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ARCTIC WILDFIRES:
WHAT WE CAN (AND CANNOT) 
KNOW FROM SATELLITES



CONTEXT:

• 2019 & 2020: Unprecedented Arctic fire 
activity in the MODIS record (2003–2020)

• 2021 also a big year (record year for Russia, 
but fires slightly further south, mostly 
60°–65° N) – 18.16m Ha.



SOME OF THE LARGEST FIRES ON EARTH

Sentinel Hub 23 June 2020

https://apps.sentinel-hub.com/eo-browser/?zoom=7&lat=67.74276&lng=129.52332&themeId=DEFAULT-THEME&datasetId=S2L2A&fromTime=2020-06-23T00:00:00.000Z&toTime=2020-06-23T23:59:59.999Z&layerId=4-FALSE-COLOR-URBAN&visualizationUrl=https://services.sentinel-hub.com/ogc/wms/bd86bcc0-f318-402b-a145-015f85b9427e


JUNE 2020

NASA Worldview 1 July 2020

Arctic Circle

https://worldview.earthdata.nasa.gov/?v=122.3773749168304,54.91833360656134,166.89192374967635,79.9227275353388&t=2020-07-01-T09:37:48Z&l=MODIS_Combined_Thermal_Anomalies_All,VIIRS_SNPP_Thermal_Anomalies_375m_All,VIIRS_NOAA20_Thermal_Anomalies_375m_All,Reference_Labels(hidden),Reference_Features(hidden),Coastlines,MODIS_Aqua_CorrectedReflectance_Bands721(hidden),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor,MODIS_Terra_CorrectedReflectance_TrueColor


CONTEXT:
• 2019 & 2020: Unprecedented Arctic fire 

activity in the MODIS record (2003–2020)

• Important to understand:

• What ecosystems are burning? 
(forest? tundra?)

• What are the fuels? (larch? spruce? 
deciduous broadleaf?)

• To what extent are these fires occurring on 
peatlands?

• What might be the impact on permafrost soils 
and ice content?

• To do this:

• Multi-spatial dataset analysis extracting 
information from land cover, soil, peat, and 
permafrost maps to investigate the nature of 
each fire hotspot detection north of 60°N 
during May–August 2003–2020, as well as 
May/July 2021.



Is this an invasion?



FIRE INVASION PREDICTED FOR 2010–2039

Krawchuk et al. (2009) PLOSONE



LAND COVER & TREELINE (GLC2000 + NSIDC)

Subsets of datasets for Alaska 
(top) & parts of central Siberia 
(bottom).

Subset of datasets for portions 
of eastern Siberia



DATASETS: FIRES (COPERNICUS, BASED ON MODIS)

• 0.1° × 0.1° daily total FRP 
observations (GFASv1.2) >60°N
for May–August 2003–2020
(beige spots in the circumpolar 
map, red spots are the 
unprecedented detections in 2020).

• Thanks to Mark Parrington at the
Copernicus Atmospheric Monitoring 
Service (CAMS) for this dataset.



LATITUDINAL DISTRIBUTION THROUGH TIME

Fire plot animation

Relative contribution of 2019 & 
2020 to 18-year total FRP 
increases with latitude. 
2019 & 2020 accounts for 
almost all fire activity in the 18-
year record at the highest 
latitudes (>68°N). 
Is this a fire “invasion”?
(Krawchuk et al., 2009)



LATITUDINAL DISTRIBUTION THROUGH TIME (ANIMATION)

Relative contribution of 2019 & 
2020 to 18-year total FRP 
increases with latitude. 
2019 & 2020 accounts for 
almost all fire activity in the 18-
year record at the highest 
latitudes (>68°N). 
Is this a fire “invasion”?



2021… MAY–JULY



FIRES BY LANDCOVER
Two stories:     Full season inside the Arctic Circle Early fire season in the tundra (beyond the treeline)





DESCALS ET AL (2022, SCIENCE)



Zombies?



ZOMBIE (OVERWINTERING) FIRES



ZOMBIE (OVERWINTERING) FIRES

https://meetingorganizer.copernicus.org/EGU2020/EGU2020-6013.html

https://meetingorganizer.copernicus.org/EGU2020/EGU2020-6013.html


ZOMBIES?





PEATLANDS (YU ET AL., 2010)

Circumpolar without (top) & with 
(bottom) May–August 2003–
2020 fires and 2020 fires.

Subset of datasets for portions 
of eastern Siberia



FIRES ON PEATLANDS
Two stories:     Full season inside the Arctic Circle Early fire season in the tundra (beyond the treeline)



SOC AND POTENTIAL PEAT DEPTH IN FIRE-AFFECTED REGIONS

• New peat map + data from Hugelius 
et al. (2020)

• This analysis investigates fire 
activity on a range of soil organic 
carbon (SOC) and potential peat 
depth according to the Hugelius et 
al. (2020) dataset.

• Some speculation that fires were 
moving onto deeper peat from 
peripheral peat regions.

