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ated by coupled effects of climate
teleconnections.
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Projections of future climate change impacts suggest an increase of wildfire activity in Mediterranean ecosys-
tems, such as southern California. This region is a wildfire hotspot and fire managers are under increasingly
high pressures to minimize socio-economic impacts. In this context, predictions of high-risk fire seasons are es-
sential to achieve adequate preventive planning. Regional-scale weather patterns and climatic teleconnections
play a key role in modulating fire-conducive conditions across the globe, yet an analysis of the coupled effects
of these systems onto the spread of large wildfires is lacking for the region. We analyzed seven decades
(1953–2018) of documentary wildfire records from southern California to assess the linkages between weather
patterns and large-scale climate modes using various statistical techniques, including Redundancy Analysis, Su-
perposed EpochAnalysis andWavelet Coherence.We found that high area burned is significantly associatedwith
the occurrence of adverseweather patterns, such as severe droughts and Santa Anawinds. Further, we document
how these fire-promoting events are mediated by climate teleconnections, particularly by the coupled effects of
El Niño Southern Oscillation and Atlantic Multidecadal Oscillation.
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1. Introduction

The interannual variability in both large wildfire occurrence and
burned area is usually high in most ecosystems around the globe
(Giglio et al., 2010). This phenomenon can be partially explained by
the interaction between fire and annually-variable modes of sea surface
temperature (SST) and related climate teleconnections (CTs; i.e. statisti-
cally significant climate remote responses far away from the forcing re-
gion, either concurrent with or time lagged; Kitzberger et al., 2007;
Mariani et al., 2018, 2016; Schoennagel et al., 2005). However, these as-
sociations are not straightforward (Keeley, 2004) and underlying inter-
actions among CTs may lead to specific modulations or amplifications
(Ascoli et al., 2020; Wang et al., 2014) with varying effects on fire-
proneweather patterns at subcontinental scales, subsequently influenc-
ing wildfire activity (Harris and Lucas, 2019). Under a climate change
scenario projecting many regions on Earth towards an increase in num-
ber of wildfires (Moritz et al., 2012), understanding the effect of climate
variability on large-wildfire occurrence is essential for an efficient long-
term environmental resources planning, wildfire management and to
properly forecast fire danger and risk during the fire season (Ramirez
et al., 2019; Schoennagel et al., 2005).

The occurrence of drought, heat waves, high wind speed events and
their combined effects are well-known contributing factors boosting
fire danger in most fire-prone areas worldwide (Bowman et al., 2017;
Cardil et al., 2019; Molina-Terrén and Cardil, 2016; Monedero et al.,
2019). Such events may be mediated by SST modes such as El Niño
Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO), or
the Atlantic Multidecadal Oscillation (AMO) and associated CTs, from in-
terannual to multidecadal time scales (Kitzberger et al., 2006; Li et al.,
2016; Molina-Terrén et al., 2016). CTs influence the atmosphere induc-
ing cascading effects on local weather patterns across the globe (Chiodi
and Harrison, 2015; Maleski and Martinez, 2018) and indirectly affect
interannual variation in biomass production, vegetation phenological
cycles and fuel moisture (Dannenberg et al., 2018; Kitzberger et al.,
2017; Li et al., 2016).

To date, much research has been analyzing the links between CTs
and seasonal weather conditions including effects on temperature, pre-
cipitation, evapotranspiration, soil moisture and drought (Abatzoglou
and Kolden, 2013; Johnson and Wowchuk, 1993; O'Brien et al., 2019;
Skinner et al., 2002; Turco et al., 2017; Westerling et al., 2006). The as-
sociation between CTs and fire disturbance has also recently drawn con-
siderable attention, especially in fire-prone regions (e.g. Australia,
western United States), and strong evidence supports the existence of
a link between CTs and burned area in many regions across the world
(Aragão et al., 2018; Kitzberger et al., 2007; Mariani et al., 2018, 2016;
Schoennagel et al., 2005). However, the interaction between CTs and
their influence on burned area variability is difficult to unravel, since it
depends on underlyingmodulations of the frequency, intensity and du-
ration of specific weather events (Li et al., 2016). Moreover, the influ-
ence of CTs on burned area is non-stationary since the variability of
the CT modes changes from interannual (ENSO) to multidecadal time
periods (AMO and PDO) (Ascoli et al., 2020; Levine et al., 2017;
Zanchettin et al., 2016).

