
Future Arctic and Boreal Fire 

Regimes

Human-caused burning below the Arctic Circle in Oймяко́н, Республика Саха (Якутия) [Lat: 63.444, Lng: 142.804) on 1 May 2021. Modified 

Copernicus Sentinel data [2020], processed by Pierre Markuse. Image is about 19 kilometers wide. 

https://twitter.com/Pierre_Markuse
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 NASA Land-Cover/Land-Use 
Change Science Team

South and Southeast Asia, Central 
Asia, Northern Eurasia

 NASA Interdisciplinary 
Research in Earth Science 

Sub-Saharan Africa food security; 
index insurance and urban ag 

 NOAA/NASA FIREX-AQ

 NASA Wildfires
Global, with focus on North America 
& Arctic



 U.S. EPA National Emissions 
Inventory and Greenhouse 
Gas Inventory

Methodology for human-caused fire 
activity data and emissions

 U.S. Department of Agriculture
Farmer communication + smoke 
transport modeling to improve local air 
quality

 Geospatial methods for 
GeoHealth

Indigenous-led research in the U.S. 
and Canada



Linking Science to Policy



Who are the 
policymakers?

Local to 
Supranational



Norway resumes Chairmanship in 2023



Smoke

Fuels

Landscape

Fire 

weather
Ignitions

Climate Change



https://www.unep.org/

resources/report/spre

ading-wildfire-rising-

threat-extraordinary-

landscape-fires

https://www.unep.org/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires


https://arctic.noaa.gov/

Report-Card/Report-

Card-2020

https://arctic.noaa.gov/Report-Card/Report-Card-2020


Global 

emissions 

from satellite-

based fire 

emissions 

models:

Lack of boreal 
and Arctic 
emission factors

https://globalfires.earthengine.app/view/firecam

https://globalfires.earthengine.app/view/firecam




Adapted from:

Higuera, P.E., 2015. 

Taking time to consider 

the causes and 

consequences of large 

wildfires. Proceedings of 

the National Academy of 

Sciences, 112(43), 

pp.13137-13138.



Fire Emissions

rate

Months

Adapted from:

Higuera, P.E., 2015. 

Taking time to consider 

the causes and 

consequences of large 

wildfires. Proceedings of 

the National Academy of 

Sciences, 112(43), 

pp.13137-13138.





Arctic Fire Risk & Fire Regimes by mid- to late 21st Century

From McCarty et al. (2021) Reviews and syntheses: Arctic fire regimes and emissions in the 21st century, Biogeosciences, 18, 5053–5083, 

https://doi.org/10.5194/bg-18-5053-2021, 2021.



Long term 
emissions 

Since mid-2000’s more 
fire occurring above 
60° N than temperate 
zone (45° to 50° N), 
where large amounts 
of human-caused 
burning and wildfires 
occur throughout 
Eurasia, Europe, & 
North America.



Fire 
emissions
important

at high 
latitudes

Extreme fire years, like 
2020, outpace 
anthropogenic sources 
of BC originating 
within the Pan-Arctic. * Source: McCarty et al. (2021); 

Wildfires emissions from GFAS; 
Anthropogenic sectoral emissions from GAINS



Geographical 
sources of BC 
emissions in the 
boreal and Arctic

Asia is the main 
source region

Rankings for 2019

1. Russia

2. USA/CONUS

3. Canada

4. USA/Alaska

5. Sweden

6. Denmark/Greenland

7. Finland

8. Norway

68% of all Arctic fire 

activity



Even in the boreal and Arctic, people are the main 

ignition sources.

Photo by A.N. Adrian https://stocksnap.io/author/antonnicuadrian

https://stocksnap.io/author/antonnicuadrian


Data published in University of Copenhagen repository: 

https://doi.org/10.17894/ucph.1cdf3d5f-c4e3-447c-8209-19ecbcd34ccf

https://doi.org/10.17894/ucph.1cdf3d5f-c4e3-447c-8209-19ecbcd34ccf


Why map spring fires in Russia?

ORPHANS



* Source: https://www.fire.ca.gov/stats-

events/ (8 Nov 2021)

Source: International Association of Wildland Fire

Source Region Hectares

2020 Russia Spring Fires 13,380,000

2020 California 

(CALFIRE + USFS)* 1,696,301

2021 California 

(CALFIRE + USFS)* 1,010,049

https://www.fire.ca.gov/stats-events/




I. Glushkov, I. Zhuravleva, 

et al. (2021)

Agricultural lands are not only 

source of burning. 

Wetlands and abandoned lands 

(unmanaged forests) significant 

sources of spring-time burning in 

Asian and European Russia, 

respectively. 



Fires in northern temperate to boreal to 

Arctic ecosystems matter 



North American fire science has lessons to share with 

Nordic partners



An aerial view shows a forest fire raging in 

Kalajoki, north-western Finland. PHOTO: 

AFP

Kalajoki,

Finland
Wildfire during a 

record hot and dry 

summer, July and 

August 2021.





