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Summary 

The main aim of the “Satellite remote sensing of Arctic fires – a literature and data review” report is to 
prepare for the proposed Specific Grant Agreements (SGA) #17 of the Caroline Herschel Framework 
Partnership Agreement on Copernicus User Uptake Work Programme 2020 named “Arctic peat- and 
forest-fire information system”.  
 
First, we summarize the scientific background of wildfires in the Arctic and the Northern boreal zone 
and describe observations of long-range transport of forest fire pollution. This is followed by an 
overview of satellite data and resources available for fire monitoring in these regions. This covers the 
fire Essential Climate Variables, i.e., burned area, active fire maps, and fire radiative power, as well as 
smoke plume tracers. Furthermore, we present relevant Copernicus Atmospheric Monitoring Services 
and Copernicus Emergency Monitoring Services resources, i.e., the Global Wildfire Information 
System, the European Forest Fire Information System – including the country report for Norway, and 
the Global Fire Assimilation System, as well as other fire emission inventories. Finally, knowledge gaps 
and limitations of satellite remote sensing, future missions, Norwegian user uptake and user groups 
are described.  
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Satellite remote sensing of Arctic fires 

– a literature and data review 

 

Acronyms 
 

AAI Aerosol Absorbing Index 

AC SAF Satellite Application Facility on Atmospheric Composition Monitoring 

AOD Aerosol optical thickness 

AMAP Arctic Monitoring and Assessment Program 

ASTER Advanced Spaceborne Thermal Emission and Reflection radiometer 

ATLID Atmospheric Lidar 

AVHRR Advanced Very High-Resolution Radiometer 

BIRA-ISAB Royal Belgian Institute for Space Aeronomy 

BIRD Bi-Spectral Infrared Detection 

BIROS Bi-spectral InfraRed Optical System 

BBR Broad-Band Radiometer 

BRIS Brann, Redning, Innrapportering, Statistikk  

CALIOP Cloud-Aerosol Lidar with Orthogonal Polarization 

CALIPSO Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations 

CAMS Copernicus Atmosphere Monitoring Service 

CAVM Circumpolar Arctic Vegetation Map 

CCI Climate Change Initiative 

C3S Copernicus Climate Change Service 

CDS Copernicus climate data store 

CEOS Committee on Earth Observing Satellites 

CEMS Copernicus Emergency Management Service 

CICERO Center for International Climate Research 

CNES Centre national d'études spatiales (National Center for Space Studies) 

CO carbon monoxide 

CO2 carbon dioxide 

CPR Cloud Profiling Radar 

DLR Deutsche Gesellschaft für Luft und Raumfahrt (German-Aerospace-Center 

DSB Directorate for Civil Protection 

EarthCARE Earth Clouds, Aerosols and Radiation Explorer 

ECV Essential Climate Variable 

ECMWF European Centre for Medium-Range Weather Forecasts 

EFFIS European Forest Fire Information System 

EO Earth observation 

EOSDIS Earth Observing System Data and Information System 

EPS-SG EUMETSAT Polar System Second Generation 

EUMETSAT European Organisation for the Exploitation of Meteorological Satellites 

EMS Emergency Management Service 

ESA European Space Agency 

FEER Fire Energetics and Emissions Research 

FINN Fire inventory from National Center for Atmospheric Research 

FIRMS Fire Information for Resource Management System 

FLEX FLuorescence EXplorer 

FLORIS Fluorescence Imaging Spectrometer 

FMI Finnish Meteorological Institute 

FRIC Fire Research and Innovation Centre 

FRP Fire Radiative Power 
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FWI Fire Weather Index 

GCOS Global Climate Observing System 

GFAS Global Fire Assimilation System 

GOME-2 Global Ozone Monitoring Experiment-2 

HVL Western Norway University of Applied Sciences 

IASI Infrared Atmospheric Sounding Interferometer 

IASI-NG Infrared Atmospheric Sounder Interferometer-Next Generation  

IFS Integrated Forecast System 

IPCC Intergovernmental Panel on Climate Change 

IR infrared 

JRC Joint Research Centre 

Landsat Land Remote-Sensing Satellite 

LP DAAC Land Processes Distributed Active Archive Center 

LSA-SAF Satellite Application Facility on Land Surface Analysis 

LTDR Land Long Term Data Record 

LWIR long-wave infrared 

NASA National Aeronautics and Space Administration 

NCAR National Center for Atmospheric Research 

NIBIO Norwegian Institute of Bioeconomy Research  

NICFI Norway’s International Climate & Forests Initiative 

NILU Norwegian Institute for Air Research 

NIR near infrared 

NOAA National Oceanic and Atmospheric Administration 

NRT near real time 

NTC non-time critical 

NTNU Norwegian University of Science and Technology 

NWP numerical weather prediction 

MET Norwegian Meteorological Institute 

MIR Middle infrared 

MODIS Moderate Resolution Imaging Spectroradiometer 

MSI Multi-Spectral Imager 

MWIR mid-wave infrared 

OLCI Ocean and Land Colour Instrument 

OLI Operational Land Imager 

OMI Ozone Monitoring Instrument 

OMPS Ozone Mapping and Profiler Suite 

pyroCbs pyro cumulonimbus 

QFED Quick Fire Emissions Dataset 

radar radio detection and ranging 

SACS Support to Aviation Control Service 

SAMPO Satellite Measurements from Polar Orbit 

SEVIRI Spinning Enhanced Visible and InfraRed Imager 

SINTEF Foundation for Scientific and Industrial Research at the Norwegian Institute of Technology 

SLSTR Sea and Land Surface Temperature Radiometer  

Suomi NPP Suomi National Polar orbiting Partnership 

SWIR short wave infrared 

TET Technology Experiment Carrier  

TIR thermal infrared 

TOMS Total Ozone Mapping Spectrometer 

TROPOMI TROPOspheric Monitoring Instrument 

UTLS upper troposphere / lower stratosphere  

UVAI UV Aerosol Index 

VIIRS Visible Infrared Imaging Radiometer Suite 

VNF VIIRS Nightfire 

WBKZ Waldbrannkennziffer 

3MI Multi-view Multi-channel Multi-polarization Imager 
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1 Introduction  

In the following we shortly describe the scientific background of wildfires (hereafter just “fires”) in the 
Arctic and the Northern boreal zone and describe observations of long-range transport of forest fire 
pollution.  
 

1.1 Fires - in the Arctic and the Northern boreal forest  

Fires are characterized by large spatial and temporal variations (diurnally, seasonally, and inter-
annually). They can consume vegetation, emit trace gases and aerosols, reduce air quality, affect 
human health, and impact the global carbon storage. Fires can lead to low visibility and pose a risk for 
aviation. Timely and accurate quantification of fire activity and impacts on global, regional, and 
national level are needed for informed policy- and decision making.  

 

The impact of climate change on fires is complex, but recent models suggest that a warming climate 
can lead to increased wildfires, which can reinforce Arctic warming. To quote the recent 
Intergovernmental Panel on Climate Change (IPCC1) summary report for policy makers: “Human 
influence has likely increased the chance of compound extreme events since the 1950s. This includes 
increases in the frequency of concurrent heatwaves and droughts on the global scale (high confidence), 
fire weather in some regions of all inhabited continents (medium confidence), and compound flooding 
in some locations (medium confidence)” and “It is virtually certain that the Arctic will continue to warm 
more than global surface temperature, with high confidence above two times the rate of global 
warming” (IPCC, 2021).  
 
Climate change and human activity increase fire risk in many regions, including the Arctic, and high 
latitude boreal ecosystems (e.g., McCarty et al. (2021) and references therein). This is linked to 
increased natural lightning strikes (e.g., Veraverbeke et al. 2017), permafrost thawing (Osterkamp 
2005; Gibson et al., 2018, Holloway et al., 2020, Swanson et al. 2021), vegetation shift, and more 
human-caused ignitions (e.g., Sizov et al. 2021). With global temperatures increasing, wildfires are 
becoming more frequent and more intense (Abatzoglou et al., 2019). Record-breaking wildfire seasons 
have been seen across the world in recent years, from Australia to the Arctic, to North and South 
America. Even the Arctic, previously unaffected, now faces rising wildfire risk (United Nations 
Environment Programme, 2022). Large fires were seen in Canada (2016), Greenland (2017, 2019), 
Fennoscandia (2018), Alaska (2019), and Russia (2018, 2019, 2020). Fires in Greenland are a new 
phenomenon, and a local source of black carbon deposition on the Greenland ice sheet (Evangeliou et 
al., 2019) with albedo change, that may contribute to accelerated melting of the Greenland ice sheet 
(Keegan et al., 2014). Favourable fire weather (persistent hot, dry, and windy) occurred in 2019 and 
2020 in Siberia. A heatwave with persistent warm anomalies across Siberia lasted from January to June 
2020. Temperatures as high as 38°C were recorded on 20th June 2020 at Verkhoyansk (67.55°N, 
133.38°E) (Ciavarella et al. 2020). The unprecedented fires burned tens of millions of hectares, 
releasing 0.244 Gt CO2 into the atmosphere (Witze, 2020). In the Sakha Republic, the burned area was 
greater than 2.9 times the 20-year mean in both 2019 and 2020 (York et al., 2020). 
 