Southern California is awildfire hotspot in thewestern United States
(Bowman et al., 2017), where the most destructive fires in its recorded
history occurred in the 21st century, despite the increased wildfire sup-
pression expenditures (Liang et al., 2008). It is well known that in-
creases in wildfire activity in this region have been associated to high
fuel dryness due to global warming exacerbation of evaporative de-
mand (Williams et al., 2019), drought frequency and severity
(Dettinger et al., 2011; Bond et al., 2015; Seager et al., 2015) and ex-
treme winds in Autumn (Goss et al., 2020). The conjunction of
subcontinental-scale patterns of drought spells and Santa Ana Winds
(SAWs) affecting burned area variability might be modulated by CTs
and their interactions. However, little is known about coupled effects
of major climate modes influencing burned area in southern California
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(Chikamoto et al., 2017; Keeley, 2004), and particularly in relationship
to the local weather patterns promoting the largest wildfires in the
region.

In this study, our aim was to disentangle the coupled effects of CTs
and adverse weather conditions driving large wildfires across southern
California during the last seven decades. Specifically, we address the fol-
lowing research objectives at different temporal windows: (1) To un-
derstand single and coupled effects of CTs in modulating the inter-
annual variation of drought, SAWs, large wildfire activity and seasonal
associations throughout the year; and (2) To examine the influence of
decadal oscillations of CTs coupling on trends in burned area.

2. Methods

2.1. Study area

The study area was the Southern Coast Bioregion in California, USA,
where wildfires have dramatically affected both forested lands and
urban settlements in the past decades (Fig. 1). The region was defined
based on the 9 bioregions outlined by Sugihara and Barbour (2006)
who coalesced the 19 sections described by Miles and Goudey (1997)
considering consistent patterns of vegetation and fire regime for
whole California. The region is dominated by Mediterranean climatic
conditions, known to foster recurrent large wildfires (Pyne et al.,
1998). Fire-prone weather situations such as long and dry summers
with thunderstorms episodes, low relative humidity and strong winds
are typical of this region (Sugihara and Barbour, 2006).

2.2. Data

2.2.1. Wildfires
We used the Fire and Resource Assessment Program (FRAP) fire

geodatabase from CAL FIRE which includes historical fire perimeters
since 1878 (CAL FIRE, 2019) and represents the most complete record
of medium and large fire data in California (Butry and Thomas, 2017).
FRAP is developed by the US Forest Service Region 5, the Bureau of
Land Management, the National Park Service, and CAL FIRE. The data-
base includes timber fires greater than 0.04 km2, shrub fires greater
than 0.20 km2, grass fires greater than 1.21 km2, and those wildland
fires that destroyed at least three structures or caused more than US$
300,000 in damage. Fires larger than 1.21 km2 in all vegetation types
in the period 1953–2018 were selected for further analysis in this
study. The selected sample guarantees homogenous and complete fire
event records for statistical analysis.

2.2.2. Climate teleconnections
In this paper, we addressed the effects of ENSO, AMO and PDO cli-

mate teleconnection signals on fire weather and activity in southern Cal-
ifornia from 1953 to 2018. One of themost prominent CTs having impact
on California is the ENSO with a 3- to 7-year cycle between warm (El
Niño) and cold (LaNiña) phases (Yoon et al., 2015).We used theOceanic
Niño Index (ONI) [ERSST.v5 SST anomalies in theNiño 3.4 region (5° N to
5° S, 170° W to 120° W)], based on centered 30-year base periods up-
dated every 5 years. The AMO is a long-term warming and cooling of
North Atlantic SSTs with a cycle expanding over several decades
(Enfield et al., 2001). The PDO is a Pacific climate teleconnection associ-
ated to changes in SST, sea level pressure, andwind patterns occurring in
the northern Pacific Ocean causing widespread climatic variation over
large areas of North America.