Copernicus 10 m Sentinel-2

~ 230 ha of burned area (slightly > than 227 ha) 31 August 2021



An aerial view shows a forest fire raging in 

Kalajoki, north-western Finland. PHOTO: 

AFP

Insight into the 

Kalajoki Fire

Role of drained peat 

and not being able to 

read maps.

Tuomas Aakala



Source: “Topographic Map -

National Land Survey” 

https://kartta.paikkatietoikkuna.fi/

https://kartta.paikkatietoikkuna.fi/


Landscape Climate Change

Understanding that with climate change, the landscape has changed 

too

So, fire activity and fire emissions are changing.



Source: https://en.ilmatieteenlaitos.fi/iba-forest-fires

1. Massive clearcutting

2. Pine-dominated (vs. spruce-

dominated) resulted in low-

intensity ground fires

3. Commercial thinning of forests 

reduced crown fires

4. Mosaic of even-aged stands

5. Rapidly developing forest road 

network 

https://en.ilmatieteenlaitos.fi/iba-forest-fires


Considerations for future fire risk

Finland does not “read” as a low fire risk

Road networks are not sufficient to stop 

high severity fires – even among a 

mosaic of timber stands

Roads mean more ignition sources

Not all forest roads are created equal



Respecting and incorporating Indigenous burn practices 

in science-based models and management

Photo by A.N. Adrian https://stocksnap.io/author/antonnicuadrian

https://stocksnap.io/author/antonnicuadrian


Indigenous Burning in the Pan-Arctic

Image credit: https://tesstimonyblog.wordpress.com/2019/08/20/modeling-prescribed-burning-integration-into-

forest-management-at-landscape-scale-to-restore-lichen-pastures-in-northern-sweden/

Short Term

Long Term

https://tesstimonyblog.wordpress.com/2019/08/20/modeling-prescribed-burning-integration-into-forest-management-at-landscape-scale-to-restore-lichen-pastures-in-northern-sweden/


“While burning can promote summer pasture and maintain the long-term 

availability of winter pasture, it destroys lichen pasture temporarily and 

Saami ecological knowledge shows that burning also affects the behaviour and 

movement patterns of the reindeer.” 

Cogos, Sarah (2020). Fire, people and reindeer in the boreal forest : the role of fire in the historical and contemporary 

interactions between Sami reindeer herding and forest management in northern Sweden. Diss. Sveriges lantbruksuniv., 

Acta Universitatis Agriculturae Sueciae, ISBN 978-91-7760-644-4, Doctoral thesis.

Photo by A.N. Adrian https://stocksnap.io/author/antonnicuadrian

https://stocksnap.io/author/antonnicuadrian


https://arctic-council.org/en/news/creating-a-common-language-around-wildfire-management/

Early Season 

Burns

Late Season 

Burns

https://arctic-council.org/en/news/creating-a-common-language-around-wildfire-management/


1. Lack of Indigenous fires/fire emissions in our current understanding of 

SLCFs and BC deposition

2. Is transport possible from low-energy, surface fires from cultural 

burning?

3. Co-Production and Funding of Indigenous scientists and communities



All hands on deck: 

Science-Policy-Management for future boreal and Arctic 

fires

Photo by A.N. Adrian https://stocksnap.io/author/antonnicuadrian

https://stocksnap.io/author/antonnicuadrian






Closing Thoughts: Inclusion, 
Diversity, & Equity in (Fire) Science



You belong. 



Jessica L. McCarty
Associate Professor, Geography

Director, Geospatial Analysis Center

jmccarty@miamioh.edu

@jmccarty_geo 

https://science.house.gov/imo/media/doc/McCarty%

20Testimony.pdf

o From the lowest socio-economic class.

o Appalachian Kentucky.

o Financially independent since I was 17.

o Told to lose my accent to be taken seriously in 

Science.

o The first NASA meeting I went to as a graduate 

student, someone made fun of my clothes. 

o At a previous job, dress code was proposed 

because I needed to hide my (non-thin) body.

o I was told to hide my pregnancy.

o I have been told to be more ladylike.

https://science.house.gov/imo/media/doc/McCarty%20Testimony.pdf


Stable 

slope for  

career 

trajectory

Science is hard and everyone works hard.

Inclusion, diversity, and equity stabilizes the slope for all. 

The aim is equal footing.

Unstable 

slope for  

career 

trajectory

IDE



1. Know thyself.



2. Form Communities.

Photo by Markus Spiske

on Unsplash

https://unsplash.com/@markusspiske?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/leader?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


3. Have – and give – some GRACE. 

Photo by Artem Sapegin

on Unsplash

https://unsplash.com/@sapegin?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/grace?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


4. Do the work.
Photo by Reuben Hustler

on Unsplash

https://unsplash.com/@rhustler?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/stairwell?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText


Register: https://abc-icap.amap.no/

Merci! 

Questions 
& Discussion

https://abc-icap.amap.no/