Megafires, i.e., extraordinarily large fires, are not only important due to their devastating effects, but 
they also represent a major contribution to the upper tropospheric and, occasionally, also to the 
stratospheric, aerosol load worldwide. Intense heat from the fires and atmospheric water vapor 
initiates pyrocumolonimbus (pyroCbs) storms with smoke injected into the stratosphere (Fromm et 
al., 2010). In this category falls the 2009 “Black Saturday” bushfires in Australia (e.g., Glatthor et al., 
2013), the wildfires in British Columbia in August 2017 (Torres et al., 2020), and the 2019/2020 eastern 
Australian bush fires (e.g., Kloss et al., 2021, Boer et al., 2020). Ohneiser et al. (2020) identified an 

 
1 https://www.ipcc.ch/ 
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upper troposphere / lower stratosphere (UTLS) smoke layer over the North Pole region in the winter 
months of 2019–2020 as emissions from 2019 Siberian wildfires, which were brought upward, likely 
by a self-lifting effects (in the absence of pyroCb convection). 
 

Northern peatlands hold ∼80% of the global peatland carbon (C) and nitrogen (N) stocks (Hugelius et 
al. 2020). At present, peatlands cool the climate, but anthropogenic warming can lead to thawing of 
permafrost peatlands, making them vulnerable to fires, and can eventually shift them into a net source 
of warming (Hugelius et al. 2020). Smouldering peat can emit large amounts of smoke. See Hu et al. 
(2018) for a review of the emissions from smouldering peat fires and their contribution to regional 
haze episodes. Peatland fires can burn surface vegetation as well in portions of the underground peat 
layer. They can smoulder for months, years, or even decades (Hu et al., 2018), burn laterally and 
vertically deep into the organic soil, and can release smoke at a different location. They can smoulder 
through the non-fire season, appear extinguished, but flare up in the subsequent fire season, thus 
being referred to as holdover, overwintered, or “zombie” fires (see e.g., McCarty et al. 2020, Scholten 
et al., 2021, Xu et al., 2022).  
 

Compared to the millions of hectares of forest burned e.g., in the north-central Russian Arctic in 2020, 
the number of fires and total burned area in Norway are low. Nevertheless, Norway and its northern-
most outpost in Svalbard, where the Zeppelin Mountain monitoring station (78.9°N, 11.9°E., 474 a.s.l.) 
is located, are regularly affected by long range transport of pollution from fires in other regions. 
Furthermore, to quote the recent European Forest Fire Information System (EFFIS) country report: “In 
Norway, more extreme events are expected as results of climate change, with more precipitation, but 
also increasing temperatures and droughts. This can imply increase growth in grass, shrubs, and trees, 
overgrowing of cultural landscapes, a longer fire season and larger fires as a result of more fuel” 
(Botnen, 2021). 
 

1.2 Long-range transport of biomass burning emissions seen in the Arctic  

Fires emit aerosol and gases into the atmosphere. The transport of fire pollution is determined by 
weather patterns. The Arctic is regularly affected by smoke from forest fires from Canada, Greenland, 
Eastern Europe, and Northern Eurasia/Siberia. 
 

Intensive pollution episodes are frequently observed in Svalbard, e.g., at the Zeppelin Mountain 
observatory, in the villages of Ny-Ålesund, Hornsund, or Barentsburg. Their effect on air quality can be 
clearly seen in Figure 1. Observations of aerosol optical thickness (AOD) show that between 2002 and 
2018, these episodes were rare and short in duration (1-3 days) (Kabanov et al., 2020). However, in 
2019 high AOD was not limited to few days, but persisted over weeks (Myhre et al., 2020). The link to 
the 2019 Siberian Forest fires is under evaluation (Hansen, G., personal communication, 04/2022). 
 
Selected events which were observed in the Arctic and reported in the scientific literature are listed 
below: 
 
• Boreal region biomass burning aerosols in central Alaska and seasonal AOD variation at Barrow, 

Alaska – overview (Eck et al., 2009). 
 
• Pan-Arctic enhancements of light absorbing aerosol due to North American boreal forest fires in 

summer 2004 – includes observations from Ny-Ålesund (Stohl et al., 2006, Stone et al., 2008). 
 
• Agricultural fires in Eastern Europe caused very strong pollution levels in the Arctic during spring 

2006 – includes observations from Ny-Ålesund (Eckhardt et al., 2007, Lund Myhre et al., 2007, 
Stohl et al., 2007; Treffeisen et al., 2007). 
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Figure 1: Adapted from Stohl et al., (2007) Fig. 2. View from the Zeppelin station under clear conditions on 
26 April (left panel), and during the smoke episode on 2 May 2006 (right panel). Image courtesy of Ann-
Christine Engvall.  

 
• Arctic smoke from early season forest fires and Arctic haze from Russia, was observed in March 

2008 – includes observations from Ny-Ålesund (Stock et al., 2012)  
 
• Cross-polar transport of smoke plumes from Siberian Forest fires and anthropogenic sources in 

East Asian during July 2008 (Sodemann et al., 2011). 
 
• Biomass burning aerosols generated in central Alaska affected Ny-Ålesund in the mid of July 2015 

– includes observations from Ny-Ålesund (Markowicz et al., 2016, Markowicz et al., 2017, Moroni 
et al., 2017, Ritter et al., 2018, Moroni et al., 2020) 

 
• Effects of wildfires in northern Eurasia on black carbon in the Arctic 2002-2013 – model, overview 

(Evangeliou et al., 2016) 
 
• Wildfires in Greenland in July 2017 are a local source of black carbon on the ice sheet (Evangeliou 

et al., 2019) 
 
• Long range transport of biomass burning episode which took place in Greenland in summer 2017, 

extreme smoke event in Canada in August 2017 – includes observations from Ny-Ålesund (Zielinski 
et al., 2020, Ranjbar et al., 2019) 

 
• Distribution of Atmospheric Aerosol Physicochemical Characteristics in the Russian Sector of the 

Arctic Ocean – overview paper (Sakerin, 2020). 
 
• Transport of mineral dust from Central Asia and biomass burning emissions from forest fires in 

Ukraine and south Russia in October 2020 – includes observations from Ny-Ålesund (Groot 
Zwaaftink et al., 2022) 

 
• Wildfire smoke layer from severe fires in Siberia in July and August 2019 observed over the North 

pole region – includes observations from Ny-Ålesund (Engelmann et al., 2021, Ohneiser et al., 
2021), Transport of Siberian fire emissions to North America (Johnson et al., 2021) 
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2 Remote sensing of fires  

Remote sensing is a powerful tool to identify fire disturbance and to map burned area (e.g., Giglio et 
al., 2006, 2009, 2018, Schroeder et al., 2014, Chuvieco et al., 2019, Pettinari and Chuvieco, 2020; and 
references therein), for forecasting (e.g., Pickell et al., 2017), post-fire modelling (e.g., Miller et al., 
2017), to estimate impacts on and from fire emissions (Rogers et al., 2020), and for quantification of 
fire disturbance and recovery (e.g., Hislop et al., 2020). Earth observation also plays an essential role 
in providing the input for fire emission modelling (see Section 3.3, page 24). Here, we mainly 
concentrate on post-fire monitoring, i.e., fire-detection and their effects. Nevertheless, it should be 
noted, that remote sensing is a valuable tool for pre-fire assessment (e.g., Schneider et al., 2008), as 
determined by climate and hydrology (precipitation, temperature, soil moisture, fuel moisture, 
humidity, winds), landscape and vegetation (topography and vegetation conditions).  

