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OTIVATION

e Strong wind, squalls and tornadoes caused significant forest damage in
European Russia. Only in 2009-2012, total windthrows area is estimated at
2000 km?. Large-scale forest damage in European Russia was caused by severe
storms 07 June 2009 (~120 km?), 16 June 2009 (~170 km?2), 27 June 2010
(500 km2): 29 lune 2010 (>500-km) and also 18 July 2001 22 70km<)

® An observed increase of storm-induced forest damage can be associated with
climate change. In particular, severe convective storms which caused the most
catastrophic windthrows are observed in the environment of abnormally hot
weather (2010 summer heat wave in the European Russia, 2012 summer heat
wave in the Ural).

PURPOSE OF THE STEURR

e Estimate long-term dynamics of forest damage caused by strong wind and
tornadoes in the European Russia from 1984 to present, with the use of 30-m
resolution Landsat images.

® Complement the climatology of strong squalls and tornadoes in the forest
zone of European Russia



INITIAL DATA

Global Forest Change (GFC) data (Hansen et al., 2013) for 2001-2016

GFC (Forest Loss Year) is the free-available Landsat-based dataset on forest
losses (without determination of their types), with 30 m spatial resolution, one
year time accuracy and annual update
(http://earthenginepartners.appspot.com/science-2013-global-forest).

Eastern-Europe forest cover change (EEFCC) data (Potapov et al., 2015) for 1984-
2000. EEFFC dataset contains the data on forest losses for 1985-1988 and 1989-
2000 (without determination of their types and year)

Russia’s Forests map (Dominating Forest Types and Their Canopy Density) with
300 m spatial resolution, based on Terra/Aqua MODIS images (Bartalev et al.,
2004)

LANDSAT TM, ETM+ and OLI images for 1984-2016, obtained from USGS
(https://earthexplorer.usgs.gov/).

High-resolution satellite images obtained from public map services such as
Google.Maps, Yandex.Maps, Bing Maps, ESRI (after 2000).
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AND URAL)

In this study, we present
the windthrows
database for North-East
of European Russia
(Komi Republic, Udmurt
Republic, Perm and
Kirov regions)
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e 182 windthrows, with total area of 734,2 km?

® 90 windthrows caused by squalls and downbursts (591,7
km<).

® 86 tornado-induced windthrows (100 km?)

® 6 windthrows caused by wind-snow event (08 Oct 2015),
with an area of 42,5 km?

* Windthrows date determination — by Landsat images and
other data sources (media reports, meteorological satellite
images, CFS reanalysis data)

e Size threshold — 25 ha for windthrows caused by squalls and
5 ha for tornado-induced windthrows
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Windthrows identification by EEFCC data (1985-2000)

e 74 windthrows (in total), with an area of 293 km?

* 48 windthrows caused by squalls and downbursts (270,6 km?)

e 25 tornado-induced windthrows (20,2 km?)

 One windthrows caused by wind-snow event (06 June 1995),
with an area of 2 km? in the Perm region (and ~ 200 km? in
the Sverdlovsk region)

e Windthrows date determination — by Landsat images and
other data sources (media reports, meteorological satellite
images, CFS reanalysis data, without high-resolution images)

e Size threshold — 25 ha for windthrows caused by squalls and 5
ha for tornado-induced windthrows
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Catastrophic windthrow caused by severe wind (26 m/s) with heavy snowfall
(up to 50 mm/24h) in Visim natural reserve (6 June 1995, Sverdlovsk region)
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Area, ha

Interannual and monthly distribution, significance of trend

Parameter Spearmen correlation/ Kendall correlation/
significance level significance level
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istribution of windthrows area by prevai ing_wforest types
for 2001-2014, based on Russia’s dominating forest types map

(Bartalev et al., 2004)
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Percentage of windthrows area veecipitation
(1971-2000, Worldclim 2.0 dataset).

Bars indicate the proportion of every variable rank in the study area,
lines show the percentage of wind-damaged forested area
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Percentage of wind-damaged area versus wind effect variable
(calculated by DEM under the assumption of southwestern wind direction).

Bars indicate the proportion of every variable rank in the study area,
lines show the percentage of wind-damaged forested area
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Web-GIS “Tornadoes in the forest zone of Russia”
http://tornado.maps.psu.ru/

A.N. Shikhov, Perm State University - searching of windthrows events,
creation the database of tornadoes, determination of tornado dates

AV. Chernokulsky, Institute of Atmospheric Physics of RAS -
determination of tornado intensity

S.I. Perminov, Perm State University, Scanex RDS (after 2017) -
development of the database on the PostgreSQL platform, web-GIS
functionality and design

|.0. Azhigov, Perm State University - searching of windthrows events an
data updating for 2015-2018



Main content and functionality of the web-GIS

Web-GIS present the database of tornado events in Russia, which
caused forest damage, for 2000-2018.

The database contains 312 tornado tracks, most of them were
previously unknown and found by forest damage. Additional data
(reanalysis maps, video) are presented for tornado events which dates
are known.

Landsat or Sentinel-2 images before/after of each tornado shows
tornado-induced forest damage

High-resolution satellite images from Here web map service

“Tornado statistics” tool show the inter-annual and monthly distribution
of tornado events, and also the distribution by direction movement, for
entire Russia and for each region
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Cratucruyeckan MHGOpMaLMA

“Tornado statistics
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® 312 tornado events (in total)

® Highest number of tornadoes
in 2007, 2009 (>30 tornadoes
per year)

® Extreme tornado outbreaks (>
10 tornadoes per day) 23 June
2007 (Northern Ural), 7 June
2009 (Perm region and Komi
Republic) and 2 Aug 2017
(Tver’ region)



Main results and planned studies

A new database on windthrows caused by squalls, tornadoes and heavy snowfall
is created for the North-East of European Russia

The most catastrophic windthrows are occurred in 1993, 1995, 2009 an 2012.
Some catastrophic events caused ~ 50% of total forest damage.

A statistically significant long term trend of the windthrows area is not found

Forest susceptibility to windthrows is related to forest species composition,
yearly precipitations and wind exposition.

Planned studies

Create the windthrows database for entire European Russia and Ural from 1985
to present

Estimate the long-term trend of windthrows damage caused by squalls and
tornadoes

Perform a more detailed analysis of forest susceptibility to windthrows

A new windthrows database will be published on the web-GIS “windthrows in
the forest zone of Russia” (created on the basis of existing web-GIS)
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