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Extreme fire weather in Chile 
driven by climate change and El 
Niño–Southern Oscillation (ENSO)
Raúl R. Cordero 1, Sarah Feron 1,2*, Alessandro Damiani 3, Jorge Carrasco 4, Cyrus Karas 1, 
Chenghao Wang 5,6, Clarisse T. Kraamwinkel 2 & Anne Beaulieu 2

A string of fierce fires broke out in Chile in the austral summer 2023, just six years after the record-
breaking 2017 fire season. Favored by extreme weather conditions, fire activity has dramatically 
risen in recent years in this Andean country. A total of 1.7 million ha. burned during the last decade, 
tripling figures of the prior decade. Six of the seven most destructive fire seasons on record occurred 
since 2014. Here, we analyze the progression during the last two decades of the weather conditions 
associated with increased fire risk in Central Chile (30°–39° S). Fire weather conditions (including high 
temperatures, low humidity, dryness, and strong winds) increase the potential for wildfires, once 
ignited, to rapidly spread. We show that the concurrence of El Niño and climate-fueled droughts and 
heatwaves boost the local fire risk and have decisively contributed to the intense fire activity recently 
seen in Central Chile. Our results also suggest that the tropical eastern Pacific Ocean variability 
modulates the seasonal fire weather in the country, driving in turn the interannual fire activity. The 
signature of the warm anomalies in the Niño 1 + 2 region (0°–10° S, 90° W–80° W) is apparent on the 
burned area records seen in Central Chile in 2017 and 2023.

Although fire activity is determined by several factors including available fuel, land management, and ignition 
 sources1, weather is the largest driver of the regional burned  area2,3. “Fire weather” conditions, including high 
temperatures, low humidity, dryness, and strong winds, boost wildfire risk and increase the potential for fires, 
once ignited, to intensify rapidly and spread  faster4.

Climate change is playing an increasing role in determining wildfire regimes by favoring extreme fire weather 
 conditions4. Models suggest that the influence of climate change on fire weather has already emerged in about 
22% of global burnable land  area5. Observations have shown that the global burnable area affected by long fire 
weather seasons has doubled in recent  decades6. Hot and dry conditions resulting from rising global temperatures 
have led to increases in the frequency and severity of fire  weather7.  California8–10, southeastern  Australia11, and 
Southern  Europe12,13 have recently seen major wildfire outbreaks associated with extreme fire weather.

Fire activity has dramatically increased in Chile in recent  years14,15. Fire season in this Andean country peaks 
in January and February at the height of the southern hemisphere’s  summer16,17. Around 6000 fires are recorded 
every  year18 and a total of 1.7 million ha. burned during the last decade in the  country19. Fires have serious envi-
ronmental, economic, and social impacts on their own, but they had devastating effects in recent years as they 
occurred in combination with a severe drought. Chile is in the midst of a megadrought, the longest in at least 
1000 years, that has lowered reservoirs and caused tensions and social unrest over  water20.

Climate extremes are likely boosting fire activity in Central Chile (30°–39° S). The loss of precipitations 
observed during the last four  decades21,22 has been worsened by intense  heatwaves23,24, which have favored large 
and high-intensity wildfires in Central Chile. Over 90% of the wildfires in the country occur in this zone, which 
exhibits a pronounced north–south gradient in precipitation (Fig. S1 and Table S1) and encompasses eight 
Chilean administrative "Regions". The four southern most of these Chilean Regions (Maule, Biobío, Ñuble, 
and Araucanía) account for most of the tracts of forest land in the  country18. Recurrent fires in these densely 
populated regions have affected crops, led to food shortages for livestock, impacted the economy, and enveloped 
towns and cities in toxic haze and  smoke17.
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Large-scale natural climate modes, such as El Niño–Southern Oscillation (ENSO), also play a major role in 
the fire weather and wildfire activity. Although ENSO has large effects on the interannual variability of biomass 
burning across  continents25, the footprint of ENSO in the year-to-year changes of the burned area in Chile 
remains obscured. The phases of ENSO (namely El Niño and La Niña) are driven by the strength of trade winds 
blowing west along the equator and pushing warm water from South America toward  Asia26. During El Niño 
events, trade winds weaken and warm water accumulates nearby the west coast of the Americas. During La Niña 
events, trade winds strengthen, pushing more warm water toward Asia, increasing upwelling and bringing cold, 
nutrient-rich water to the  surface26. Through atmospheric teleconnections, El Niño and La Niña influence the 
weather worldwide. For example, El Niño makes summer generally warmer in central  Chile27, which in turn 
boosts wildfire risk.

In February 2023, the concurrence of a severe drought and persistent heatwaves resulted in extreme fire 
weather conditions in Central Chile. Just six years after the record-breaking 2017 season, fierce fires raged across 
the country killing dozens, injuring thousands, and leaving many people homeless. In a matter of weeks blazes 
obliterated more than 420,000 ha.19 making it the country’s second-most destructive fire season on record after 
 201728–30. The emergency affected many farms as well as large tracts of forest land in three Chilean administra-
tive Regions: Biobío, Ñuble and Araucanía. Copernicus Atmosphere Monitoring Services estimates that during 
the last fire season alone the Chilean fires released about 4 million tons of carbon into the  atmosphere31. Early 
estimates suggest that losses and damages from the last fire season amount to more than 880 million dollars, 
equivalent to 0.3% of the nation’s current gross domestic  product32.

In this paper, our main goal is to show how the concurrence of El Niño and climate-fueled droughts and 
heatwaves has increased the fire risk in Central Chile, thereby contributing the intense fire activity recently seen in 
the country. Below we analyze the progression of the fire weather in Central Chile (30°–39° S) during the last two 
decades. As metrics, we use temperature and precipitation data, as well as the dimensionless Fire Weather Index 
(FWI). The latter is a measure of the fire risk derived solely from weather  data33, which we took from the atmos-
pheric reanalysis ERA5 produced by the European Centre for Medium-range Weather Forecasts (ECMWF)34.

Results
Fire weather in the 2023 season
A severe drought (with precipitation deficits exceeding 50%; Fig. 1a), exacerbated by persistently high tempera-
tures (up to 2 °C above typical values; Fig. 1b), resulted in exceptionally severe fire weather conditions in Central 
Chile in February 2023 (with a FWI up to 100% above the long-term average; Fig. 1c). These extreme conditions 
favored the spread of a series of intense fires, including the Santa Juana Fire (Fig. 1d), one of the largest ever 
recorded in Chile. This fire alone consumed approximately 75,000 ha. in the BioBio Region, located 100 km 
southeast of Concepcion, the country’s second most populous city.

Extremely dry downslope winds, referred to as Puelche wind by  locals35–37 played an important role in the 
extreme fire weather conditions observed in Central Chile in February 2023 (Fig. 1c). The complicated topog-
raphy surrounding cities and towns in Central Chile (Fig. S2) enables Puelche winds enable the air to compress, 
heat up, and dry out as it descends from the Andes into the valleys. Akin to the Santa Ana winds in southern 
 California37, Puelche winds bring the highest temperatures and the lowest relative humidities of the year to our 
study area.

