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Abstract

The island of Gran Canaria (Spain) has undergone a significant transformation in wildfire
dynamics over the past two decades, characterized by a decline in wildfire frequency but a
marked increase in the severity and spatial impact of extreme events, particularly within
the wildland—urban interface (WUI). This study analyzes wildfire activity between 2000 and
2020 using official datasets and statistical trend analyses, incorporating robust severity in-
dicators and measures of burned area concentration. Results show a statistically significant
decreasing trend in the number of wildfires, while burned area is extremely concentrated in
a small number of high-intensity events, with four large wildfires accounting for more than
97% of the total affected area. Climatic influences on wildfire activity were assessed through
the analysis of long-term meteorological indicators, focusing on trends in extreme heat days
and precipitation as proxies for thermal stress and fuel moisture availability. The results
indicate a substantial modification of the background climatic framework under which
wildfires develop, although no direct causal relationships are inferred. In parallel, territo-
rial processes—such as rural abandonment, increased fuel continuity, and the expansion
of dispersed housing beyond consolidated settlements—act as key amplifiers of wildfire
risk. Overall, the findings highlight a transition from emergency-oriented fire suppression
toward resilience-based wildfire management, emphasizing the need to integrate climate
adaptation, territorial planning, and stricter land-use regulation in WUI areas.
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atmospheric dynamics, overwhelming any suppression strategy, and directly threatening
entire populations due to their extreme behavior in inhabited areas [3] In Europe, the
Mediterranean region has consolidated its position as one of the world’s main hotspots
for severe wildfires, due to both climate trends and territorial planning processes [4] The
combined effect of increasing water stress, intense heatwaves, and rural abandonment
has resulted in the continuous accumulation of fuel, favoring high-intensity fires, particu-
larly in the wildland-urban interface (WUI). Recent events in Portugal and Greece have
demonstrated how extreme fires can lead to human casualties, large-scale evacuations,
and operational collapse of emergency systems [3]. Consequently, wildfire management
requires not only suppression techniques, but also preventive territorial strategies aimed
at reducing landscape flammability and population exposure, especially in facilities with
high occupancy such as educational, social, health, or industrial centers.

In the Canary Islands, these factors take on particular complexity due to their insular
condition, the tropicalization of the climate, and the presence of steep landscapes with dense
vegetation. Climate projections indicate a progressive increase in water stress, the loss of
seasonality, and a rise in critical fire-weather conditions [5-7] Thus, climate generates an
almost permanent risk in which dry Saharan winds, out-of-season heatwaves, and low
relative humidity act as triggers. This relationship has already been highlighted by several
authors who have examined the link between wildfires and meteorological conditions favor-
able to their ignition and spread [8-10] Gran Canaria is one of the clearest examples of this
transformation, not due to an increase in ignitions, but due to the intensification and spatial
expansion of extreme fires. Although most recorded incidents correspond to small fires
of less than 1 ha, a very small number of large wildfires have been responsible for nearly
all the burned area in the past two decades [11,12] These events have tested operational
capacity due to fire spread in densely populated areas embedded in mountainous terrain
with continuous vegetation. The expansion of scattered housing throughout the WUI, com-
bined with agricultural abandonment and forest regeneration, has created highly flammable
landscapes, generating not only ecological but also social and territorial risks [13-15].

In response to this scenario, the island has undergone a transition from a reactive
emergency-response approach to a resilience-oriented management model based on land-
scape planning, fuel reduction, the regulated use of technical fire, and the adoption of
simulation technologies to support decision-making [16,17] Measures such as mandatory
self-protection around homes, the design of mosaic landscapes, and the implementation of
real-time spatial analysis systems represent relevant steps forward, although significant
challenges remain regarding land-use regulation, urban planning, citizen behavior, and
long-term territorial adaptation.

This study examines the evolution of wildfires in Gran Canaria between 2000 and
2020 with the following objectives: (i) to characterize recent changes in wildfire frequency
and severity; (ii) to assess the climatic and land-use factors influencing fire behavior and
exposure; and (iii) to analyze the evolution of public policies and emergency management
within the WUI context. By integrating multiple information sources and case studies, the
research provides key insights into fire regimes shaped by climate change and territorial
transformation in insular Macaronesian and Mediterranean regions.

2. Materials and Methods
2.1. Study Area

This study focuses on the island of Gran Canaria (GC), located in the Canary Islands
archipelago (Figure 1). The Canary Islands constitute one of the 17 autonomous commu-
nities of Spain and are officially classified as an outermost region of the European Union.
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Gran Canaria is the fifth-largest island of the archipelago, with a surface area of 1560 km?,
and reaches a maximum elevation of 1949 m above sea level.
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Figure 1. Geographic location and topographic features of the Canary Islands. (A) Location of
the Canary Islands in the North Atlantic region. (B) Altitude distribution by island. (C) Land-use
and land-cover types on the island of Gran Canaria. Source: Own elaboration based on GIS data
from [4,18].

