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Abstract
The Southwestern U.S. and Eastern Australia are two of the most fire-prone regions of the world.
These two regions also have significant and opposite-signed hydroclimate teleconnections to sea-
surface temperature (SST) anomalies in the tropical Pacific, such that an El-Niño-like west-to-east
tropical Pacific SST gradient is associated with hot, dry conditions in Eastern Australia and cool,
wet conditions in the Southwestern U.S. Additionally, the tropical Pacific has experienced a pro-
nounced La-Niña-like cooling over recent decades. Here, we investigate the roles of the tropical
Pacific and anthropogenic climate change (ACC) as drivers of observed trends in burned forest
area and vapor pressure deficit (VPD) in the Southwestern U.S. and Eastern Australia, using obser-
vations and Coupled Model Intercomparison Project Phase 6 model data. We characterize the
strength and spatial structure of relationships between fire-favorable climate variables in these
regions and SST anomalies in the Pacific. We show that in both regions, VPD has increased with
a large contribution from ACC. In the Southwestern U.S., the recent trend in the tropical Pacific
west–east sea surface temperature gradient positively contributed to the VPD-induced increase
in burned forest area since 1984. However, in Eastern Australia, the tropical Pacific SST gradient
trend has likely offset the ACC-induced tendency to increase burned forest area.

1. Introduction

Situated kitty-corner across the vast Pacific Ocean
are two of the most forest-fire prone regions on
Earth: Eastern Australia and the Southwestern United
States. In recent years, both regions have experienced
extraordinarily destructive wildfire seasons, result-
ing in billions of dollars in damages and the loss
of human lives. The 2019–2020 Australian ‘Black
Summer’ was unprecedentedly catastrophic, burn-
ing almost one-quarter of the temperate forests in
southeastern Australia (Boer et al 2020, Abram et al
2021). Similarly in 2020, a record-setting fire season
burned roughly 4%of the state of California (Higuera
and Abatzoglou 2021). In addition to direct physical
damage to structures, ecosystems, and human health,

these fire seasons resulted in smoke plumes that were
transported thousands of miles (Ohneiser et al 2020,
Ceamanos et al 2023) and the release of substantial
quantities of carbon dioxide into the atmosphere (van
der Velde et al 2021, Albores et al 2023). Australia
and the United States also share firefighting resources
through an international partnership, made possible
partly due to the relatively short (but increasing) over-
lap between fire seasons in the Western U.S. and
Australia (Richardson et al 2025).

These record-breaking fire seasons have spurred
increased discussion regarding the role of anthro-
pogenic climate change (ACC) in promoting cli-
mate conditions favorable to forest fire. In general,
as the atmosphere warms, baseline climate condi-
tions become more conducive to fire due to increases
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in temperature and in vapor pressure deficit (VPD),
a measure of atmospheric aridity and an import-
ant driver of forest fire in the western U.S., Eastern
Australia, and other similar regions (Williams et al
2014, Seager et al 2015, Nolan et al 2016, Clarke et al
2022, Jacobson et al 2022, Jones et al 2022, Cawson
et al 2024). Increases in fire-favorable climate due
to ACC have already emerged from natural variabil-
ity in several regions, including the western U.S. and
Southeast Australia, and are expected to emerge else-
where in the coming decades (Abatzoglou et al 2019,
Abram et al 2021).

At the same time, fire-favorable hydroclimate
in Eastern Australia and the Southwestern U.S.
are dynamically linked via teleconnections to sea-
surface temperatures (SSTs) in the Pacific Ocean. In
the canonical Southwestern U.S.–El Niño- Southern
Oscillation (ENSO) teleconnection, warm (or El
Niño-like) SST anomalies in the eastern tropical
Pacific trigger upper-level Rossby waves that propag-
ate out of the Pacific into the extratropics, shifting the
storm track equatorward, inducing cooler and wet-
ter, ascending, conditions in the Southwestern U.S.
(Hoskins and Karoly 1981, Ropelewski and Halpert
1987, Trenberth et al 1998, McCabe and Dettinger
1999, Seager et al 2005, 2010, Harnik et al 2010).
Across the Pacific, Eastern Australian hydroclimate
is also affected by the longitudinal displacement of
equatorial Pacific SSTs. In an El Niño event, warm
SSTs in the central or eastern tropical Pacific shift
convection and precipitation eastward and away from
Eastern Australia, typically inducing hotter and drier
conditions there, with the opposite during La Niña
(Ropelewski and Halpert 1987, Trenberth et al 1998,
Seager et al 2005, Risbey et al 2009, Harris and
Lucas 2019). These relationships between terrestrial
hydroclimate in these regions and equatorial Pacific
SSTs hold on decadal timescales as well (Mantua
et al 1997, McCabe and Dettinger 1999, Newman
et al 2016, Power et al 2021, Jacobson and Seager
2025). As a result of these dynamical processes, fire
activity in both the Southwestern U.S. and Eastern
Australia is strongly affected by ENSO and the Pacific
Decadal Oscillation (PDO) (Kitzberger et al 2001,
Schoennagel et al 2005, Crimmins 2011, Mariani et al
2016, Earl and Simmonds 2017).