Powered by Puelche winds, on February 3, 2023, the temperature in Chillan (36° 36ʹ S, 72° 6ʹ W), located in 
the Ñuble Region, reached a daily maximum of 41.6 °C. This local all-time record coincided with extremely dry 
air due to the prevailing downslope winds (Fig. 2a–c). The influence of Puelche winds explains why in Chillan 
high summer temperatures are strongly correlated (R >  ± 0.8) with dry air and strong winds (Fig. 2d and Table 1). 
Ground-based measurements conducted by the Dirección Meteorológica de Chile (DMC) show similar strong 
positive correlations (negative correlations) between temperature and wind speed (between temperature and 
relative humidity) in other major cities in Central Chile (Fig. S3 and Table 1). Puelche winds fanned the flames 
and hampered efforts to tackle dozens of fires across Central Chile in February 2023.

Latest season seen in context
The 2023 season does not stand alone. Both the number of fires and the burned area have climbed in recent years 
(Fig. 3). Considerable escalations in the number of fires have been observed in six of the eight Chilean adminis-
trative Regions within our study area, especially in Maule where the number of fires has doubled in recent decades 
(Fig. 3b). Although only about 1% of the nearly 6000 fires recorded every year in Chile become “large” fires, they 
account for about 70% of the annual burned area in the country (Fig. S4). “Large” fire is an arbitrary designa-
tion, e.g., the Chilean Forestry Agency (CONAF, by its Spanish acronym) considers it to be 200 ha. or  more19.

At a national level, the burned area nearly tripled from 1981–2010 to 2014–2023 with sharp escalations in 
most of Central Chile (Fig. 3c). Ranked by the annual burned area, six of the seven most destructive fire seasons 
on record occurred during the last decade, and a total of about 1.7 million ha. burned during the last decade in 
the country. In few years, the annual burned area doubled in the Metropolitana and O’Higgins, quadruplicated 
in BioBio and Nuble, and quintupled in Araucania. A record increase has been observed in Maule (Fig. 3c). The 
annual burned area has slightly fallen in the northernmost Chilean Regions in our study area (Coquimbo and 
Valparaiso).

The fire metrics (number of fires and burned area) in the southernmost Regions (Maule, BioBio, Nuble and 
Araucania) are significantly different from fire metrics in other regional groupings (Tables S2, S3). These results 
were expected since these four Chilean Regions account for most of the tracts of forest land in the country and 
are also the wettest in our study area (Fig. S1).



3

Vol.:(0123456789)

Scientific Reports |         (2024) 14:1974  | https://doi.org/10.1038/s41598-024-52481-x

www.nature.com/scientificreports/

Climate-fueled droughts and heatwaves
During the exceptionally warm February 2023, the warmest on record in Central Chile, intense heatwaves pushed 
the daily maximum temperature well above typical conditions (Fig. 4a). This contributed to making the austral 
summer 2022–2023 the second warmest on record (Fig. 4b). These records are likely part of a broader climate-
fueled trend. Five of the ten largest positive temperature anomalies in Central Chile have occurred since 2016 
(Fig. 4b), and both heatwaves and “very warm” days have nearly tripled in recent decades (Fig. S5). The record-
breaking number of very warm days in February 2023 (Fig. 4c) contributed to extreme fire weather conditions 
seen in Central Chile the last season.

On top of the recurring deficits in annual precipitation that have affected our study area in recent years 
(Fig. 4d,e), precipitation in Central Chile reached a new record low in January–February 2023 (Fig. 4f). As is the 
case in other Mediterranean-like climate zones around the world, dry summer conditions are considered typi-
cal in Central Chile. A semi-permanent ridge of high pressure during the summer months keeps Central Chile 
relatively dry, with the exception of occasional passing frontal systems (and cut-off lows). Yet, total precipitation 
in Central Chile in January–February 2023 was less than 3 mm, significantly below the 10–20 mm typically 
recorded in our study area in recent decades (Fig. 4f). The record-breaking drought in January–February 2023 
(Fig. 4f) probably favored the last fierce fire season.

The concurrence of severe droughts and persistent heatwaves, that led to the extreme fire weather conditions 
in Central Chile in February 2023, is becoming more frequent. Five of the ten largest positive FWI anomalies 
(relative to the 1981–2010 mean) occurred since 2014 (Fig. S6a). Ranked by frequency of extreme fire weather 
conditions, six of the ten worst seasons occurred since 2014 (Fig. S6b). Extreme fire weather conditions in Janu-
ary 2017 (Fig. S6c) and February 2023 (Fig. S6d) likely contributed to the record fire seasons in 2017 and in 
2023. Despite the extreme fire weather conditions in January–February 2020 (Fig. S6b), Chile managed to avoid 
burned area records in the 2020 season. Few millimeters of well-timed precipitation can make the difference 
between a relatively mild wildfire season (like in 2022), an above-average but non-record season (like 2020), and 
a widespread catastrophe (like in 2017 and 2023).

Figure 1.  A severe drought worsened by persistent heatwaves fueled fierce fires in February 2023 in Central 
Chile. (a) Precipitation for February 2023 relative to the 1981–2010 mean. The dry February 2023 came on top 
of the megadrought that has affected central Chile since 2008. (b) Air temperature for February 2023 relative to 
the 1981–2010 mean. February 2023 was the warmest on record in Central Chile. (c) Fire Weather Index (FWI) 
for February 2023 relative to the 1981–2010 mean. Extreme anomalies were registered in the regions severely 
affected by fires. (d) False-color image acquired on 3 February 2023 by the Operational Land Imager (OLI) on 
Landsat 8 showing the burn scar of Santa Juana Fire, in the BioBio Region, 100 km southeast of Concepcion, 
the second most populated city in the country. Temperature and precipitation data come from the ERA5 
 reanalysis34. FWI data were computed by using estimates of the precipitations, near-surface wind speed, near-
surface temperature, and the relative humidity also from the ERA5 reanalysis. ERA5 data are available at https:// 
www. ecmwf. int/ en/ forec asts/ datas ets/ reana lysis- datas ets/ era5. Landsat 8 imagery comes from the NASA Earth 
 Observatory51. Plots were generated using Python’s Matplotlib  library52, version 3.4.3, https:// matpl otlib. org/3. 
4.3/ conte nts. html.