Climatic conditions on the island are strongly conditioned by topographic factors,
particularly altitude and slope orientation, which generate marked spatial contrasts over
short distances [19]. According to the Interactive Digital Climatic Atlas of the Canary Is-
lands [20], mean annual air temperatures range from approximately 21.0-21.5 °C in coastal
sectors oriented towards the south and southwest to values close to 12.5 °C in summit
areas. Annual precipitation shows a highly uneven spatial distribution, with average values
reaching around 730 mm in the headwaters of the main catchments, while extensive coastal
areas and lower mid-altitude zones in the eastern, southern, and southwestern parts of the
island record annual totals below 100 mm. These pronounced gradients in temperature and
precipitation result in a high degree of climatic diversity across the island. According to the
Koppen climate classification, dry climates (type B), characterized by annual precipitation
lower than potential evapotranspiration, predominate in Gran Canaria [20]. In particular,
hot desert (BWh) and steppe climates (BSh and BSk), differentiated by whether mean an-
nual temperatures exceed or fall below 18 °C, occupy more than 70% of the island’s surface.
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Temperate climates (types Csa and Csb), defined by higher humidity levels and milder
thermal conditions, are mainly restricted to mid-altitude areas and the highest elevations,
covering approximately 30% of the island. The island exhibits an approximately circular
shape, with a diameter of around 45 km, a dense radial network of deeply incised ravines
and canyons, and a central mountainous core that strongly conditions both climatic dy-
namics and land-use patterns [21] The vascular flora of the Canary Islands includes a high
number of endemic species, reflecting the archipelago’s geographic isolation and environ-
mental diversity. In Gran Canaria, different vegetation communities can be distinguished
according to altitude and exposure, including coastal shrublands, thermophilous forests,
laurel forest (monteverde), pine forests, and high-altitude shrublands. A significant portion
of the island is protected under various conservation designations, and approximately 40%
of Gran Canaria form part of the Gran Canaria Biosphere Reserve, comprising 33 different
categories of protected areas.

After Tenerife, Gran Canaria is the second-most populated island of the archipelago,
with approximately 875,200 inhabitants in 2024 [22]. Population density on Gran Ca-
naria is particularly high compared to the Spanish average, reaching values close to
543 inhabitants per km? [22]. The population is mainly concentrated in coastal areas, where
the island capital is located, while the mountainous interior has experienced processes of
depopulation and abandonment of traditional land uses. This territorial pattern generates a
marked contrast between densely urbanized coastal zones and interior areas characterized
by high vegetation continuity. From a socioeconomic perspective, the Canary Islands rank
eighth among Spanish regions in terms of GDP, although they present high unemployment
rates and per capita income levels below the national average [22]. In Gran Canaria, one
of the main drivers of economic development is tourism [23,24], particularly the sun-and-
beach type concentrated in the southern part of the island. This activity has significantly
stimulated the construction sector and has strongly influenced urban expansion along the
coast. Agriculture continues to play a relevant role in certain rural areas of the island,
although its importance is markedly lower than in previous decades. The most signifi-
cant crops include irrigated banana plantations and greenhouse tomato production for
export, shaping highly specialized agricultural landscapes with a strong dependence on
water resources.

2.2. Study Design

This research is based on a mixed-methods approach combining documentary analysis,
territorial assessment, and case-study methodology to characterize the evolution of wildfire
risk on the island of Gran Canaria between 2000 and 2020. The study design integrates
(i) the compilation and statistical analysis of quantitative information on wildfire frequency,
burned area, severity indicators, and spatial distribution, including trend and concentration
analyses; and (ii) a qualitative analysis of climatic, socio-territorial, and governance-related
factors influencing wildfire risk, particularly in the (WUI). The qualitative component
is designed as a structured documentary review and directed content analysis, aimed
at supporting the interpretation of statistical results rather than generating independent
causal inference.

2.3. Information Sources

Three main categories of sources were used (Table 1).

These sources were selected for their direct relevance to the phenomenon under
study and because they constitute validated documentation produced by public agencies
responsible for risk management, ensuring methodological credibility.
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Table 1. Classification of sources used in the study.
Type of Source Description Examples
Statistical data and Records on wildfires, burned areas, BIIF, island statistical reports,
official reports causes, and risk zones. prevention and emergency plans.
Scientific and technical Studies on interfaces, climatic conditions, Research on WUI analysis, biodiversity,
documentation public policies, and ecosystems. and post-fire assessment.
Regulatory updates, alert 2025 Plan of the Cabildo (inter-island
Institutional and communications, post-event analyses, council) de Gran Canaria, risk
outreach reports technological systems, and simulators, territorial programs such
pilot programs. as Gran Canaria Mosaico.

2.4. Case Studies

To assess the occurrence and impact of extreme events, three representative large
wildfires (Table 2) were selected as case studies, based on the following criteria:
Burned area > 500 ha.
Declaration of emergency involving evacuation procedures.
Significant impact on WUI areas.

Availability of verifiable technical documentation.

Table 2. Large wildfires selected as case studies in Gran Canaria (2007-2020).

Year Main Location Approx. Burned Area Start Date End Date Relevance
. Largest wildfire in the
p007  Southwestof the island ~18,684 ha 27 July 2 August Canary Islands in
(Tejeda-Tirajana—Mogan) .
official records.
Cruz de Tejeda Critical impact on the
2017 (central highlands) 1893 ha 20 September 24 September WUI and evacuations.
Double event, high
Artenara and 10 August/ 13 August/ population exposure
2019 Valleseco wildfires 1500 +9200 ha 17 August 26 August and damage to
protected areas.
Large wildfire
Tasarte-La Aldea ;I;lsgriﬁregﬁ
2020 de San Nicolas ~950 ha 22 February 25 February &

(western sector)

conditions (calima),
affecting steep terrain
and remote areas.

