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1.Introduction

The purpose of this deliverable is twofold. Firstly, the Fire Hazard in future
climate change projections was analysed. Secondly, a procedure was
identified and implemented for creating Fire Risk maps based on existing
Fire Hazard maps.

To analyse how fire hazard varies in future climate change projections, we

used projection data provided by the Intergovernmental Panel on Climate
Change (IPCC). The IPCC is an intergovernmental body of the United
Nations. Its role is to 'provide governmen ts at all levels with scientific
information that they can use to develop climate policies'.

According to the IPCC Sixth Assessment Report (AR6), there are several
Shared Socioeconomic Pathways (SSPs). These are scenarios that illustrate
various possible future socioeconomic developments, taking into account
factors such as population growth, econ omic development, technology,
and environmental policies.

SSP scenarios are used for the following purposes:

a) assessing the effectiveness of different climate change mitigation
and adaptation policies;

b) understanding how socioeconomic choices may influence future
climate;

c) describing the future climate framework in adaptation and mitigation
plans and local impact studies.

This study assessed the variation in fire hazard as a function of two
scenarios (SSP1-2.6 and SSP5 -8.5) and two time horizons (2060 and 2100).
The aim was therefore to evaluate the variation of climate variables in two
extreme scenarios: one involving sust ainable growth (and therefore policies
to reduce CO . emissions); and the other involving strong, unregulated
growth and significant CO > emissions, which would affect the climate
variables.

The second part of the deliverable focuses on identifying a procedure for
determining fire risk in the study areas, which are representative of the

entire IPA Adrion Programme area. Starting from the hazard maps obtained

from Deliverable 1.2.1 activities,  the environmental vulnerability of the study
areas and the vulnerability of the exposed populations were identified.
Integrating these two vulnerabilities with the hazard maps produced fire

risk, evaluating not only the propensity of different areas to be affected by
fire, but also the potential environmental and safety impacts of fires

https://res2fire.interreg -ipa - adrion.eu/ l|Page
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2. The Climate Change

RES2FIRE

The planet is undergoing a period of climate change due to the release of
greenhouse gases into the atmosphere. This affects global warming and the
variation of all climate variables. The IPCC is the UN institute responsible for

studying climate variations and making future climate change projections.

These are analysed at different time steps and according to different Shared
Socioeconomic Pathways (SSPs), which are linked to various economic

growth pol icies ranging from the most sustainable to uncontrolle
with no emission reduction policies.

A
SSP5

Fossil-fueled Development
Taking the Highway

Policy focused on free
markets

High consumption

Effective international
cooperation

Reduced inequality

High economic growth S S P2

Low population growth Middle of the Road

d growth

SSP3

Regional Rivalry
A Rocky Road

Palicy focused on security
Barriers to international trade
High inequality

Slow economic growth

Low population growth in rich

countries, high in other
countries

SSP1

Sustainability
Taking the Green Road

Palicy focused on sustainable
development

Increasing challenges to mitigation

Effective international cooperation

Reduced inequality within and
across countries

Low consumption

Low population growth

SSP4

Inequality
A Road Divided

Policy focused on elite
High consumption
High inequality

Low to medium economic growth

Low population growth in rich
countries, high in other countries

Increasing challenges to adaptation

Figure 1- The Shared Socioeconomic Pathways and the associated challenges to mitigation and

>

adaptation (from: https://climatedata.ca/resource/understanding -shared -socio -economic -

pathways -ssps/)

The IPCC uses five main scenarios to represent different socioeconomic

trajectories ( 45).

- SSP1 (Sustainable Growth and Equality) : A world with sustainable

development, social equity and environmental care.

- SSP2 (Intermediate Development) . A future with moderate
economic development, but with persistent inequalities and

environmental challenges.

https://res2fire.interreg -ipa - adrion.eu/
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- SSP3 (Neo -nationalism and Regional Rivalry) : A world characterised
by greater isolationism, regional rivalries, and reduced international
cooperation.

- SSP4 (Growing Inequalities) . A future with increasing social
polarisation, inequality, and economic hardship for the most
vulnerable.

- SSP5 (Rapid and Unrestricted Growth) : A world with strong
economic growth based on the use of fossil fuels, but with significant
environmental consequences.