https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://matplotlib.org/3.4.3/contents.html
https://matplotlib.org/3.4.3/contents.html
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Figure 2.  Extreme temperatures in the Chilean valleys are coupled with a low humidity and strengthened 
winds. (a) Elevation along latitude 36° 36′ 24″ S (Chillan is located at 36° 36′ 24″ S, 72° 6′ 12″ W). The 
topography surrounding cities in the Chilean valleys enables downslope winds. (b) Vector array map showing 
daily maximum (3-h mean) wind direction on the 800-hPa surface on 3 February 2023. Strengthened 
downslope easterly winds lead to extreme temperatures in Chilean valleys. (c) Daily maximum temperature (red 
line) and the concurrent daily minimum relative humidity (black line) and daily maximum wind speed (dotted 
red line) measured in Chillan in early February 2023. The city hit its all-time record (41.6 °C) on 3 February 
2023. The correlation coefficients (R) between the daily maximum temperature and the relative humidity (as 
well as between the daily maximum temperature and the wind speed) are shown in the plot. Additional statistics 
are shown in Table 1. (d) Monthly averages of the daily maximum temperature (red line) and the concurrent 
daily minimum relative humidity (black line) and daily maximum wind speed (dotted red line), measured in 
Chillan in January and February over the period 2019–2023. There is a strong correlation (R =  + 0.9) between 
the temperature and the wind speed; there also is a strong anticorrelation (R = − 0.8) between the temperature 
and the relatively humidity. Additional statistics are shown in Table 1. In plots (c) and (d), the relative humidity 
and the wind speed were averaged from 3 to 6 pm local time, period within which the daily maximum 
temperature generally occurs. The Shuttle Radar Topography Mission (SRTM) 30 m digital elevation model 
(DEM) provided by USGS (https:// earth explo rer. usgs. gov/) was used in (a). Wind direction data in plot (b) 
come from the ERA5  reanalysis34. Weather measurements (temperature, relative humidity, wind speed and wind 
direction) come from the Chilean Weather Service (DMC): https:// clima tolog ia. meteo chile. gob. cl/ appli cation/ 
index/ menuT emati coEmas. Plots were generated using Python’s Matplotlib  library52, version 3.4.3, https:// matpl 
otlib. org/3. 4.3/ conte nts. html.

Table 1.  Correlation coefficients (R) and p-values between the variables shown in Fig. 2. Correlations 
considered significant (p < 0.05) are highlighted in bold.

Maximum temperature (°C) Minimum relative humidity (%)

Daily Monthly Daily Monthly

R p R p R p R p

Minimum relative humidity (%) − 0.7 0.03 − 0.8 0.02

Maximum wind speed (m/s) + 0.7 0.04 + 0.9 0.00 − 0.6 0.07 − 0.8 0.03

https://earthexplorer.usgs.gov/
https://climatologia.meteochile.gob.cl/application/index/menuTematicoEmas
https://climatologia.meteochile.gob.cl/application/index/menuTematicoEmas
https://matplotlib.org/3.4.3/contents.html
https://matplotlib.org/3.4.3/contents.html
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ENSO teleconnection
The influence of the El Niño and La Niña on the Chilean climate makes the sea surface temperature (SST) of 
the tropical Pacific of paramount importance. Weekly estimates of the SST in the Niño regions are provided by 
the Climate Prediction Center (CPC), part of the National Oceanic and Atmospheric Administration (NOAA). 
Two of the Niño regions currently monitored by NOAA’s CPC are the Niño 1 + 2 Region (right in front of the 
western coast of Peru; 0°–10° S, 90°–80°W) and the Niño 3.4 Region (in the tropical central Pacific; 5° N–5° S, 
170°–120° W). El Niño/La Niña events are classified according to SST anomalies exceeding the ± 0.5 °C threshold 
in the Niño regions (Fig. S7).

Fire weather conditions in Central Chile are strongly connected with the year-to-year variability of the SST 
in the Niño 1 + 2 region. El Niño (La Niña) in this region generally leads to warmer (cooler) summers in Central 
Chile (Fig. S8), subsequently increasing the fire risk. This connection likely explains why the burned area in 
Central Chile is well correlated (R =  + 0.6) with the SST anomalies in the Niño 1 + 2 region (Fig. 5a and Table 2). 
Another region of interest, directly off the coast of northern Chile (20°–34° S, 70°–80° W) and referred to as 
Chile Niño/Niña region, was recently proposed by Xue et al.38. The burned area in Central Chile is also correlated 
(R =  + 0.5) with the SST anomalies in the Chile Niño/Niña region (Fig. S9a), which was expected since the SST 
in this latter region is firmly coupled with the SST in the Niño 1 + 2 region (Fig. S9b,c).

The strong connection between the fire weather conditions in Central Chile and the SST in the Niño 1 + 2 
region is likely one of the reasons why the fierce fires in February 2023 in Central Chile concurred with positive 
anomalies in the Niño 1 + 2 region (Fig. 5b). The record fire season in 2017 also coincided with positive anomalies 
in the Niño 1 + 2 region (Fig. S7). The fire risk in Central Chile appears to be less connected with the interannual 
variability of the sea surface temperature in the Niño 3.4 region. Temperatures in the Niño 3.4 region and in the 
Niño 1 + 2 region decoupled in late 2022 and exhibited remarkable contrasting anomalies in late summer 2023 
(Fig. S10a). In fact, the record fires in February 2023 in Central Chile concurred with slightly negative anomalies 
in the Niño 3.4 region (Fig. 5b). The weaker connection between the fire risk in our study area and the Niño 3.4 
region explains why we found no correlation (R = 0) between the burned area in Central Chile and SST anomaly 
in the Niño 3.4 region (Fig. 5a and Table 2).

Discussion
Heatwaves and droughts
Climate change is worsening fire weather by making hot and dry conditions more frequent. While the climate-
induced signal of excess heat emerged in Central Chile just in the last  decade23,24, some locations in our study 
area have been experiencing prolonged drying for nearly 40  years21,22. The deteriorating situation in Central Chile 
has been worsened by a megadrought, which since  200820 has lowered reservoirs and caused tensions over water 

Figure 3.  The burned area dramatically increased in Central Chile during the last decade. (a) More than 90% 
of the wildfires in the country occur in Central Chile (30°–39° S) that encompasses eight Chilean administrative 
Regions: Coquimbo, Valparaiso, Metropolitana, O’Higgins, Maule, Biobío, Ñuble, and Araucanía. (b) Change 
from 1981–2010 to 2014–2023 in the number of fires. While the number of fires has slightly dropped in the 
Valparaiso and Metropolitana regions, considerable escalations have been observed in the other analyzed 
Chilean Regions. (c) Change from 1981–2010 to 2014–2023 in the burned area. Although the annual burned 
area has slightly decreased in the Coquimbo and Valparaiso regions, sharp increases have been observed in 
the other analyzed Chilean Regions. Statistical significance tests (Tables S2, S3) confirm that the fire metrics 
(number of fires and burned area) of the southernmost Regions (Group 3) are significantly different from fire 
metrics in other regional groupings. Fire data come from the Chilean Forestry Agency (CONAF)19 available 
at https:// www. conaf. cl/ incen dios- fores tales/ incen dios- fores tales- en- chile/ estad istic as- histo ricas/. Plots were 
generated using Python’s Matplotlib  library52, version 3.4.3, https:// matpl otlib. org/3. 4.3/ conte nts. html.

https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://matplotlib.org/3.4.3/contents.html
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and may have facilitated larger fires. Ranked by the annual burned area, seven of the ten most destructive fire 
seasons on record have occurred since 2008 (i.e., the megadrought period).