 

2.1 Fire ECVs (burned area, active fire maps, fire radiative power) and tracer 

The Global Climate Observing System (GCOS) implementation plan, published in 2016, describes the 
proposed implementation of a global observing system for climate (GCOS, 20162). The fire related 
Essential Climate Variables (ECV’s): active fire maps, burned area, and fire radiative power (FRP) were 
described (see Table 1 and Table 2). 
 
Table 1: Fire ECV’s [adapted from Table 16. Sources of Terrestrial Domain ECV – Biosphere (GCOS, 2016, p172)]. 

Name Quantities measured Measurements Sources of Data 

Fire burned area (m2) 
fire radiative power 
(FRP, Watts) 

Optical, middle infrared and thermal infrared  
Geostationary and moderate to high-resolution optical 
systems continuity required.  
Daily detection of burned area with horizontal 
resolution of 250 m and accuracy of 15%  
FRP horizontal resolutions of 1 km to 0.25 km, time 
resolution of 30 minutes, with accuracy of 25% 

GOFC regional networks3  
GFMC4  
ESA CCI5  
GFED6  
Copernicus7  
LPDAAC8  
  

 

Burned area map burn scars, surfaces affected by fire to display significant changes in the vegetation 
cover and the ground surface. Active fires are located by thermal anomalies (hot spots) they produce. 
FRP is the rate of emitted radiative energy by the fire at the time of the observation. As fires are patchy 
and heteorogeneous, GCOS defines several requirements for their measurements: Global burned area 
measurements require near-daily observation from moderate (30 m) optical sensors to daily from 
coarse resolution sensors (250 m – 500 m). These may be complemented by radar remote sensing 
under cloudy conditions. Active fires and FRP require lower spatial resolution (e.g., 1 km) because of 
sub-pixel (10–4 to 10–3 of the pixel area) hotspot detection. Higher resolution (e.g., 250 m – 500 m) is 
beneficial to detect small fires. Sensors typically operate in the mid-wave infrared spectral channel, a 
wide dynamic range is needed to avoid saturation, and utilize additional channels in the thermal-
infrared, visible and near-infrared to avoid false detection. Low earth observations multiple times per 
day are needed, with one of the observations in the early afternoon (peak of daily fire cycle). Despite 
their coarser spatial resolution, geostationary observations are very interesting due to their temporal 
resolution (e.g., the Spinning Enhanced Visible and InfraRed Imager (SEVIRI): max. 15 minute; the 
European Organisation for the Exploitation of Meteorological Satellites (EUMETSAT) provides Active 

 
2 https://gcos.wmo.int/en/gcos-implementation-plan 
3 https://gofcgold.org/regional-networks 
4 https://gfmc.online/ 
5 https://climate.esa.int/en/projects/fire/ 
6 https://www.globalfiredata.org/ 
7 https://www.copernicus.eu/en 
8 https://lpdaac.usgs.gov/ 
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Fire monitoring product (FIR9), the Satellite Application Facility on Land Surface Analysis (LSA-SAF10) 
provides FRP-pixel11 products). Unfortunately, the geographical coverage of SEVIRI is restricted to 
Africa and Europe (plus a small part of South America), therefore these data are not suitable for the 
detection far Northern boreal forest and in the Arctic region. 
 

Table 2: Terrestrial ECV product requirements [equivalent to Table on page 289 (GCOS, 2016)]. 

 
 
In the Best Practices document of the Committee on Earth Observation Satellites (CEOS) Working 
Group on Calibration and Validation - Land Product Validation Subgroup, the validation status of the 
fire ECVs have been classified (see Table 3). While active fire and burned area have reached a higher 
maturity level, the validation of the various FRP products require more efforts.  
 
GCOS defined several Actions, addressing historic fire data, operational burned area and FRP, fire 
maps, validation, and fire disturbance model development, which were commented on in the Space 
Agency Response to GCOS Implementation Plan12 (CEOS, 2018). They state the fire ECVs are 
approaching target requirements with respect to spatial resolution (250 m), for temporal resolution 
the utilization of merged products from multiple sensors is required.  
 
Burned area data (30 m spatial resolution) can be obtained from operational meteorological and 
environmental satellites. In the optical regions: Multispectral Instrument (MSI) on-board Sentinel-2 
and Operational Land Imager (OLI) onboard Landsat (e.g., Roy et al., 2019), complemented by Synthetic 
Aperture Radar (e.g., Sentinel-1) under cloudy conditions. Burned area can also be calculated based 
on observations from commercial operator satellites, just to mention Planet’s high-resolution, 
analysis-ready mosaics of the world’s tropics, which through Norway’s International Climate & Forests 
Initiative (NICFI) can be assessed13 (note: the purchased data cover the tropical forest, not the Arctic). 
Furthermore, burned area can be calculated from environmental satellites, e.g., NASA's Moderate 
Resolution Imaging Spectroradiometer (MODIS) aboard the Terra and Aqua satellites, NASA's Visible 

 
9 https://navigator.eumetsat.int/search?query=Active%20Fire%20Monitoring%20(CAP)%20-%20MSG%20-

%200%20degree&filter=instrument__SEVIRI 
10 https://landsaf.ipma.pt/en/ 
11 https://landsaf.ipma.pt/en/products/fire-products/frppixel/ 
12 http://ane4bf-datap1.s3-eu-west-1.amazonaws.com/wmocms/s3fs-public/ckeditor/files/Space_Agency_ 
Response_to_GCOS_IP_v2.2.1.pdf?NAb3qaxyu.kQg0Qw96xXSBXt1mGrxo.Q 
13 https://www.planet.com/nicfi/ 
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Infrared Imaging Radiometer Suite (VIIRS) aboard the joint NASA/National Oceanic and Atmospheric 
Administration (NOAA) Suomi National Polar orbiting Partnership (Suomi NPP) and NOAA-20 satellites, 
and others. More details are given in Section 2.2. 

Table 3: Validation Stage of fire ECV data (adapted from Duncanson et al., 2021, Table 1.2 CEOS validation 
stage hierarchy. The eventual goal is to mature existing and forthcoming biomass products from stage 0 to 4. 
[page 26, 27]). 
Validation Stage - Definition and Current State Variable 

0 No validation. Product accuracy has not been assessed. Product considered beta.  

1 Product accuracy is assessed from a small (typically < 30) set of locations and time periods 
by comparison with in-situ or other suitable reference data. 

Snow  
Fire Radiative Power  
Biomass 

2 Product accuracy is estimated over a significant (typically > 30) set of locations and time 
periods by comparison with reference in situ or other suitable reference data.  
Spatial and temporal consistency of the product, and its consistency with similar products, 
has been evaluated over globally representative locations and time periods.  
Results are published in the peer-reviewed literature. 

fAPAR  
Phenology  
Burned Area  
Land Cover  
LAI 

3 Uncertainties in the product and its associated structure are well quantified over a significant 
(typically > 30) set of locations and time periods representing global conditions by 
comparison with reference in situ or other suitable reference data.  
Validation procedures follow community-agreed-upon good practices.  
Spatial and temporal consistency of the product, and its consistency with similar products, 
has been evaluated over globally representative locations and time periods.  
Results are published in the peer-reviewed literature. 

Vegetation Indices  
Albedo  
Soil Moisture  
LST & Emissivity  
Active Fire 

4 Validation results for stage 3 are systematically updated when new product versions are 
released or as the interannual time series expands.  
When appropriate for the product, uncertainties in the product are quantified using fiducial 
reference measurements over a global network of sites and time periods (if available). 

 

 
Vegetation fires burn with a wide range of temperatures, with flame radiative temperatures of about 
700 K to 1500 K from smouldering to intense flaring combustion (Sullivan et al., 2003). Thus, they can 
be located by the thermal anomalies (hot spots, active fire detection) they produce. FRP is a measure 
of the energy released by the fire and is therefore a measure of how much vegetation is burned. Active 
fire data and FRP estimates can be obtained from MODIS, VIIRS, the Sea and Land Surface Temperature 
Radiometer (SLSTR), Landsat, and others. The data are distributed by e.g., NASA/NOAA, EUMETSAT 
and ESA (see Section 2.3 for more details). 
 
