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Abstract

In order to better understand Extreme Fire Event conditions at the regional level in Portugal, a preliminary analysis on
drought conditions and forest fires considering NUT Ill administrative organization was performed and is presented in
this work. This analysis will support a more comprehensive study on the relation between weather-climate conditions
(drought, heat, wind) and forest fires (occurrences and burned areas). To classify the drought, two drought indices were
considered — PDSI (Palmer Drought Severity Index) and SPI (Standardized Precipitation Index), the last one for 3- and
6 months time scales. The computation was based on weather station observations for the period 1981 - 2019 in mainland
Portugal, with aggregation in 23 NUT Il on a monthly basis. To analyse the forest fires distribution per NUT 11l a
monthly dataset of fire occurrences and burned areas during the period was used. The exploratory analysis was carried
out in the STATISTICA software, using two clustering methods (K-Means and tree clustering). Since the results of those
methods are subjective, before applying them, in the case of drought, the ideal number of clusters was calculated, making
a sensibility analysis using the R tool NbClust. The results from clustering are presented through maps in which the
groups of NUT 11 regions with the same behaviour are identified.

1. Introduction

Droughts are a natural occurring phenomenon, essentially associated with deficient precipitation values, over
an extended period of time, resulting in low soil moisture and influencing water resources availability (Riley et
al. 2013). Portugal is a country recurrently affected by drought, which has implications in fire occurrences and
burned areas, with dry years usually being related with the greatest severity wildfires (Viegas et al. 1999). For
a better understanding of the spatial distribution, an exploratory analysis of drought and forest fires was made
separately. The final goal of the study is to analyse the regional distribution of the drought and its relation to the
fires. The characterization of the droughts for mainland Portugal (in 23 regions of NUT Il shown in Figure 1)
is done using the Palmer Drought Severity Index (PDSI) and 3- and 6-months Standardized Precipitation Index
(IPMA 2021), both presented in Table 1. This data is available on a monthly basis from January 1981 to
December 2019. Likewise, for the characterization of the distribution of forest fires for mainland Portugal (in
23 NUT 111 regions), fires occurrences and burned areas on a monthly basis, from January 1980 to December
2018, were used. The first step was to develop a preliminary analysis of drought conditions calculating
frequency and temporal evolution per NUT Ill. The second step aimed to understand how each NUT Il is
related to its neighbours considering the drought, through the use of correlation and applying two cluster analysis
methods (K-Means clustering and Tree clustering) to identify the spatial drought and spatial distribution of
forest fires in NUT Il1 regions. Since this analysis has a subjective nature, to estimate the best number of NUT
111 clusters according to drought, a sensibility analysis based on the R tool NbClust was performed. The next
chapters are organized as follows: i) preliminary analysis of the drought in Portugal, ii) detailed analysis of both
drought and forest fires on a NUT Il basis, and iii) conclusions drawn from presented data.
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Figure 1 — Name of each regional division (NUTS 2013) applied in May 2015 (on the left) (the image is
adapted from (INE 2015)) and the respective regional codes (on the right) (the image is adapted from
(EUROSTAT 2016)).

Table 1 - PDSI and SPI index category with their respective value ranges and colour code. (the Table is adapted
from (Portal do Estado de Ambiente 2021)).

PDSI Drought classes SPI

=>=4.00 =>=2.00
3.00a3.99 1.50a1.99
2.00a2.99 1.00a 1.49
0.50a1.99 slight wet 0.99 a 0.50
0.49 a -0.49 near normal 0.49 a-0.49
-0.50a-1.99 mild drought -0.50 a -0.99
-2.00a-2.99 -1.00a-1.49
-3.00a-3.99 -1.50a-1.99

<=-4.00 <=-2.00
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2. Preliminary drought analysis

The first step was a frequency analysis of drought conditions per NUT 111 (see an example for PDSI in Figure
2). The analysis was followed by an evaluation of the temporal evolution of drought in the period 1981 to 2019,
taking into consideration the spatial prevalence of drought on NUT 111 basis (see an example for PDSI in Figure
3).
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Figure 2 - Frequency of monthly PDSI classes (%) per NUT 111 in the period 1981-2019 for Portugal.
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Figure 3 - Number of NUT 111 (%) in the 2 higher classes of PDSI index (severe and extreme) in the period 1981-
2019 for Portugal.