Precipitation in our study area exhibits a pronounced north–south gradient (Fig. S1), and so do the effects 
of the megadrought. On average, precipitation in Araucanía (the southernmost Chilean administrative Region 
considered in this study) is about 8 times greater than precipitation in Coquimbo (the northernmost Chilean 
administrative Region in this study). Droughts in drier regions tend to suppress fire activity by limiting available 
fuel, while in wet regions, droughts favor fire spread by drying the already available  fuel4. This effect may have 
contributed to the north–south gradient observed in the changes in fire activity shown in Fig. 3c; from 1981–2010 
to 2014–2023, the annual burned area slightly decreased in Coquimbo, while it quintupled in Araucanía (Fig. 3c).

Prior  efforts21,22 suggest that precipitation losses in Central Chile are partially associated with a trend toward 
the positive phase of the Southern Annular Mode (SAM)39. The SAM index describes the strength and position of 
the Southern Hemisphere westerly winds, which modulates the precipitation regime over the southeast  Pacific40. 
The positive SAM trend (Fig. S11a) results from the strengthening and poleward migration of the westerly winds, 
which in turn has been attributed to both greenhouse gas emissions and the Antarctic ozone  depletion21,22. The 
pause (Fig. S11b) in the long-term strengthening of the summer SAM has been credited to the success of the 
Montreal Protocol that banned human-made ozone-depleting  substances41. Despite the ozone recovery, a robust 
positive trend in the SAM is projected under high greenhouse gas emission  scenarios42. This may result in more 
droughts for Central Chile in the future.

Figure 4.  Rising temperatures and persistent droughts have considerably enhanced the fire risk in Central 
Chile. (a) Daily maximum temperature averaged across our study area. For each day of year (DOY), we formed 
datasets using daily maximum temperatures over the period 1981–2010. The mean (white line) and standard 
deviation (bounds of the gray shading) of these datasets are shown in the plot. The daily maximum temperature 
for February 2023 (a period of very warm days) is also shown (red line). (b) Summer (December-January–
February) temperature relative to the 1981–2010 mean. Five of the ten largest positive anomalies occurred since 
2016. (c) Progress of ‘very warm” February days in our study area. We consider a day to be “very warm” if the 
corresponding maximum temperature falls above the 90th percentile of the daily base climatology (built up by 
using daily maximum temperatures measured over a 30-year base period 1981–2010; see “Methods”). The bold 
line shows the 7-year centered moving average. A record-breaking number of very warm days was registered in 
February 2023. (d) Accumulated precipitation in our study area averaged over two periods: 1981–2010 (black 
line) and 2013–2022 (gray line). (e) Annual precipitation in our study area relative to the 1981–2010 mean. 
The dotted rectangular box highlights the megadrought that began in 2008. (f) Progress of January–February 
precipitation in our study area. The bold line shows the 7-year centered moving average. A record-breaking 
drought was registered in January–February 2023. Temperature and precipitation data come from ERA5 
 reanalysis34 available at https:// www. ecmwf. int/ en/ forec asts/ datas ets/ reana lysis- datas ets/ era5. Plots were 
generated using Python’s Matplotlib  library52, version 3.4.3, https:// matpl otlib. org/3. 4.3/ conte nts. html.

https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://matplotlib.org/3.4.3/contents.html
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Figure 5.  Fire activity in Central Chile is strongly connected with the year-to-year variability in the Niño 
1 + 2 region. (a) Area annually burned in Central Chile (black dotted line), summer Fire Weather Index (FWI) 
anomaly averaged across our study area (red dotted line), daily maximum temperature (red line) averaged across 
Central Chile, and sea surface temperature (SST) anomalies in the Niño 1 + 2 region (black line) and in the Niño 
3.4 region (gray line). There is a relatively high correlation between the burned area and the daily maximum 
temperature (R =  + 0.6) as well as between the burned area and the SST anomaly in the Niño 1 + 2 region 
(R =  + 0.6). The correlation is slightly lower (R =  + 0.5) between the burned area and the FWI anomaly while 
there is no correlation (R = 0) between the burned area and SST anomaly in the Niño 3.4 region. Additional 
statistics are shown in Table 2. Correlation coefficients and p-values per Chilean administrative Region are 
shown in Table S7. (b) The fierce fires in February 2023 in Central Chile concurred with positive SST anomalies 
in the Niño 1 + 2 region. Contrasting SST anomalies were apparent in February 2023 in the Niño regions. 
Negative anomalies (La Niña) persisted in the Niño 3.4 region whilst positive anomalies (El Niño) prevailed in 
the Niño 1 + 2 region. Burned area data come from the Chilean Forestry Agency (CONAF)19 available at https:// 
www. conaf. cl/ incen dios- fores tales/ incen dios- fores tales- en- chile/ estad istic as- histo ricas/. SST anomalies in (a) 
(averaged from January to March) are produced by the Climate Prediction Center (CPC), part of the National 
Oceanic and Atmospheric Administration (NOAA) available at https:// www. cpc. ncep. noaa. gov/ data/ indic 
es/ wksst 8110. for. Daily maximum temperature (averaged for January–February, at the height of the southern 
hemisphere’s summer) in (a) and SST anomalies (for February 2023) in (b) come from the ERA5  reanalysis34. 
FWI data (averaged for the southern hemisphere’s summer) in (a) were computed by using estimates of the 
precipitations, near-surface wind speed, near-surface temperature, and the relative humidity also from the ERA5 
reanalysis. ERA5 data are available at https:// www. ecmwf. int/ en/ forec asts/ datas ets/ reana lysis- datas ets/ era5. 
Plots were generated using Python’s Matplotlib  library52, version 3.4.3, https:// matpl otlib. org/3. 4.3/ conte nts. 
html.

Table 2.  Correlation coefficients (R) and p-values between the variables shown in Fig. 5a. Correlations 
considered significant (p < 0.05) are highlighted in bold.

Burned area 
(ha.)

Fire Weather 
Index (FWI)

Maximum 
air 
temperature 
(°C)

SST ENSO 
1 + 2 (°C)

R p R p R p R p

Fire Weather Index (FWI) + 0.5 0.04

Maximum temperature (°C) + 0.6 0.00 + 0.6 0.00

SST ENSO 1 + 2 (°C) + 0.6 0.00 + 0.2 0.28 + 0.6 0.00

SST ENSO 3.4 (°C) + 0.0 0.83 + 0.1 0.79 + 0.3 0.22 + 0.5 0.01

https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://www.cpc.ncep.noaa.gov/data/indices/wksst8110.for
https://www.cpc.ncep.noaa.gov/data/indices/wksst8110.for
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://matplotlib.org/3.4.3/contents.html
https://matplotlib.org/3.4.3/contents.html
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El Niño is a risk factor
The strong connection between fire activity in Central Chile and the SST in the Niño 1 + 2 region (Fig. 5a and 
Table 2) highlights El Niño as an important risk factor. A change of just a few degrees in the tropical Pacific can 
make the difference between a relatively mild wildfire season and a widespread catastrophe. In fact, the abrupt 
end of the 2020–2022 triple-dip La Niña (in the Niño 1 + 2 region) likely contributed to the extreme fire weather 
and the fierce fires that raged across Central Chile in February 2023.