Source: Own elaboration based on BIIF records and official post-fire reports of the Cabildo de Gran
Canaria [11,16].

This selection allows the observation of propagation patterns, territorial impacts, and
operational responses under extreme climatic conditions.

2.5. Analysis Procedure

The analysis was structured into four complementary phases aimed at characterizing
the evolution of wildfire risk in Gran Canaria from statistical, climatic, territorial, and
institutional perspectives.

In the first phase, a statistical characterization of wildfires recorded between 2000
and 2020 was conducted using annual time series of wildfire frequency, total burned area,
and event size. The statistical analyses were limited to the 2000-2020 period because this
interval corresponds to officially verified and internally consistent wildfire records. Post-
2020 data are not yet consolidated under the same validation protocol and were therefore
excluded to ensure time-series comparability.
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In a second phase, wildfire activity and severity were assessed using time-series
indicators derived from official fire records. These included (i) the annual number of
wildfires; (ii) the total burned area per year; and (iii) the burned area per fire ratio, used as
an indicator of average wildfire impact. In addition, years with extreme wildfire events
were identified based on fires exceeding 1000 ha. Burned area concentration was further
evaluated using wildfire percentiles and the Gini coefficient. Temporal trends in all wildfire-
related series were analyzed using the non-parametric Mann-Kendall test.

In the third phase, annual time series of climatic variables were constructed, including
the number of days with temperatures exceeding 30 °C and precipitation-related variables.
Climatic influences on wildfire activity were examined through trend analysis and de-
scriptive comparison with wildfire occurrence, focusing on long-term changes in thermal
conditions and moisture availability rather than short-term causal relationships. Meteo-
rological data were selected from stations located within the High Wildfire Risk Zones
(ZARI) defined in island-level planning instruments (Figure 2), ensuring spatial consistency
between climatic conditions and wildfire occurrence. Three daily precipitation series were
selected as representative of the main island orientations: one located on the northern slope
(C665M), one on the southwestern slope (C626E), and one in the central sector of the island
(C652I). All three series present complete records and belong to the rain-gauge network of
the Spanish State Meteorological Agency (AEMET, Madrid, Spain) for the period 1991-2020
(Table 3). In addition, the analysis of extreme temperatures (defined as daily maximum
temperatures exceeding 30 °C) was based on two daily maximum temperature series cover-
ing the same period (1991-2020): one located on the eastern slope of the island (C6460) and
another on the northeastern slope (C658K). As noted by [24], one of the main limitations
in the analysis of air temperature in Gran Canaria is the scarcity of long and continuous
instrumental records. In this study, the stations with the most complete and continuous
data availability for the 1991-2020 period were selected. Nevertheless, some data gaps
remain. Station C6460 begins in August 1994 and lacks records for May and August 2004,
December 2008, January 2015, January 2019, and April and May 2020. Station C658K starts
in January 1991 and lacks records for August 1999, September 2007, November 2008, and
April 2018. For this reason, station C6460 was selected as the primary reference for daily
maximum temperature analysis, given its greater data availability and temporal continuity.

Table 3. Selected meteorological stations in Gran Canaria (1991-2020).

Variable Station Name Code X (geo) Y (geo)  Elevation Orientation
Precipitation San Mateo-Hoya del Gamonal C6521 —15,555 27,979 1365 Central
(r];m) Valleseco-El Caserén C665M —15,572 28,062 833 North
Mogan-Barranquillo Andrés C626E —15,676 27,894 656 Southwest
Temp (°C) Santa Brigida-El Tejar C658K —15,496 28,043 390 Northeast
p Valsequillo Hacienda Mocanes C6460 —15,4938 27,981 575 East

Source: Agencia Estatal de Meteorologia (AEMET) [25].

In addition to biophysical drivers, wildfire risk was further examined from a territorial
and institutional perspective. Finally, territorial and exposure factors were analyzed, consid-
ering wildfire risk as a socio-ecological construct influenced by environmental conditions
and land-use patterns. Key processes reviewed included rural abandonment, expansion
of the (WUI), forest regrowth, and the evolution of wildfire prevention and emergency
management policies. This phase was based on a structured documentary review and
directed content analysis of official planning instruments, emergency regulations, technical
reports, and institutional documentation. Documents were screened and interpreted using
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predefined analytical categories (territorial exposure, land-use change, WUI dynamics, and
governance evolution) to ensure methodological transparency.
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Figure 2. Spatial distribution of ZARI, urban areas, and meteorological stations in Gran Ca-
naria. Source: SITCAN (Canary Islands Territorial Information System, Las Palmas, Spain) [18].
Own elaboration.
3. Results
3.1. Statistical Evolution of Wildfires (2000-2020)

The analysis of the distribution of burned areas reveals a strong concentration of
spatial impact in a very limited number of wildfire events (Figure 3). Results show that
the largest wildfire recorded in 2019 accounts for 45.6% of the total burned area over the
entire study period. In addition, the three largest wildfires together represent 97.6% of
the cumulative burned area, while only four wildfires exceeding 1000 ha, corresponding
to 0.4% of the 988 recorded events, account for nearly the entire affected area (Table 4).
Temporal trends in wildfire frequency and burned area were statistically validated using
the Mann-Kendall test (Table 5).