In recent decades, the climatological equat-
orial Pacific west–east SST gradient (gSST) has
strengthened in a ‘La-Niña-like’ fashion, with the
western equatorial Pacific warming faster than the
central and eastern equatorial Pacific, which has
cooled inmost seasons (Karnauskas et al 2009, Zhang
et al 2010, Seager et al 2019, Jiang et al 2024). This
pattern of SST change shifts tropical Pacific convec-
tion westward, exciting the teleconnections that make
Eastern Australia wetter and Southwestern North
America drier (e.g. Jacobson and Seager (2025)). This
multidecadal trend in gSST is in large part respons-
ible for the shift from a wetter, cooler climate in the

Southwestern U.S. in the 1980s to a hotter and drier
21st century climate (Seager and Ting 2017, Zhao et al
2017, Lehner et al 2018, Seager et al 2023, Jacobson
and Seager 2025). Despite the trend in gSST, how-
ever, an analogous opposite shift to a wetter, cooler
climate in Eastern Australia has not been observed
over recent decades (Taschetto and England 2009,
Timbal and Drosdowsky 2013, Canadell et al 2021).
In fact, the region experienced a prolonged drought
through the 2000s dubbed the ‘Millennium Drought’
which is attributed to both anthropogenic warming
and natural variability (Cai et al 2014). In general,
recent hydroclimatic trends across Eastern Australia
are likely a combination of the effects of ACC, decadal
changes in the tropical Pacific, and other modes of
variability in the Indian and Southern Ocean (Cai
and Van Rensch 2012, Cook et al 2016).

These two regions, with their opposite-signed
dynamical relationships to the tropical Pacific and
shared anthropogenic warming, present an oppor-
tunity to compare the relative roles of natural vari-
ability and ACC in observed changes in fire-favorable
climate and burned area over recent decades. In the
SouthwesternU.S., trends in tropical Pacific SSTs pos-
itively contribute to increases in fire-favorable climate
conditions caused by atmospheric warming, and in
Eastern Australia, would be expected to have oppos-
ite (i.e. negative) contributions. Additionally, both
the Southwestern U.S. and Eastern Australia encom-
pass multiple climate and fire regimes, which must
be taken into account when characterizing climate
drivers of forest fire, since the strength of the cor-
relation between climate and fire is variable across
space and seasons (Marcos et al 2015, Littell et al 2016,
Williams et al 2019, Jacobson et al 2022). Both regions
include a Mediterranean climate region (MCR), with
a warm, dry summer and relatively cool, wet winter
(Seager et al 2019), as well as a non-MCR regime.
Additionally, because of the relative abundance of
fuel, fire variability in forested regions in both the
Southwest U.S. and Eastern Australia tend to be more
sensitive to climate drivers than non-forest regions
(Williams et al 2019, McColl-Gausden et al 2025). In
this study, we address two main research questions:
First, what is the seasonality and strength of common
climate drivers of forest fire in the Southwestern U.S.
versus Eastern Australia? And second, how do anthro-
pogenic forcing and trends in the tropical Pacific
SST gradient contribute to changes in fire-favorable
weather (namely VPD) and burned forest area in
these regions?

2. Data andmethods

2.1. Burned area and forest cover data
Southwestern U.S. burned area data used in
this study are from a multi-agency dataset from
Williams et al (2025) and forest cover data is
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from the National Land Cover Database (NLCD)
(Dewitz and U.S. Geological Survey 2021). The two
subregions of the Southwestern U.S. are selected as
land area between 125◦ W–117◦ W and 33◦ N–42◦ N
(Mediterranean Southwest) and 114◦ W–104◦ W
and 32◦ N–37◦ N (Interior Southwest). Burned area
and forest cover data in Eastern Australia used in
this study are from version 3.0 of the Australian
National Bushfire Historical Extents Dataset (Foo
and Orr 2024) and Australia’s State of the Forests
Report (Australian Bureau of Agricultural, Resource
Economics and Sciences 2023). The two subre-
gions of Eastern Australia are selected as land area
(>40% land) between 135◦ E–146◦ E and 30◦ S–
40◦ S (Mediterranean Eastern Australia) and 146◦ E–
155◦ E and 20◦ S–40◦ S (Coastal Eastern Australia).
For details on the calculation of burned forest area
see supplemental text S1.

