
When it comes to wildfires in Siberia - every degree matters

It was the end of July 2019 when I was traveling to Sakha (Yakutia) for the first time.
For me, a person who lives in Vladivostok, far away on the Pacific coast, the scenery
of thick smoke covering the sky and the unbearable smell of burning biomass was
new.

As I don't have a strong background in atmospheric science, I didn't fully understand
the connection between climate change and wildfires. To fill this gap, I decided to
learn more. One of the essential aspects of this learning is communication, so I
started a blog on Instagram about climate change and satellite monitoring of
wildfires.

Thanks to the open data policy and the widespread use of communication tools,
satellite data is becoming accessible for everyone. That is why the visual component
becomes the key.

Looking at the big picture

Eastern Siberia is a remote part of Asia that covers vast territories occasionally
crossed by roads or settlements. From my perspective, in such conditions, satellite
imagery is almost the only thing that remains to observe wildfires.

Last summer, there were hundreds of wildfires in Yakutia



The images above show the spread of fires in the southern part of Yakutia from July
14 to July 18, 2021, observed by the Terra satellite. Thermal anomalies are also
captured by this satellite, both images (natural color and infrared) were combined in
Photoshop to create an image of fires. On top of that, colors of vegetation and
IR-emission from wildfires were slightly enhanced via the same app.

Using the tools provided by NASA-Worldview, we can get an impression of the scale
of the wildfires spillover during the season for the area of interest.

The Terra and Aqua satellites perfectly cope with such a scale. But what if we want
to know more about a specific fire? To do this, we have to change the toolkit. Using
the example of a cluster of fires northwest of Yakutsk, I want to show how several
fires have become one of the largest wildfires in recent years.

The looming catastrophe

By mid-June, ideal conditions were created for the occurrence of large fires. The
amount of precipitation was the second-lowest since 1888. For instance, on June 21,
the air temperature in the city of Yakutsk reached 34°C, while on June 22 there was
35°C.

The first fires during the heatwave on June 23 (Sentinel-2), contains modified
Copernicus Sentinel data (2022), processed by Artyom Tadzhibaev

The image above obtained in SWIR composition (through EO Browser) allows you to
see the scars from fires in a reddish color among the healthy green vegetation

https://ysia.ru/yakutskoe-ugms-anomalnyj-iyun-pobil-vse-rekordy-po-zhare-i-zasuhe/
https://www.gismeteo.ru/diary/4039/2021/6/
https://www.gismeteo.ru/diary/4039/2021/6/


around. This script also helps you to highlight the infrared radiation produced by fires
to see the boundaries of the ongoing wildfires.

To build a more holistic picture, we can use the forecasts of the Global Wildfire
Information System (GWIS). Let us use one of the indicators, the Drought Code
(DC). The forecast for June 23 demonstrated that there were zones of extreme and
very high values of dryness of forest fuel around the fire.

As a professor of atmospheric science Michael Mann once wrote in a Washington
Post article: “It is not rocket science. Combine heat and drought, and you get worse
wildfires". And that is what happened there.

The Drought Code indicator showed several zones of extreme dryness of organic
fuel

But things were even getting worse. The air temperature between 30° to 35° C
remained until July 5. In such conditions, only a source of fire is needed. One of the
factors of the proliferation could be lightning. The forecast for July 4 showed the
likelihood of lightning flashes in this area.

https://www.washingtonpost.com/opinions/its-not-rocket-science-climate-change-was-behind-this-summers-extreme-weather/2018/11/02/b8852584-dea9-11e8-b3f0-62607289efee_story.html
https://www.gismeteo.ru/diary/4039/2021/7/


Lightning forecast on July 4

Worst-case scenario began to materialize. According to the Aerial Forest Protection
Service, on July 10, 137 fires were active in an area of about 5270 square
kilometers. The local authorities said that there was a difficult situation for the Gorny
and Namsky District, northwest of Yakutsk, where hundreds of firefighters were
involved in extinguishing.

Wildfires around settlements on July 18 (Sentinel-2), contains modified Copernicus
Sentinel data (2022), processed by Artyom Tadzhibaev

https://aviales.ru/popup.aspx?news=6692
https://ysia.ru/za-sutki-likvidirovali-18-lesnyh-pozharov-na-territorii-yakutii/


While firefighters fought fires involving even volunteers, the fire area only expanded
and began to approach settlements. Here you can see how the scars from active
fires were growing. To show this, I used the fire visualization script and chose the
“NIRSWIRColors4” option to visualize hotspots and brownish burn scars.
Non-burned vegetation is depicted in blue tones.

At that moment, it seemed that this fire disaster would be over soon, but the fires
continued and at the end of July they became catastrophic.

Wildfires near settlements on July 28 (Sentinel-2), there were lots of hotspots and
enormous smoke clouds, contains modified Copernicus Sentinel data (2021),
processed by Artyom Tadzhibaev

https://ysia.ru/ajsen-nikolaev-poruchil-glavam-rajonov-rabotat-s-dobrovoltsami-i-rasshiryat-mineralizovannye-polosy/
https://custom-scripts.sentinel-hub.com/sentinel-2/markuse_fire/


It is also useful to combine some layers. In the picture above I combined two layers:
the first one in the true colors, another one in the false colors (urban) to show the
infrared boundary of fires.