NOAA’s CPC issued its “Final La Niña Advisory” (officially ending the 2020–2022 triple-dip La Niña) in early 
March  202343. However, four months earlier, in early December 2022, the SST departure from the long-term 
average in the Niño 1 + 2 region had crossed the − 0.5 °C threshold, effectively ending La Niña (Fig. S10b) in 
the region that matters the most for Central Chile. Also, in December 2022, Central Chile was hit by an 11-day 
summer heatwave (the longest ever registered) and experienced temperatures not seen since the beginning of 
the triple-dip La Niña in late 2020.

CONAF, in charge of coordinating the public efforts aimed at fighting wildfires, may have been caught off 
guard by the rapid end of the 2020–2022 triple-dip La Niña in the Niño 1 + 2 region (Fig. S10b). La Niña likely 
contributed to the relatively cool temperatures in central Chile observed around the end of years 2020 and 2021. 
Summers 2020–2021 and 2021–2022 in central Chile were among the coolest since 2004 and the burned area 
in the fire season 2021 was the only one below the long-term average seen during the last decade. An extremely 
warm summer 2022–2023 was considered unlikely by most of the scientists and weather forecasters in Chile 
in late 2022, when resources and aerial firefighting services were planned. This is why, the Chilean government 
allocated the last fire season a total of about 95 million dollars for fighting  wildfires44, a minor increase with 
respect to the prior season (Fig. S12).

Other relevant drivers
Despite the paramount importance of El Niño and climate-fueled droughts and heatwaves, other factors also 
influence fire activity, including the availability of fuel and land management. For instance, plantation forests in 
the southernmost Chilean Regions considered in this study (Maule, Biobío, Ñuble, and Araucanía) are densely 
packed with fire-vulnerable  trees45.

The fire metrics (i.e., the burned area) of plantation forests are not significantly different from the fire metrics 
of natural forests (Tables S4, S5). Furthermore, regardless of the species, the year-to-year changes in the burned 
area of natural and plantation forests are both well correlated with SST anomalies in the Niño 1 + 2 region 
(Table S6). Yet, plantation forests often account for a disproportionate and increasing share of the burned area 
(Fig. S13a). Although plantations currently cover about 3 million ha., which is roughly 18% of the Chilean forest 
area and around 4.4% of the total surface of the  country46, planted forest currently accounts for about 30% of the 
total burned area (Fig. S13a). This percentage exhibits a considerable interannual variability and nearly doubled 
in the record seasons 2017 and 2023, which suggest that the predominant planted species (pine and eucalypt, 
Fig. S13b) fuel large and high-intensity fires under extreme weather conditions.

Plantation forests accounted for about half of the 20% increase (about 3 million ha.) seen in the surface of 
Chilean forests since the early  1990s47. However, the total planted forest area has seen few changes during the last 
decade (Fig. S13b), a decade marked by the record seasons 2017 and 2023. Following a trend that began in the 
early 1990s, eucalyptus plantations did considerably increase during the last decade. Mirroring this increment, 
the relative weight of eucalyptus plantations in the burned planted forest area has nearly doubled since the early 
1990s (Fig. S13c). Yet, new tracts of flammable eucalyptus plantations unlikely explain alone the 300% mean 
surge in the burned area observed in Central Chile from 1981–2010 to 2014–2023.

Conclusions
Our results suggest that the concurrence of positive SST anomalies in the Niño 1 + 2 region as well as climate-
fueled droughts and heatwaves boosts the fire risk in Central Chile. Ranked by frequency of extreme fire weather 
conditions, six of the ten worst seasons occurred since 2014. Extreme weather (including high temperatures, 
low humidity, dryness, and strong winds) has decisively contributed to the increased fire activity recently seen 
in Central Chile.

We have shown that the tropical eastern Pacific Ocean variability modulates the seasonal fire weather in 
Central Chile, driving in turn the interannual fire activity. The signature of the positive anomalies in the Niño 
1 + 2 region is apparent on the burned area records seen in Central Chile in 2017 and 2023. Although the effects 
of ENSO on the interannual variability of biomass burning across continents is well  known25, the strong con-
nection between the SST anomalies in the Niño 1 + 2 region and the fire weather conditions in Central Chile 
was not clear before this study.

Although the funds allocated in Chile for fighting wildfires have doubled over the last decade (Fig. S12), the 
aftermath of the 2023 fire season suggests that additional investments in adaptation and resilience are necessary. 
That includes improving the country’s Early Warning System (EWS), a critical tool to take early action, reduce 
disaster risk, and support climate adaptation. These systems allow forecasting hazardous weather and help to 
minimize impacts by opportunely informing governments, communities, and individuals. Chile has competent 
and functional institutions aimed at forecasting and minimizing risks associated with climate-fueled extreme 
events. However, the fierce fire season 2023 has made the limitations of the Chilean EWS apparent, leaving les-
sons that authorities must not ignore. The lack of an ENSO forecast tailored to the needs of Chile (and the Niño 
1 + 2 region) is probably one of them.
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Methods
Fire statistics in Chile
Our study area is Central Chile (30°–39° S), which encompasses eight Chilean administrative “Regions” (Fig. 3a). 
More than 90% of the wildfires in the country occur in these regions. Four of these Chilean Regions (Maule, 
Biobío, Ñuble, and Araucanía) account for most of the tracts of forest land in the  country18. We used statistics of 
fires (Fig. 3) prepared by the Chilean Forestry Agency (CONAF). CONAF is responsible for the management of 
Chile’s forests and for the prevention, detection and suppression of wildfires in Chile. CONAF  data19 are available 
at https:// www. conaf. cl/ incen dios- fores tales/ incen dios- fores tales- en- chile/ estad istic as- histo ricas/. Forestry sta-
tistics come from the Chilean Office for Agricultural Studies and Policies (ODEPA). ODEPA  data46 are available 
at https:// www. odepa. gob. cl/ estad istic as- del- sector/ estad istic as- produ ctivas. Additional forestry figures were 
also obtained from  CONAF47 https:// www. conaf. cl/ nuest ros- bosqu es/ bosqu es- en- chile/ catas tro- veget acion al/.

Weather data
Surface weather measurements (temperature, relative humidity, wind speed and wind direction) at specific 
locations in Central Chile (Fig. 2) come from the Chilean Weather Service (DMC). DMC data are available at 
https:// clima tolog ia. meteo chile. gob. cl/ appli cation/ index/ menuT emati coEmas. At locations where surface weather 
measurements were not available, we used data from the atmospheric reanalysis ERA5 produced by the European 
Centre for Medium-range Weather Forecasts (ECMWF)34. ERA5 data are available at: https:// www. ecmwf. int/ 
en/ forec asts/ datas ets/ reana lysis- datas ets/ era5.