2.2. Climate data
For climate variables (2m temperature, 2m dew-
point temperature, precipitation, 1m soil moisture)
in both the Southwestern U.S. and Eastern Australia,
we use monthly mean5 climate data between 1979–
2023 from the European Center for Medium-
Range Weather Forecasting ERA5 Reanalysis product
(Hersbach et al 2020). VPD is calculated from ERA5
data as in Seager et al (2015) as the difference between
saturation vapor pressure (es) and actual vapor pres-
sure (ea). Monthly time series of climate variables are
calculated for each sub-region by taking the latitude-
weighted average of forested (⩾40% forest) grid cells
within the subregion. While there are multiple ways
to classify regions based on climate zones and fire
activity (Stern et al 2000, Cunningham et al 2024),
the subregions are defined by distinguishing regions
with Mediterranean precipitation seasonalities from
regions with non-Mediterranean seasonalities. For
the western U.S., our regions are based on those used
in Jacobson et al (2024).

We use monthly average SST data from the UK
Meteorological Office Hadley Centre Sea Ice and Sea
Surface Temperature dataset (HadISST) version 1.1
(Rayner et al 2003). For the EasternAustralia SST ana-
lysis we use a western box (120◦ E–150◦ E and 3◦ S–
3◦ N) and eastern box (160◦ E–90◦ Wand 3◦ S–3◦ N),
and for the Southwestern U.S. analysis we use a west-
ern box (130◦ E–165◦ E and 3◦ S–3◦ N) and an east-
ern box (170◦ W–70◦ W and 3◦ S–3◦ N). gSST is cal-
culated as the average SST in the western box minus
the eastern box, and these regions are chosen to max-
imize the correlation between SSTs and VPD in each

5 Here we use monthly mean climate rather than extremes to
remain consistent with previous studies of the Southwest (Jacobson
et al 2022, 2024). Jacobson et al (2022) finds stronger correlations
between interannual forest fire activity and monthly mean climate
than measures of extreme climate, though there is evidence that
extremes are more closely linked to fire activity in Eastern Australia
(Collins et al 2022).

region, though our main results are not sensitive to
small changes (∼10◦) to the boxes.

To estimate the anthropogenically-forced change
in VPD, es, and ea, we use 275 simulations from
the historical and Shared Socioeconomic Pathway
5-8.5 (SSP585) runs of 38 models in the Coupled
Model Intercomparison Project Phase 6 (CMIP6)
archive spanning the period 1984–2023 (historical
runs used for 1984–2014 and SSP585 used for 2015–
2023, see table S1). CMIP6 VPD and ea are calcu-
lated frommonthlymean surface air temperature and
relative humidity, and es is calculated from monthly
mean surface air temperature. We calculate the area-
weighted VPD, es, and ea over land areas in each sub-
region and over all ensemblemembers to estimate the
anthropogenically-forced change in these variables.

2.3. Lag correlations
Lagged correlations between the logarithm of fire-
season burned forest area and preceding and concur-
rent climate variables are calculated using centered
three-month rolling means of monthly anomalies
after removing the trend over the burned forest area
period in both the climate and burned forest area time
series. For burned forest area, the fire season is chosen
based on the months of maximum fire activity (May–
July for the interior Southwest U.S., July–September
for the Mediterranean Southwest U.S., October–
January for coastal Eastern Australia, and December–
February for Mediterranean Eastern Australia). In
sections 3.2 and 3.3, to analyze local climate drivers
of fire (VPD, precipitation, and soil moisture), we
choose months with relatively high lagged cor-
relation coefficients with fire-season burned forest
area (April–July (AMJJ) for the Southwest U.S. and
September–December (SOND) in Australia) to best
estimate the climate-driven changes in burned forest
area. For gSST in sections 3.2 and 3.3, for Eastern
Australia, we choose the season concurrent with cli-
mate anomalies (i.e. SOND), since changes in the
gSST tend to affect Eastern Australian hydroclimate
within the same month (Heckley and Gill 1984, Cai
et al 2011). For the Southwestern U.S., we analyze a
1month prior lagged season of gSSTs (i.e. February–
May) to better match the time scale of the SST tele-
connection to the Southwestern U.S. due to the time
scale for atmospheric teleconnection development
(Torrence andWebster 1998,Harnik et al 2010, Seager
et al 2010).

