https://bpmsg.com/ahp/, accessed on 1 December 2022).

3. Results

The application of the AHP on the IC, depicted in Figure 1, resulted in the hierarchical
structure of the risk model and the respective weights of each indicator, sub-component,
and component (not shown). It was found that the risk due to forest fires increases towards
the end of the century for the two higher emission scenarios, while it slightly decreases
under RCP2.5 (Figure 2). The risk was then classified into five levels: very low, low,
medium, high, and very high, and the respective maps were created.
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Figure 2. Temporal evolution of risk, scaled from 0–100 (vertical axis), from the reference period to
the distant future (horizontal axis) according to the three RCPs, averaged over the Region of Crete.

The risk levels for the Regional Units of Crete according to the lower emission (RCP2.6)
and the higher emission (RCP8.5) scenarios and for the distant future (Figure 3) show that
there is a transition from ‘medium’ to ‘high’ risk levels compared to the reference and near
future periods (not shown). On the other hand, the ‘low’ risk areas are limited while ‘very
low’ risk appears only in RCP2.6. The respective risk map (Figure 4) shows that a zone of
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‘very high’ risk is found only in the Regional Unit of Heraklion and mainly in the southern
coastal areas.
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4. Conclusions

In this study, a risk assessment model was developed according to the conceptual
framework of the impact chain and according to the methodology proposed by the German
Agency for International Cooperation [4]. The multicriteria spatial analysis highlighted
the areas that are expected to be heavily affected by forest fires due to climate change in
the future.

Considering the results per period (1986–2005/2046–2065/2081–2100) and per future
climate scenario (RCP2.6/RCP4.5/RCP8.5), we found that risk is expected to increase over
time. According to the estimates under RCP8.5, the risk is expected to increase by 20% by
the end of the century compared to the reference period (1986–2005), while under RCP2.6,
fire risk returns at current climate levels.

The spatial analysis highlights the areas of the island under greater risk in terms of
the occurrence of forest fire in the long term. These are primarily identified within the
forest zones and areas of high flammability, mostly evident in the southern coastal area of
Heraklion, which has the highest percentage of spatial coverage of ‘very high’ risk areas
according to all emission scenarios, both in the near and the distant future. However, the
‘moderate’ risk is predominant over time throughout the Region of Crete. In summary, the
results highlight the gradual expansion of the ‘high’ to ‘very high’ risk zones and at the
same time the shrinking of the less critical areas.
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We also demonstrate that the Analytical Hierarchical Process (AHP) is a particularly
useful method and yields equally good results compared to the analysis applied in related
studies [2]. However, the lack of availability of future data that compose exposure and
vulnerability components poses limitations on the future risk assessment. The use of more
accurate future data, derived from appropriate simulation procedures of future conditions,
can contribute effectively to the optimal efficiency of the risk model.

In conclusion, the increased risk of forest fire occurrence will have a direct impact
on the ‘blue’ economy, affecting the sustainable development of tourism on the island of
Crete. The effectiveness of the developed model lies in the fact that it can contribute to
the necessary preventive measures against the adverse effects of climate change and the
strengthening of adaptation planning.
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