2.1.The Climate Change in the study areas

The WorldClim dataset (https://worldclim.org/) was used for the climate

data projected into the future and for the various SSP scenarios. This
dataset reports climate data projections at various time steps up to 2100.

For the various SSPs, the climate vari ables already used for the
identification of the Hazard Maps in their current state (see Deliverable 1.2.1)

were used. This dataset is based on IPCC projections that have been
reclassified at 1 km and is widely used by the global scientific community.

The bioclimatic variables used for the CC projections are listed in Table 1

The bioclimatic variables, therefore, used for the future projections at

different emission scenarios (SSP) are the same as those that were
significant in the identification of the Fire Hazard at present (see Deliverable

1.2.1). The projection years are 20 60 and 2100 for the two scenarios SSP1  -2.6
and SSP5 -8.5. Based on the future projections of the bioclimatic variables,

a preliminary analysis of climate trends was conducted on the ten study
areas ( Figures 2-1).

Table 1u Bioclimatic variables used for the climate characterisation of the study areas where year =
2000, 2040, 2060, 2080 and 2100 (Source: WorldClim)

Layer Resolution Description

{year} BIO1 Projection for SSPs1 -2.6
Annual Mean Temperature

{year} BIO5 Projection for SSPs1 -2.6
Max Temperature of Warmest Month
{year} BIO9 Projection for SSPs 1 -2.6
Mean Temperature of Driest Quarter
{year} BIO12 Projection for SSPs1 -2.6 ¢
Annual Precipitation

{year} BIO14 Projection for SSPs 1 -2.6
Precipitation of Driest Month

{year} BIO17 Projection for SSPs1 -2.6
Precipitation of Driest Quarter

CC_sspl126_{year} _biol approx. 1 km
CC_sspl126_{year} _bhio5 approx. 1 km
CC_sspl126_{year} _bio9 approx. 1 km
CC_sspl126_{year} _biol2  approx. 1 km
CC_sspl126_{year} _biol4  approx. 1 km

CC_sspl126_{year} _biol7 approx.1km

https://res2fire.interreg -ipa -adrion.eu/ 3 | Pa ge
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Lagonegrese NP, Italy (from top left to bottom right:

pa-adrion.eu/
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Sutijeska National Park, Bosnia and Herzegovina
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Figure 3 - CC projections of the bioclimatic variables for the Sutijeska NP, Bosnia and Herzegovina
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Shebenik Jab llanika National Park , Albania
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Velventos Forest , Greece
18 600
—®-55P1-2.6 —@-SSP5-8.5 5op | | —®SSP1-26 —8-SSPS-85 586
g 16 _ 580
= [3
g E s
B 14 5
g £ 560
£ -
E " g 550
g T:.“ 540
E 10 § 530
(T ﬂ 520
g g
@ g 510
500
500
6 490
1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
year year
34 30
= —8-55P1-2.6 —€—-55P5-8.5 326 —8-55P1-2.6 ——S5P5-8.5
= T 28
-g‘ 32 %
2 b=
H 3 26
£ 30 g
% E o
g s 3
£ 2 22
:
3 26 £
: & 20
2 F
w2 f’\ 18
: 8
@
22 16
1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
year year
40 130
38 ——-55P1-2.6 —@-55P5-8.5 —8-55P1-2.6 —@-55P5-8.5
T E
E 3 E 120
E E
§ 34 B
= & 110
232 B
S &
S 30 5 100
2 s
28 B
§ 2 5 90
& £
g 24 -
=} 3 80
® % &
20 70
1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
year year
Figure 5 - CC projections of the bioclimatic variables for the Velventos Forest, Greece (from top left
to bottom right: ~ Annual Mean Temperature; Annual Precipitation; Temperature of Warmest Month;
Temperature of Driest Quarter; Precipitation of Driest Month; Precipitation of Driest Quarter )

https://res2fire.interreg

-ipa - adrion.eu/

7|Page




D1.3.1- Report on fire hazard and fire risk mapping in current and climate change scenarios