Table 4. Concentration of burned area by wildfire percentiles (2000-2020).
Wildfire Percentile Events Included Burned Area (ha) Contribution to Total (%)
Top 1% Largest wildfire (2007) 18,684 39.35
Top 5% Four largest wildfires 46,358.5 97.64
Total 988 wildfires 47,480.6 100.0
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Figure 3. Temporal evolution of wildfire frequency, burned area, and extreme events in Gran
Canaria (2000-2020). Complete time series showing (left-upper) annual number of wildfires,
(right-upper) total burned area (log scale), (left-lower) burned area per fire, and (right-lower)
years of extreme wildfire events (>1000 ha burned). Mann—Kendall trend test results are reported for
each time series.
Table 5. Statistical validation. Mann—-Kendall trend tests using the complete dataset.
Variable S Statistic ~ Z Score p-Value Trend Significance Interpretation
Number of Fewer wildfires;
o1 —67 —1.993 0.046 Decreasing Yes statistically significant
wildfires 4
decreasing trend
Increase in annual
. Approachin burned area
Total burned area 58 1.721 0.085 Increasing ppro & .
significance (influenced by the
2019 event)

Burned area
per fire

Increasing average

54 1.600 0.110 Increasing Observed : .
impact per wildfire

This pronounced inequality in the distribution of spatial impact is reflected in a Gini
coefficient of 0.867, indicating an extremely skewed distribution of burned area among
wildfire events. This extreme concentration confirms that a very small fraction of wildfires
accounts for the majority of the burned area during the study period, evidencing a “few
events, most of the area” pattern.

The island’s wildfire risk does not depend on the number of fires, but on the increasing
likelihood of LFWSs occurring under critical meteorological conditions. The island’s wildfire
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risk is not driven by the number of ignitions, but by the probability that a small number of
LFWs occur under critical climatic and territorial conditions.

3.2. Characterization of Extreme Wildfires and Territorial Exposure

The analysis of large wildfires recorded in Gran Canaria between 2007 and 2020 allows
for a detailed description of four high-impact events that occurred under particularly
adverse environmental and territorial conditions. These events illustrate situations in
which extreme meteorological conditions, accumulated fuel loads, and high exposure of
population and infrastructure located in the WUI coincided.

The first of these episodes, occurring in 2007, affected areas in the southwest of the
island, mainly the municipalities of Tejeda, San Bartolomé de Tirajana, Mogéan, and La
Aldea de San Nicolds. Burning approximately 18,684 hectares, it is the largest wildfire
ever recorded in the Canary Islands, leading to the evacuation of nearly 4000 people and
requiring 17 days to achieve control. The combination of extreme temperatures and strong
winds favored rapid spread and significantly hindered suppression [26] The observed
maximum temperature data recorded at meteorological station C6460 during July show
values exceeding 30 °C from 9 July to 20 July and again from 26 July to 1 August. Therefore,
highly favorable conditions existed for the development of LFWs, which ignited on 27 July,
when the maximum temperature recorded at this station reached 37.5 °C. Temperatures
exceeded 40 °C on 28 July, 29 July and 30 July (Figure 4). These conditions were further
exacerbated by very low precipitation during the autumn of 2006 and the winter of 2007,
totaling only 127.8 mm, making 2007 one of the driest years in the analyzed series.
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Figure 4. Meteorological conditions during the 2007 extreme wildfire event in Gran Canaria. The
upper panel shows the daily maximum air temperature (°C) recorded at station C6460 between July
and September 2007; the horizontal line indicates the 30 °C threshold, and the fire symbol marks the
start and end dates of the large wildfire that year. The lower panel shows monthly precipitation totals
(mm) recorded at stations C626E, C652I, and C665M between September 2006 and September 2007.
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A decade later, in 2017, a smaller wildfire occurred, though it was particularly relevant
in terms of social and territorial impact. This event, located in the central highlands around
Cruz de Tejeda, burned approximately 1893 hectares and forced the evacuation of around
400 people. Its main significance lies in its direct impact on WUI areas, highlighting
the vulnerability of inhabited rural settings where residential structures are embedded
within forested landscapes. Daily maximum temperature values in September do not show
extremes comparable to those observed during the July 2007 wildfire, as only four days with
temperatures exceeding 30 °C were recorded at station C6460. However, meteorological
conditions in the preceding period were characterized by persistent advection of continental
tropical air from the Sahara Desert throughout August, with 19 days exceeding 30 °C and
a maximum temperature of 37.5 °C recorded on 24 August (Figure 5). These conditions
were further compounded by pronounced vegetation dryness resulting from the absence of
precipitation during 2017, which ranked as the second driest year in the C626E series, with
a total annual precipitation of only 68.4 mm.
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Figure 5. Meteorological conditions during the 2017 wildfire event in central Gran Canaria. The
upper panel shows the daily maximum air temperature (°C) recorded at station C6460 between July
and September 2017; the horizontal line indicates the 30 °C threshold, and the fire symbol marks the
start and end dates of the large wildfire that year. The lower panel shows monthly precipitation totals
(mm) recorded at stations C626E, C652I, and C665M between September 2016 and September 2017.