3. Results and discussion

3.1. Climate-burned forest area relationships
In both the Southwest U.S. (SW) and Eastern
Australia (EA), distinct forest fire regimes exist based
on the regions’ spatially heterogeneous climate sea-
sonalities. In general, forest fires are promoted by high
temperatures, low humidity, high windspeeds, and
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Figure 1. Forest cover and boxed sub-regions used for this study in the Southwest U.S. (top row). For the Interior (red box and
middle row) and Mediterranean (blue box and bottom row) of the Southwestern U.S.: on the left are shown annual time series
of burned forest area in km2 between 1984 and 2023 with certain record-breaking fires and fire seasons labeled and, on the right,
monthly climatologies of precipitation (green) and VPD (red) averaged over forested areas in each region with shaded areas rep-
resenting one standard deviation above and below the mean. Boxplots on the right show burned forest area seasonality, with
boxes indicating interquartile range and the whiskers indicating 5th and 95th percentiles.

low precipitation during the fire season. In regions
with climate-limited fire seasons, the precondition-
ing of fuel aridity in prior months can be an import-
ant driver of forest fire activity (Williams et al 2019,
Jacobson et al 2022). Here, we separate the Southwest
into two climate/fire regimes: an interior region,
which experiences the North American Monsoon
in summer (typically July) in addition to moder-
ate winter precipitation from the storm track, and
a coastal Mediterranean region, here almost entirely
comprised of California, with little to no precipit-
ation in the summer months and maximum pre-
cipitation from winter storms (figure 1). In both of
these regions, forest fire activity maximizes at the
time of year when VPD is highest and precipitation
is lowest. In the interior, maximum forest fire activ-
ity occurs when VPD is highest in May through July
until the onset of the summer monsoon, after which
the fire season is effectively ended. In the coastal
Mediterranean region, since there is little summer
precipitation to affect summer fire, the forest fire sea-
son can persist into mid-autumn but is most active in
July through September when VPD is highest.

Similarly, we separate Eastern Australia into two
climate/fire regimes (figure 2). Coastal EA, which
includes most of the Australian Eastern Seaboard,
experiences maximum precipitation in austral sum-
mer (November through February) due to the south-
ward migration of the subtropical ridge, coastal
low-pressure systems bringing onshore moisture
with easterly winds, and orographic lift (Black and
Lane 2015, Dowdy et al 2019, Barnes et al 2023).
Mediterranean EA experiences maximum precipita-
tion in winter and dry summers due to the subtrop-
ical ridge (Williams and Stone 2009). Unlike in the
Southwestern U.S., the time of year that Coastal EA
receives minimum rainfall does not coincide with the
highest climatological VPD; in both the Southwest
U.S. and Eastern Australia, VPD seasonality primar-
ily follows temperature, with maxima in local sum-
mer and minima in local winter. In Coastal EA, as
temperatures and VPD rise going into summer, forest
fire activity increases despite increasing precipitation.
VPD is at its highest in January one month before
precipitation peaks in February. In Mediterranean
EA, roughly analogous to the Mediterranean SW,
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Figure 2. Same as figure 1, but for the Coastal (middle row and red box on top row) and Mediterranean (bottom row and blue
box on top row) regions of Eastern Australia. The fire year is considered to be July–June for calculating annual burned forest area
on the left and months are shown in that order on the right.

the forest fire season begins later when cool sea-
son precipitation has sufficiently declined and VPD
increases, and runs from approximately December
through February.

Lag correlations between fire-season burned
forest area in each of these regions and antecedent
climate variables are shown in figures 3, S2 and S3.
As described in Jacobson et al (2024), in the Interior
SW, burned forest area correlates significantly with
increased VPD, increased temperature, reduced pre-
cipitation, and reduced soil moisture in the months
during and prior to the fire season going back to
early spring. Climate anomalies prior to the preced-
ing spring do not affect fire-season burned forest
area in the interior Southwest, and the strongest cor-
relations occur at the onset of the fire season. In
the Mediterranean SW, antecedent climate is better
correlated with burned forest area than fire-season
climate. Due to the lack of summer precipitation,
the negative precipitation-burned forest area rela-
tionship is strongest and consistently significant in
the antecedent winter rainy season. Soil moisture is
significantly correlated with burned forest area for
the entire preceding winter and spring, reflecting the
lagged importance of winter precipitation as a mois-
ture source into the spring and summer. Antecedent

VPD is significantly positively correlated with fire
season burned forest area as far back as the prior
winter but the strongest VPD-burned forest area cor-
relations occur in late spring into summer. This is
most likely a result of fuel conditioning, as these high
correlations go alongwith high correlationswith tem-
perature. Anomalously warm April-July months have
high VPD, causing increased fuel aridity that is not
relieved by precipitation in the climatologically dry
fire season.

