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Introduction

Wildfires are randomly determined but recurrent biophysi-
cal events of most terrestrial ecosystems in Earth’s natural 
history, as accumulated paleo-fire records and developing 
research prove (Rius et al. 2012; Leys et al. 2016; Marlon 
2020). As an integral part of most ecosystems functioning 
and development, wildfire multi-scale events materialize 
combinations of physical, anthropogenic, and social-eco-
logical drivers varying or evolving in time and space, which 
cause a flame to become a large fire plume. Particular sets 
of drivers determine different aspects of wildfire events. For 
instance, combined oxygen, heat, and fuel determine fire as 
a physical phenomenon (e.g., Bakhshaii and Johnson 2019). 
Variations in vegetation, climate, topography, and human 
activities determine fire regime in the sense of location, tim-
ing or seasonality and frequency of fire, the typical size of 
the fire, and its severity in terms of the amount of biomass 
burned (Archibald et al. 2013). Social-ecological, exogenous 
or endogenous drivers which describe patterns of moderni-
zation (Buizer and Kurz 2016), globalization (Ruane et al. 
2018) and transitions (Oliveira et al. 2017), such as demog-
raphy, agriculture, forestry, husbandry and food production 
systems, land-use change, monetary value and real estate 
pressures, and institutional framework influence fire risk and 
hazard aspects (Hardy 2005).

One might attempt an extended suite of verisimilar gen-
eralizations and predictions based on the abundant literature 
(> 6000 papers listed in the Web of Knowledge/Science) 
relevant to the above aspects of fire, i.e., the physical phe-
nomenon, geo-history and ecology, fire regime, and fire risks 
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and hazards. Anthropogenic fire causes and drivers became 
preponderant following cultural transformations towards the 
modern and post-modern world. Fire regimes, risks and haz-
ards are inherently connected to global change, i.e., climate 
and land-use change, alteration of the physicochemical qual-
ity of the environment, and biodiversity erosion (Poljansek 
et al. 2019). As far as climate change is concerned, wildfires 
are both causes of carbon emissions and imbalances in car-
bon sink-source ratios (sequestered quantities as biomass 
and soil organic matter) (Loehman RA 2020). Further, cli-
matic transitions in fire-prone biomes, such as the Mediterra-
nean Basin, towards fire-facilitating conditions are systemat-
ically predicted under several climate scenarios (Moss et al. 
2010). Increment in temperature, increase in fuel dryness 
and reduction of rainfall and relative humidity, increase in 
extreme climatic events causing prolonged droughts and hot 
spells, are expected to substantially impact fire risk, severity, 
and burned area (Moriondo et al. 2006). Overall, climate 
change projections suggest an increase in days conducive to 
extreme wildfire events by 20 to 50% in these disaster-prone 
landscapes (Marlon 2020; Tedim et al. 2020). The physical 
phenomenon is gradually transformed into a social, adminis-
trative and organizational complex challenge that requires a 
Coupled Human and Natural Systems (CHANS)-based risk 
framework (Kline et al. 2017; Shindler et al. 2017), i.e., the 
joint assessment of biophysical risk and adaptive capacity 
feedbacks that affect the potential for effective mitigation in 
large spatial, temporal and social scales.

The issue of rationalities, in the sense of Douglas (1994), 
i.e., the complex profile of multi-thematic wildfire-related 
perceptions that collectively characterize and quantify all of 
a societal group’s responses, their interrelations and influ-
ence its perceptions identity (Troumbis and Hatziantoniou 
2018) is of primary importance to understanding how social 
institutions evaluate wildfire disturbances in their multiple 
aspects. In this context, it is essential to uncover diverging 
rationalities between the general public and wildfire-related 
professionals (firefighters, forest managers, practitioners, 
civil-protection agents). In the era of participatory decision-
making in environmental issues, co- and adaptive-manage-
ment (St-Laurent et al. 2018), uncovering divergences versus 
convergences in rationalities between fire and forest service 
members and the general public (St-Laurent et al. 2019) 
regarding wildfire impacts upon the environment, biodiver-
sity and production infrastructures and capital is of strategic 
important information on societal response to global change. 
In this direction, IPBES (Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services) adopted a 
conceptual framework integrating into a circular explanatory 
scheme various components of human-nature relationships 
(Díaz et al. 2015; IPBES 2019) where the previous issues 
acquire particular importance. Further, Pascual et al. (2017) 
thoroughly analyzed the significance of various aspects of 

human values on these issues as attitudes, behavior, prefer-
ences or value-measurement might systematically differ.

