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Severe wind events (windstorms, tornadoes, snow- and icestorms ) are among
the main causes of natural disturbancesin boreal and temperate forests.

Until recently, only broad estimates of wind-related damage in Russian boreal
forests have been published

Recent decades, wind-related forest damage increases in Western and Central
Europe, that is probably associated with observed climate warming. There are
no such estimates for the territory of Russia

Objectives of our study

Develop a GIS databases of windthrow events in forests of European Russia and
Ural, and tornado-induced windthrow for the entire territory of Russia, based on
publicly available satellite images (Landsat and Sentinel-2)

Determine the contribution of various weather events to wind-related forest
damage

Improve the climatology of severe convective storms and tornadoes, collecting the
data on hundreds of previously unknown storm events



- Main data sources

Global Forest Change Map — 30-m resolution forest loss dataset for 2001-2020, with 1-
year time step (Hansen et al., 2013)

Eastern-Europe forest cover change (EEFCC) — 30-m resolution forest loss dataset for
1985-2012, available for Eastern Europe and European Russia only (Potapov et al., 2015)

LANDSAT TM/ETM+/0OLl, and Sentinel-2 images, obtained from USGS and EOS web
services ( and i

High-resolution images from publicly available services Google Earth, Yandex.Maps, Bing
Maps, ESRI and Here

Data (3-hourly weather reports) from > 450 Russian weather stations for 1985-2010
period, downloaded from (reference stations only), and
several publicly available services

Monthly reviews of hazardous weather events occurred in Russia, published in the
Russian Meteorology and Hydrology journal ( )

Severe weather reports from media news and social networks,

Meteosat-8 satellite images (from 2010)

Land cover/land use maps (Bartalev et al., 2016, Arino et al., 2008)



https://earthexplorer.usgs.gov/
https://eos.com/landviewer
http://aisori.meteo.ru/ClimateR
http://mig-journal.ru/en/archive-eng
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Workflow used for windthrow delineation and attribution
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The example of three hierarchical levels of the windthrow database —

elementary damaged areas, windthrow areas and storm event tracks
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Windthrow identification with Global Forest Change data
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Windthrow identification with EEFCC data
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Overlapping of windthrow areas extracted from the GFC dataset and
delineated manually using high-resolution image
for windthrow induced by convective windstorm (a) and tornado (b)
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Windthrow induced by convective windstorm (15 June 2015
Satelliteimage from ESRI web service




Windthrow induced by tornado (7 June 2009)
Satellite image from ESRI web service
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Total number of windthrow of different types and
corresponding forest damaged area
(European Russia only, 1986-2017)

certaint windthrow
induced Medium 25 7.6
High 295 300.4
Medium 92 79.2

Non-convective storm High 12 131.8

induced Medium 6 5.9

High 577 2803.8
Medium 123 92.7
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Ratio of damaged area to the forest-covered area
for (a) all windthrow and (b) tornado-induced windthrow only
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Inter-annual variability of the number of windthrow events,

related damaged area, and number of storm events
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_Annual cycle of the number of windthrow, related damaged
area, and number of storm events
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Distribution of geometric parameters of windthrow of different
types and storm tracks
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Distribution of the wind-damaged area
in forests with various dominating tree species according to Russian
Forest Type Maps (2004)
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stions of forest damage degree along the storm track (on the
example of storm 27 June 2010), related to the dominant tree
species (classified with Landsat images)
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~ TOP-7 most severe windthrow events in the ER and Ural, 1986-2017

Date Event Max Coordina | Coordina [ Maximum reported
type width, km | tes (start) | tes (end) wind gust and
weather station

=2

61°22°E 30 m/s (22891)

29 July Derecho 4 75548 626 38.3 58°35°
2010 33°57°

E 29°22°N
27 June Derecho 3 50496 533 68.0 57°45° N  60°52°E 32 m/s (22974,
2010 38°28° E  44°55°N 27229)
18 July Squall and 25 21831 292 11.3 57°45° N  60°52°E 28 m/s (28105)
2012 tornadoes 38°28 E  44°55°N
Wet snow 3 20093 147 70.1 56°57°N 57°53" N 26 m/s (28333)
and 60°11°E ©58°41’E
severe
wind
16 June LLIKBAN 11 13192 250 24.7 57°26° N 59°58°E 30 m/s (27281)
2009 47°21°E  50°40°N
7 June Squall and 24 9896 267 19.9 59°23° N  62°17°E 25 m/s
2009 tornadoes 53°18° E 57°46°N (76130 gauge)
07 August Non- 5 8889 256 45.8 56°38° N 56°32° N 28 m/s (26479)

1987 convectiv 29°16°E 33°43°E
e storm
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Use of satellite data to improve
climatology of tornadoes
in Northern Eurasia