Lag correlations between burned forest area and
climate in the two regions of Eastern Australia are
remarkably similar to those in the Southwest U.S.
In the coastal region, where climatological precipit-
ation occurs during the fire season and can modulate
fire activity concurrently, fire-season precipitation
is strongly negatively correlated with burned forest
area. Prior-season precipitation, VPD, and soil mois-
ture correlate significantly with burned forest area
as early as the preceding winter. These correlations
increase in strength going into the fire season and are
strongest in the fire season itself. Because the prior
season is climatologically dry, antecedent climate is
less likely to influence summer burned forest area
than hydroclimate variability during the fire season
itself. In Mediterranean EA, as in the Mediterranean
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Figure 3. Lagged correlation coefficients (y-axis) of the detrended natural logarithm of fire-season burned forest area in each
subregion with detrended climate anomalies of precipitation, top-meter soil moisture, temperature, and VPD during the fire
season (yellow highlighted region) and in prior months (x-axis).The red shaded region indicates the 95% significance threshold
based on a two-sided Student’s t-test, and diamonds indicate correlations that are significant beyond this 95% threshold.

SW, antecedent climate significantly and persistently
correlates with fire-season burned area to a compar-
able or greater degree than the fire-season climate,
due to the opportunity for the prior wet season to
precondition fuels. High VPD significantly correl-
ates with fire-season burned area as far back as the
prior autumn, as does low soilmoisture. Precipitation
significantly negatively correlates with burned forest
area beginning in the prior spring, in slight contrast
with theMediterranean SW in which winter precipit-
ation is more influential than spring. However, unlike
the Mediterranean SW, Mediterranean EA receives a
modest amount of precipitation during the fire sea-
son, so there is opportunity for fire-season precipita-
tion to affect fire activity concurrently in addition to
preconditioning.

3.2. Climate, fire, and SST teleconnections
Next, we examine the relationships between the com-
mon climate drivers of burned forest area in each
of these regions and SST anomalies, with a focus on
the tropical Pacific. Informed by figure 3, we use the
following climate seasons most influential to burned
forest area: AMJJ in the Southwest U.S. and SOND in
Eastern Australia. For SSTs, we focus on anomalies in
February–May (FMAM) for the Southwest U.S. and
SOND for Eastern Australia based on teleconnection
timing (figure S4).

Figure 4 shows correlation coefficients between
fire and climate anomalies, and SST anomalies
over the ocean. In the Interior SW, while burned

forest area does not directly strongly (r>0.2) cor-
relate with SST anomalies, SSTs in the equatorial
Pacific are significantly correlated with late spring–
summer VPD and soil moisture (but not precip-
itation). Tropical Pacific SSTs likely affect Interior
SW forest fire through a temperature/VPD telecon-
nection in which a La-Niña-like gSST strengthen-
ing increases spring-into-summer temperatures in
the Interior SW, increasing VPD (Jong et al 2020,
Jacobson and Seager 2025), and through the lagged
influence of winter precipitation anomalies on spring
soil moisture (Baek et al 2017). In contrast with the
Interior SW, spring SST anomalies in the Pacific have
a relatively strong (r∼0.4) correlation with precipita-
tion in the Mediterranean SW such that warm east-
ern equatorial Pacific SSTs promote increased pre-
cipitation. VPD in the Mediterranean SW is slightly
more strongly linked to the tropical Pacific than in
the Interior SW, while the soil moisture–SST rela-
tionship is weaker in the Mediterranean SW than the
Interior SW. The correlation between burned forest
area and prior-season tropical Pacific SST anomalies
is stronger for the Mediterranean SW than for the
Interior SW.

Correlations between hydroclimate/burned forest
area and tropical Pacific SSTs are generally stronger
and of opposite sign for Eastern Australia than for
the Southwest U.S. Burned forest area in Coastal
EA has the strongest (up to r∼0.5) direct correla-
tion with prior season SST anomalies in the trop-
ical Pacific. The burned forest area–tropical Pacific
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Figure 4.Maps of correlation coefficients for each subregion between SST anomalies and fire/climate anomalies, from left to
right: the fire-season logarithm of burned forest area, VPD, precipitation, and top-meter soil moisture. Correlations are com-
puted using February–May SST anomalies and April–July climate anomalies for the Southwest U.S. and SOND SST and cli-
mate anomalies for Eastern Australia. Boxed regions on the VPD panel indicate the regions used to calculate the gSST for the
Southwest U.S. and Eastern Australia. Stippling represents regions where the correlation is significant at the 95th percentile based
on a two-sided Student’s t-test.

SST correlation for the Mediterranean EA is weaker
than that for Coastal EA, but stronger than those in
the Southwest U.S. The climate/fire teleconnections
between Eastern Australia and SSTs in the tropical
Pacific strongly resemble a central Pacific El Niño,
consistent with previous work (Freund et al 2021). In
both regions of EA, an El Niño-like tropical Pacific
gSST favors decreased precipitation and soil mois-
ture and increased VPD in SOND, likely by shift-
ing convection and precipitation eastward and away
from Australia, which promotes fire-season burned
forest area. In addition to the Pacific teleconnec-
tions, climate and fire also correlate significantly
with SSTs in the Indian Ocean and Southern Ocean,
consistent with previous studies (Risbey et al 2009,
Montazerolghaem et al 2016, Lim et al 2017).