Fire in Greek civilization is a foundational concept that 
became ecumenical after Prometheus’ myth of human free-
dom and knowledge. Greece is a Mediterranean territory 
badly affected by wildfires and poor management of its for-
est capital since ancient times, as referred to in the works 
of Homer, Plato, Heraclitus, and Anaximenes (Sallares 
1991). The modern data time series on wildfire events in 
Greece goes back to 1955 (see Methods section).Currently, 
one can find Greek annual wildfire reports in the European 
Forest Fire Information System (EFFIS 2020) and the offi-
cial records of the Hellenic Fire Service from 2000 onwards 
(Hellenic Republic 2020). However, during the last 15 years, 
the mega-fires of 2007 and a single small-scale crown fire 
during 2018 (1400 ha burned) with human casualties caused 
trauma in Greek society (Mellon et al. 2009) and among fire-
fighters in particular (Psarros et al. 2018). The 2018 wildfire 
affected the community of Mati, east of Athens, and caused 
102 fatalities (Goldammer et al. 2019), making it the second-
deadliest wildfire event worldwide since 2001 (the first being 
the 2009 Black Saturday bushfires in Australia that killed 
180 people).

At the European Union level (EU), repeated Euroba-
rometer surveys (especially after 1992) focus on Europe-
ans’ attitudes towards biodiversity (European Commission 
2019a) and climate change (European Commission 2019b), 
but wildfires per se are not included, either as a cause or 
as an effect as a result of both these planetary level change 
phenomena. However, EU cross-countries and regional cul-
ture variations in attitudes towards biodiversity still exist 
(Troumbis 2021). Palaiologou et al. (2021b) published a sys-
tematic description of a sample of Greek citizens’ attitudes 
towards forest fires, revealing interesting variations between 
socio-demographic groups. In this study, we revisit the origi-
nal Palaiologou et al. (2021b) survey with the explicit goal to 
apply advanced multivariate statistics to determine whether 
fire management agencies that include the Hellenic Fire Ser-
vice and Forest Service (both FS henceforth) have adopted 
systematic rationality regarding forest fire effects differing 
from the general public one. If a reality, such a condition 
should be considered pivotal in planning mitigation versus 
adaptation policies for Greek forests under climate change 
conditions (Kalabokidis et al. 2002, 2015) and promote effi-
cient public engagement. We ask three questions, all tested 
with advanced multivariate statistical analysis: (1) Can we 
deduce fire management agency tenure after socio-demo-
graphic descriptors?, (2) Can we uncover diverging rationali-
ties between fire management agents and the general public 
using multinomial logistic regression on averaged Likert 
data?, and, (3) Can we distinguish diverging rationalities 
through factor analysis, weighted multinomial regressions 
and receiver operating characteristic (ROC) classification?
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Materials and methods

To understand the perceptions and assess the FS agents’ 
and the general public’s rationalities regarding wildfires in 
Greece, a multi-leveled survey and multi-thematic ques-
tionnaire were created to collect empirical data (Palaiol-
ogou et al. 2021b). The questionnaire was designed to be 
as short but inclusive as possible, straightforward, easy to 
understand, cover the relevant dimensions of wildfire-related 
rationalities, and understand key aspects of what is consid-
ered important regarding wildfire effects. It was adminis-
tered to a sample of approximately 300 potential respondents 
(both by personal emails and through a web-based qualtrics 
questionnaire), interested or related in some way to wildfire 
phenomena. Respondents were located throughout Greece, 
i.e., the 13 Regions and all their subordinate territorial 
Administrative Prefectures and Forestry Offices. The sam-
pling procedure was non-probabilistic and convenient, and 
participants were not compensated. The response rate was 
approximately 30%, with 111 responses, of which 106 had 
no missing data (see Palaiologou et al. 2021b, Table 2 for job 
classification of respondents). The error margin due to sam-
pling size at 95% confidence interval, is ± 3.5%. The overall 
survey included 22 themes, eight with multi-thematic Likert 
scaled (1–5) sub-questionnaires, eight socio-demographic 
descriptors or questions, and the rest were multiple choice 
non-ranked or ordered questions. For a complete description 
of the questionnaire and descriptive analysis of data, refer to 
Palaiologou et al. (2021b).

The original survey data set was re-organized along 
three axes. The first axis was mono-thematic and treated 
as the dependent variable (DV) in most statistical proce-
dures. According to their declared Job Type (Forest or Fire 
Service), we classified individual participants into a binary 
categorical variable [0, 1] as agents or members of the FS 
category versus all others considered general public. The 
general public category included individuals interested in 
forest fire issues but not actively involved in forest fire sup-
pression or prevention.

The second axis was comprised of six socio-demographic 
descriptors per participant, gender, age, employment sta-
tus, and personal engagement in fire events. Therefore, they 
were treated as independent variables (IV) in some statistical 
procedures.

The third axis refers to domains or areas of concern such 
as various classes of fire effects, e.g., environmental, eco-
nomic, psychological. Also, it included interpretation of 
causes and drivers of a fire at regional versus a national 
scale, and forest management and policy issues, e.g., the use 
of prescribed burning as a fuel reduction method or potential 
governance re-organization or legislation changes.