Fire Weather Index (FWI)
In order to analyze the progression of the fire weather in Central Chile (30°–39° S), we used as metrics tem-
perature and precipitation data, as well as the dimensionless Fire Weather Index (FWI) as described by Van 
 Wagner33. The FWI is a measure of the fire risk derived solely from weather data (wind speed, rainfall, tempera-
ture, and relative humidity) corresponding to the local solar noon (when the sun is at its peak). While the FWI 
scale is the same everywhere, the level of risk (e.g., very low, low, moderate, etc.) changes with the site or region 
according to local conditions. Observations of the wind speed, rainfall, temperature, and the relative humidity 
are sequentially used to compute the Fine Fuel Moisture Code (FFMC), which represents moisture conditions 
for shaded litter fuels; the Duff Moisture Code (DMCo), which represents fuel moisture of decomposed organic 
material underneath the litter; the Drought Code (DC), which represents drying deep into the soil; the Initial 
Spread Index (ISI), which integrates fuel moisture for fine dead fuels and surface windspeed, and represents the 
spread potential; the Buildup Index (BUI), which combines the current DMCo and DC to produce an estimate 
of potential heat release in heavier fuels; and finally the Fire Weather Index (FWI), which integrates ISI and BUI.

We computed the FWI by using the XCLIM  library48. As inputs, we used estimates of the precipitations, 
near-surface wind speed, near-surface temperature, and the relative humidity from the atmospheric reanalysis 
ERA5 produced by  ECMWF34. ERA5 data are available at: https:// www. ecmwf. int/ en/ forec asts/ datas ets/ reana 
lysis- datas ets/ era5.

El Niño Data
In order to analyze the correlation between the burned area and the sea surface temperature (SST) anomalies in 
the Niño regions, we used data from NOAA’s Climate Prediction Center (CPC) and from the ERA5 dataset pro-
duced by  ECMWF34. NOAA CPC data are available at https:// www. cpc. ncep. noaa. gov/ data/ indices/wksst8110.
for while ERA5 data are available at: https:// www. ecmwf. int/ en/ forec asts/ datas ets/ reana lysis- datas ets/ era5.

NOAA’s CPC considers that an El Niño episode is characterized by a five consecutive 3-month running mean 
of SST anomalies in the Niño 3.4 region (5° N–5° S, 170°–120° W), that is above the threshold of + 0.5 °C26. 
According to NOAA’s  CPC26, the Niño 3.4 region encompasses the western half of the equatorial cold tongue 
region, which provides a good measure of important changes in the sea surface temperature that affect patterns 
of deep tropical convection and atmospheric circulation. Three-month running mean of sea surface temperature 
anomalies in the Niño 3.4 region is used by the NOAA’s CPC for producing the Oceanic Niño Index (ONI), an 
index widely used by scientists and weather forecasters around the world, including Chile. Monthly NOAA’s 
CPC assessments are also mostly focused on the Niño 3.4 region. However, climate in Central Chile is strongly 
influenced by the Niño 1 + 2 region (0°–10° S, 90°–80° W) 27,40. In addition to the Niño 1 + 2 and the Niño 3.4, 
we analyzed a region directly off the coast of northern Chile (20°–34° S, 70°–80° W) referred to as Chile Niño/
Niña  region38.

Climate extreme analysis
Following prior  efforts49,50, over a base period of 30 years (1981–2010), we used a 15-day rolling window of the 
daily estimate of either the daily maximum temperature (TX) or the Fire Weather Index (FWI) in order to form 
datasets of 450 values for each day. For each day, the dataset mean defined a daily base climatology from which 
daily anomalies (either for TX or for FWI) were calculated. The histograms of the daily anomalies (the departure 
of daily estimates from the daily base climatology) enabled us to compute.

– The number of “extreme” fire weather days: the number of days above the 90th percentile of the FWI anomaly 
distribution corresponding to the base period.

– The number of “very warm” days: the number of days above the 90th percentile of the TX anomaly distribu-
tion corresponding to the base period.

https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://www.odepa.gob.cl/estadisticas-del-sector/estadisticas-productivas
https://www.conaf.cl/nuestros-bosques/bosques-en-chile/catastro-vegetacional/
https://climatologia.meteochile.gob.cl/application/index/menuTematicoEmas
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.cpc.ncep.noaa.gov/data/
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
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Here, we considered a heatwave as a period of at least 3 consecutive “very warm” days.

Statistical significance tests
Grouping (according to the Chilean administrative Regions and according to the type of forest) was tested by 
using the Analysis of Variance (ANOVA) and the Mean Difference Test (MDT). In the case of the type of forest 
(Table S6), we tested the following groups: Grouping 1 = Natural, Grouping 2 = Plantations, Grouping 3 = Other 
(unclassified) land. In the case of the Chilean administrative Regions (Table S7), we tested the following groups: 
Grouping 1 = Coquimbo, Valparaíso, Grouping 2 = Metropolitana, O’Higgins, Grouping 3 = Maule, BioBio, Nuble, 
Araucanía. Fire metrics (number of fires and burned area) registers over the last decade were tested. Here, a p 
value, or probability value, of 0.05 or less was considered statistically significant. The results of the test are shown 
in Tables S2–S5. The tests confirmed that, for example, fire metrics (number of fires and burned area) of the 
southernmost Regions in our study area (Maule, Biobío, Ñuble, and Araucanía) are significantly different from 
fire metrics in other regional groupings (Tables S2, S3).

Data availability
Fire data come from the Chilean forestry agency (CONAF): https:// www. conaf. cl/ incen dios- fores tales/ incen 
dios- fores tales- en- chile/ estad istic as- histo ricas/. Weather measurements (temperature, relative humidity, wind 
speed and wind direction) at specific locations in central Chile come from Chilean Weather Service (DMC): 
https:// clima tolog ia. meteo chile. gob. cl/ appli cation/ index/ menuT emati coEmas. Weekly sea surface temperature 
(SST) anomalies in the Niño regions come from NOAA’s Climate Prediction Center (CPC): https:// www. cpc. ncep. 
noaa. gov/ data/ indic es/ wksst 8110. for. Datasets of the sea surface temperature (SST), precipitations, near-surface 
wind speed, near-surface temperature, and the relative humidity, come from the atmospheric reanalysis ERA5 
produced by the European Centre for Medium-range Weather Forecasts (ECMWF), are available at: https:// 
www. ecmwf. int/ en/ forec asts/ datas ets/ reana lysis- datas ets/ era5. Forestry statistics from ODEPA and CONAF are 
available at https:// www. odepa. gob. cl/ estad istic as- del- sector/ estad istic as- produ ctivas and https:// www. conaf. 
cl/ nuest ros- bosqu es/ bosqu es- en- chile/ catas tro- veget acion al. Images from Landsat 8 Operational Land Imager 
(OLI) come from the United States Geological Survey (USGS): https:// earth explo rer. usgs. gov/.

Received: 19 July 2023; Accepted: 19 January 2024

References
 1. Moritz, M. A., Morais, M. E., Summerell, L. A., Carlson, J. M. & Doyle, J. Wildfires, complexity, and highly optimized tolerance. 

Proc. Natl Acad. Sci. USA 102, 17912–17917 (2005).
 2. Abatzoglou, J. T. & Kolden, C. A. Relationships between climate and macroscale area burned in the western United States. Int. J. 