3.3. Drivers of historical changes in VPD and
burned area
Next, using a two-step regression model, we quantify
the contribution of the gSST trend over recent dec-
ades to VPD and burned forest area trends in each
region. Since ACC is a primary driver of VPD and
burned forest area trends via increasing temperatures
andVPD,we also quantify the contribution of ACC to
these trends. See supplementary text S1 for a detailed
description of these methods.

Based on the canonical teleconnection patterns,
the 1984–2022 trend in tropical Pacific SST anom-
alies, with more warming in the western equat-
orial Pacific than the east (figure S5), would tend to
increaseVPD in the SouthwestU.S. and decreaseVPD
in Eastern Australia (figure 4). For each sub-region,

using the linear regression of VPD anomalies onto
gSST anomalies, we model VPD changes that result
from gSST changes (figures 5 and 6). In addition, we
estimate anthropogenically-forced changes in VPD,
es, and ea anomalies as the CMIP6 ensemble mean of
these variables.

In the Southwest U.S., observed VPD increased
between 1984-2022 by over 4mbar in the Interior
SW and nearly 3mbar in the Mediterranean SW
(figure 5). This VPD increase is due to both a
warming-driven increase in es and a decrease in ea (see
Jacobson et al (2024), Simpson et al (2024)). Notably,
in the Southwest U.S., the anthropogenically-forced
VPD increase is much smaller than the observed
VPD increase despite a larger anthropogenically-
forced es increase than observed. This is due to a
modeled increase in ea which negatively contributes
to the overall VPD trend. Simpson et al (2024) show
that CMIP6 models are unable to replicate observed
decreases in ea in the Southwest U.S., so the ensemble
mean change in ea may be positively biased (such that
the VPD change is negatively biased and we might
expect the anthropogenically-forced VPD increase to
be closer to observed). Jacobson et al (2024) show that
the observed decrease in vapor pressure in the interior
Southwest is related to a dynamically-driven precipit-
ation deficit, but it remains to be determined to what
degree, if at all, the observed ea trend in the Southwest
is anthropogenically forced. The trend in the gSST
was responsible for a∼0.4mbar VPD increase (or 9%
of the observed increase) in the Interior SW and a
∼0.3mbar increase (or 12% of the observed increase)
in the Mediterranean SW.
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Figure 5. Changes in AMJJ VPD in the Interior (left) and Mediterranean (right) Southwest U.S. over 1984–2022. Top: Observed
VPD anomaly time series and linear trend (red lines), VPD time series and linear trend as predicted by gSST (blue lines), and
anthropogenically-forced VPD and linear trend as estimated by the CMIP6 multi-model ensemble mean (MMM) purple lines).
Bottom: Changes in VPD, es, and ea between 1984 and 2022 in mbar/39 years from observations (red bars) and the CMIP6 MMM
(purple bars), and changes in VPD attributed to the gSST trend (blue bar). Error bars on the purple bars show two times the
standard error of the mean of the CMIP6 ensemble.

In Eastern Australia, observed VPD increased
by ∼0.4mbar in Coastal EA and 1 ∼mbar in
Mediterranean EA (figure 6). In contrast with the
Southwest U.S., the observed VPD change is con-
tributed to by both a warming induced increase in es
and an increase in ea in both subregions of Eastern
Australia. In Coastal EA, the anthropogenically-
forced increase in VPD is much larger than the
observed increase (1.2mbar compared to the
observed change of 0.4mbar), but in Mediterranean
EA, the observed and anthropogenically-forced VPD
increases are virtually equal. The gSST-related VPD
change was a ∼0.3mbar decrease (a negative contri-
bution to the observed increase) in Coastal EA and a
0.2mbar decrease (also a negative contribution to the
observed increase) in Mediterranean EA. In Eastern
Australia, unlike the Southwest U.S., the gSST trend
and ACC have opposing contributions to the VPD
change.

Finally, we translate the changes in VPD as shown
in figures 5 and 6 to changes in burned forest area
using a logarithmic regressionmodel of burned forest
area and VPD in each subregion, following methods
used in Juang et al (in review) (see supplemental text
S1 for details).