3. Drought on NUT 111 basis

A second step aimed to understand how each NUT I11 is linked to its neighbours in relation to drought, through
the use of correlation and clustering methods. Regarding correlation, simple correlation matrixes were used for
a preliminary inspection of the data (see the example for PDSI considering all months of the year in Table 2).
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Table 2 - Correlation matrix for PDSI in NUT 111, considering all months within the year, from 1981 to 2019.

0392 | 0472 [ 0576

In what concerns clustering, two complementary approaches were taken. On one side, a sensibility analysis
based on the R tool NbClust (Ghazzali 2014) was performed to find the best number of NUT IlI clusters
according to drought. Most of the aggregation methods indicated 2 or 3 NUT 111 clusters to be the ideal number
of clusters for Portugal, also with a high number of methods to indicate 8 NUT Il clusters as ideal (see the
example for PDSI considering all months of the year in Table 3).

Table 3 - Number of indexes (per aggregation method and for all methods — last column) that indicate the best
number of NUT 111 clusters, using the R Tool NBClust, for PDSI considering all months.

Nur:fber Aggregation Method All
Clusters Ward.D Ward.D2 Single Complete | Average McQuitty Median Centroid Kmeans QEtioc
2 6 11 12 10 7 6 8 11 13 84
3 11 6 8 4 8 11 2 3 8 61
4 1 1 2 3 2 4 2 12 0 27
5 1 1 0 0 1 3 2 0 1 9
6 1 1 0 0 3 0 12 0 2 19
7 0 2 2 2 0 0 0 0 6
8 4 3 4 6 2 4 1 4 29

On the other side, final clustering results were obtained for K-Means (with 3 different initial cluster centers
settings, named A (choose observations to maximize initial between-cluster distances), B (sort distances and
take observations at constant intervals) and C (choose the first N (number of clusters) observations) and tree
clustering methods (Ward’s method for 2 metric distances, Euclidean and Pearson r) in STATISTICA software
(TIBCO 2022). The example for PDSI considering all months of the year is shown in Figure 4. Four solutions
were considered for addressing season sensibility: i) all months of the year; ii) summer months; iii) spring
months; iv) non-winter months.
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Figure 4 — NUT 111 aggregation in 2 clusters considering monthly values for 3 considered drought indexes PDSI,
SPI3 and SPI6 for all months of the year between January 1981 and December 2019, using 3 different settings for K-
Means and 2 metric distances, Euclidean and Pearson r for Ward’s method.

4. Preliminary Results for Drought

The results suggest that the longer the period considered throughout the year (inherent to the drought index itself
or the number of months considered for drought analysis), the greater the tendency for the drought behaviour to
be dominated by the Montejunto-Estrela mountain system. For shorter periods within the year, a finer clustering
should be the most appropriate.

Thus, for all months of the year or for the non-winter period (March to November) the drought presents a
differentiated behaviour for two main sets of NUTS Il (see Figure 4):

e Qeste, Leziria do Tejo, Médio Tejo, Beira Baixa and other NUT Il1 to the south;
o Regido de Coimbra, Regido de Leiria, Beiras e Serra da Estrela and remaining NUT Il1 to the north.

In a finer aggregation as a function of drought, the sets of NUT Il that show the same behaviour for the
meteorological drought are identified below for each of the 4 periods of the year (see Figure 5):

Every month of the year:
e Terras de Tras-os-Montes + Douro;
* Regido de Coimbra + Regido de Leiria.

Summer:
e Terras de Tras-os-Montes + Douro;
e Regido de Coimbra + Regido de Leiria;
e Oeste + Leziria do Tejo.