Data on all three CTs indexes was retrieved from the Climate Predic-
tion Centre and the Earth System Research Laboratory of the National
Oceanic and Atmospheric Administration (NOAA, 2019). The CT indexes
were computed by averagingmonthly values (6-month running average)
from December to May, after testing all possible running averaging win-
dows andmonth combinations, such as thewidely used3-month running
mean for December, January and February. According to the literature,



Fig. 1.Geographic location of the 9 bioregions delineated by Sugihara and Barbour (2006) including thefire-prone Southern Coast Bioregion in Californiawith the times the landscapewas
burned across the study area in the study period (1953–2018) after superimposing all wildfire perimeters from CAL FIRE (2019) used in this analysis.
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ENSO index may have the strongest relationships with fire activity in
winter-spring months since it accounts for potential lagged effects on
spring and summer drought (Shabbar and Skinner, 2004). This is espe-
cially relevant in a region where the window of storminess is narrow
(typically between November and March), period during which most of
the annual precipitation occurs (Cayan et al., 2016). To facilitate the anal-
yses and interpretation of the findings, CTs were classified according to
their positive and negative phases. Warm (ENSO > 0.5; El Niño), neutral
(ENSO between−0.5 and 0.5) and cold (ENSO <−0.5; La Niña) periods
for ENSO were classified based on a threshold of +/−0.5 °C. A warm or
cold PDO/AMO phase corresponds to above or below zero values of the
computed indexes, respectively. The temporal trend of the aforemen-
tioned indexes is shown in the supplementarymaterials (Figs. S1 and S2).
2.2.3. Drought data
To account for drought conditions, we used the Standardized Precipi-

tation Evapotranspiration Index (SPEI), a multiscale drought index that
represents a climatic water balance by combining precipitation and po-
tential evapotranspiration. SPEI data were retrieved from the global SPEI
database (v2.5), based on the FAO-56 Penman-Monteith estimation of
potential evapotranspiration (Vicente-Serrano et al., 2017). The database
compiles SPEI data spanning from1 to 48months at a spatial resolution of
0.5 degrees (1950–2015) and 1.0 degrees (2016–2018). A 12-month
3

accumulation period (SPEI12) was considered to depict yearly drought
anomalies (SPEI12 <−0.85), considering December as reference month.
Previousworks have found SPEI12 as the best overall drought hazard indi-
cator (Blauhut et al., 2016; Pai Mazumder et al., 2016).

2.2.4. Santa Ana wind data
We used the SAW dataset compiled by (Abatzoglou et al., 2013)

available at http://nimbus.cos.uidaho.edu/JFSP/pages/publications.
html from 1950 to present. Days with SAW conditions (SAD)were clas-
sified considering the criteria of a northeast–southwest sea level pres-
sure gradient across southern California, and a strong cold air
advection from the desert into the Transverse Range through daily
data from the NCEP/NCAR Reanalysis dataset (Kalnay et al., 1996). We
chose this dataset because it is representative for the study area, covers
a longer period compared to other SAWdatasets and has been validated
with actual SAW events in the National Climatic Data Center storm da-
tabase (Li et al., 2016).

2.3. Statistical analysis

We performed several statistical analyses to (i) assess the relation-
ships between CTs, weather patterns (SPEI and SAD) and fire incidence
(burned area and fire size), and test the significance and magnitude of

http://nimbus.cos.uidaho.edu/JFSP/pages/publications.html
http://nimbus.cos.uidaho.edu/JFSP/pages/publications.html


Fig. 2. Redundancy analysis (RDA) bi-plot (1953–2018). Points show annual scores,
vectors show climate teleconnection (AMO, PDO and ENSO), drought (SPEI12) and Santa
Ana wind (SAW) parameters and red marks represent the response variables: burned
area (BA) in autumn, summer, spring and annual. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)
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the observed relationships, and (ii) explore time-dependent associa-
tions between the aforementioned variables at seasonal, inter-annual,
and decadal levels. Redundancy analysis (RDA) was performed to ana-
lyze the association of the aforementioned variables at seasonal and
inter-annual scales; Superposed Epoch Analysis (SEA) was used to ana-
lyze lagged CT effects on burned area; Multigroup comparison tests
were conducted to assess differences in fire size distribution and annual
burned area among the different phases of CTs; and wavelet coherence
analysis to identify coupled effects of CTs on trends in burned area at de-
cadal time scales.

All statistical analyses and testswere conducted using the R software
(R core development team, 2017) with a confidence level of 95%
(P < 0.05).

2.3.1. Redundancy analysis
A RDA was used to investigate potential associations between CTs,

weather conditions (SPEI12 and annual number of SAD) and burned
area seasonally. Redundancy analysis is a multivariate approach widely
used to model the association of a set of response variables to different
explanatory factors. Similar to Principal Component Analysis (PCA),
RDA decomposes the information into several dimensions depicting in-
dependent association patterns. Contrary to PCA, RDA allows specifying
multiple variables as response, so that new dimensions portray the de-
gree of association between the input driving factors and the targeted
responses. More details about the technique can be found in Legendre
and Legendre (2012). The significance of the effect of constraints was
analyzed through an ANOVA permutation test. RDA was conducted
using the vegan R package (Oksanen et al., 2019).