Wildland Fire 22, 1003–1020 (2013).
 3. Littell, J. S., McKenzie, D., Peterson, D. L. & Westerling, A. L. Climate and wildfire area burned in western US ecoprovinces, 

1916–2003. Ecol. Appl. 19, 1003–1021 (2009).
 4. Jones, M. W. et al. Global and regional trends and drivers of fire under climate change. Rev. Geophys. 60(3), e2020RG000726 (2022).
 5. Abatzoglou, J. T., Williams, A. P. & Barbero, R. Global emergence of anthropogenic climate change in fire weather indices. Geophys. 

Res. Lett. 46(1), 326–336 (2019).
 6. Jolly, W. M. et al. Climate-induced variations in global wildfire danger from 1979 to 2013. Nat. Commun. 6(1), 7537 (2015).
 7. Jain, P., Castellanos-Acuna, D., Coogan, S. C., Abatzoglou, J. T. & Flannigan, M. D. Observed increases in extreme fire weather 

driven by atmospheric humidity and temperature. Nat. Clim. Change 12(1), 63–70 (2022).
 8. Hawkins, L. R., Abatzoglou, J. T., Li, S. & Rupp, D. E. Anthropogenic influence on recent severe autumn fire weather in the west 

coast of the United States. Geophys. Res. Lett. 49(4), e2021GL095496 (2022).
 9. Son, R. et al. Recurrent pattern of extreme fire weather in California. Environ. Res. Lett. 16(9), 094031 (2021).
 10. Williams, A. P. et al. Observed impacts of anthropogenic climate change on wildfire in California. Earth’s Future 7(8), 892–910 

(2019).
 11. Abram, N. J. et al. Connections of climate change and variability to large and extreme forest fires in southeast Australia. Commun. 

Earth Environ. 2(1), 8 (2021).
 12. Carnicer, J. et al. Global warming is shifting the relationships between fire weather and realized fire-induced CO2 emissions in 

Europe. Sci. Rep. 12(1), 1–6 (2022).
 13. Urbieta, I. R. et al. Fire activity as a function of fire–weather seasonal severity and antecedent climate across spatial scales in 

southern Europe and Pacific western USA. Geophys. Res. Lett. 10(11), 114013 (2015).
 14. Dacre, H. F. et al. Chilean wildfires: probabilistic prediction, emergency response, and public communication. Bull. Am. Meteorol. 

Soc. 99(11), 2259–2274 (2018).
 15. Urrutia-Jalabert, R., González, M. E., González-Reyes, Á., Lara, A. & Garreaud, R. Climate variability and forest fires in central 

and south-central Chile. Ecosphere 9(4), e02171 (2018).
 16. Castillo, M., Plaza, Á. & Garfias, R. A recent review of fire behavior and fire effects on native vegetation in Central Chile. Glob. 

Ecol. Conserv. 24, e01210 (2020).
 17. Úbeda, X. & Sarricolea, P. Wildfires in Chile: A review. Glob. Planet. Change 146, 152–161 (2016).
 18. González, M.E. et al. Incendios forestales en Chile: Causas, impactos y resiliencia. Centro de Ciencia del Clima y la Resiliencia (CR)2, 

(ANID/FONDAP/15110009), 84 pp (2020)
 19. CONAF (2023, April 3). Chilean Forestry Agency (CONAF). Historical statistics of forest fires in Chile. https:// www. conaf. cl/ 

incen dios- fores tales/ incen dios- fores tales- en- chile/ estad istic as- histo ricas/ Accessed April 3, 2023.
 20. Garreaud, R. D. et al. The central Chile mega drought (2010–2018): a climate dynamics perspective. Int. J. Climatol. 40(1), 421–439 

(2020).
 21. Damiani, A. et al. Connection between Antarctic ozone and climate: Interannual precipitation changes in the Southern Hemisphere. 

Atmosphere 11, 579 (2020).
 22. Boisier, J. P. et al. Anthropogenic drying in central-southern Chile evidenced by long-term observations and climate model simula-

tions. Elem. Sci. Anth. 6, 1–20 (2018).
 23. Feron, S. et al. Observations and projections of heat waves in South America. Sci. Rep. 9(1), 1–15 (2019).
 24. Feron, S. et al. Compound climate-pollution extremes in Santiago de Chile. Sci. Rep. 13(1), 6726 (2021).

https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://climatologia.meteochile.gob.cl/application/index/menuTematicoEmas
https://www.cpc.ncep.noaa.gov/data/indices/wksst8110.for
https://www.cpc.ncep.noaa.gov/data/indices/wksst8110.for
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era5
https://www.odepa.gob.cl/estadisticas-del-sector/estadisticas-productivas
https://www.conaf.cl/nuestros-bosques/bosques-en-chile/catastro-vegetacional
https://www.conaf.cl/nuestros-bosques/bosques-en-chile/catastro-vegetacional
https://earthexplorer.usgs.gov/
https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/
https://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:1974  | https://doi.org/10.1038/s41598-024-52481-x

www.nature.com/scientificreports/

 25. Andela, N. & Van Der Werf, G. R. Recent trends in African fires driven by cropland expansion and El Niño to La Niña transition. 
Nat. Clim. Change 4(9), 791–795 (2014).

 26. NOAA (2023, February 21) National Centers for Environmental Information. Climate Prediction Center (CPC), Equatorial Pacific 
Sea Surface Temperatures. https:// www. ncdc. noaa. gov/ telec onnec tions/ enso/ indic ators/ sst/. Accessed February 21, 2023.

 27. Cai, W. et al. Climate impacts of the El Niño–southern oscillation on South America. Nat. Rev. Earth Environ. 1(4), 215–231 (2020).
 28. Bowman, D. et al. Human–environmental drivers and impacts of the globally extreme 2017 Chilean fires. Ambio 48(1), 350–362 

(2018).
 29. De la Barrera, F., Barraza, F., Favier, P., Ruiz, V. & Quense, J. Megafires in Chile 2017: Monitoring multiscale environmental impacts 

of burned ecosystems. Sci. Total Environ. 637, 1526–1536 (2018).
 30. Pliscoff, P., Folchi, M., Aliste, E., Cea, D. & Simonetti, J. A. Chile mega-fire 2017: An analysis of social representation of forest 

plantation territory. Appl. Geogr. 119, 102226 (2020).
 31. COPERNICUS (2023, February 7) CAMS monitors large smoke plume from devastating fires in Chile over the Pacific Ocean 

https:// atmos phere. coper nicus. eu/ coper nicus- cams- monit ors- large- smoke- plume- devas tating- fires- chile- over- pacifi c- ocean 
Accessed March 21, 2023.

 32. DF (2023, March 31) Diario El Financiero. Gobierno presenta fondo de reconstrucción con 57 proyectos disponibles para recibir 
donaciones (in Spanish) https:// www. df. cl/ econo mia-y- polit ica/ pais/ incen dios- fores tales- gobie rno- prese nta- un- fondo- para- la- 
recon struc cion Accessed March 31, 2023.

 33. Van Wagner, C.E., 1987: Development and structure of the Canadian Forest Fire Weather Index System. Petawawa National Forestry 
Institute, Canadian Forestry Service, Ottawa, Forestry Technical Report 35.