Distribution o fornade
events on the entire territory

of Russia and in European
Russia for 1900-2018

770 tornado events have been
confirmed with satellite data



Estimated probabilities of exceedance for different F-scale intensities (grey
lines for F1, black lines for F2, red lines F3; thin lines for 0.75 probability and
thick lines for 0.9 probability) calculated based on Weibull distribution

parameters (Brooks, 2004).
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Case studies of windhrow events
in the ER and Ural, 1986-2017

1984 |vanovo tornado outbreak: determination of actual
tornado tracks with satellite data

The most severe tornado outbreaksin the ER, 1986-2017

Derechos (long-lived convective storms) in the ER 27 June and
29 July 2010

Operational updating of the windthrow database, 2019-2020



Tornado and storm tracks on June 9, 1984 from different data sources
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orm tracks caused by derecho vents 27 June and 29 July 2010

30% [E 40° E

60° N

Land cover types

Forests

E Deciduous forests
- Coniferous forests
- Mixed forests

Other

I:] Treeless area ﬁ 27 June 2010
I:] Swamps S 29 July 2010

- Urban areas — .
storm movement O Pseudo-sounding
- Water bodies direction location

Forest damage tracks




25 E 30° E 35 E
! |
[ |
1 5 s OO |‘ | 22638
| 22619 | S
| Py
{
" 2721
N e |
| |
| o !
| 4 \
| L 3 |
z | 22727 |
. | 22717 2 | R -
S -~ R
£ o Uy R —— S — 22831
I 22820 A
| A |
|
\
]\ |
I|
o I 22829 ’22837
22912 e =
i 212925
A &
Sl
||
, 22939
f - 22017 | A
. [ o & e
- e 260637600226072 g ——— 26092
“ o ¥ |
;' A 3y L 2ans |
Q @ C A, [ 2bE) 27008
' 260617 26088 * & | o
& 26069 26078 4 |
| B T ‘
9 |
’ 27106
| &
| 27108
26291 %
= | 27219
G 26289 L= (o fet s
w —— —?629‘87 '1272—07 27208 '.27217
50 100 200 km
| 1 1 | | 1 |
Composite reflectivity, DBz
4 weather stations
0 10 15 20 25 30 35 40 45 50 55 60 65 70
9 windthrow area

]

e \WRF model|
simulation of

storm event
29 July 2010



15.15

22638
2

\] * Meteosat-8
i J””' | animation of

¥ N \‘--"‘ T 22831 .

D, SN s storm  event
e | 29 July 2010

| 22829 22837
22912 N 2
‘5\_

22913
A 2?925

s { 202891
o : f ¢ |
22939
f : ,,I e . 2917 ‘ &
. x ~=T
WAe ' P # ] "' é‘ . ? <
- - 64 v = ‘l_ >

G- = =
-
27008
| A
|
. 27106
A
27108
' | @ &
‘ &
2 ll 27215
oy 70 e
# ey s
200 km
|
Cloud Top Temperature, °C

A weather stations

5 windthrow area

(o)1

64 -62 -60 -58 54 52 50 -48 -46 -44 -42 -40 38 -36 -34 -32 Bbue

[T I I R S S N




Mm of wind-related and fire-related forest

/ damage (on the example of the Ural region, Russia)

Land cover type (Russia’s n Wind-damaged area
forest map, 2004 Area (sq.km sq.km/% :

Non-forestlands 1377 060 2529.1/0.18 -

Open dark-coniferous
forests 64 708 1204.6/1.86 2.5/0.004

42 012 1032.8/2.46 1.0/0.002
18 614 698.7/3.75 0/0
7 165 0/0 0/0
70 792 361.9/0.51 5.6/0.008

Closed dark-coniferous
forests 166 272 3094.1/1.86 213.6/0.128

Closed pine forests 118 931 3722.4/3.13 70.0/0.059
Closed larch forests 5 362 365.0/6.81 0/0

Closed broadleaf forests 18 405 1.4/0.01 0/0
Closed mixed forests 294 431 2451.2/0.83 221.2/0.075
Birch and aspen forests 198 375 299.3/0.15 46.5/0.023
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Calculated probability of fire- and wind-related forest damage
(on the example of the Ural region, Russia)
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Main Conclusions

The unique GIS databases of windthrow events for the European Russia and tornado
events for the entire Russia havr been compiled

More than 50% of windthrow events in the European Russia are tornadoes, but their
damaged areais only 12.5% of the total area of stand-replacing windthrow.

Two convective storm events 27 June and 29 July of 2010 are responsible for 38% of
the total wind-induced forest damage in the ER

The study of windthrow events substantially contributes to the climatology of severe
storms and tornadoes in Russia.

Further studies may be carried out to determine the contribution of climate variability
to the inter-annual variability of wind-related forest damage, and to quantify the risk
of windthrow in Russian boreal forests.

Data availability

A satellite-derived database for stand-replacing windthrows in boreal forests of the
European Russia in 1986-2017

-online web map service (in Russian only)


https://essd.copernicus.org/preprints/essd-2020-91/#discussion
http://tornado.maps.psu.ru/

Data updating and publication
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