FRP is directly proportional to the biomass burning rate (Wooster et al., 2005), so it can be used to 
determine fire emissions rates, considering land-use type specific emission coefficients (Andreae and 
Merlet, 2001, Akagi et al., 2011, Andreae et al., 2019). The needed land cover data can be obtained 
from several sites, e.g., from ESA Landcover_cci14 or Copernicus C3S15. 500 m VIIRS land cover data16 
are available from the Land Processes Distributed Active Archive Center (LP DAAC, Zhang et al., 2020). 
See also the raster version of the 1-km Circumpolar Arctic Vegetation Map (CAVM17, Raynolds et al., 
2019) and the high resolution (10 m) land cover map for 2017 for Europe, including Norway, from 
Sentinel-218 (Gromny et al., 2019). 
 

 
14 https://www.esa-landcover-cci.org/ 
15 https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-land-cover?tab=overview 
16 https://lpdaac.usgs.gov/news/release-viirs-land-cover-dynamics-data-products/ 
17 www.geobotany.uaf.edu, or  
18 https://s2glc.cbk.waw.pl/ 
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2.2 Burned area datasets 

The ESA Fire_cci19 project aims to improve consistency, using better algorithms for both pre-processing 
and burned area detection while incorporating error characterisation. The following burned area 
products, which include Northern latitudes, are currently available: 
 

• FireCCI5120: Fire_cci burned area dataset. It is based on MODIS data (global at 250 m and 0.25° for 
2001 - 2020) (see Lizundia-Loiola et al., 2020) 

• FireCCILT1121: Fire_cci long-term burned area dataset, going back to 1982. It is based on Advanced 
Very High Resolution Radiometer (AVHRR) and NASA/NOAA Land Long Term Data Record (LTDR) 
data (global at 0.05° and 0.25° for 1982 – 2018) (see Otón et al., 2021a, b) 
 

For publications from the Fire_cci see: https://climate.esa.int/en/projects/fire/publications/. Recent 
publications deal with the validation approach for burned area products (Franquesa et al., 2020, 2022), 
and the transition from the FireCCI51 product based on MODIS to the Sentinel-3 Ocean and Land 
Colour Instrument (OLCI) product processed for the Copernicus Climate Change Service (C3S22) 
(Lizundia-Loiola et al, 2021). 
 
NASA has developed a global burned area products based on MODIS. 
 
• MCD64A123: NASA’s burned area dataset based on MODIS (global gridded, 500 m). It employs 

500 m MODIS surface reflectance imagery coupled with 1 km active fire observations (see Giglio 
et al., 2018)  

  
The FireCCI51 and MCD64A1, based on MODIS data, are the most accurate global products, widely 
used in different modelling studies (see the review by Chuvieco et al. (2019)). Chuvieco et al. (2019) 
lists satellite sensors used for burned area mapping (see Table 4) and overview of global burned area 
datasets (see Chapter 2.2). 
 
Higher resolution data sets are not available globally, but on a continental-scale. See e.g., the 
continental-scale burned area data from Sentinel-2 for sub-Saharan Africa, developed in the Fire_cci 
(Roteta et al., 2019), and Sentinel-1 data are available for a demonstrator Area in the Amazon 
(Belenguer-Plomer et al., 2019). 

Table 4: Satellite sensors used for burned area mapping (identical to Table 1, page 51, in Chuvieco et al. (2019)) 

 

 
19 https://climate.esa.int/en/projects/fire/ 
20 https://geogra.uah.es/fire_cci/firecci51.php 
21 https://geogra.uah.es/fire_cci/fireccilt11.php 
22 https://climate.copernicus.eu/ 
23 https://lpdaac.usgs.gov/products/mcd64a1v006/ 
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2.3 Active fire and fire radiative power datasets  

Landscape biomass burning typically involves radiating temperatures in the range of 700 K to 1500 K 
(Sullivan et al., 2003), with the peak of their spectral radiant energy emission occurring in or very close-
to the middle infrared (MIR) spectral region. They produce a contrast when observed at different IR 
wavelengths, which made bi-spectral methods (Dozier, 1981) exploiting this, very interesting for fire 
detection (e.g., Giglio and Kendall, 2001), or the Planck-function fitting used in the VIIRS NightFire 
algorithm (Elvidge et al., 2013). Single band retrievals have an advantage in case of inter-channel 
spatial misregistration effects. Algorithms can be based on fixed thresholds, but nowadays they are 
replaced by self-adaptive, contextual fire detection schemes, where the spectral behaviour of a fire 
pixel is compared with the surrounding background. In Table 6a, and 6b, satellite sensor characteristics 
for MODIS, VIIRS, SLSTS, Landsat, MSI, and Bi-spectral InfraRed Optical System (BIROS), all used for fire 
detection and/or parametrization, are summarized.  
 
Table 6a: Comparison of satellite sensor characteristics used for fire detection and parametrization [adapted from 

Soszyńska (2022), Appendix A]. 

Sensor MODIS VIIRS  SLSTR 

Name Moderate Resolution 
Imaging 
Spectroradiometer 

Visible Infrared Imaging 
Radiometer 
Suite 

Sea and Land Surface 
Temperature 
Radiometer 

Operated by NOAA/NASA NOAA/NASA ESA/EUMETSAT 

Orbit 705 km 829 km (828 -856 km) 786 km 

Revisit time 1‐2 days 0.5 day (both satellites) 0.5 day (both satellites) 

Bands in VIS/NIR yes yes yes 

Spectral bands 
relevant 
for fire research 

SWIR B6 1.628 ‐ 1.652 μm 
B7 2.105 ‐ 2.155 μm 

M10 and I3 1.58 ‐ 1.64 μm 
M11 2.23 ‐ 2.28 μm 

S5 1.58‐1.64 μm 
S6 2.23‐2.28 μm 

MWIR B20 3.660 ‐ 3.840 μm 
B21 3.929 ‐ 3.989 μm 
B22 3.929 ‐ 3.989 μm 
B23 4.020 ‐ 4.080 μm 

I4 3.55‐3.93 μm 
M12 3.61‐3.79 μm 
M13 3.97‐4.13 μm 
 

S7 and F1 3.54‐3.94 μm 

LWIR B29 8.400 ‐ 8.700 μm 
B30 9.580 ‐ 9.880 μm 
B31 10.780 ‐ 11.280 μm 
B32 11.770 ‐ 12.270 μm 

M14 8.4‐8.7 μm 
M15 10.26‐11.26 μm 
I5 10.5‐12.4 μm 
M16 11.54‐12.49 μm 

S8 10.47‐11.24 μm 
S9 and F2 11.57‐12.48 μm 

Ground sampling distance 250 m (bands 1–2) 
500 m (bands 3–7) 
1000 m (bands 8–36) 

750 m for M‐bands 
375 m for I‐bands 

500 m (VIS‐SWIR) 
1000 m (MWIR‐LWIR) 

Field‐of‐View 110° 112.56° 68.5° 

Swath 2330 km cross track 
10 km along track at nadir 

3060 km 1400 km nadir view 
740 km along track view 

Day-time - night-time images Daytime  
Night-time 

Daytime  
Night-time 

Daytime (all bands)  
Night-time (only TIR) 

Caveats Large pixel size 
Age 

 F1, F2, increased dynamic range  
Saturation in all S7 BTs  

Application Detection  
Parametrisation 

Detection  
Parametrisation 

Detection 
Parametrisation 
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Table 6b: Comparison of satellite sensor characteristics used for fire detection and parametrization [adapted from 

Soszyńska (2022), Appendix A]. 

Sensor OLI/Landsat‐8*  MSI/Sentinel-2 BIROS24* 

Name Operational Land Imager Multispectral Instrument Bispectral InfraRed  
Optical Sensor 

Operated by NOAA/NASA EUMETSAT DLR 

Orbit 705 km 786 km  500 km 

Revisit time 16 days 5 days (both satellites) 5 days 

Bands in VIS/NIR yes yes yes 

Spectral bands 
relevant 
for fire research 

SWIR SWIR1 1.56‐1.66 μm 
SWIR2 2.1‐2.3 μm 

B11 1.568‐1.659 (S2A) 
B11 1.563‐1.657 (S2B) 
B12 2.115‐2.290 (S2A) 
B12 2.093‐2.278 (S2B) 

 

MWIR   MWIR 3.4‐4.2 μm 

LWIR TIR1 10.6‐11.2μm 
TIR2 11.5‐12.5 μm 

 LWIR 8.6‐9.4 μm 

Ground sampling distance 100 m for TIR bands 
30 m other 

10 m (bands 2‐4) 
20 m (bands 5‐8, 11, 12) 
60 m (bands 1, 9, 10) 

175 m (350 m) 

Field‐of‐View 15° 20.6° 19.6° VIS‐NIR, 19° IR 

Swath 185 km 290 km 211 km VIS‐NIR 
178 km IR 

Day-time - night-time images Daytime (all bands)  
Night-time (only LWIR) 

Daytime Daytime  
Night-time 

Caveats Band saturation 
DN folding 

Saturation Suitable for analysis 

Application Active fire detection  
Burned area 

Active fire detection  
Burned area 

Detection  
Parametrisation 

Comments * use earlier instruments, 
and Landsat-9 OLI-2  
(Masek et al., 2020) 

 *see Soszyńska (2022),  
and references therein 

 
The BIROS satellite is the second of the FireBIRD25 satellites (launched in July 2016), operated by the 
German Aerospace Center (DLR). It is a follow up of the Technology Experiment Carrier (TET-126), 
launched July 2012, which was a predecessor of the Bi-Spectral Infrared Detection (BIRD) small satellite 
mission (Wooster et al., 2003) – the first small satellite mission for measuring temperature hotspots.  
 