Each of these domains or areas of concern was multi-
thematic and scrutinized through specific questionnaires 

developed in a Likert format in most cases. The 5-point 
Likert scale was formulated in different linguistic forms or 
even inversed rationally in some instances to avoid biased 
responses. Table 1 presents a summary of the structure of 
the survey.

Since our goal was the verification of significant differ-
ences in rationality and perception archetypes between FS 
and the general public regarding the multiple aspects of fire 
effects, causes, risks and prospective fire management poli-
cies, the statistical strategy adopted follows a multiple-stage 
procedure, examining, through different lenses, issues and 
thematic discontinuities in the surveyed sample. The first 
stage used binary logistic regression to estimate an individ-
ual’s probability of belonging to the reference category FS, 
after its independent socio-demographic characteristics. The 
second stage used a series of multinomial cumulative-linked 
generalized linear models for domains or areas of concern. 
In this case, Job Type class, i.e., FS versus GP (general pub-
lic), was an independent variable, and the mean value across 
Likert-scaled answered questionnaires per domain, area of 
concern, or non-ordered answers for the rest are dependent 
variables. Predicted probabilities were used after this model 
to classify individuals.

For the third stage, given the ambivalent preliminary 
results after the second stage, exploratory factor analysis 
(EFA) was used to reduce the large set of questions into 
some factors or sub-dimensions (components). This stage 
was crucial in this survey since most of the domains or areas 
of concern are addressed through Likert-scale measured 
multiple questions per issue. Further, the qualitative con-
stitution of components per issue might indirectly indicate 
differences between FS and the general public. Technically, 
we used direct oblimin rotations for factor analysis for the 
various individual Likert items. Factors were extracted until 
the eigenvalue fell below 1 and a minimum loading of 0.40 
used to allocate an item into different components. Indices 
were then created for use in a new set of regression analyses 
(second stage) by weighting each statement’s score loaded 
on each factor (component).

The fourth stage utilized a ROC curve analysis to classify 
individuals into the reference category FS versus general 
public, i.e., to search the sensitivity versus specificity of the 
binary logistic model (first stage) predicted probabilities 
and the significance of the area under the curve (AUC) as a 
metric of the deviance from the null hypothesis (AUC = 0.5; 
indicating no-difference between FS and GP categories). 
ROC curve analysis was also used as a classification method 
for differences between the FS and GP categories for the var-
ious domains or areas of concern. For the fifth stage, multi-
ple variables snowflakes (or spider-graphs) were constructed 
with the following procedure: questions and their constituent 
items that presented the highest and lowest ROC classifica-
tion performance (fourth stage) were identified for both FS 
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and GP categories. Categorical differences between items 
per selected question were then calculated and arranged in 
snowflake diagrams (or spider-graphs). Finally, for the sixth 
stage, we applied an independent-pairs t-test on data con-
cerning preferences of the FS and GP categories for priority 
policies to be adopted to face wildfire hazards.

All statistical procedures were performed on IBM SPSS 
statistics software, v.26 (Darren and Mallery 2019). Sig-
nificance levels, threshold values for particular tests follow 
standards provided in reference texts (Field 2013; Pituch 
and Stevens 2016). Calculations for the fifth stage were per-
formed on Excel spreadsheets.

Table 1  Summary description of independent and dependent vari-
ables used in the various statistical procedures: PCA/factor analysis, 
binary logistic regressions, and ROC classifications. According to the 

method used, variables of a specific domain or area of concern were 
treated either as independent variables (IV) or dependent variables 
(DV)

a #Q: code number of questions presented and analyzed
R: Regional; FS: Forest or Fire Service; GP: General Public; FA: Factor Analysis; DO: Direct Oblimin

Namea Variable Type Description

Job class DV Categorical Dummy variable (0,1) for FS versus GP; FS is the 
reference category (= 1)

Socio-demographic descriptors
Gender (Q3.5) IV Nominal Two categories, male and female; Female is the refer-

ence category (= 1)
Age (Q3.3) IV Scaled classes Six categories of 10-year each, ascending order, from 

18–24 to 65–74
Education (Q3.4) IV Ordinal Six categories ascending, from high-school to doctor-

ate
Employment status (Q3.1) IV Ordinal Seven categories, inactive to a full-time employee, 

non-ranked/ordered
Experience type (Q2.5) IV Ordinal Five categories, non-ranked/ordered
Personal involvement in fire events (Q2.3) IV Scaled classes Six categories ascending, from 0 to > 10
Domain/area of concern
Environmental impacts
Conservation-related effects (Q1.5) IV or DV Components (continuous) Eight categories, non-ranked, each Likert-scale rated 

(FA, DO)
Aesthetic-related effects (R) (Q1.6) Components (continuous) Five categories, non-ranked, each Likert-scale rated 