RES2FIRE

Osogovo Mountains, North Macedonia
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Municipality of Potenza , Italy
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Municipality of Marathon, Greece
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City of Kocani, North Macedonia
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Municipality of Loznica, Serbia
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Figure 10- CC projections of the bioclimatic variables for the Municipality of Loznica, Serbia (from

top left to bottom right:

https://res2fire.interreg

Annual Mean Temperature; Annual Precipitation; Temperature of Warmest

Month; Temperature of Driest Quarter; Precipitation of Driest Month; Precipitation of Driest

Quarter )

-ipa -adrion.eu/

12|Page




D1.3.1- Report on fire hazard and fire risk mapping in current and climate change scenarios

RES2FIRE

Kozara N ational Park, Bosnia and Herzegovina
18 1200
—-55P1-2.6 —@-S5P5-85 -8-55P1-2.6 —@-S5P5-8.5
— 16 1145
e Fl150
g E
g £
B 8
- 21100
E 12 E_
7] -
= g
3 £1050
E 10 <
3 g
g S
S s 21000
6 950
1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
year year
36 6 55
=) —@-55P1-2.6 —#-SSPS-8.5 33,9 ~8-55P1-2.6 -@—S5P5-85 ‘
£ g
5 3
2w 5
g g 4
5 30 2
: z
a kS
g 28 @ 3
§ 26 E
g  ?
5 24 %
? =
8 2 g’
a 2 09
20 0
1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
year year
360
69 —8—55P1-2.6 —€—SS5P5-8.5 340 —8-55P1-2.6 —@—55P5-8.5
5 67 g
E 67 66 66 66 320 313
I
5 i E 300
= 65 6 6 &
£ % 230
263 5
E ‘g 260
3 61 % 240
= 5
s 50 s g 220
< ~ 200
a x
@ 57 58 58 o
= = 180
55 160
1980 2000 2020 2040 2060 2080 2100 2120 1980 2000 2020 2040 2060 2080 2100 2120
year year
Figure 11- CC projections of the bioclimatic variables for the Kozara NP, Bosnia and Herzegovina
(from top left to bottom right: Annual Mean Temperature; Annual Precipitation; Temperature of
Warmest Month; Temperature of Driest Quarter; Precipitation of Driest Month; Precipitation of
Driest Quarter )
As can be seen, the temperature -related variables ( Annual Mean

Temperature, Temperature of Warmest Month and Temperature of Driest

Quarter ) tend to increase over the years for all sites, with larger increases
expected for the SSP5 -8.5 scenario than for the SSP1 -2.6 scenario.
Compared to 2000, the average annual temperature increase in 2100 is

about 5 g6 °C for the SSP5 -8.5 scenario and about  2¢3 °C for the SSP1 -2.6

https://res2fire.interreg -ipa - adrion.eu/
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scenario, with a tendency to stabilise from 2060 onwards. The other
temperature -related variables exhibit a similar trend. Increases in
temperature are less pronounced in distinctly Mediterranean areas (e.g. the
Municipality of  Marathon ) than in study areas with a continental climate
located at higher latitudes (e.g. Shebenik - Jabllanica and Kozara NPs). This
is most likely because in areas where the current average temperature is

already very high (e.g. approx. 17 °C in Marathon ), the increase is less
signi ficant. In contrast, in areas with a more continental climate, the current

average temperature is much lower (e.g. 5.1 °C in Shebenik -Jablanica NP,
8.3 °C in Kozara NP, 7.2 °C in Osogovo Mountains  and 6.9 °C in Sutjeska NP ),
the temperature increases by 2100 are much greater, especially according

to the SSP5 -8.5 scenario.

The precipitation variables (Annual Precipitation, Precipitation of the Driest
Month and Precipitation of the Driest Quarter) exhibit less consistent trends
across the different time steps and for the scenarios SSP1 -2.6 and SSP5 -5.8.

In the SSP1-2.6 scenario, the rainfall variables tend to decrease until 2060,
chvgt"yjkej"vjg{"kpetgcug"cickp."tgcej kpi"*g
Lagonegrese NP, Municipality of Potenza, Sutijeska NP and Shebenik -

Jablanica NP) or even exceeding cur rent values by 2100 (e.g. Velventos

Forest, Osogovo Mountains, City of Kocani, Municipality of Loznica and

Kozara NP). In Marathon, annual rainfall decreases significantly until 2060,

after which it increases again without reaching current rainfall levels.