Spring:

e Terras de Tras-os-Montes + Douro;

e Alto Minho + Cavado;

e QOeste + Leziria do Tejo.
Non-winter:
Viseu Ddo Lafbes + Beiras e Serra da Estrela;
Regiédo de Coimbra + Regido de Leiria;
Beira Baixa + Alto Alentejo;
Oeste + Leziria do Tejo.
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In summary, it can be considered that there are 3 sets of NUT Il presenting the same behaviour in terms of
drought, almost regardless of the period of the year considered:

e Terras de Tras-os-Montes and Douro, which just do not belong to the same set in the non-winter
period;

¢ Regido de Coimbra and Regido de Leiria, which do not belong to the same set in the spring period;

e QOeste and Leziria do Tejo, which just do not belong to the same set considering all the months of the
year.

There are also other NUT I11 with drought similarities, but to which this analysis does not allow to attribute the
same level of confidence, since there was one combination of drought index (PDSI, SPI3 or SPI6) and a
clustering solution (in these cases the solutions "K-Means B", "K-Means C" or "Ward - Pearson") in which
aggregation was not verified. In this situation, for 3 of the 4 periods of the year considered, the following sets
of NUT Il are identified:

Every month of the year: Spring:
e Alto Minho and Céavado; e Alto Minho, Cavado and Ave;
¢ Viseu Déo Lafdes and Beiras e Serra da Estrela; e Alentejo Litoral and Baixo Alentejo.
e Beira Baixa and Alto Alentejo; Summer: )
e Oeste and Leziria do Tejo. » Oeste, Area Metropolitana de Lishoa

and Leziria do Tejo.

Todos dos meses do ano Primavera Verdo N3o inverno
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Figure 5 - Spatial aggregation of NUT Il1 into 8 clusters for drought behavior between January 1981 and December
2019 as a function of; i) drought index (PDSI, SP13 and SPI6); (ii) the time of year (All months of the year, spring,
summer and non-winter) and iii) clustering solutions ("'"K-Means A", ""K-Means B"", "'K-Means C"', ""Ward —
Pearson, ""Ward — Euclidean"").

5. Forest fires distribution in NUT |11

The third step was towards understanding NUT 111 spatial distribution of fire occurrences number and burned
areas, considering both all months of the year (January to December) and forest fire seasons (June to October)
for 39 years (1980 to 2018). The results obtained for 8 clusters by applying a tree clustering analysis - Ward's
method with Pearson's metric distance r - are shown in the maps in Figure 6. It should be noted that the same
results are obtained whether original or normalized data (division by the area of each NUT II1) are used.
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Figure 6 — NUT 111 aggregation in 8 clusters considering monthly values of fire occurrences (top) and burned
areas (bottom) considering all months of the year (in the left) and the fire season months between June and
October (in the right), applying a tree clusters analysis with Ward’s method using the metric distance of Pearson r.
Data from 1980 to 2018.

6. Preliminary Results for Forest Fires

Analysing Figure 6, it can be seen that for the case of forest fire occurrences there is a more homogeneous
grouping in terms of NUT 111 spatial proximity considering both all months of the year and fire season months.
The only differences between all months of the year (at the top on the left) and fire season months (at the top
on the right) lies in the fact that, in the fire season months the Oeste and Area Metropolitana de Lisboa are in
the same cluster as Alto Tamega, Terra de Tras-os-Montes and Douro, and that there is an individualization of
Alentejo Litoral in a single cluster, no longer belonging to Alentejo Central and Baixo Alentejo cluster (as for
all months of the year).

The map for burned areas (bottom maps in Figure 6) shows a more homogeneous grouping of NUT 111 regions
in the north and interior of the country, while for the coastal part of the country this is not the case. Anyway, it
seems that grouping follows north-south guidance.
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Comparing the maps in Figure 6 of the fire occurrences (at the top) with those of the burned areas (at the bottom),
it can be seen that in the case of the burned areas there is less spatial consistency distribution of clusters. This
suggests that there may be additional factors besides the regional proximity (on NUT Il basis) that have to be
considered to better understand the regional distribution of burned areas in Portugal.
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