(FA, DO)
Economic impacts
Infrastructure damages (R) (Q1.9) IV or DV Components (continuous) Eleven categories, non-ranked, each Likert-scale rated 

(FA, DO)
Economic losses (R) (Q1.10) Components (continuous) Eight categories, non-ranked, each Likert-scale rated 

(FA, DO)
Psychological impacts
Human casualties/fatalities (Q1.7) IV or DV Components (continuous) Three categories, non-ranked, each Likert-scale rated 

(FA, DO)
Infrastructure damages (Q1.8) Components (continuous) Two categories, non-ranked, each Likert-scale rated 

(FA, DO)
Interpretation of causes/drivers
Regional level fires (Q1.2) IV or DV Ordinal 10 categories, non-ranked/ordered
National level fires (Q1.3) Ordinal 10 categories, non-ranked/ordered
Post-fire reduction of vegetation recovery (Q1.4) Components (continuous) 10 categories, non-ranked, each Likert-scale rated (FA, 

DO)
Forest management practices
Complexity of fire suppression (Q1.11) IV or DV Ordinal Eight categories, non-ranked/ordered
Use of prescribed fire for fuel reduction (Q2.1) Components (continuous) Seven categories, non-ranked, each Likert-scale rated 

(FA, DO)
Policies to be adopted
Perceptions of wildfire (Q2.2) IV or DV Ordinal Seven categories, non-ranked/ordered
Targeted priorities (Q2.4) Ordinal 10 categories, non-ranked/ordered
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Results

Deducing fire management agency tenure 
after socio‑demographic descriptors

The combined binary logistic regression and ROC curve 
classification of six socio-demographic descriptors 
(Table 1) is presented in Fig. 1. One hundred and six par-
ticipants (95.5% of the sample of 111 individuals) were 
included in the procedure. The five excluded individuals 
were those with missing values in one or more descrip-
tors. Omnibus tests of binary logistic model coefficients 
were significant at p = 0.000; the Hosmer and Lemeshow 
test achieved a value of 0.998 (df = 7), indicating signifi-
cance of the goodness-of-fit of the model; the constant 
of the model equaled − 0.707, significant at p = 0.001; 
the percentage of correct prediction of classification of 
individuals in the two categories (FS vs. GP) was 92.5%. 
ROC curve classification (reference category FS) applied 
upon binary logistic predicted probabilities gave an AUC 
sensitivity versus (1-specificity) value = 0.872; this value 
was highly significant at p = 0.001. The overall model 
quality value was 0.81, much higher than the value 0.5 
that indicates that a model is no better than a random one. 
Therefore, FS agents’ socio-demography is significantly 
divergent from the general public.

Multinomial logistic regression on averaged Likert data 
to uncover diverging rationalities

This sub-section focuses primarily on the technical aspects 
or interpretational limitations of multinomial logistic regres-
sion on Likert-scaled and/or non-ranked/ordered ordinal 
questionnaires. There are examples in the literature where 
the mean (or sum) of Likert-scale values across a series of 
questions per theme or item is used as an “indicator” or a 
“scale score” generation procedure upon which multinomial 
or binary regression is applied. The predicted probabilities 
are estimated to draw inferences, mainly when dichotomies 
or cut-off discontinuities are investigated (Sullivan and Art-
ino 2013). Indicatively, such approaches assume that there 
is no clear distinction between self-reported motivations, 
satisfaction, security feeling and so on; further, they assume 
that the question order has no impact on self-reported states 
of mind.

Indicative results of this procedure applied in our case 
are presented cautiously to explore the kind of information 
one could expect in similar issues. Table 2 summarizes the 
results of Question Q1.4 “Post-fire reduction of vegetation 
recovery” which consists of 10 different 5-point Likert-
scale items, answered by one hundred eleven participants 
(no missing data). The generic question as presented to par-
ticipants was as follows: “Based on your experience and 
knowledge, please rate the effect of the following negative 
factors on reducing the regeneration and vegetation recovery 
potential after a wildfire, for the prefecture of Greece where 
you reside for longer”. Non-parametric tests procedure on 
one-sample Kolmogorov–Smirnov test (K–S), means and 
standard deviation (SD) of Likert-scale responses per item 
are presented (Table 2). The null hypotheses were that the 
mean value of Likert-scale responses is randomly distrib-
uted and that responses per item are not correlated (Table 3). 
These are the prerequisites for distinguishing divergences 
between the two compared categories. 

Figure 2 presents the ordination of 5-point Likert scale 
individual responses (n = 111) on the 10 items in a two-
dimensional plane constructed after the mean response value 
across the items (y-axis), and the difference between this 
value and the corresponding predicted probability by mul-
tinomial logistic regression (x-axis). Again, individuals are 
distinguished graphically according to FS versus GP tenures. 
As expected, individual responses were arranged around the 
mean Likert-scale value; a notable finding from this ordina-
tion was that mean Likert values were predominantly nega-
tive, meaning that the predicted probabilities were lower in 
most individual cases.