In the SSP5 -9.5 scenario, all the rainfall variables tend to decrease

significantly over time, albeit with substantial differences between sites.

Reductions in rainfall are much less significant in more inland continental

climate sites (e.g. Osogovo Mounta ins, Velventos Forest and Shebenik -

Jablanica NP) and at higher latitudes (e.g. Kozara NP) than in Mediterranean

areas (e.g. Municipality of Marathon) or Mediterranean mountainous areas

*g0i 0" Crrgppkpqg"” Nwecpqg" Xcn" fHCi tk" Ncigpgi:
Poten za).

The trends in the Precipitation of Driest Month (BIO14) and Precipitation of

Driest Quarter (BIO17) variables are even more variable across the different

study areas and the two SSPs analysed. As expected, the decreases in these
variables are less pronounc  ed in the SSP1 -2.6 scenario than in the SSP5 -8.5
scenario. Furthermore, inthe SSP1  -2.6 scenario, an increase in precipitation

is observed at all sites after 2060, often exceeding current values,

particularly in more continental climates (e.g. Sheblenik -Jablanica NP,
Kozara NP and Sutjeska NP). In more distinctly Mediterranean areas, such
as the Municipality of Marathon, rainfall in the driest month and in the driest

quarter remains substantially unchanged over the years for both SSP

https://res2fire.interreg -ipa - adrion.eu/ l4|Page
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scenarios, probably because we are starting from extremely low values. In
Mediterranean mountainous areas (e.g. Municipality of Potenza and

Appennino Lucano  Val d'Agri Lagonegrese  NP), rainfall variables tend to
remain stable or show minor decreases.

https://res2fire.interreg -ipa - adrion.eu/ 15|Page
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3. Fire Hazard in Climate Change projections

RES2FIRE

Once the climate variable layers projecting future climate change had been
identified, a fire hazard analysis was conducted for the ten study areas. The
analysis covered two time steps (2060 and 2100) and two Shared

Socioeconomic Pathways (SSP1

3.1.Variables used for future projections of Fire Hazard

-2.6 and SSP 5-8.5).

The variables used, therefore, are the same as those identified for the

definition of Fire Hazard at present (

Input layer

Table 2), as reported in Deliverable 1.2.1.

Table 2 - Input layers of the Fire Hazard model

Unit of measurement

°C

BIO1 g Annual Mean Temperature

BIO5 - Max Temperature of Warmest Month
BIO9 - Mean Temperature of Driest Quarter
BIO12 - Annual Precipitation

BIO14 - Precipitation of Driest Month

°C
°C
mm
mm

BIO17 - Precipitation of Driest Quarter

DEM
Slope
Aspect

Biomass (Aboveground live biomass)
Tree Cover Density (TCD)

CLC 2018

Fuel Model Scott & Burgan

mm
meters
degree
degree
Mg/ha

%

Categorical

Categorical

Data projected to 2060 and 2100 were used only for the climate variables in

the two scenarios, SSP1

-2.6 and SSP5 -8.5 (Table 3).

Table 3 - Climatic variables used for future fire hazard projections

Layer
CC_sspl126_2060 biol
CC_ssp126_2060_bio5
CC_ssp126_2060_bio9
CC_sspl26_2060_biol2
CC_ssp126_2060_biol4
CC_sspl126_2060_biol7
CC_sspl126_2100_biol
CC_ssp126_2100_bio5
CC_sspl126_2100 bio9
CC_sspl126_2100_bio12
CC_ssp126_2100_biol4
CC_ssp126_2100_biol7

https://res2fire.interreg

Description

2060 BIO1 Projection for SSPs 1  -2.6
2060 BIO5 Projection for SSPs 1 -2.6
2060 BIO9 Projection for SSPs 1 -2.6
2060 BIO12 Projection for SSPs 1 -2.6
2060 BIO14 Projection for SSPs 1 -2.6
2060 BIO17 Projection for SSPs1 -2.6
2100 BIO1 Projection for SSPs 1 -2.6
2100 BIOS5 Projection for SSPs 1 -2.6
2100 BIO9 Projection for SSPs 1  -2.6
2100 BIO12 Projection for SSPs 1 -2.6
2100 BIO14 Projection for SSPs 1 -2.6
2100 BIO79 Projection for SSPs 1 -2.6