There is a long tradition for hot spots, active fire detection, and FRP estimates from MODIS (Kaufman 
et al., 1998, Justice et al., 2002, 2011, 2020, Giglio et al., 2003, 2006, 2016, 2020, Wooster et al., 2005, 
Peterson et al., 2013). Each MODIS active fire/thermal anomaly location represents the centre of a 
1 km pixel that is flagged as containing one or more fires within the pixel. Since April 2021 MODIS 
Collection 6.1 has been available. Following MODIS fire products27 are available:  
 
MOD14/MYD14 v061  MODIS Terra/Aqua Thermal Anomalies/Fire 5-Minute L2 Swath 1 km 
MOD14A1/MYD14A1 v061  MODIS Terra/Aqua Thermal Anomalies/Fire Daily L3 Global 1 km SIN Grid 
MOD14A2/MYD14A2 v061  MODIS Terra/Aqua Thermal Anomalies/Fire 8-Day L3 Global 1 km SIN Grid 

 
 
 
 
 
 
 
 

 
24 https://www.dlr.de/content/en/articles/missions-projects/firebird/biros.html 
25 https://www.dlr.de/content/en/missions/firebird.html 
26 https://www.dlr.de/content/en/articles/missions-projects/firebird/tet-1.html 
27 https://modis.gsfc.nasa.gov/data/dataprod/mod14.php 
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Furthermore, the advanced spaceborne thermal emission and reflection radiometer (ASTER) (Giglio, 
et al., 2008), and SEVIRI (Roberts and Wooster, 2008), as well as VIIRS (Elvidge et al., 2013, Csiszar et 
al., 2014, Schroeder et al., 2014, Oliva and Schroeder, 2015) have been used for active fire detection 
and/or FRP. VIIRS active fire detection utilizing the 375 m image data provides improved performance 
compared to the 750 m product, with a theoretical minimum detectable night fire equivalent to ~ 5 m2 
and ~ 1000 K fire (Schroeder et al., 2014). Following VIIRS products28 are available:  
 
VNP14, VJ114  VIIRS NPP/JPSS1 6-Min L2 Swath 750m  
VNP14IMG, VJ114IMG VIIRS NPP/JPSS1 Active Fire 5-Min L2 Swath 375m  
VNP14A1, VJ114A1  VIIRS NPP/JPSS1 Active Fire Daily L3 1km SIN Grid 
 
SLSTR has two MWIR channels: S7 and F1 (dynamically enhanced) for land fire detection, and the SWIR 
channel S6 for flare detection (e.g., Wooster et al., 2012, Xu et al., 2020, KCL, 2019). A few active fire 
detection algorithms have been developed for higher resolution sensors such as Landsat-8 OLI images 
(Song et al. 2015, Murphy et al., 2016, Schroeder et al., 2016, Kumar and Roy, 2018, Kumar et al., 2020, 
Sofan et al., 2020) and Sentinel-2 MSI images (Dell’Aglio et al. 2019, Liu et al., 2021). FRP retrieval from 
these high resolutions is problematic due to saturation of the detector channels.  
 
Data from European satellites are available in near real-time (NRT) from the EUMETSAT CODA 
system29,30 and in non-time critical (NTC) format from the ESA Scihub31. The CreoDIAS32 is an alternative 
data resource. NASA/NOAA data can e.g., be found via the LP DAAC33. NASA's Fire Information for 
Resource Management System (FIRMS34) provides NRT global fire/thermal anomaly maps and data 
within 3 hours of satellite observation from MODIS (Aqua/Terra) and VIIRS (Suomi NPP, NOAA-20). 
Email alerts with notifications of fires in an area-of-interest are provided. The NRT data are replaced 
with data extracted from the standard MODIS and VIIRS active fire products after they becomes 
available (usually after 2-3 months) [“archive download”]. VIIRS Nightfire (VNF) nightly data are 
produced by the Earth Observation Group, Payne Institute for Public Policy, Colorado School of Mines, 
and are made available for scientific non-profit users without charge (data license agreement needed). 
 
 
 
 
 
 
 
 
 
 
 

 
28 https://lpdaac.usgs.gov/product_search/?query=VIIRS&view=cards&sort=title 
29 https://navigator.eumetsat.int/product/EO:EUM:DAT:0207 
30 https://www.eumetsat.int/coda 
31 https://scihub.copernicus.eu/ 
32 https://creodias.eu/ 
33 https://lpdaac.usgs.gov/ 
34 https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms 

https://www.sciencedirect.com/science/article/pii/S0924271621001337#b0250
https://www.sciencedirect.com/science/article/pii/S0924271621001337#b0300
https://www.sciencedirect.com/science/article/pii/S0924271621001337#b0180
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2.4 Aerosol (AAI, and other) and trace gas (CO) smoke plume tracer  

Many satellite sensors measure aerosols, which provide data regularly used for monitoring of aerosol 
layers from wildfires, such as data from e.g., MODIS35, VIIRS36, SLSTR (NRT data from EUMETSAT37, and 
as NTC data from ESA38), and the Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP39,40) on the 
Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO). Data from the latter have 
frequently been used for identification plumes transported towards Ny-Ålesund, and for validation of 
transport modelling of fire and other pollution episodes, like dust events.  
 
For tracking smoke plumes using satellite observations, parameters such as Carbon Monoxide (CO) and 
Aerosol Absorbing Index (AAI) are particularly useful. CO is emitted from incomplete combustion and 
has an atmospheric lifetime of a few weeks to several months and is mainly removed by OH. The 
aerosol index was originally defined for the correction of aerosols in total ozone measurements made 
by the Total Ozone Mapping Spectrometer (TOMS) instruments (Herman et al., 1997; Torres et al., 
1998). AAI is a qualitative indicator of the presence of UV absorbing aerosols (Ginoux, Torres and 
Torres, 2003).  
 
Different web-based services offer quicklooks of these parameters: NRT images (including calendar for 
earlier dates) are accessible from the Support to Aviation Control Service (SACS41), which is hosted by 
the Royal Belgian Institute for Space Aeronomy (BIRA-IASB). SACS provides quick looks for AAI from 
GOME-2 and UVAI from TROPOMI. UVAI NRT quick-looks from the Ozone Monitoring Instrument (OMI) 
onboard AURA and the Ozone Mapping and Profiler Suite (OMPS) onboard Suomi-NPP are also 
provided by the Satellite Measurements from Polar Orbit (SAMPO42) service from the Finnish 
Meteorological Institute (FMI). GOME-2 AAI can be downloaded from the FMI Satellite Application 
Facility on Atmospheric Composition Monitoring (AC SAF43). Infrared Atmospheric Sounding 
Interferometer (IASI) CO quicklooks can be found on the AERIS data hub44. TROPOMI UVAI and CO can 
be downloaded from the Sentinel 5P pre-operations data hub45. Quicklooks can be found on the 
Sentinel EO browser46.  
 