The combination of results presented in Tables 2 and 3 
and Fig. 2 reject the null hypotheses. Data were normally 
and non-randomly distributed (Kolmogorov–Smirnov 
test; mean/variance comparison significantly different 

Fig. 1  ROC sensitivity versus (1-specificity) classification curve 
(blue line) of binary logistic regression predicted probability for FS 
tenure after socio-demographic descriptors. AUC value = 0.872, sig-
nificantly differing from the reference line (red line) corresponding to 
AUC value = 0.5
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from 1), and most of the 10 items were correlated signifi-
cantly in a pairwise Pearson correlation matrix (2-tailed) 
at p < 0.05 or p < 0.01. The same procedure was applied in 
all domains or areas of concern presented in Table 1, and 
the results were similar in all cases. Therefore, this proce-
dure was unsuitable for distinguishing different rationali-
ties between FS agents and the general public.

Distinguishing diverging rationalities through factor 
analysis, weighted multinomial regressions and ROC 
classification

This sub-section presents the combined statistical proce-
dures of the third and fourth stages described in the Meth-
ods section. Figure 3, which presents the final classification 

Table 2  Indicative example and summary statistics for the null hypotheses of randomly distributed 5-point Likert-scale responses. Ten items 
composed the list of factors; K-S test: one-sample Kolmogorov–Smirnov test

Item code Item question Mean ± SD /item Overall mean ± SD K-S test Mean/Variance comparison

Q1.4.1 Post-fire grazing 3.45 ± 1.28 3.26 ± 0.57 0.096 3.26/0.331 (= 9.85)
Q1.4.2 Burned vegetation at non-reproductive age 3.45 ± 1.03 2-tailed asymp-

totic signifi-
cance:

Q1.4.3 Steep burned slopes 3.52 ± 1.01 0.013
Q1.4.4 Poor quality and shallow soil type 3.28 ± 1.04
Q1.4.5 Illegal activities on burned areas 3.66 ± 1.11
Q1.4.6 Smoldering effect during wildfire 3.05 ± 1.02
Q1.4.7 Recent fire activity inside the affected area 3.6 ± 1.18
Q1.4.8 Urban/tourism pressure on burned areas 3.29 ± 1.21
Q1.4.9 Threats from insects or pathogens 2.50 ± 0.88
Q1.4.10 Absence of unburned enclaves 2.87 ± 1.06

Table 3  Correlations among the 10 different 5-point Likert-scale items for the Question Q1.4 “Post-fire reduction of vegetation recovery”, 
answered by 111 participants

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)

Q1 .4 .1 Q1 .4 .2 Q1 .4 .3 Q1 .4 .4 Q1 .4 .5 Q1 .4 .6 Q1 .4 .7 Q1 .4 .8 Q1 .4 .9 Q1 .4 .10

Q1 .4 .1 Pearson Correlation 1 0.431** 0.152 0.095 − 0.038 0.030 0.140 − 0.200* 0.102 0.162
Sig. (2-tailed) 0.000 0.111 0.321 0.695 0.757 0.143 0.035 0.285 0.090

Q1 .4 .2 Pearson Correlation 0.431** 1 0.340** 0.200* 0.075 0.174 0.318** 0.111 0.242* 0.244*
Sig. (2-tailed) 0.000 0.000 0.036 0.433 0.068 0.001 0.248 0.011 0.010

Q1 .4 .3 Pearson Correlation 0.152 0.340** 1 0.477** −0.025 0.130 0.361** 0.054 0.301** 0.415**
Sig. (2-tailed) 0.111 0.000 0.000 0.791 0.175 0.000 0.577 0.001 0.000

Q1 .4 .4 Pearson Correlation 0.095 0.200* 0.477** 1 0.130 0.189* 0.321** 0.000 0.338** 0.326**
Sig. (2-tailed) 0.321 0.036 0.000 0.173 0.047 0.001 0.996 0.000 0.000

Q1 .4 .5 Pearson Correlation −0.038 0.075 -0.025 0.130 1 0.160 0.234* 0.485** 0.057 0.017
Sig. (2-tailed) 0.695 0.433 0.791 0.173 0.092 0.013 0.000 0.550 0.859

Q1 .4 .6 Pearson Correlation 0.030 0.174 0.130 0.189* 0.160 1 0.522** 0.199* 0.261** 0.273**
Sig. (2-tailed) 0.757 0.068 0.175 0.047 0.092 0.000 0.037 0.006 0.004

Q1 .4 .7 Pearson Correlation 0.140 0.318** 0.361** 0.321** 0.234* 0.522** 1 0.209* 0.233* 0.387**
Sig. (2-tailed) 0.143 0.001 0.000 0.001 0.013 0.000 0.028 0.014 0.000