-ipa - adrion.eu/

Annual Mean Temperature

Max Temperature of Warmest Month
Mean Temperature of Driest Quarter
Annual Precipitation

Precipitation of Driest Month
Precipitation of Driest Quarter
Annual Mean Temperature

Max Temperature of Warmest Month
Mean Temperature of Driest Quarter
Annual Precipitation

Precipitation of Driest Month
Precipitation of Driest Quarter
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Layer
CC_ssp585_2060_biol
CC_ssp585_2060_hio5
CC_ssp585_2060_hio9
CC_ssp585_2060_biol2
CC_ssp585_2060_hiol4
CC_ssp585_2060_biol7
CC_ssp585_2100_biol
CC_ssp585_2100_bio5
CC_ssp585_2100_bio9
CC_ssp585_2100_biol2
CC_ssp585_2100_biol4
CC_ssp585_2100_biol7

Description

2060 BIO1 Projection for SSPs 5 -8.5
2060 BIO5 Projection for SSPs5  -8.5
2060 BIO9 Projection for SSPs5 -85
2060 BIO12 Projection for SSPs 5 -8.5
2060 BIO14 Projection for SSPs 5 -8.5
2060 BIO17 Projection for SSPs5 -8.5
2100 BIO1 Projection for SSPs 5 -8.5
2100 BIOS5 Projection for SSPs 5 -8.5
2100 BIO9 Projection for SSPs 5 -8.5
2100 BIO12 Projection for SSPs5 -8.5
2100 BIO14 Projection for SSPs 5 -8.5
2100 BIO17 Projection for SSPs 5 -8.5

3.2. The model used for future Fire Hazard projection

RES2FIRE

Annual Mean Temperature

Max Temperature of Warmest Month
Mean Temperature of Driest Quarter
Annual Precipitation

Precipitation of Driest Month
Precipitation of Driest Quarter
Annual Mean Temperature

Max Temperature of Warmest Month
Mean Temperature of Driest Quarter
Annual Precipitation

Precipitation of Driest Month
Precipitation of Driest Quarter

As described in Deliverable 1.2.1, a number of Machine and Deep Learning
algorithms were tested for the detection of Fire Hazard at present, namely:

- Logistic Regression (LR), also known as MaxEnt (Maximum Entropy)
- Atrtificial Neural Network (ANN)
- Weight of Evidence (WOE)

The final analysis revealed that Logistic Regression was the algorithm that
best matched the definition of fire hazard for the entire area under analysis,
which comprised the ten study areas

In fire probability modelling, the aim of multiple logistic regression is to

create a robust model

that clarifies the

relationship between the

occurrence of a fire (the dependent variable) and a set of predisposing
factors (the independent variables).

The logistic regression equation takes a general form:

where Prepresents the probability of a fire occurring, while
(value 1) or non -occurrence (value 0) of a fire.

in the equation

5 P
p Q

b_Orepresents the intercept of the model while
xi (where E 1 h p are thel

E 1 h p are thel coefficients of the model and
explanatory variables of the model.

https://res2fire.interreg

-ipa - adrion.eu/

zthe occurrence

ztakes the following form:

E &3

bi (where
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The same algorithm was used for the fire hazard analysis in the future
climate change projections, with the dataset updated to include the climate
variables from the IPCC scenarios ( Figure 12).

Climate Change 2 time

i 2060
Scenarios horizons | 2100
S5P5-85
Logistic s5p126 \
2 SSPe { SSP1-2.6

Regression
SSP5-8.5

BIO1 — Mean Annual Temperature BIO12 — Annual Precipitation
Appennino Lucano - Val d'Agri - Lagonegrese Appennino Lucano - Val d'Agri - Lagonegrese
National Park National Park
g L ! I
g1 s e —
e

2060
a

Figure 12- Model used for Fire Hazard detection in Climate Change projections

3.3. Results of the logistic regression application for the future projection
of fire hazard

Having selected the input variables and identified the optimal data
integration algorithm, the output data were analysed. This analysis was
conducted for two IPCC scenarios (SSP1 -2.6 and SSP5 -8.5) and two time
steps (the years 2060 and 2100).