The third case corresponds to the consecutive wildfires of Artenara and Valleseco
during the summer of 2019. Together, they represented two phases of the same critical
episode, affecting a combined area of nearly 10,700 hectares. More than 10,000 people were
evacuated, making it the largest human displacement caused by wildfire in the history of
the Canary Islands. These fires also significantly affected protected natural areas and zones
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previously identified as ZARI (Figure 2). From July onwards, very high air temperature
values were recorded, with six days exceeding 30 °C. However, the conditions observed
during August were particularly conducive to the development of this wildfire, as the
temperature exceeded 30 °C on a total of 18 days between 8 August and 30 August, with a
maximum temperature of 39 °C recorded on 26 August (Figure 6). It should also be noted
that 2019 was the driest year in the C626E station record, with a total annual precipitation
of only 56.4 mm. Furthermore, between September 2018 and April 2019, cumulative
precipitation amounted to just 114.9 mm, reinforcing the presence of extreme antecedent
dryness of vegetation fuels in the island’s forested areas.
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Figure 6. Meteorological conditions during the 2019 Artenara—Valleseco wildfire episode in Gran
Canaria. The upper panel shows the daily maximum air temperature (°C) recorded at station C6460
between July and September 2019; the horizontal line indicates the 30 °C threshold, and the fire
symbol marks the start and end dates of the large wildfire that year. The lower panel shows monthly
precipitation totals (mm) recorded at stations C626E, C6521, and C665M between September 2018 and
September 2019.

Finally, the February 2020 wildfire exhibits a climatic pattern distinct from the summer
events of 2007 and 2019, yet equally conducive to the development of a large wildfire.
Although daily maximum temperature values recorded at station C6460 during January
and February 2020 did not reach the extreme summer thresholds (>30 °C), anomalously
high values for the winter season were observed, with maximum temperatures reaching
27.5 °C in February. These conditions are consistent with the occurrence of continental
Saharan air advection episodes (calima) affecting the island during this period. Particularly
relevant is the fact that these winter thermal anomalies occurred under conditions of
pronounced antecedent dryness. Between September 2019 and February 2020, only 14.7 mm
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of precipitation were recorded at station C626E, resulting in unusually dry fuel availability
for the season (Figure 7). The combination of winter thermal anomalies, low atmospheric
humidity, and cumulative moisture deficit created favorable conditions for the ignition and
spread of a large wildfire between 22 and 25 February 2020, despite the absence of extreme
summer temperatures.
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Figure 7. Meteorological conditions during the February 2020 winter wildfire in Gran Canaria. The
upper panel shows the daily maximum air temperature (°C) recorded at station C6460 in February
2020; the horizontal line indicates the 30 °C threshold, and the fire symbol marks the start and
end dates of the large wildfire that year. The lower panel shows monthly precipitation totals (mm)
recorded at stations C626E, C6521, and C665M between September 2019 and September 2020.

Although limited in number, these four events share several common characteristics,
including their occurrence under extreme meteorological conditions, the presence of contin-
uous and highly accumulated fuel loads, and a strong interaction with exposed population
and infrastructure in WUI areas. Rather than defining a statistically representative pattern,
these case studies illustrate the types of conditions under which the most severe wildfire
impacts have occurred on the island.

3.3. Influence of Climate Variability and Warming Trends on the Fire Regime

The influence of climatic conditions on the recent wildfire regime in Gran Canaria
was assessed through the analysis of long-term meteorological indicators, focusing on the
annual number of extreme heat days (T > 30 °C) for the period 1991-2020. This variable
was selected as a proxy for atmospheric conditions conducive to fuel desiccation and the
development of more severe fire behavior. The time series of extreme heat days exhibits
a statistically significant positive trend over the study period. Linear regression analysis
indicates a slope of +0.493 days-year—! (R? = 0.235; p = 0.0067), evidencing a progressive
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increase in the annual frequency of days with T > 30 °C (Figure 8). On average, this
represents nearly half an additional extreme heat day per year, resulting in a substantial
cumulative change over the last three decades. Although the coefficient of determination is
moderate, reflecting the high interannual variability characteristic of insular climates, it
does not undermine the statistical significance of the observed trend. The robustness of this
result is further confirmed by the Mann—Kendall non-parametric test, which also identifies
a significant increasing trend (Z-statistic = 2.301; p = 0.0214), reinforcing the evidence of a
sustained rise in extreme thermal conditions.

Annual Trend of Extreme Heat Days (T = 30°C) in Gran Canaria
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Figure 8. Annual trend of extreme heat days (T > 30 °C) in Gran Canaria for the period 1991-2020.
Linear regression results indicate a coefficient of determination of R? = (.235, while the Mann-Kendall
test confirms a statistically significant increasing trend (p = 0.021).

From an intra-annual perspective, extreme heat days show a marked seasonal pattern,
with a strong concentration during the summer months, particularly July and August,
which account for the highest cumulative and mean annual values (Figure 9). Nevertheless,
the occurrence of T > 30 °C days outside the traditional summer period suggests an
extension of thermally favorable conditions beyond the classical wildfire season.
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Figure 9. Monthly distribution of extreme heat days (T > 30 °C) in Gran Canaria for the period
1991-2020: (a) total number of extreme heat days by month (cumulative), and (b) mean annual
number of extreme heat days per month.
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Within the analyzed series, several climatically extreme years stand out, notably 2012,
2013, and the period 2015-2020, with 2017 recording the historical maximum of 46 days
with T > 30 °C. This year coincides with one of the most severe wildfire events documented
on the island, suggesting that exceptionally high frequencies of extreme heat days may
act as an amplifying factor of wildfire severity when combined with other territorial and
anthropogenic drivers.