 
35 https://modis.gsfc.nasa.gov/data/dataprod/mod04.php 
36 https://earthdata.nasa.gov/earth-observation-data/near-real-time/download-nrt-data/viirs-a-nrt 
37 https://navigator.eumetsat.int/product/EO:EUM:DAT:0306 
38 https://apps.sentinel-hub.com/eo-browser 
39 https://www-calipso.larc.nasa.gov/products/ 
40 https://asdc.larc.nasa.gov/ 
41 https://sacs.aeronomie.be/nrt/ 
42 www.sampo.fmi.fi 
43 https://acsaf.org/ 
44 https://iasi.aeris-data.fr/ 
45 https://s5phub.copernicus.eu/dhus/#/home 
46 https://apps.sentinel-hub.com/eo-browser 
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3 CAMS and CEMS  

The European Centre for Medium-Range Weather Forecasts (ECMWF47) provides monitoring and 
forecasting of global wildfire emissions and danger conditions through the Copernicus Emergency 
Management Services (CEMS) and the Copernicus Atmosphere Monitoring (CAMS), linking fire 
forecasts to pollution concentration and emissions. CEMS provides information for emergency 
response in relation to different types of disasters. The following four models contribute to CEMS: 1. 
Emergency Mapping, 2. European and Global Flood Awareness System, 3. European Forest Fire 
Information System (EFFIS), and 4. the European Drought Observatory. CEMS forecasts global fire 
danger with the Global ECMWF Fire Forecasting (GEFF) model. Daily forecasts are available via CEMS 
EFFIS (for Europe) and GWIS (globally). CAMS provides products for monitoring global fire emissions 
and atmospheric impacts. The CAMS global production system is the ECMWF Integrated Forecast 
System (IFS), which is a full Numerical weather prediction (NWP) forecasting and data assimilation 
system of ECMWF.  
 

3.1 Global Wildfire Information System  

The Global Wildfire Information System (GWIS48) is a is a joint initiative of the Group on Earth 
Observations (GEO49) and the Copernicus emergency50 work programme (CEMS) and is supported by 
NASA. GWIS brings together information sources at the regional and national level on fire regimes and 
effects and provides tools for operational wildfire management from national to global scales, e.g., 
landcover (CCI51 maps) and fuels. Country maps and country-specific charts for a variety of fire related 
parameter, i.e., burned area, number of fires and emission, are provided. GWIS uses the active fire 
detections provided by the NASA’s Fire Information for Resource Management System (FIRMS52) for 
active fires from MODIS and VIIRS. FIRMS is part of the NASA Earth Observing System Data and 
Information System (EOSDIS). The MODIS MOD64A1 Collection 6 Burned Area product (Giglio et al., 
2018) is used to create country-level burned area statistics. At present, data from 2001 to February 
2018 are available. 

The GWIS Current Situation Viewer53 provides NRT information on fire danger forecast, lightning 
occurrence, MODIS and VIIRS active fire detection and burned area perimeters, and CAMS fire 
emissions. The Current Statistics Portal provides statistic at national level and for regions of interest, 
e.g., for the Arctic Monitoring and Assessment Program (AMAP). Country Profile information of fire 
regimes for the period 2002 onwards is given. Figure 2 shows the actual GWIS country profile for 
Norway. Furthermore, the Long-term fire weather forecast provides monthly and seasonal global 
forecast of temperature and rainfall anomalies. Data used in the GWIS applications, can be 
downloaded54. 
 

 
47 https://www.ecmwf.int/ 
48 https://gwis.jrc.ec.europa.eu/ 
49 https://www.earthobservations.org/index.php 
50 https://www.copernicus.eu/en/services/emergency 
51 https://www.esa-landcover-cci.org/ 
52 https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms 
53 https://gwis.jrc.ec.europa.eu/apps/gwis_current_situation/ 
54 https://gwis.jrc.ec.europa.eu/applications/data-and-services 
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Figure 2: GWIS country profile for Norway. Upper panels: Country profile and landcover; middle panel: yearly 
burned area and number of fires; lower panel: Yearly carbon dioxide (CO2) emissions by landcover (both for 
2002-2019). 

 
Examples of maps from GWIS are shown in Figure 3, illustrating the Arctic wildfire in Russia in 2019. 
Daily total wildfire emissions were well above the 2003 - 2018 average throughout the summer north 
of the Arctic Circle. Many wildfires were concentrated in the Sakha Republic, Russia with other fire 
activity in Alaska, Yukon Territory and Greenland. Figure 4 gives an overview over wildfires in the Arctic 
in the period from 2015 to 2020. Emissions in 2020 were topping the one from the previous year.  
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Figure 3: GWIS maps showing and overview over forest fire in Russia in January to August 201955 

 

 

Figure 4: GWIS maps showing an overview over wildfires in the Arctic in 2015 – 202056.  

 
55 https://effis-gwis-cms.s3-eu-west-1.amazonaws.com/gwis/reports-and-publications/ercc-daily-
map/20190807_Forestfires_Russia.png 
56 https://effis-gwis-cms.s3-eu-west-1.amazonaws.com/gwis/reports-and-publications/ercc-daily-

map/20210308_Arctic_ForestFires_Emissions.png 
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3.2 The European Forest Fire Information System - Norway country report 

The European Forest Fire Information System (EFFIS57), which is managed by the Joint Research Centre 
(JRC), provides NRT and historical information on forest fires and forest fire regimes in the European, 
Middle Eastern and North African regions. Since 2015 it is one of the three early warning component 
of the Copernicus Emergency Management Service (CEMS58). ECMWF is the computational centre for 
EFFIS. 
 
EFFIS makes a few specific applications available via their webpage. A current situation viewer shows 
e.g., today meteorological fire danger maps and forecast up to 6 days, active fires and burned area 
(based on VIIRS and MODIS data). The statistical portal provides information accumulated on country 
level, including statistics on burned area and number of fires, seasonality, and trends. It also includes 
number of thermal anomalies detected by VIIRS and MODIS. Furthermore, fire news is collected and 
can be selected according to country. Note that no reports were found for Norway. In addition, 
monthly and seasonal forecasts of fire weather, country totals (burned areas & number of fires) per 
year are given, as well as a form for additional data requests. 
 
Also note a related data resource in the Copernicus climate data store (CDS), such as the gridded (0.11° 
x 0.11°) Fire Weather Index (FWI59) for Europe, which is produced on behalf of the Copernicus Climate 
Change Service. The dataset presents projections of fire danger indicators for Europe based upon the 
Canadian Fire Weather Index System under future climate conditions. Fire weather indicators from 
1970 to 2018 are derived from reanalysis and climate projections. They include the number of days 
with moderate, high, or very high fire danger conditions as classified by the European Forest Fire 
Information System (EFFIS) during the northern hemisphere's fire season (June-September). 
 
EFFIS is supported by an Expert Group on Forest Fires60, which consists of experts from 43 countries in 
European, Middle East and North African countries. The group supports the European Commission to 
review forest fire trends in Europe and to determine adequate and effective responses. The Norwegian 
Directorate for Civil Protection (DSB61, C. A. Hornstuen) is an Observer in the Expert Group on Forest 
Fires. DSB is responsible for the populations and fire services through laws and regulations, maintains 
the system for statistical reporting of fires (Brann, Redning, Innrapportering, Statistikk (BRIS) “Fire, 
Rescue, Reporting, Statistics”), facilitates the Norwegian Forest Fire committee (Members: DSB, Fire 
Services, The Norwegian Meteorological Institute, Insurance, Areal resources, and Fire Associations), 
and participated in the Nordic working group for wildland fires, a new European reserve of resources 
(rescEU-team62). For Norway, the Norwegian Meteorological Institute (MET) performs calculations of 
the forest fire hazard index (Waldbrannkennziffer, WBKZ). Forest fire warnings are issued on a regular 
basis during the snow-free “summer season” from April onward. The fire index is calculated based on 
around 100 places in the country. WBKZ is a cumulative index, based on precipitation, air temperature 
and humidity observations, the latter two parameter determining the degree of dryness in the air. 
Because WBKZ can be low biased after precipitation, the adaptation of a new common forest fire 
danger index is under evaluation by the Nordic weather services (DSB, 2019). 
 

 
57 https://effis.jrc.ec.europa.eu/ 
58 https://www.copernicus.eu/en/copernicus-services/emergency 
59 https://climate.copernicus.eu/fire-weather-index 
60 https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=416 
61 https://www.dsb.no/ 
62 https://ec.europa.eu/echo/what/civil-protection/resceu_en/ 
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EFFIS provides annual reports on forest fires in Europe (San-Miguel-Ayanz et al., 2021), including 
country reports for Norway. The new announcement63 from 22 March 2022, informs about that the 
EU 2021 wildfire season was the second worst on record. Trends regarding both the number of fires 
and burned areas from 2000-2020 as given by Botnen (2021) are shown in Figure 5. According to the 
2020 country report for Norway (Botnen, 2021) 609 fires were registered in 2020, which is 291 % of 
the 2010 - 2019 average (209 fires), and 363 ha burned area, equivalent to 34% of the 2010-2019 
average (1068 ha burned area). The most recent information from EFFIS is given in the preliminary 
report on the 2021 fire campaign (San-Miguel-Ayanz, 2022). The data for Norway are shown in Figure 
6. In 2021 991 ha from 22 fires were burned.  
 