The four hazard maps developed were subjected to statistical analysis to

verify the validity of expressing hazard in future projections. In particular,

the Receiver Operating Characteristics (ROC) curve ( Figure 13) was used for
identifying fire hazard at present. The trend of the ROC curve and the area

under the curve (AUC) provide a quantitative measure of how good the

tested models are.

https://res2fire.interreg -ipa - adrion.eu/ 18|Page
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Figure 13u ROC curves for the various IPCC scenarios

As can be seen from the trends in the ROC curves for the different scenarios

and time steps, future projections accurately express fire hazard in climate
change projections. In fact, the curves closely approximate the curve
expressing the fire hazard at pr esent (in black). The even more informative
AUC values ( Table 4) provide a numerical representation of the test.

Table 4 u AUC values for Climate Change Scenarios

Model AUC
Year 2000 0.84
SSP1 2.6 § year 2060 0.85
SSP12.6 g year 2100 0.85
SSP5-8.5 ¢ year 2060 0.85
SSP5-8.5 § year 2100 0.84

As can be seen from the AUC values, the future fire hazard projections not
only align with the expected trend, but in some cases also exceed the
current statistical values of the fire hazard model.

The analysis was also corroborated by two statistical tests: AIC (Akaike
Information Criterion) and BIC (Bayesian Information Criterion, also known
as the Schwarz Criterion). The results of these tests are reported in 27.

AIC provides a measure of the quality of a statistical model's estimation by
taking into account both its goodness of fit and complexity. It is based on

the concept of entropy as a measure of information, and uses this to assess
the amount of information | ost when a given model is used to describe data.

https://res2fire.interreg -ipa - adrion.eu/ 19| Page
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BIC is a criterion for selecting a model from a class of parametric models
with different numbers of parameters. Selecting a model to optimise for

BIC is a form of regularisation. When estimating model parameters using

the maximum likelihood method, it is possible to increase the likelihood by
adding parameters, which can cause overfitting. BIC solves this problem by
introducing a penalty term for the number of parameters in the model.

Table 5 - Statistical tests of the LR algorithm for various Climate Change scenarios

Scenario AIC BIC

Year 2000 179.62 1714.04
SSP1 2.6 § year 2060 179.71 1714.14
SSP12.6 ¢ year 2100 179.71 1714.14
SSP5-8.5 § year 2060 179.79 1714.22
SSP5-8.5 g year 2100 179.76 1714.19

The statistical parameters AIC and BIC also show that the ML algorithm
used provides a good fit for the future projections compared to the
actuality.

The data analysis showing the importance of the variables in determining
hazard levels in future projections and in the two analysed scenarios is
presented in Figures 14 17.

100
90
80

70

60 year 2060

SSP1-2.6

50

40

27.
30
20

10

BIO17 Tree Corine BIO12 BIO9 BIOS Fuel BIO1 BIO14 Biomass Aspect DEM  Slope

Cover Land Model
Cover (Scott &
2018 Burgan)

s Percent contribution  —@— Cumulative

Figure 14 ulmportance of the variables for fire hazard assessment in the SSP1 -2.6 scenarios in 2060
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Figure 15uImportance of the variables for fire hazard assessment in the SSP1 -2.6 scenarios in 2100
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Figure 16ulmportance of the variables for fire hazard assessment in the SSP5 -8.5 scenarios in 2060
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Figure 17- Importance of the variables for fire hazard assessment in the SSP5 -8.5 scenarios in 2100

Currently, the fire hazard is primarily determined by temperature -related
climate variables (see Deliverable 1.2.1), particularly BIO5 (maximum
temperature of the warmest month) and BIO9 (mean temperature of the

driest quarter), and secondarily by mean ann ual rainfall values. However, in
future projections for both SSP scenarios and the timeframes considered,
precipitation -related climate variables will be the main factor in
determining the fire hazard. The most important of these is BIO17
(precipitation of  driest quarter), with BIO14 (precipitation of driest month)
only being the main variable in the SSP1 -2.6 scenario up to 2060. This is
followed, especially for the SSP5 - 8.5 scenarios, by the other precipitation
related variables.

This suggests that the most important drivers in determining differences in
hazard in future scenarios are related to precipitation values. Therefore, as

will be explained in more detail below, in study areas where there is less
reduction in precipitation values in future scenarios, especially during
warmer periods, there will be a smaller increase in hazard, or even
stabilisation or reduction.