3.4. Land-Use Planning and the Increasing Risk in the Wildland—Urban Interface (WUI)

The results show that wildfire hazard in Gran Canaria is not determined solely by
climatic conditions but is deeply linked to socioeconomic processes and land-use change.
The progressive abandonment of agricultural and forestry activities has led to a substantial
accumulation of vegetation fuels, generating continuous and homogeneous landscapes
that facilitate large-scale fire propagation. Areas that once hosted croplands, pastures, or
productive spaces—functioning as natural discontinuity belts—are now dominated by
dense, unmanaged vegetation, increasing territorial flammability. At the same time, the ir-
regular expansion of dispersed housing on rural land—often in direct contact with forested
areas—has increased not only the probability of ignition but also the direct exposure of the
population to wildfire impacts. This land-use pattern creates highly complex operational
scenarios in which mass evacuations become major logistical challenges due to limited
access routes, vulnerable infrastructure, and fragmented road networks. The increasing
influx of urban populations into rural and natural areas for recreational purposes—often
unfamiliar with rural fire-safe practices—constitutes another significant factor. This trend
raises the likelihood of human negligence, which accounts for nearly 70% of recent ig-
nitions recorded on the island. Finally, the expansion of forest cover, driven by natural
recolonization of abandoned land and reforestation programs, has intensified continuous
fuel loads within the WUI, amplifying risk in areas where human settlements come into
direct contact with highly flammable ecosystems.

Taken together, these processes demonstrate that wildfire risk in Gran Canaria is
not only climatic but also territorial and social, directly related to how the landscape is
inhabited, used, and—above all—managed. The current vulnerability of the territory
stems not from fire alone but from the interaction between settlement patterns, productive
abandonment, and the lack of preventive land-use planning, particularly in rural land and
natural areas.

Legislative changes to the territorial planning framework have accumulated over
recent decades, evolving from the first regional land-use planning law of 1999 [27] to the
landmark Law 4/2017 on Land and Protected Natural Areas of the Canary Islands [28],
followed by successive partial amendments up to 2023, including Royal Decree 445,/2023
aimed at strengthening environmental protection. This regulatory corpus establishes
principles and directives enabling land-use planning instruments to adjust municipal
development models according to their environmental characteristics, following prior
diagnosis and evaluation of planning proposals.

In theory, the framework aligns with the need to identify risk areas and determine
suitable spaces for different land uses according to their carrying capacity. However, for
this to materialize, it is necessary to accelerate the processing and updating of planning
instruments (Table 6), as without them it is impossible to prevent many of the conditions
identified as drivers of increased large wildfire LFWs risk.
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Table 6. Classification and number of territorial planning instruments according to their regulatory
framework in the Canary Islands.

Regulatory Category of the Instrument Number of Instruments Percentage (%)

Instruments prior to Law 9/1999 of 13 May on Territorial
Planning in the Canary Islands

19 21.6

Instruments approved after Decree 1/2000 [29] (Consolidated
Text of Laws 9/1999 on Territorial Planning and 12/1994 on 61 69.3
Protected Natural Areas), and prior to Law 21/2013

Instruments affected by Law 21/2013 of 9 December on

4 4.5

Environmental Assessment, prior to Law 4/2017

Instruments approved after Law 4/2017 of 13 July on Land and

4 4.5

Protected Natural Areas of the Canary Islands

Source: Government of the Canary Islands, Territorial Planning Registry (SIUC) [30]. Own elaboration.

The regulation of land uses in rural and natural areas—especially the allocation of
resources for the management of these spaces and the effective enforcement of existing
regulations—is essential. However, the continued expansion of dispersed housing, includ-
ing within forest areas where such development is explicitly prohibited, persists despite
attempts to classify such dwellings as non-conforming building and halt this type of con-
struction. This situation is reinforced by the state of the planning system: an analysis
reveals that only about 9% of municipal plans have been updated in the last 12 years, since
the entry into force of Law 21,/2013 on Environmental Assessment [31]. The vast majority of
municipal plans are therefore outdated and unable to address contemporary wildfire risks.
This planning inertia likely reflects a combination of factors, including the procedural and
technical complexity of revising planning instruments under successive regulatory reforms,
limited financial and technical capacity at the municipal level, and political or land-use
conflicts where stricter regulation may affect dispersed housing in rural and forested areas.
These elements generate institutional inertia, delaying the incorporation of wildfire risk
into enforceable land-use regulation.

3.5. Strengthening Public Policies: From Emergency Response to Resilience

The period 2000-2020 reflects a progressive transformation in wildfire manage-
ment strategies in Gran Canaria, marked by a shift from a predominantly reactive
approach—focused on suppression—toward a preventive governance model oriented
toward territorial resilience. This shift involves understanding fire as an inevitable and re-
current phenomenon in island ecosystems, while recognizing that its impact can be reduced
through planned interventions on the landscape and on human occupation in exposed
areas. In this context, the updated emergency regulations have incorporated, for the first
time, an explicit focus on the WUI, establishing specific obligations for homes located in risk
zones, such as the requirement to maintain a minimum 15 m self-protection perimeter free
of combustible vegetation. In parallel, a mosaic-landscape model has been promoted, based
on preventive tools such as targeted grazing, prescribed burning, and selective thinning,
with the aim of reducing fuel continuity and limiting the spread of high-intensity wildfires.
All these obligations must be integrated into the regulatory framework of Territorial Plans
and General Urban Development Plans, as their effective implementation requires direct
enforcement mechanisms through urban planning competences—specifically, municipal
permitting authorities and, for disciplinary matters, the Urban and Natural Environment
Protection Agency.