2.3.2. Superposed Epoch Analysis
A SEA (dplR package (Bunn et al., 2019)) was used to determine the

significance of the departure from the mean and lagged years in terms
of burned area for the different phases of the studied CTs through
bootstrapped confidence intervals (Lough and Fritts, 1987) for a given
set of key event years during the1953–2018period.We analyzed the ef-
fect of ENSO on lagged burned area considering both LaNiña and El Niño
years as events. Also, we tested its interaction with cold and hot phases
of AMO and PDO. Given that both PDO and AMO show decadal oscilla-
tions, and SEA requires annually-resolved data, we only included
these modes in the SEA analysis in combination with ENSO
(i.e., selecting as events those years with La Niña/El Niño and positive/
negative AMO or PDO phases).

2.3.3. Multigroup comparison tests
The further step of our analysis aimed at detecting differences in fire

size distribution and annual burned area among the different phases of
CTs. We applied the multiple comparison test with unequal sample
sizes by Kruskal and Wallis (Kruskal and Wallis, 1952) and a posteriori
Dunn's test (Dunn, 1964) with Bonferroni correction. The H1 > H0 hy-
pothesis, indicates whether there is a statistical significance in fire size
and annual burned area between any specific coupled CTs. Fire events
were split among different coupled combinations of CTs phases
(ENSO+/ENSO-, AMO+/AMO- and PDO+/PDO-), dry versus wet con-
ditions and the presence/absence of SAW (fire activity during SAD and
fire activity in no SAD). The resulting groups were submitted to the
Dunn's test using fire size and burned area.

2.3.4. Wavelet coherence analysis
Afinal analysis aimed at testing for decadal influences of CTs on trends

in seasonal burned area. We used a wavelet coherence analysis to mea-
sure the intensity of the covariance of CTs and burned area patterns in
the time-frequency space throughout the study period (Ascoli et al.,
2020; Mariani et al., 2016). The test allows the detection of time-
localized common oscillatory behavior of non-stationary signals through
a cross-correlation between two time series as a function of time and fre-
quency. In particular, to account for the coupled effect of CTs, we
4

computed a combined index by running a PCA of AMO and ENSO. The
PCA-eigenvector indicative of the alignment of AMO+ and ENSO- phases
was selected and yearly scores of the component used to test thewavelet
coherence with the yearly burned area in spring-summer. The analysis
was carried out using the R package biwavelet (Gouhier et al., 2016)
using a Morlet continuous wavelet transform and considering the lag
−1 autocorrelation of each series. The data were padded with zeros at
each end to reduce wraparound effects. Significance of coherence at all
frequencies lower than two years was tested using a time-average test
with 2000 Monte Carlo randomizations.

3. Results

3.1. Climate teleconnections, drought and Santa Ana winds

The RDA analysis revealed interesting associations between CTs and
fire-prone weather patterns (drought and annual number of SAD;
Fig. 2). Drought, represented by the SPEI12 index, was positively corre-
lated with ENSO (P < 0.01), with higher drought conditions during La
Niña phases than during El Niño events. The positive phase of AMO
tended to be related with a higher annual number of SAD, but the rela-
tionship was not statistically significant (P= 0.11). PDOwas not signif-
icantly correlated to either SPEI12 or SAD.

We detected synchrony between drought conditions and the annual
number of SAD (Figs. 2, S1 and S2), so that larger annual burned areas
occurred in those periods with coincident drought and SAW conditions
(average annual burned area of 54,489 ha considering the 1983–1993
and 2002–2018 periods vs 39,030 ha for the rest of years; P < 0.01;
see Fig. S1).