As with fire hazard mapping at present, topographical variables assume
little importance in future projections. While these variables are of varying

https://res2fire.interreg -ipa - adrion.eu/ 22 |Page
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importance at a local level, at a continental scale it is the climatic variables
that influence the different hazard levels, as expected.

Among the vegetation variables that play a significant role in determining

hazard levels is land use, as expressed by the CLC 2018 and, to a lesser
extent, Scott and Burgan's Fuel Model Map, which builds upon it. The
contingency test (Pearson's C) between the two datasets for the study

areas is 0.85. A vegetation variable that has always been important in
identifying fire suscept ibility is 'tree cover'. The density of the different
forest stands' cover influences the propensity of forest areas to be affecte d
by fires. Therefore, in general, increasing levels of danger are recorded as

cover decreases. This is related to the fact that the more or less complete

closure of the crowns reduces the presence of surface fuel (herbaceous and
shrubby) and the amount of radiation reaching the ground under tree cover
(Figure 18).
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Figure 18- Response of Fire Hazard to Tree Cover Density (x -axis)

A Jackknife test was performed to obtain alternative estimates of which
variables are most important in the model. In turn, each variable was
excluded and a model was built with the remaining variables. Then, a model

is built using each variable in isolati on. Finally, as before, a model is built
using all the variables. The results of evaluating the contribution of the
predictor variables to the occurrence of vegetation fires using the Jackknife

test are shown in  Figure 19. The blue bars illustrate the performance and
accuracy of the single predictor variable when applied in isolation. The red

bar shows the overall gain of the model, calculated using all the predictor
variables.

As can be seen, the variables showing the highest gain in all scenarios are
climate variables, particularly those related to precipitation, such as BlIO12
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(annual precipitation). In the SSP1  -2.6 scenario up to 2060, the variable
showing the highest gain when used in isolation is BIO9 (mean temperature
of driest quarter), followed immediately by BIO12 (annual precipitation). In
the most dramatic scenario (SSP 5-8.5 up to 2100), BIO14 (Precipitation of
Driest Month) also assumes considerable importance immediately after

BIO12. Therefore, in all scenarios, precipitation -related environmental
variables are decisive in identifying the different hazard levels. Furth ermore,
in all four CC scenarios, omitting the environmental variable fCorine Land

Cover 2018 Hresults in the greatest decrease in gain, suggesting that it
contains information not present in the other variables.
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Figure 19- Jackknife diagram showing the environmental variables for all IPCC scenarios

3.4. Fire Hazard mapping for Climate Change scenarios

Having assessed the quality of the algorithm used, we proceeded to obtain

Fire Hazard maps for the ten study areas and the four CC scenarios: SSP1 -
2.6 to 2060, SSP1 -2.6 to 2100, SSP5 -8.5 to 2060, and SSP5 -8.5t0 2100. The
results are shown in Figures 20-27.
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Figure 20 - Fire hazard for the different IPCC scenarios in the Appennino Lucano Val d'Agri Lagonegrese NP and the Municipality of Potenz
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Figure 23 - Fire hazard for the different IPCC scenarios in the Shebenik -Jabblanika NP, Albania
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Figure 25 - Fire hazard for the different IPCC scenarios in the Velventos Forest, Greece

https://res2fire.interreg -ipa - adrion.eu/ 30 |Page



D1.3.1- Report on fire hazard and fire risk mapping in current and climate change scenarios

https://res2fire.interreg

5040000 5050000 5060000 5070000 5080000 5090000
1 1 1 1 1 1
s S35P1-2.6 s
34 year 2060 -2
s S
& &
8 8
D - -
& &
1 &
Legend
Fire Hazard
o
o o
E] Low E]
2 ; -2
5 A Moderate 5
= e =
N g
I e o
CRS: ETRS89-extended / LAEA Europe
T T T T T T
5070000 5080000 5090000
5044000 5056000 5068000 5080000 5092000
1 1 1 1 1
g S5P5-8.5 g
2 year 2060 -2
& &
8 8
S - -2
8 8
& =1
Legend
s Fire Hazard 5]
g ]
e[S
[ o
A Moderate
N High
g e o g
8 CRS:ETRS89-extended / LAEA Europe -2
& T T T T T &
5044000 5092000