Alongside these territorial measures, the island has incorporated specialized WUI
firefighting units, representing a qualitative leap in operational capacity through brigades
trained for interventions in inhabited areas, where fire assumes a critical social dimension.

https:/ /doi.org/10.3390/ geographies6010009


https://doi.org/10.3390/geographies6010009

Geographies 2026, 6, 9

16 of 21

At the same time, the implementation of simulation and spatial-analysis systems using
GIS technologies—such as the ALERTAGRAN program (Cabildo de Gran Canaria, Las
Palmas, Spain)—has strengthened real-time tactical decision-making, enabling the antici-
pation of fire spread routes, the prioritization of resources, and more efficient evacuation
planning [32].

Taken together, this process of institutional change represents a conceptual shift: from
“firefighting” to managing the territory so that it does not burn. Prevention, landscape
planning, and shared citizen responsibility emerge as fundamental pillars of resilience to
wildfire in regions increasingly subjected to extreme events and growing climatic pressure.

4. Discussion

The results reveal a profound transformation in the wildfire regime of Gran Canaria
over the past two decades. Although the frequency of ignitions has decreased compared to
previous periods, the impact associated with wildfires has increased dramatically due to the
concentration of burned areas in a small number of extreme events. This finding challenges
the widespread use of ignition counts as a primary wildfire risk metric and underscores the
need to prioritize severity- and impact-based indicators, particularly in WUI-dominated
regions. This pattern shifts the focus towards a qualitative analysis of severity rather than
merely quantifying the number of fires—a phenomenon that aligns with the transition
toward risk scenarios dominated by increasingly extreme climatic conditions [33,34] This
concentration is further supported by inequality measures derived from the wildfire size
distribution. The Gini coefficient reaches a value of 0.867, indicating a level of inequality
very close to perfect concentration. This result highlights an extremely skewed distribution
of burned areas, in which a very limited number of wildfire events concentrates nearly the
entire spatial impact. From an interpretative perspective, this high degree of concentration
confirms that the wildfire regime in Gran Canaria is dominated by rare but very large
events, while the majority of fires produce only limited territorial impacts. In this context,
the four extreme wildfires exceeding 1000 ha represent just 0.4% of all recorded events, yet
account for 97.6% of the total burned area.

The historical seasonality of wildfire risk—traditionally associated with the summer
months—has ceased to be a valid reference [33,34] The increase in heatwaves, the decline in
relative humidity, reduced precipitation, and the occurrence of anomalous meteorological
episodes linked to Saharan dust intrusions have all expanded the fire hazard period, trans-
forming it into an almost year-round phenomenon [5]. In this context, the climatic analysis
conducted in this study indicates that recent wildfire dynamics in Gran Canaria cannot
be attributed to a single dominant meteorological variable through direct statistical rela-
tionship [9]. Instead, the results highlight a progressive transformation of the background
climatic conditions under which wildfires develop. The statistically significant increase
in the frequency of extreme heat days (T > 30 °C) reflects a long-term warming trend
that enhances fuel desiccation and extends the temporal window of potential fire activity.
While correlation analyses between annual wildfire indicators and climatic variables show
generally weak associations, these results do not diminish the role of climate as a structural
driver of wildfire risk. Rather, they suggest that climatic forcing operates by increasing
the predisposition of the territory to extreme fire behavior, acting in combination with
fuel accumulation, land-use change, and ignition patterns. Under this framework, climate
change does not function as a short-term predictor of wildfire occurrence, but as a persistent
conditioning factor that amplifies the likelihood and severity of large wildfire events. Con-
sequently, the classical concept of a clearly defined “wildfire season” becomes increasingly
blurred, giving way to a regime in which extreme meteorological conditions—particularly
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prolonged periods of elevated temperatures—contribute to an almost continuous state of
heightened fire risk.

However, risk cannot be explained solely through climatic dynamics. The territorial
structure of Gran Canaria acts as a hazard multiplier, especially in the WUL The expansion
of dispersed housing in forest areas, the abandonment of traditional agricultural and
silvicultural practices, and the natural regeneration of forest stands have significantly
increased fuel loads and vegetation continuity [35] Where a productive mosaic of pastures,
croplands, and forest-use areas once existed, there is now a continuous landscape of dense
vegetation capable of sustaining high-intensity wildfires. This transformation has been
gradual but decisive for understanding the virulence of recent fires [36].

A further structural element must be added: the lack of updated and effectively
implemented land-use planning. Regulation of land uses in rural and natural areas—along
with the allocation of resources needed to manage these spaces—remains insufficient,
and the capacity to enforce existing regulations is severely constrained (Table 6). The
occupation of the territory through dispersed housing, even within forest areas where such
development is explicitly prohibited, continues despite attempts to classify such dwellings
as non-conforming buildings or halt new construction [37].

This situation largely explains one of the factors driving the accelerated increase in
wildfire risk. Without updated planning, it is impossible to properly manage land uses. This
becomes even more urgent in highly fragile environments, where human activities require
strict regulation, close monitoring, and effective enforcement due to the high ecological
cost of even minor negligence [17,37].