3.2. Burned area, fire size and climate teleconnections

A total of 1412 unplanned fires larger than 1.21 km2 burned a
total area of 2,995,092 ha in the study area during the period
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1953–2018, with an average fire size of 2121 ± 182 ha (standard
error). The annual burned area was significantly larger under the
positive phase of AMO (P = 0.049; Fig. 3A). A similar trend was
found with PDO-, though statistically non-significant (P = 0.075;
Fig. 3C). The SEA analysis revealed non-significant temporal rela-
tionships between annual burned area and the cold (La Niña) and
warm (El Niño) phases of ENSO at any annual time lag, even though
the SPEI12 index was significantly correlated with ENSO as shown by
the RDA analysis. However, based on the SEA analysis we found a sig-
nificant synchronous effect between AMO+ and El Niño, resulting in
larger annual burned area (time lag = 0 years; P = 0.04), as shown
in Fig. 3A.
Fig. 3. Sum of burned area (pannels A and C) andmedian fire size (log-transformed; pannels B
highlighted pannel in red represents largermedian fire size during La Niña, AMO+, SAW and d
colour in this figure legend, the reader is referred to the web version of this article.)
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The combined influence of SPEI12 and SAWonboth total burned area
andmedian fire size was significant (P < 0.01), being their effects mod-
ulated by certain CTs modes. A large fraction area (80%) was burned
under drought or SAW episodes. The portion of area burned under
drought and SAWs was meaningfully dissimilar depending on the CTs
phases. The largest fraction of burned area occurred under the conjunc-
tion of ENSO+, AMO+, drought and SAW conditions (Fig. 3), with al-
most no influence of PDO. During El Niño period, the differences in
burned area under SAW and non-SAW conditions were small, whereas
during La Niña most of the burned area occurred under non-SAW con-
ditions (75%). The burned area under La Niña was more closely associ-
ated with drought conditions (83.4%) compared to El Niño period
and D) for each combination of CTs (AMO, PDO and ENSO), SAW and drought (SPEI12). The
rought conditions compared to other combinations. (For interpretation of the references to
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(64.2%). Also, the distribution of burned area was asymmetrically nega-
tive for ENSO, with most fires occurring when ENSO was lower than 1
(Fig. 3). The percentage of burned area in SAD and under drought con-
ditions was higher for AMO+ than AMO-. The PDO followed a different
pattern,withhigher proportion of burned area under PDO- in thosefires
occurring under SAW and PDO+ under drought conditions.

Fires were usually larger under SAW(P< 0.001) and drought condi-
tions (P < 0.01), particularly in coincident drought and SAW situations
(P < 0.01; Fig. 3B and D). The median fire size was significantly larger
during the positive phase of AMO compared to its negative phase
(P = 0.011). Also, those fires that occurred under AMO+ and SAD
were larger than those occurring under AMO- or non-SAD (P < 0.01).
These relationships between CT phases and fire size did not occur
under PDO and ENSO.

3.3. Seasonal burned area variability

We found noteworthy seasonal differences in burned area modu-
lated by CTmodes andweather patterns (Fig. 2). The area burned in au-
tumn was significantly linked to SAW conditions (P < 0.01) while the
burned area in summer, and especially in spring, was significantly
linked to drought (P= 0.03). The association between AMO and annual
burned area was close to the chosen significance threshold in the RDA
analysis (P = 0.059, threshold: P < 0.05), attaining similar p-values to
the SEA analysis. Most of the burned area during autumn occurred
under AMO+, SAW and mainly in combination with El Niño (Fig. S3).
The effect of PDO was non-significant (P = 0.11).

Despite the significant link between SPEI and ENSO, the association
between ENSO and burned areawas not significant in any season, as ob-
tained from the SEA analysis.

The Wavelet coherence analysis between the combined CTs index
(AMO+/ENSO-) and burned area in summer and spring from 1953 to
2018 showed a significant coherence (Fig. 4), which shifted from a pe-
riod domain of 8 years between 1960 and 1980 to a frequency of
2–6 years in more recent decades (red regions with black contours in
the graph). In these periods, wavelet coherence showed an in-phase
Fig. 4.Wavelet coherence between the combined teleconnection index (AMO+/ENSO-) and bu
of positive AMOand the cool ENSOphase (LaNiña) on the burnt area. Areas of strong coherence
coherence (p<0.05, two-sided test) against red noise. Lighter shading shows the coneof influen
arrows pointing down indicate a lead of the combined teleconnection index over the burned are
to the web version of this article.)
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fluctuation (i.e., the two time series move in the same direction)
between the CTs coupled index and burnt area (arrows pointing right)
with AMO+/ENSO- mostly leading the oscillation (arrows pointing
down).