Wildfires west of Khongor-Biye on August 3, contains modified Copernicus Sentinel
data (2021), processed by Artyom Tadzhibaev

In early August, fires near Yakutsk became difficult to distinguish. The smoke
merged into one general stream about 3 thousand kilometers long, carrying ash and
dark soot into the Arctic Ocean.

These tiny particles cause the ice and snow to turn gray and black, which reduces
the albedo and reveals the dark surface underneath, which may have contributed to
the long-term temperature increase.

https://unearthed.greenpeace.org/2018/12/06/black-carbon-how-forest-fires-melt-ice-sheets/


By August 3, there were 126 fires in Yakutia in an area of at least 9200 square
kilometers. The smoke reached not only Novosibirsk (~4950 km) but even
Yekaterinburg (~6400 km).

https://aviales.ru/popup.aspx?news=6739


The picture shows how the smoke reached the Arctic Ocean on August 1, red dots
are the hotspots taken by Terra-MODIS (NASA-Worldview)



In the second half of August, the air temperature began to fall, rains appeared, and
the situation started to improve, but the overall damage had yet to be assessed. The
images that appeared after the wildfires shocked me.

Contains modified Copernicus Sentinel data (2022), processed by Artyom
Tadzhibaev

Here I have put together several images. Firstly, I used an existing script to show in
more detail the scale of the burned landscape. The dates 5 and 16 were used for
June, and 1 and 7 for September. The images were merged then. We see here how
the wildfires have spread since the beginning of June.

It is quite difficult to accurately estimate the area that was burned. Not all areas burn
equally, this can be seen even by the sparsity of red dots on the gif above. Lakes,
streams, and rivers remain untouched. Areas without vegetation also don't burn
completely.

https://www.gismeteo.ru/diary/4039/2021/8/
https://ysia.ru/ajsen-nikolaev-zayavil-ob-uluchshenii-situatsii-s-lesnymi-pozharami-za-poslednie-dni/
https://custom-scripts.sentinel-hub.com/sentinel-2/burned_area_ms/#


Anyway, an approximate estimate of 15 thousand square kilometers shows the
ferocity and extraordinary nature of these wildfires. As a result, 31 houses burned
down in Byas-Kyuyol, as well as at least one volunteer died.

https://ysia.ru/opershtab-informatsiya-chto-selo-byas-kyuel-polnostyu-sgorelo-ne-sootvetstvuet-dejstvitelnosti/
https://www.interfax.ru/russia/783767


Most of wildfires occurred in the taiga forest with a high carbon content (deciduous
needleleaf closed forest - brownish color here), CORINE LAND COVER, contains
modified Copernicus Sentinel data (2022), processed by Artyom Tadzhibaev

Finally, it should be mentioned how fires could affect the health of residents of
settlements. People live there rely mainly on agriculture. It is worth remembering that
they often cannot buy smoke protection masks for themselves. Wildfires in the
summer of 2021 could worsen the situation with the coronavirus pandemic in the
Yakutsk and surrounding settlements.

We can use Sentinel-5 satellite data to show the aerosol load during the most severe
wildfires eruption. As we can see on the animation below, the amount of tiny particles
in the air sometimes greatly exceeded safe levels.

Contains modified Copernicus Sentinel data (2022), processed by Artyom
Tadzhibaev

https://www.rbc.ru/rbcfreenews/60f30ecf9a794777ffd9e3d6


Feasible future scenarios

The use of various communication techniques can be quite useful. It is also
interesting for me to look at temperature trends. Here I used the well-known climate
stripes for Yakutsk.

From 1880 to 2017 (the latest available data in the database), the observed average
annual surface temperature increased by +3.3°C, which is more than twice as high
as the global average trend.

Even in the RCP2.6 scenario with the greatest mitigation of global emissions, the
temperature in Yakutsk by the end of the century is likely to exceed the average
global anomaly. For the most pessimistic RCP 8.5 scenario, the numbers are even
higher.

The climate stripes were created in Datawrapper. I took data on historical
temperature and future scenarios from the ClimateModels project of the University of
Chicago (you need to select the Jakutsk weather station). The CCSM4 model was
used to show future scenarios under low and high emission conditions.

The warming stripes for the Yakutsk

http://climatemodels.uchicago.edu/timeseries/timeseries.html
http://climatemodels.uchicago.edu/timeseries/#Coq


Data on the area of burned forests in Yakutia and the number of fires are given
below over the past five years, there has been a steady increase in the burned area,
while the number of fires varies more.

The number of wildfires and burned areas in the Republic of Sakha (Yakutia),
2016-2021, according to Aerial Forest Protection Service (Avialesookhrana, Russia)

Thus, climate change has become more noticeable in Siberia in recent years. There
is no doubt that global warming has an impact on wildfires in Siberia.

The local context matters. According to the FOM, 67% of Russians believe that
global warming has been taking place on Earth, and 19% are sure that it is not
happening. Wildfires in Siberia are increasingly difficult to ignore. I hope that using
satellite images provided by Copernicus and NASA will help to talk about climate
change more successfully.

https://www.carbonbrief.org/siberia-s-2020-heatwave-made-600-times-more-likely-by-climate-change/
https://fom.ru/Bezopasnost-i-pravo/14559
https://dss.princeton.edu/catalog/resource333