According to Botnen (2021), in Norway, most forest fires are man-made, followed by 
lightning/thunderstorms. The fire season lasts normally from March to September. It starts in the 
south-west in March/April and during the season it moves south- and eastward. In the west we see 
mainly bush-fires, whereas pines burn in the southern part. Norway’s largest forest areas are in the 
south-east of the country. In Norway, more extreme events are expected as results of climate change, 
with more precipitation, but also increasing temperatures and droughts. One of the consequences can 
be that dry areas become even drier. Furthermore, it can imply increase growth in grass, shrubs, and 
trees, overgrowing of cultural landscapes, thus a longer fire season and larger fires as a result of more 
fuel (Botnen, 2021). 
 
 

  

 

 
 

 

Figure 5: Adapted from Botnen (2021) [Figure 64 on page 59] Upper left panel: burned areas, upper right 
panel: number of fires, lower left panel: average fire size in Norway from 2001 to 2020. Lower right panel: 
[equal to Figure on page 136]: EFIS Danger Forecast, Red: extreme values in period 1980-2020, blue: 10-
90th percentile, dotted: long term average (1080-2020), solid: 2020 values. 

 

 
63 https://joint-research-centre.ec.europa.eu/jrc-news/eu-2021-wildfire-season-was-second-worst-record-finds-new-
commission-report-2022-03-21_en 
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Figure 6: Most recent information from EFFIS for the year 2021. Left panel: equal to Table 23 [on page 24]; 
right panel: equal to Figure 15 [on page 20] in San-Miguel-Ayanz et al. (2022). 

 

3.3 Global Fire Assimilation System and other fire emission inventories  

The Copernicus Atmosphere Monitoring Service (CAMS) Global Fire Assimilation System (GFAS64, for 
GFASv1.2, see Kaiser et al., 2012) assimilates satellite fire radiative power (FRP) observations from 
Aqua and Terra MODIS (https://modis-fire.umd.edu/) to produce global daily estimates of emissions 
of pollutants from wildfires and biomass burning. The spatial resolution is of 0.1° on a regular latitude 
- longitude grid. Data cover the period from 2003 to present and are released one day behind NRT. 
Emissions of aerosols and gases are estimated using factors dependent on vegetation type.  
Table 7 shows the numerous wildfire related parameter, which can be downloaded65 from GFAS. Latest 
CAMS 5-day global forecasts visualized via website and selected parameter are visualized on the 
mobile app of windy.com, e.g., fire intensity66 or CO concentration67.  

Table 7: List of data provided by GFAS.  

 
 

 
64 https://www.ecmwf.int/en/forecasts/dataset/global-fire-assimilation-system 
65 http://apps.ecmwf.int/datasets/data/cams-gfas/ 
66 https://www.windy.com/-Show---add-more-layers/overlays?fires,59.933,10.898,5 
67 https://www.windy.com/-Show---add-more-layers/overlays?cosc,59.933,10.898,5 
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The Global Fire Emissions Database GFED68 is produced by the Vrije Universiteit Amsterdam, cluster 
Earth and Climate, GFEDv4s is a most recent version of fire emissions derived from satellite burned 
area products (van der Werf et al., 2017). Earlier versions are GFEDv2 (van der Werf et al., 2006), and 
GFEDv3 (van der Werf et al., 2010). Data (burned area, monthly emission and fractional contribution 
of different fire types, daily/3-hourly fields to scale the monthly emissions to higher temporal 
resolutions) from 1997 onward are provided. Mapped burned area are without small fires (GFEDv4 
burned area based on retrieval by Giglio et al., 2013). The Global Fire Emissions Database with small 
fires (GFEDv4s; van der Werf et al., 2017) integrates the MODIS burned area product with the active 
fire product to account for small fires (Giglio et al., 2009). See also the Global Fire Atlas69 of individual 
fire size, duration, speed, and direction, by Andela et al. (2019), which is based on the 500 m resolution 
MODIS (MCD64A1 collection 6) daily burned area product.  
 
Further inventories to mention are e.g., the Fire inventory from National Center for Atmospheric 
Research (NCAR) (FINN70, Wiedinmyer et al., 2011, Wiedinmyer et al., 2023), the high-resolution Quick 
Fire Emissions Dataset (QFED, Darmenov and da Silva, 2015, Koster et al., 2015), and NASA’s Fire 
Energetics and Emissions Research (FEER, Ichoku and Ellison, 2014). For a comparison of biomass 
emission data sets with respect to aerosol modelling, see Pan et al., (2020). 
 
Fire emissions data can be visualized and downloaded from the Regional Evaluation, Comparison, and 
Metrics (FIRECAM71) Tool, which is an Earth Engine App, online app for end-users to diagnose and 
explore regional differences in fire emissions from five global fire emissions inventories (GFEDv4s, 
FINNv1.5, GFASv1.2, QFEDv2.5r1, FEERv1.0-G1.2) (Liu, 2020). 
 

 
68 https://www.globalfiredata.org/ 
69 https://www.globalfiredata.org/fireatlas.html 
70 https://www2.acom.ucar.edu/modeling/finn-fire-inventory-ncar 
71 https://sites.google.com/view/firecam/home 
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4 Knowledge gaps and limitations of satellite remote sensing 

McCarty et al. (2021) summarize knowledge gaps and uncertainties in understanding Arctic fire 
regimes and emissions. The authors discuss open questions and give recommendations related to 
spatial and temporal modelling of future fire landscapes and regimes, peatlands, permafrost, and 
satellite-based fire emissions. 
 

Fire activity data are derived from ground- and satellite-based sources. For global inventories, satellite-
derived fire activity is estimated by active fire detections, burned area mapping, and fire radiative 
power. Availability of satellite-derived fire activity of good quality, as well as knowledge of emission 
factors and fuels, determine the quality and uncertainties in fire emission model inventories (e.g., Liu 
et al., 2020, Pan et al., 2020).  
 

Many of the present fire emission inventories are based on MODIS data only, which can lead to 
underestimation of burned areas, particular in agricultural landscapes. Zhu et al. (2017) compared the 
MODIS burned area product with higher-resolution (better than 30 m) satellite products as a 
reference. They found that MODIS burned area comprised only 13% of the reference products in 
croplands because of inadequate detection of small fires (<100 ha). Another uncertainty aspect to 
mention is that surface fires, that burn under canopies, dominate fire regimes in Northern Eurasia, and 
these burned areas are not currently accurately quantified (Duncan et al., 2020). Thus, understanding 
the balance between surface-to-crown fire is important.  
 
Hold-over fires, which can be spread out underground, are not so easy to spot and characterize. In 
smouldering the heat release occur on the surface of the solid, whereas in flaming combustion it occurs 
in the gas phase (Rein et al., 2008). Smouldering fires have comparable low temperatures and spread 
rate (500 – 700°C, 0.1 – 5 cm per hour) compared to flaming combustion (around 1500°C, 10 m per 
hour) (Drysdale, 1998). They can burn underground, re-appear at different locations and/or time (Rein, 
2016). Johnston et al. (2018) found that satellite instruments with pixel sizes around 375 m (e.g., as 
offered by the VIIRS I-Bands) can detect canopy smouldering fires throughout the North American 
boreal forests down to a size of 0.2 ha. Instruments with larger pixel size, e.g., MODIS and SLSTR (MIR: 
1 km at nadir), are only able to detect a 0.2 ha fire in northern latitudes where forest canopies (and 
human populations) are less dense (Johnston et al., 2018). 
 
McCarty et al. (2021) also point out the lack of agreement between official statistics and satellite 
observations. Norway generally has low fire activity and burned area. McCarty et al. (2021) showed 
that GWIS satellite-derived burned area, which is based on MODIS (Giglio et al., 2018), overestimated 
open biomass burning in Norway in 2019 (0.03 km2 according to DSB (2020)) by 199%. Fusco et al. 
(2019) conclude that satellite data are less likely to align with official records as fire sizes decrease. The 
detection of small fires is essential for a better agreement between burned area products in several 
regions (e.g., Randerson et al., 2012; Mangeon et al., 2015), particularly for fire due to agricultural 
waste burning (Chuvieco et al., 2016, 2019). 
 