Q1 .4 .8 Pearson Correlation − 0.200* 0.111 0.054 0.000 0.485** 0.199* 0.209* 1 0.236* 0.078
Sig. (2-tailed) 0.035 0.248 0.577 0.996 0.000 0.037 0.028 0.013 0.418

Q1 .4 .9 Pearson Correlation 0.102 0.242* 0.301** 0.338** 0.057 0.261** 0.233* 0.236* 1 0.369**
Sig. (2-tailed) 0.285 0.011 0.001 0.000 0.550 0.006 0.014 0.013 0.000

Q1 .4 .10 Pearson Correlation 0.162 0.244* 0.415** 0.326** 0.017 0.273** 0.387** 0.078 0.369** 1
Sig. (2-tailed) 0.090 0.010 0.000 0.000 0.859 0.004 0.000 0.418 0.000
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of FS agents versus GP with ROC curves, and Table 4 that 
shows the exploratory factor analysis results supported the 
following interpretations:

First, there is an intra-FS agents’ variation in the valua-
tion of different wildfire-related domains or areas of con-
cern. Using the AUC metric as an indicator of the impor-
tance attributed by FS agents to them, one can deduce that 
ROC curves are significantly different from the sensitivity 
versus (1-specificity) reference line (AUC = 0.5), except for 
the case of “psychological impacts” (Questions 1.7 and 1.8). 
Among those significant, it is feasible to hierarchize indi-
vidual domains or areas of concern along an AUC gradient, 
in a sequence where negative factors of “post-fire reduction 
of vegetation recovery” (Question 1.4, AUC significance 
p = 0.000) are at the top, and “conservation-related effects” 
(Question 1.5, AUC p = 0.043) at the bottom.

Second, given that the general public category’s respec-
tive ROC curves are inversely symmetrical to FS, the same 
statistical conclusions on their significance may be made. 
However, the AUC hierarchization gradient is also inverted. 
Third, the cut-offs for the various AUC values indicate the 
quality of the classification analysis. Within the FS agent 
category, the question on “post-fire reduction of vegetation 
recovery” receives a “good test” and the rest of the signifi-
cant questions a “fair test” quality label. The “conservation-
related effects” are labeled “good” tested for the GP cat-
egory, and the rest are “fairly” tested.

Figure 4 presents an overall synthesis of the above results 
regarding divergent rationalities between FS agents and GP 

following the fifth stage of analysis. We compared the two 
categories based on their factor analysis loads/item differ-
ences in the highest versus the lowest ROC analysis perfor-
mance. As shown in the previous paragraphs, these are the 
tandem “post-fire reduction of vegetation recovery” (Ques-
tion 1.4, with eight items) and “conservation-related effects” 
(Question 1.5, with eight items). The snowflake diagram 
(or spider-graph) showed that there are indeed remarkably 
diverging rationalities among the two categories.

Finally, as shown in Fig. 5, the two rationality categories, 
FS agents and GP, significantly differ in the mixture of poli-
cies to be adopted to face wildfire hazards (Levene’s test: 
F = 0.006; df = 104; 2-tailed t-test p = 0.167).

Discussion

The issue of public attitudes and perceptions regarding wild-
fire effects is an active field of qualitative research in a wide 
range of scientific domains from forestry (Floress et al. 2019; 
St-Laurent et al. 2019) and economy (Nielsen-Pincus et al. 
2014; Purnomo et al. 2017) to choice theory and risk assess-
ment (Maguire and Albright 2005; St-Laurent et al. 2018; 
Poljansek et al. 2019), and post-trauma psychology (Mellon 
et al. 2009; Psarros et al. 2018). Differences in attitudes and 
perceptions between societal sections and/or within the ser-
vices mandated to deal with fire events, fire regimes, risks 
and hazards, and forest management, especially concerning 
planetary change processes, have also been reported (Asah 
et al. 2014; Rodriguez-Franco and Haan 2015; Steinführer 
2015; St-Laurent et al. 2019). Although inscribed within 
the latter framework, our analysis addresses, for the first 
time to the best of our knowledge, the issue of rationalities 
in wildfire perceptions. We handled a complex set of typi-
cal multi-thematic wildfire-related questions to collectively 
characterize and quantify all of a societal group’s responses, 
their interrelations, and influence on its perceptions identity.

The results affirm that different rationalities can be dis-
tinguished. The Forest/Fire Service agents presented a pro-
fession-centered view of the phenomenon, whereas the gen-
eral public a message-oriented one. The first gave priority to 
job, practice, and short-term capacity building. The second 
group focused on longer-term environmental matters in the 
broad sense as they stand out in the current public sphere 
and discourse, e.g., biodiversity conservation and landscape 
transitions.