• Need to also investigate fire 
encroachment onto peatlands by 
using distance from peatland edge

SOC map from Hugelius et al. (2020)

https://bolin.su.se/data/hugelius-2020
https://bolin.su.se/data/hugelius-2020


SOC AND POTENTIAL PEAT DEPTH IN FIRE-AFFECTED REGIONS

Average potential peat depth Average Soil Organic Carbon (hg m-2)



Hu, Fernandez-Anez, Smith, Rein (2018, IJWF)
tinyurl.com/HuPeat18…BUT IS THE PEAT BURNING?



land clearance fire on peat near Pekan, Pahang, Malaysia

Prescribed forest fire in Alberta, Canada





MCCARTY ET AL. (2020, NATURE GEOSCIENCES)

• Here we discuss the major questions remaining about fires in the high latitudes.

• We demonstrate evidence for fires in peat soils (see figure from McCarty et al., 2020)

• Yet, automated detection of peat fires still very limited. While our evidence suggests 
fires in Arctic peatlands, it is currently not possible to confidently confirm fires that 
have ignited peatlands.

• Canopy cover

• Ash and debris cover

• Underground spread

• Low temperature

• Cloud cover

https://www.nature.com/articles/s41561-020-00645-5




Photo © Maria Vasilieva / Greenpeace

Photo © Irina Vorobyova / Greenpeace



DESCALS ET AL (2022, SCIENCE)



DESCALS ET AL (2022, SCIENCE)



PERMAFROST COVER (NSIDC)

Circumpolar without (top) & with 
(bottom) May–August 2003–
2020 fires and 2020 fires.

Subset of datasets for portions 
of eastern Siberia



PERMAFROST ICE CONTENT (NSIDC)

Circumpolar without (top) & with 
(bottom) May–August 2003–
2020 fires and 2020 fires.

Subset of datasets for portions 
of eastern Siberia



FIRES ON PERMAFROST
Two stories:     Full season inside the Arctic Circle Early fire season in the tundra (beyond the treeline)



and climate change?
(climate change-wildfire feedbacks)



PYROGEOGRAPHY – THE ECOLOGY OF FIRE

Three factors are used to explain the distribution and abundance of organisms/fire:

Organisms

Resource availability

Physiologically appropriate 
environmental conditions

Dispersal ability

Fire

Flammable vegetation

Fire-conducive weather patterns 
and their climate

Ignitions

Bowman et al. (2009) Science 324: 481–485



CLIMATE CHANGE AND PYROGEOGRAPHY

• Vegetation (fuel) availability

• Increases in atmospheric CO2 (CO2 fertilisation)

• Changes in moisture
• More drought = less fuel, but greater rate of spread

• Less drought = more fuel, greater interval between fires

• Fire weather

• Temperature

• Rainfall

• Humidity

• Wind

• Ignitions

• Self-heating tendency (especially in peat)

• Lightning?

Fire

Flammable vegetation

Fire-conducive weather patterns 
and their climate

Ignitions



WARMER/DRYER CLIMATE = BIG FIRES

• Ignitions start fires
• Abundance of vegetation allows fires to set and take hold
• Weather (extremes more likely with anthropogenic climate 

change) allows the fires to spread



CLIMATOLOGICAL CONTEXT

https://www.copernicus.eu/en/news/news/observer-copernicus-services-enable-civil-authorities-anticipate-spread-wildfires-and
https://climate.copernicus.eu/esotc/2020/heat-siberia

https://www.copernicus.eu/en/news/news/observer-copernicus-services-enable-civil-authorities-anticipate-spread-wildfires-and
https://climate.copernicus.eu/esotc/2020/heat-siberia


DESCALS ET AL (2022, SCIENCE)



DESCALS ET AL (2022, SCIENCE)



CLIMATE CHANGE & FIRE: 2070–2099

Krawchuk et al. (2009) PLOSONE



DESCALS ET AL (2022)



CLIMATE CHANGE FEEDBACKS?

• Will the forests grow back? Has there been a change in wildfire regime? 

• Stand replacement frequency

• Fire intensity/severity

• What happens to a more fire-prone tundra ecosystem?



FIRES, CARBON AND ECOSYSTEM/REGIME CHANGE

McWethy et al. (2013) 
Glob. Ecol. & Biogeo.

Biosphere AtmosphereCarbon



CLIMATE CHANGE FEEDBACKS?

• Will the forests grow back? Has there been a change in wildfire regime? 

• Stand replacement frequency

• Fire intensity/severity

• What happens to a more fire-prone tundra ecosystem?

• Is peat on fire?

• What role for the zombies?

• A significant driver of permafrost thaw? Or just isolated phenomenon?

• What do fires on permafrost mean?

• A geomorphological agent?

• How deep does the thaw extend? What are the GHG impacts?

• Black carbon particulate matter

• How significant is the ‘black carbon on snow/sea-ice effect’?

• Or does the smoke cover help to shade the Arctic?



PM2.5



ARCTIC FIRES REMAIN A SIGNIFICANT ‘MMM’ PROBLEM



INTERACTIVE VERSION OF THE 
TIME SERIES PLOTS AVAILABLE:

t.e.l.smith@lse.ac.uk
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