2428000 2440000

2416000

2428000 2440000

2416000

5040000 5050000 5060000 5070000 5080000 5080000
L L L L L L
SSP1-2.6 5
year 2100 =
&
8
-
&
3
Legend
Fire Hazard
B vy o =
3
(- -2
[ oderste -1
B
CRS: ETRS89-extended f LAEA Europe I e ion
T T T T T T
5040000 5050000 5060000 5070000 5080000 5090000
5040000 5050000 5060000 5070000 5080000 5080000
L L L L L [
2
SSP5-8.5 | S
year 2100 3
2
-2
&
&
.~/ Legend
Fire Hazard
e |
O o 2
A ] vodenste 5
Q [ van
I v=ry o
CRS: ETRS89-extended / LAEA Europe
T T T T T T
5040000 5050000 5060000 5070000 5080000 5090000

Figure 26 - Fire hazard for the different IPCC scenarios in the Municipality of Loznica, Serbia
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Figure 27 - Fire hazard for the different IPCC scenarios in the Municipality of Marathon, Greece
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4. Analysis of Fire Hazard trends in Climate Change scenarios

To analyse how fire hazards change under future climate change scenarios,
we first examined changes in fire hazard classes for two SSPs and two time
steps in all study areas ( Figures 28-30).

As the plots show, there are no substantial changes in the fire hazard classes
between the SSP1 -2.6 projections for 2060 and 2100. Conversely, in areas
with a more continental climate, this scenario shows a reduction in the
highest hazard classes compared to the present day (e.g. Sutijeska NP,
Velventos Forest, the Municipality of Loznica and Kozara NP). In contrast,

for the municipality of Marathon, which has a distinctly Mediterranean
climate, the 'high' and 'very high' hazard classes tend to increase, al beit not
significantly, while the intermediate and low hazard classes remain more or

less unchanged. At Shebenik  -Jablanica NP, there is a considerable increase

in the moderate class at the expense of the 'low' class. In the Appennino
Lucano Val d'Agri Lago negrese NP, the highest hazard classes are already
extremely low, with a significant proportion of the low and very low classes.

Future projections for the SSP1  -2.6 scenario indicate a shift from the 'low'
class to the 'very low' class in this area in both 2060 and 2100. The same
trend is evident in the municipality of Potenza, which is located to the north

and adjacent to the aforementioned park. Currently, however, the high

hazard class is well represented, and future scenarios suggest a significant

decre ase in this class in favour of the low and moderate classes.

For the SSP5 -8.5 scenario, there are generally no significant differences
between the two analysed projections for 2060 and 2100. Compared to the

present, there tends to be a shift towards more moderate or even lower

hazard classes. In the study areas of t he Osogovo Mountains and the
neighbouring city of Kocani, there is a significant shift from the 'very high'

class to the 'high' and 'moderate’ classes, with a tendency for the lower

classes to decrease as well. In higher latitudes, such as Kozara NP and th e
Municipality of Loznica, there is a shift from the extreme classes to the more
moderate classes, especially the 'low' and 'very low' classes. In Sutijeska NP,

higher hazard classes tend to increase at the expense of lower hazard
classes. The same trend e ssentially occurs in the Mediterranean mountain
area, specifically the Appennino Lucano Val d'Agri Lagonegrese NP and the
Municipality of Potenza. In the Municipality of Marathon, there has been a

gradual increase in the most hazardous classes ('very high' and ' high’),
starting from high temperature values and low rainfall.
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Figure 28 u Variation in fire hazard class across different IPCC scenarios in the following protected areas: Appennino Lucano Val d'Agri Lagonegrese

National Park (Italy); Sutjeska National Park (Bosnia and Herzegovina); Shebenik
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-Jabllanica National Park (Albania);

and Velventos Forest (Greece).
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Figure 29 u Variation in fire hazard class across different IPCC scenarios in the following protected areas: Osogovo Mountains (North Mac edonia);

Municipality of Potenza (lItaly); Municipality of Marathon (Greece); and City of Kocani (North Macedonia)

https://res2fire.interreg

-ipa - adrion.eu/

35|Page





























































