Although interesting per se, a distinction in a Mediterra-
nean country such as Greece afflicted by wildfires, poses dis-
turbing questions about the degree of pro-active assessment, 
prevention planning and preparedness in the face of increas-
ing fire risks and climate changes. As in many countries, 
the Greek Civil Protection Agency releases daily fire dan-
ger assessments during the fire season (May 1–October 31), 

Fig. 2  Ordination (scatter plot) of 111 individual responses in a two-
dimensional plane constructed after the Likert-scale mean values/10 
items versus the difference between these values/individual and 
their multinomial regression predicted probability. Black dots: gen-
eral public; black line: linear regression, slope = 0.024;  r2 = 7 ×  10–4. 
Grey dots: forest management agencies; grey line: linear regression, 
slope = 0.3;  r2 = 3 ×  10–2
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based mainly on a non-systematic, qualitative and empirical 
assessment approach. However, fire danger assessment at 
a regional scale is tactical, whereas the real strategic chal-
lenge is long-term fire risk assessment. The latter includes, 
besides fire danger, fire vulnerability i.e., “ the conditions 
determined by physical, social, economic and environmental 
factors or processes, which increase the susceptibility of an 
individual, a community, assets or systems to the impacts 
of hazards” (UNISDR 2009). The assets that are potentially 
susceptible to fire damage are people, especially in the 
wildland-urban interface, and natural assets through their 
intrinsic ecological value and their socio-economic mon-
etary value (De Groot et al. 2012).

Considering the time frame during which the question-
naire ran, i.e., a decade after the acute economic crisis that 
heavily impacted environmental issues in Greece (Troumbis 

and Zevgolis 2020), it seems reasonable to assert that Greek 
society is not ready to envisage long-term wildfire risks and 
policies. Although distinct policies are characteristic of 
the diverging rationalities, e.g., the FS agents require more 
equipment and personnel or the general public emphasizes 
citizens’ education, there is remarkable convergence on 
improving collaboration among fire management/suppres-
sion agencies.

The national fire management policy is suppression ori-
ented, as described in the official general plan for fire man-
agement, “Iolaus”, targeting mainly in supporting the Fire 
Service’s work to suppress wildfires and respond to post-fire 
emergency conditions. As described in Palaiologou et al. 
(2018, 2020, 2021a), policies governing fuel management 
and the use of prescribed burn as a fuel treatment have seen 
only minor adjustments over the past 45 years. In addition, 

Fig. 3  ROC curve classification of eight domains or areas of concern 
of fire management agencies (FS) versus general public (GP); sum-
mary of AUC metrics and significance per domain or area of con-

cern are presented in the attached composite table. Correspondence 
between codes of sources of curves and their relative definition are 
presented in Table 1
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Table 4  Exploratory factor analysis results, number of factors (components) per question and items and number of items/question classified in 
more than one factor (component)

Domain/area of 
concern

Items # Com-
ponents 
(Factors)

# Items 
in > 1 
factor

KMO measure Bartlett’s test Df/significance Total variance 
explained (%)

Environmental 
impacts

Conservation-related 
effects (Q1.5)

8 1 0 0,869 684.4 28/0.000 100

Aesthetic-related 
effects (Q1.6)

5 3 1 83

Economic impacts Infrastructure dam-
ages (Q1.9)

11 3 1 0.756 593.2 55/0.000 67.9

Economic losses 
(Q1.10)

8 2 0 0.762 287.5 28/0.000 59.1

Psychological 
impacts

Human casualties/
fatalities (Q1.7)

3 1 0 0,710 177.6 3/0.000 100

Infrastructure dam-
ages (Q1.8)

2 1 0 0.500 95.3 1/0.000 100

Interpretation of 
causes/drivers

Regional level fires 
(Q1. 2)

10 1 0 0.500 7.2 1/0.007 62.7

National level fires 
(Q1.3)

10 1 0 0.500 7.2 1/0.007 62.7

Post-fire reduction of 
vegetation recovery 
(Q1.4)

10 3 1 0.684 239.7 45/0.000 57.8

Forest management 
practices

Complexity of fire 
suppression (Q1.11)

8 2 2 65.4

Use of prescribed fire 
for fuel reduction 
(Q2.1)

7 2 1 0.793 193.1 21/0.000 59.1

Policies to be adopted Perceptions of wild-
fire (Q2.2)

7 3 2 0.467 93.9 21/0.296 53.7

Targeted priorities 
(Q2.4)

10 1 0 0.500 50.2

Fig. 4  Snowflake diagram of differences in factor analysis loads Lik-
ert-scale values between the highest and lowest ROC analysis model 
quality for the categories fire management agencies (FS—red poly-
gon) and the general public (GP—blue polygon)

Fig. 5  Preference (%) of fire management agencies (red bar) versus 
the general public (blue bar) for wildfire hazard reduction. Policy cat-
egories: (1) Better education and knowledge for individuals and com-
munities; (2) Define and map forests and properties; (3) Forest fuel 
reduction efforts; (4) Improvement of the collaboration among the fire 
management/suppression agencies; (5) Strict penalties for arsonists; 
(6) Buying new aerial firefighting units/Hiring more firefighters; (7) 
Other
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the unbalanced funding of suppression activities compared 
to prevention results in the application of fuel management 
projects that are insignificant in extent and effectiveness in 
reducing wildfire spread and behavior. These policies fail 
dramatically when multiple events occur concurrently under 
extreme weather, and suppression resources are inadequate, 
especially in rugged or isolated locations. This misgovern-
ance became evident to most fire management officials only 
recently.