 34. Hersbach, H. The ERA5 atmospheric reanalysis AGUFM, NG33D-01 (2016).
 35. Montecinos, A., Muñoz, R., Oviedo, S., Martínez, A. & Villagrán, V. Climatological characterization of puelche winds down the 

western slope of the extratropical andes mountains using the NCEP climate forecast system reanalysis. J. Appl. Meteor. Climatol. 
56, 677–696 (2017).

 36. Demortier, A., Bozkurt, D. & Jacques-Coper, M. Identifying key driving mechanisms of heat waves in central Chile. Clim. Dyn. 
57(9–10), 2415–2432 (2021).

 37. Villagrán, V., Montecinos, A., Franco, C. & Muñoz, R. C. Environmental monitoring network along a mountain valley using 
embedded controllers. Measurement 106, 221–235 (2017).

 38. Xue, J., Luo, J. J., Yuan, C. & Yamagata, T. Discovery of Chile Niño/Niña. Geophys. Res. Lett. 47(5), 2020 (2020).
 39. Jones, J. M. et al. Assessing recent trends in high-latitude Southern Hemisphere surface climate. Nat. Clim. Chang. 6, 917–926 

(2016).
 40. Cordero, R. R. et al. Dry-season snow cover losses in the Andes (18–40 S) driven by changes in large-scale climate modes. Sci. Rep. 

9(1), 16945 (2019).
 41. Banerjee, A., Fyfe, J. C. & Polvani, L. M. A pause in Southern Hemisphere circulation trends due to the Montreal Protocol. Nature 

579, 544–548 (2020).
 42. Lim, E. P. et al. The impact of the Southern Annular Mode on future changes in Southern Hemisphere rainfall. Geophys. Res. Lett. 

43, 7160–7167 (2016).
 43. NOAA (2023, May 23) National Ocean Service. National Oceanic and Atmospheric Administration, March 2023 ENSO update: 

no more La Niña! https:// www. clima te. gov/ news- featu res/ blogs/ march- 2023- enso- update- no- more- la- niña . Accessed May 23, 
2023.

 44. GOB (2022, Oct 7). Gobierno de Chile. Presidente de la República Gabriel Boric Font anuncia el Plan Nacional de Protección 
Contra Incendios Forestales 2022–2023 (in Spanish) https:// www. gob. cl/ notic ias/ presi dente- de- la- repub lica- gabri el- boric- font- 
anunc ia- el- plan- nacio nal- de- prote ccion- contra- incen dios- fores tales- 2022- 2023/ Accessed March 31, 2023.

 45. Gómez-González, S., Ojeda, F. & Fernandes, P. M. Portugal and Chile: Longing for sustainable forestry while rising from the ashes. 
Environ. Sci. Policy 81, 104–107 (2018).

 46. ODEPA (2023, April 3) Chilean Office for Agricultural Studies and Policies (ODEPA). Planted forest area in Chile. https:// www. 
odepa. gob. cl/ estad istic as- del- sector/ estad istic as- produ ctivas Accessed April 3, 2023.

 47. CONAF (2023, April 3). Chilean Forestry Agency (CONAF). Catastro Vegetacional (in Spanish). https:// www. conaf. cl/ nuest ros- 
bosqu es/ bosqu es- en- chile/ catas tro- veget acion al/ Accessed April 3, 2023.

 48. Bourgault, P. et al. xclim: xarray-based climate data analytics. J. Open Source Softw. 8(85), 5415 (2023).
 49. Cordero, R. R. et al. Persistent extreme ultraviolet irradiance in Antarctica despite the ozone recovery onset. Sci. Rep. 12(1), 1266 

(2022).
 50. Feron, S. et al. Warming Events projected to become more frequent and last longer across Antarctica. Sci. Rep. 11, 19564 (2021).
 51. NASA Earth Observatory (2023, February 8) Fires Blaze Through South-Central Chile. https:// earth obser vatory. nasa. gov/ images/ 

150945/ fires- blaze- throu gh- south- centr al- chile Accessed February 21, 2023.
 52. Hunter, J. D. Matplotlib: A 2D graphics environment. Comput. Sci. Eng. 9, 90–95 (2007).

Acknowledgements
We thank the Chilean forestry agency (CONAF), the Chilean Weather Service (DMC), the European Centre 
for Medium-range Weather Forecasts (ECMWF), and the NOAA’s Climate Prediction Center (CPC) for the 
data access and all their hard work in producing the datasets. The support of ANID (ANILLO ACT210046) is 
gratefully acknowledged.

Author contributions
R.R.C., S.F., C.K, C.W., C.T.K., and A.B. wrote the main manuscript text. R.R.C., A.D., S.F., and J.C. prepared the 
figures. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 52481-x.

Correspondence and requests for materials should be addressed to S.F.

Reprints and permissions information is available at www.nature.com/reprints.

https://www.ncdc.noaa.gov/teleconnections/enso/indicators/sst/
https://atmosphere.copernicus.eu/copernicus-cams-monitors-large-smoke-plume-devastating-fires-chile-over-pacific-ocean
https://www.df.cl/economia-y-politica/pais/incendios-forestales-gobierno-presenta-un-fondo-para-la-reconstruccion
https://www.df.cl/economia-y-politica/pais/incendios-forestales-gobierno-presenta-un-fondo-para-la-reconstruccion
https://www.climate.gov/news-features/blogs/march-2023-enso-update-no-more-la-niña
https://www.gob.cl/noticias/presidente-de-la-republica-gabriel-boric-font-anuncia-el-plan-nacional-de-proteccion-contra-incendios-forestales-2022-2023/
https://www.gob.cl/noticias/presidente-de-la-republica-gabriel-boric-font-anuncia-el-plan-nacional-de-proteccion-contra-incendios-forestales-2022-2023/
https://www.odepa.gob.cl/estadisticas-del-sector/estadisticas-productivas
https://www.odepa.gob.cl/estadisticas-del-sector/estadisticas-productivas
https://www.conaf.cl/nuestros-bosques/bosques-en-chile/catastro-vegetacional/
https://www.conaf.cl/nuestros-bosques/bosques-en-chile/catastro-vegetacional/
https://earthobservatory.nasa.gov/images/150945/fires-blaze-through-south-central-chile
https://earthobservatory.nasa.gov/images/150945/fires-blaze-through-south-central-chile
https://doi.org/10.1038/s41598-024-52481-x
https://doi.org/10.1038/s41598-024-52481-x
www.nature.com/reprints


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:1974  | https://doi.org/10.1038/s41598-024-52481-x

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	Extreme fire weather in Chile driven by climate change and El Niño–Southern Oscillation (ENSO)
	Results
	Fire weather in the 2023 season
	Latest season seen in context
	Climate-fueled droughts and heatwaves
	ENSO teleconnection

	Discussion
	Heatwaves and droughts
	El Niño is a risk factor
	Other relevant drivers

	Conclusions
	Methods
	Fire statistics in Chile
	Weather data
	Fire Weather Index (FWI)
	El Niño Data
	Climate extreme analysis
	Statistical significance tests

	References
	Acknowledgements