In the Interior SW, where the observed VPD his-
tory explains 70% of the total variance in the logar-
ithm of burned forest area (both the variability and

trend), burned area increased by 3433% relative to
1984 (figure 7). The observed increase in VPD con-
tributed over one-third of this increase in burned
area. In the Mediterranean SW, the observed VPD
history explains 46% of the variance in the logar-
ithm of burned forest area. Of the 1049% increase in
burned forest area in this region, the observed VPD
increase contributed over half. In the Interior SW, the
gSST trend contributed ∼22% of the VPD-induced
increase in burned forest area (i.e. the blue bar as a
fraction of the red bar in figure 7), while ACC con-
tributed ∼85% of the VPD-induced increase. In the
Mediterranean SW, the gSST trend contributed 22%
of the change in VPD-induced burned forest area,
while ACC contributed 73% of the VPD-induced
increase in burned forest area.

Unlike in the Southwest, where there are strong
and significant (p<<0.001) positive trends in
burned forest area that explain large fractions of the
total variance (54% for the Interior SW and 30%
for the Mediterranean SW, not shown), in Eastern
Australia, the trends in logarithm of burned forest
area are small, insignificantly (p>0.1) negative, and
explain <10% of the total variance (black trend-
lines in figures 7 and 8). Burned area decreased
by 64% and 44% in Coastal and Mediterranean
EA respectively over 1984–2022. However, VPD
increased in both regions of Eastern Australia over
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Figure 6. Same as figure 5, but for SOND VPD in Coastal and Mediterranean Eastern Australia.

Figure 7. For the Interior and Mediterranean Southwest U.S., top: time series of burned forest area (BFA) from observations
(black lines) and predicted by the VPD-burned forest area relationship (red lines), as well as exponentiated linear regression
trendlines, fit to the logarithm of observed burned forest area (black curve), the logarithm of burned forest area predicted by
observed VPD (red curve), the logarithm of burned forest predicted by a counterfactual VPD history with only the contribu-
tion of the gSST trend removed (blue curve), and the logarithm of burned forest area predicted by a counterfactual VPD his-
tory with only the ACC trend in VPD removed (purple curve). Bottom: the change the actual burned forest area (black) and the
change in burned forest area as a percentage of observed that is attributed to the actual VPD trend (red), ACC impacts on VPD
(purple), and gSST trend impacts on VPD (blue). Error bars on the purple bars show two times the standard error of the mean of
the CMIP6 ensemble. Percentage changes are calculated relative to 1984 values of the exponential fit (see supplementary text S1).
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Figure 8. Same as figure 7 but for Coastal and Mediterranean Eastern Australia.

this period, corresponding to increases in burned
forest of 24% and 77% in the two regions. In both
Coastal and Mediterranean EA, the gSST trend-
related changes in VPD correspond with decreases
in burned forest area (∼19% in both regions) which
oppose the VPD-induced increases in burned forest
area. VPD changes due to ACC correspond with 73%
increase in burned forest area in Coastal EA and 76%
increase in burned forest area in Mediterranean EA.
In both Eastern Australia and the Southwest U.S.,
anthropogenic forcing has promoted an increase
in burned forest area. However, in contrast to the
Southwest U.S., this increase has not been realized
in the observed fire history of Eastern Australia.
Though the overall burned forest area trend in
Eastern Australia is weak, our results suggest that
the strengthening of the gSST has dampened the
observedVPD increase (figure 6) and thusmoderated
the ACC-induced tendency to increase burned forest
area.

4. Conclusions

Here, we have established seasonally-lagged relation-
ships between climate and burned forest area in
the Southwest U.S. and Eastern Australia. We have
described the strength and spatial structure of correl-
ations between fire-related climate quantities in each
of these regions and SST anomalies in the Pacific.
Finally, using a two-step regression model, we have
compared the contributions of the observed trend in
the west–east tropical Pacific SST gradient and ACC

to changes in VPD and burned forest area. The main
conclusions from our analysis are:

1. Burned forest area seasonalities in both the
Southwest U.S. and Eastern Australia correspond
largely to climate seasonalities, with fire most act-
ive in warmer months with high VPD. In each of
the Southwest U.S. and Eastern Australia, distinct
fire regimes exist with different fire seasonalities
due to the existence of both Mediterranean and
non-Mediterranean-type climates.

2. Both the Southwest U.S. and Eastern Australia
have significant lagged and concurrent relation-
ships between burned forest area and VPD, tem-
perature, soil moisture, and precipitation. In the
MCRs, these relationships are significant at least
as early as the winter before the fire season due to
the importance of winter precipitation precondi-
tioning fuel moisture for relatively dry summers.
In the non-MCRs, VPD and precipitation are sig-
nificant drivers of summer burned forest area, but
the climate-fire relationships are strongest in the
fire season itself and are not significant more than
one season prior to the fire season.