No matter the starter, both the fire service and the gen-
eral public point at the chronic pathology of misfunction-
ing public administration. We can speculate that people 
would adopt the same preference profile for many aspects 
of policy-making and implementation. Interestingly, it 
seems to be the main cause for Greece’s economic default 
and a primary goal of administrative reform that led to the 
‘world-famous’ Troika’s Memoranda of Understanding for 
Economic Adjustment Programmes (2010–2018) between 
Greece and the International Lenders (International Mone-
tary Fund, EU Member States, and European Central Bank). 
Specifically, in the last MoU associated with the so-called 
"Grexit" debate, in July 2015, under the pillar ’A modern 
State and Public Administration’, which is considered a key-
priority of the programme [p. 5], one may read [p. 24–25]: 
"On land use, […] the Government will reconvene the inter-
ministerial spatial planning committee, with participation of 
the independent experts. Based on its advice and in agree-
ment with the institutions, the Government will propose 
[…] a time-bound roadmap for selected improvements of 
the spatial planning law, including on parts of the land use 
categories, and for the full adoption of secondary legisla-
tion […] in order to ensure that the legislation effectively 
facilitates investment, and streamlines and shortens planning 
processes while allowing for the necessary safeguards. … 
The authorities will adopt the Presidential Decree on for-
estry definitions […] and fully implement the forestry law 
[…]. In addition, the authorities will […] adopt the legal 
framework for nationwide cadastral offices […] (key deliv-
erable)…".Therefore, it is remarkable that both rationalities 
show low prioritization on structural policy components 
such as the definition and mapping of forests in Greece. The 
country does not have, as of 2020, a final cadastral, defini-
tive forest maps, and a clear land-use plan. Simultaneously 
and counterintuitively, rural re-afforestation progresses 
due to land abandonment and domestic migration of rural 
residents to major urban setups (Papanastasis and Kazaklis 
1998; MacDonald et al. 2000; Benayas et al. 2007). These 
two facts explain much of the conflictual positions of land-
owners and stakeholders and the critical role of the human 
factor in the vast majority of wildfires, either deliberate or 
accidental (Camia et al. 2013). Instead of asking for fast 
completion of the strategic infrastructure of spatial map-
ping and planning, i.e., the core prerequisite for any viable 

policy on human-nature relationships in the perspective of 
global climate change and risk assessment, both categories 
converge on the repression of arsonists.

Based on the Law 4619/2019—article 264, whoever 
intentionally ignites an illegal fire (i.e., not for agricultural 
purposes during periods that burning is allowed) can be 
punished with incarceration for (1) at least one year if the 
resulting fire caused substantial damages to property or pos-
sessions; (2) up to ten years imprisonment if the fire threat-
ened human lives; and, (3) at least ten years if the fire caused 
fatalities. In cases of unintentional ignitions for all the above 
cases, the penalty is imprisonment of up to three years or a 
fine. The penalty is considered “mild” and has shown lit-
tle effect on changing people’s attitudes towards using fire 
during the high fire risk season. For example, although an 
unintentional ignition caused more than 100 fatalities in the 
wildland-urban interface of Athens during 2018, this did 
not prevent new ignitions of similar characteristics from 
burning thousands of hectares in the same region in 2021. 
While offender-based strategies to reduce arson are neces-
sary, without the essential understanding of criminological 
evidence that will be systematically compiled in relation 
to ‘what’, ‘who’, ‘why’, ‘where’ and ‘when’ an arson takes 
place (Cozens and Christensen 2011), it is difficult to plan 
and enforce effective arson reduction programs. An informed 
plan for the repression of arsonists should have the traits 
of behavioral and proactive situational programs that can 
prevent and mitigate arson by decreasing rewards, increas-
ing risks, and removing excuses for deliberate fire-setters, 
particularly when very few of them are caught (Christensen 
2008).

Conclusions

We have shown that the distinction between rationalities is 
technically feasible using typical questionnaire data gather-
ing. In the case of wildfires, two rationality schemes are 
discernable between Forest Service/Firefighting agents and 
the general public. However, both rationalities mainly focus 
on short-term tactical responses to wildfire hazards. Wild-
fire risk assessment methodologies and governance policies 
are urgently needed in Greece to predict climate and social-
ecological changes, and wildland-urban transitions.
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