Generally, satellite products suffer from ignoring fires burning under clouds. Retrieval omission and 
commission errors need to be known. One of the main challenge is to discriminate between permanent 
sources of heat (bright surfaces, gas fares, etc.) and fire events. Fire shows a very strong diurnal cycle, 
which must be considered when developing long-term datasets from multiple missions, that may have 
different local overpass times and can have varying sensitivity, lower/upper detection limits. Data 
continuity is an important aspect for future operational satellites. Ground-level verification, 
intercomparison and combination of data is essential to get the best estimate of fire occurrence and 
their emissions, including uncertainty estimates over long timescales.  
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5 Future missions 

The two MetOp-Second Generation satellites (MetOp-SG72) form the space segment of the EUMETSAT 
Polar System Second Generation (EPS-SG). MetOp-SG73-A will be launched into a sun-synchronous 
orbit earliest in summer 2024, carrying eight instruments. For fire related information, the following 
are relevant: the METimage (DLR), the Infrared Atmospheric Sounder Interferometer-Next Generation 
(IASI-NG) (CNES), the Multi-view Multi-channel Multi-polarization Imager (3MI) (ESA), Sentinel-
574/UVNS (ESA/Copernicus) and the Low Light Imager (NOAA).  

  
The METimage will provide continuity and great improvement with respect to AVHRR, and comparable 
performance to VIIRS. Besides other products (e.g., clouds, aerosols, sea surface temperatures, 
vegetation), it will provide fire monitoring products. It covers a broad spectral range in 20 spectral 
bands from 443 nm to 13.345 µm, including SWIR and MWIR bands at 1.63 µm (VII-24), 2.25 µm (VII-
25), 3.74 µm (VII-26) 3.959 µm (VII-28) 4.05 µm (VII-30) suitable for fire detection and quantification.  
 
IASI-NG, 3MI, and UVNS will provide trace gas and aerosol measurements suitable for tracking 
emissions from fires. IASI-NG will measure several relevant trace gas measurements like O3, CO2, CO, 
SO2, CH4, HNO3, NH3 and NO2. 3MI will provide a multi-spectral (from 410 to 2130 nm), multi-
polarisation (−60°, 0°, and +60°), and multi-angular (14 views) image of the Earth outgoing radiance at 
the top of the atmosphere for high quality imagery of aerosols variables for climate records. UVNS on 
Sentinel-5 will provide hyper-spectral soundings with a spectral resolution from 0.065 –1 nm in the 
wavelength ranges from 0.27–2.4385 µm, at a spatial sampling of 7 km for channels above 0.3 µm. It 
will measure O3 profiles and total column, SO2, NO2, water vapour, CH4, CO2, CO, BrO, HCHO, OCHCHO, 
and volcanic plumes. Finally, using a photomultiplier tube, the VIS signal is enhanced at night, making 
it possible to detect low emissions from lights, fires, lava flows, and gas flares. 

 
The ESA's Earth Clouds, Aerosols and Radiation Explorer (EarthCARE75) will be earliest launched in 
September – mid October 2023 (depending on availability of a launcher, delays are anticipated). 
EarthCARE will carry four instruments: the Atmospheric Lidar (ATLID), the Cloud Profiling Radar (CPR), 
the Broad-Band Radiometer (BBR), and the Multi-Spectral Imager (MSI). ATLID will provide vertical 
profiles of aerosols and thin clouds, CPR will measure vertical profiles measurements of clouds, as well 
as vertical velocities of cloud particles. BBR will do measurements of top-of-the-atmosphere radiances 
and fluxes, and MSI will measure clouds and aerosols with channels in the VIS, NIR, SWIR and TIR. 
EarthCARE will enable horizontal and vertical tracking of smoke plumes and the estimation of their 

radiative impacts.  

 
Further missions interesting in relation to fires are ESA's forest mission Biomass76, with launch planned 
in late 2023. Biomass will carry a novel P-band synthetic aperture radar. The mission will give 
information about the state and change of forests and their role in the carbon cycle. ESA’s 
FLuorescence EXplorer (FLEX77) will carry the high-resolution Fluorescence Imaging Spectrometer 
(FLORIS), which will acquire data in the 500 - 780 nm spectral range. The launch is planned for summer 
2025. Potential utilization of the potassium emission line signature for the detection of flaming 
combustion (e.g., Vodacek et al., 2002) is under evaluation.  
 

 
72 https://directory.eoportal.org/web/eoportal/satellite-missions/m/metop-sg 
73 https://www.eumetsat.int/metop-sg 
74 https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-5 
75 https://earth.esa.int/eogateway/missions/earthcare 
76 https://www.esa.int/Applications/Observing_the_Earth/FutureEO/Biomass 
77 https://earth.esa.int/eogateway/missions/flex 
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6 User uptake and user groups 

Fires are relevant for many entities in Norway, including the relevant authorities, institutions with 
operational tasks, researchers from the institute sector and universities working on fire related 
aspects. Furthermore, information about fires is of relevant for the public, as well for media and other 
interested entities (e.g., insure companies, companies in forestry, energy sector, …). The main actors 
are: 
 
The Norwegian Directorate for Civil Protection is an Observer in the Expert Group on Forest Fires78, 
which supports EFFIS. DSB is responsible for the populations and fire services through laws and 
regulations, maintains the system for statistical reporting of fires (BRIS), facilitates the Norwegian 
Forest Fire committee (Members: DSB, Fire Services, The Norwegian Meteorological Institute, 
Insurance, Areal resources, and Fire Associations), and participated in the Nordic working group for 
wildland fires. The Norwegian Environmental Agency is responsible for the air quality reporting to the 
EU/European Commission. The Norwegian Meteorological Institute performs calculations of the 
forest fire hazard index and issues information/warnings. The Norwegian Institute of Bioeconomy 
Research (NIBIO) Division of Forestry and Forest Resources is responsible for the National Forest 
Inventory, as well as the preparation of national forest statistics and forecasts for forest resources. The 
Norwegian Institute for Air Research (NILU) is responsible for monitoring of long-range transported 
air pollutions, GHG’s and aerosols on commission of the Norwegian Environmental Agency. NILU 
contributes to the AMAP Expert Group on Short-Lived Climate Forcers (AMAP, 2021, review on Arctic 
fires by Mc McCarty et al., 2021).  
  

The Center for International Climate Research (CICERO) has interdisciplinary climate research in focus. 
CICERO contributes e.g., to reduce climate change induced health impacts of air-pollution, heatwaves, 
and wildfires in Europe (EU project EXHAUSTION79), or ACRoBEAR80 (Arctic Community Resilience to 
Boreal Environmental Change: Assessing Risks from fire and disease), funded by the Belmont Forum. 
Wildland-Urban Interface (WUI81) Fire Risk is an ongoing research project at the Western Norway 
University of Applied Sciences (HVL). The goal of the project is to prevent devastating WUI fires in the 
Calluna vulgaris (heather) dominated Norwegian landscape. The project shall develop risk warnings 
and support civic groups working to reduce the WUI fire risk in coastal Norway. The main objective of 
the Fire Research and Innovation Centre (FRIC82) is to increase knowledge within the field of fire 
science to support decisions and develop better solutions providing increased fire safety in buildings. 
FRIC started in spring 2019 and is funded by the Research council in Norway. It is led by RISE Fire 
Research83 in Trondheim, with Norwegian University of Science and Technology (NTNU) and The 
Foundation for Scientific and Industrial Research at the Norwegian Institute of Technology (SINTEF) 
as research partners.  

 
StormGeo84 provides customers with Wildfire Risk Assessment85 reports on active fire’s size, smoke, 
and air quality, and forecasts the risk of a fire developing or spreading. Finally, industry and customers, 
e.g., those working in the forestry and energy sectors, as well as insurance companies, farmers, media, 
and public are to be mentioned. 

 
78 https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=416 
79 https://cicero.oslo.no/en/posts/projects/exhaustion 
80 https://cicero.oslo.no/en/posts/projects/acrobear-high-latitude-risk-of-wildfire-and-disease 
81 https://www.hvl.no/en/project/660212/ 
82 https://fric.no/en 
83 https://risefr.com/services/research-and-assessments/fric-fire-research-and-innovation-centre 
84 https://www.stormgeo.com/ 
85 https://www.stormgeo.com/solutions/data-science/wildfire-risk-assessment/  
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