4. Discussion

This study contributes to disentangling the effect of the main CTs
and their relations with local weather events such as drought and
SAW in driving wildfire incidence (i.e., fire size and annual burned
area) in southern California, by analyzing historical wildfires over the
last 70 years. Our work confirms the importance of adverse weather
conditions (i.e., drought and SAW) to explain burned area seasonally
in southern California (Goss et al., 2020), and reveals that these relation-
ships aremediated by CTs. The SPEI indexwas significantly correlated to
ENSO positively, with wetter conditions found during El Niño years
(Gergis and Fowler, 2009) due to increased precipitation in southern
California (Allen andAnderson, 2018). This patternmay explain the sea-
sonal burned area variability shown in this paper between the two
phases of ENSO, as larger burned areas were also identified during
drier La Niña years in the southwestern United States (Mason et al.,
2017). While wildfires tended to occur during La Niña events under
drought conditions, especially in spring and summer (Kitzberger et al.,
2007), during El Niño phases a substantial number of large wildfires
burned during SADs in autumn. This finding is probably related to
plant growth and fuel accumulation with higher development of bio-
mass under wetter conditions in the preceding spring (Westerling
et al., 2003).

The warm phase of AMO is associated with decreased precipitation
and increasedmean temperature inwestern United States. These condi-
tions probably boosted larger annual burned area as showed the SEA
and RDAanalysis. Also, the patterns of interannual rainfall variability as-
sociated with ENSO are significantly modulated between AMO phases.
Enfield et al. (2001) found an increased positive correlation between
ENSO and rainfall in southern California during the negative phase of
AMO (1965–1994) as compared to its positive phase (1930–1959).
rned area (spring and summer) in Southern California. The test analyzes the coupled effect
in time between series are shown in red. Black contours designate frequencies of significant
cewhere edge effects are important. Arrows pointing right show an in-phase behavior and
a. (For interpretation of the references to colour in this figure legend, the reader is referred
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This effect may explain the interaction found between AMO+, El Niño
and annual burned area in the SEA analysis. In addition, the wavelet co-
herence analysis showed that the coupled AMO+/ENSO- index
displayed a common non-stationary oscillation with the burnt area in
spring and summer in southern California with periods ranging from 8
to 4 years, indicative of an amplification of La Niña during AMO+
phases with cascading effects on the fire regime.

Although we did not find any significant relationship between PDO,
weather and fire activity, PDO may have a modulating effect on the cli-
mate patterns resulting from ENSO based on recent literature (Abiy
et al., 2019; Margolis and Swetnam, 2013; Schoennagel et al., 2005;
Wang et al., 2014). Wang et al. (2014) found that the climate signal of
La Niña is likely to be stronger when PDO is highly negative, resulting
in dry conditions in southern California; and, oppositely, highly positive
PDO values would lead to El Niño-like wet conditions. Margolis and
Swetnam (2013) found that ENSO influenced variability in moisture
and upper elevation fire occurrence in the southwestern United States,
and that such relationship could be potentially modulated by phases
of PDO.

The RDA analysis suggests that the response of burned area to
drought and SAW conditions is stronger in the 21st century compared
to the second half of the 20th century, for fires occurring in the autumn
under SADs and in summer with severe drought. This could be ex-
plained by the higher frequency of drought and SAW events in the
2000–2018 period, with AMO in its warm phase and PDO in its cool
phase (Fig. S1 and S2), coupled with improved fire suppression capabil-
ities (Liang et al., 2008) where only a few fires under extreme circum-
stances exceeded the initial attack and become large.

5. Conclusion

Our results highlight the coupled impacts of CTs on weather and
burned area at both inter-annual and decadal time scales in Southern
California.When using ENSO-based forecasts at seasonal scale, our find-
ings reveal the need for considering the interaction with AMO. ENSO
activity is projected to amplify due to anthropogenic climate change
(Cai et al., 2014, 2015; Power et al., 2013), heralding a serious threat
the ever expanding flammable rural-urban interface in this wildfire
hotspot (Bowman et al., 2017). Since AMO is projected to enter a nega-
tive phase during the next decades (Krokos et al., 2019), this could limit
the strength of La Niña phases conducive to fire-prone weather and
spring-summer burnt area. In light of future climate change pressures,
we suggest that proper drought monitoring (through indexes such as
SPEI) and SAD forecasting is needed to gauge the very beginning of
dry periods, and by extent, theprediction of high-riskfire seasons to fur-
ther assist decision makers.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.142788.
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