The causes underlying the current situation of spatial planning are complex and cannot
be attributed to a single factor. Rather, they can only be explained through the conjunction
of several elements. First, there is the procedural, technical, and temporal complexity
associated with the drafting and revision of planning instruments, particularly within a
context marked by successive legislative reforms. Second, there are the financial costs
that such efforts entail for local administrations, even when regional funding specifically
allocated for this purpose is available. Third—and from a political perspective, seemingly
the most decisive factor, although no concrete data can be provided to substantiate this
claim beyond the observation of the behavior of different administrations over the past
decade—is the requirement inherent in planning to anticipate future needs and to establish
the basic lines of action for territorial development. This exercise in foresight, which
becomes consolidated or even rigidified through a planning instrument, subjects territorial
decision-making to a constraining framework that is not always compatible with governing
bodies whose expectations of intervention are limited to a single political term, often shorter
than the time required for the processing and implementation of planning determinations.
All of this leads to a reluctance to initiate territorial and urban planning procedures, as
the absence of an approved plan generally allows for greater managerial flexibility and,
therefore, greater adaptability to the will of those responsible for decision-making in
this field.

In this context, wildfires are no longer solely ecological phenomena; they are also
social and territorial. Human presence in forest areas has simultaneously increased the
number of negligence-related ignitions and the vulnerability of the exposed population.
The evacuation of more than 10,000 people during the 2019 wildfire not only reflects the
danger of fire but also highlights the logistical challenge posed by numerous and dispersed
settlements with limited access routes and structures highly exposed to rapid spread.
Wildfire risk in Gran Canaria, therefore, depends not only on fire behavior but also on how
the territory is inhabited and managed.
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Given this reality, the recent institutional shift toward prevention, planning, and land-
scape management strategies becomes particularly relevant. Emerging policies promote
innovative approaches such as mandatory self-protection measures around homes, the
use of technical fire, grazing as a preventive tool, and the design of mosaic landscapes.
Additionally, the incorporation of real-time simulation and spatial analysis systems—such
as ALERTAGRAN—reflects a transition toward governance based on technology and antic-
ipation [32,38]. These measures represent a paradigm shift: the objective is no longer only
to extinguish fires but to create less flammable territories and better prepared communities.

Nevertheless, a key challenge persists in terms of updating urban planning regulations
with respect to WUI areas. The capacity to build resilient landscapes will remain limited
if new housing continues to be developed in high-risk zones without strict planning or
fire-adapted design criteria. Future resilience will depend as much on urban planning
as on forest management. In essence, Gran Canaria illustrates an ongoing adaptation
process, while also demonstrating that effective risk governance requires the integration of
environmental, territorial, and social policies.

5. Conclusions

The evolution of the wildfire regime in Gran Canaria over the past two decades reveals
a structural transformation marked by the increasing severity of events and the progressive
loss of risk seasonality. This transformation is quantitatively supported by the statistical
analysis, which confirms a statistically significant decreasing trend in wildfire frequency
over the study period alongside an extreme concentration of burned areas in a very limited
number of large events. The decrease in the total number of fires does not imply a reduction
in danger; on the contrary, the concentration of burned areas in a small number of large
wildfires—often occurring under extreme meteorological conditions—indicates a future
scenario dominated by high-intensity events with significant socio-environmental impacts.
In this context, wildfire risk is increasingly driven by severity rather than frequency, rein-
forcing the relevance of impact-based and territorial indicators over simple ignition counts.
This change cannot be understood solely from a climatic perspective. While the climatic
analysis highlights the role of annual precipitation in shaping fuel moisture conditions,
the results also indicate that climatic forcing alone is insufficient to explain the observed
impacts. The results demonstrate that the territory acts as a risk amplifier when three key
factors converge: the abandonment of traditional agroforestry uses, increased continuity
of vegetation fuel, and the expansion of dispersed housing in wildland—urban interface
(WUI) areas. Thus, wildfire risk is a social construct associated with how the landscape is
inhabited, managed, and transformed. A large wildfire is both an ecological phenomenon
and the consequence of insufficient, outdated, or unenforced territorial and urban planning.

In response, public policies in Gran Canaria have initiated a transition toward a more
preventive and territorially grounded governance model in civil protection and emergency
management. The implementation of mandatory self-protection measures, mosaic land-
scape strategies incorporating discontinuities, grazing as a preventive tool, prescribed
burning, the establishment of specialized WUI units, and the deployment of spatial wildfire
simulation systems all reflect a significant shift toward resilience and anticipation. These
measures are consistent with a context in which extreme events, rather than recurrent
small fires, represent the main source of risk. This progress represents a potential reference
framework for other Mediterranean regions and archipelagos facing similar challenges
under climate change. However, important challenges remain. Urban management in
WUI areas continues to be limited and, in some cases, contradictory. Resilient landscapes
cannot exist if irregular developments continue to expand into high-risk zones without
strict application of design, construction, and fire-defensive maintenance standards. The
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persistence of exposed settlements in high-risk areas undermines the effectiveness of pre-
ventive strategies and increases the probability that future extreme wildfires will evolve into
socio-territorial disasters. Future prevention efforts must necessarily include forest-urban
planning criteria within binding land-use instruments, as well as broader mechanisms of
shared responsibility between administrations and citizens.

In summary, Gran Canaria exemplifies a transition in progress: from reactive fire
suppression toward the creation of territories adapted to coexist with more frequent,
intense, and climate-conditioned wildfires. Under this scenario, wildfire risk no longer
depends primarily on the number of ignitions, but on the probability that extreme events
occur under critical climatic and territorial configurations. The challenge is no longer to
eliminate fire, but to live with it under a model that reduces its impact and prevents it from
becoming a disaster.
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