3. Climate drivers of forest fire in both the Southwest
U.S. and Eastern Australia correlate significantly
with the west–east gradient in SSTs in the trop-
ical Pacific. In the Southwest U.S., a strengthen-
ing of the gradient promotes fire-favorable climate
anomalies, and in Eastern Australia, a weaken-
ing of the gradient promotes fire-favorable climate
anomalies.
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4. Observed VPD increases in both the Interior
(4mbar over 1984–2022) and Mediterranean
(2.7mbar) Southwest U.S. were contributed to by
anthropogenic warming and, to a lesser extent, the
strengthening of the west–east tropical Pacific SST
gradient.

5. Observed VPD increases in Coastal (0.4mbar) and
Mediterranean (1mbar) Eastern Australia were
driven by a combination of increases due to
anthropogenic warming and decreases due to the
strengthening of the west–east tropical Pacific SST
gradient.

6. In both the Southwest U.S. and Eastern Australia,
anthropogenically-forced increases in VPD have
contributed positively to the VPD-induced tend-
ency to increase burned forest area.

7. In the Southwest U.S., burned forest area has
increased significantly by ∼3400% (Interior) and
∼1000% (Mediterranean) from 1984 to 2022,
while Eastern Australia has had a small, insignific-
ant decreasing burned forest area trend.

8. In the Southwest U.S., the trend in the tropical
Pacific gradient was responsible for approximately
one-quarter of the VPD-induced change in burned
area.However, in EasternAustralia, the trend in the
tropical Pacific gradient contributed negatively to
the VPD-induced increase in burned forest area,
though the overall observed change in burned area
is weak. Thus in the Southwest, the strengthening
of the tropical Pacific SST gradient has amplified
the thermodynamically-driven increase in burned
forest area due to anthropogenic warming, while
in Eastern Australia, the trend in the gradient has
likely mitigated the effect of anthropogenic warm-
ing on burned forest area trends.

A vital point of clarification for this study is that
we do not assume that the trend in gSST, and its
downstream effects on VPD and burned forest area,
are independent of anthropogenically-forced changes
in VPD and burned forest area. The question of
whether and to what degree the observed strengthen-
ing of the tropical Pacific gradient has been driven by
ACC is a topic of much recent research (Coats and
Karnauskas 2017, Seager et al 2019, Jiang et al 2024,
Watanabe et al 2024) and is relevant to further inter-
preting our results. Because current generations of
climate models simulate an anthropogenically-forced
weakening of the tropical Pacific gradient (Seager et al
2019, 2022, Jiang et al 2025), rather than a strength-
ening similar to what has been observed, our res-
ults using CMIP6 simulations in figures 5–8 inher-
ently include the effect of this anthropogenically-
forced gradient weakening in the statistical models
of ACC-related changes in VPD and burned forest
area. Thus if the observed strengthening gSST is in
any part an anthropogenically-forced response of the

tropical Pacific to warming, this would imply that
the ACC-related VPD changes estimated in figures 5
and 6 are underestimated in the Southwest U.S. and
overestimated in Eastern Australia. Because we do not
attempt to decompose the observed gSST trend into
anthropogenically-forced versus natural variability-
driven components, our results must be interpreted
with the understanding that the gSST-driven changes
in VPD and burned forest areamay include the effects
of both ACC and natural variability.

This work quantifies the impact of both seasonal
and decadal climate drivers for forest fire risk in both
regions. Though we focus on historical trends over
recent decades, our results have important implica-
tions for future fire in the Southwest U.S. and Eastern
Australia. The observed gSST has strengthened over
the 20th and 21st centuries (Seager et al 2022),
but has also exhibited decadal periods of weakening
during phase shifts of the PDO (Jiang et al 2024).
Since the mid-1980s, the PDO has trended towards
a cooler eastern equatorial Pacific and a strength-
ening of the gradient. We have shown here that
the gSST trend has amplified the warming-induced
increase in burned forest area in the Southwest U.S.
and mitigated it in Eastern Australia. If the gSST
trend reverses in the future, whether due to nat-
ural variability or long-term anthropogenic forcing
(e.g. if forced gradient strengthening is transient and
reverses to weakening in coming decades as in Heede
and Fedorov (2023); see also Zhuo et al (2025)),
this would tend to decrease burned forest area in
the Southwest U.S. and increase burned forest area
in Eastern Australia. Given the exponential relation-
ship between climate and burned forest area, the
future impact of gSST trends on fire will be amplified
due to the background ACC-driven increase in VPD.
Additionally, future changes in extreme burned area
in the U.S. and Australia will affect existing firefight-
ing resource-sharing arrangements between the two
nations. Understanding future changes in the west–
east tropical Pacific SST gradient is critical to long-
term planning for future wildfire risk in fire-prone
land regions that are teleconnected to the tropical
Pacific.

Data availability statement

The data that support the findings of this study are
openly available at the following URL/DOI: https://
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Supplementary material available at https://doi.
org/10.1088/1748-9326/ae6791/data1.
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