Investigation of the accuracy of

"Kosava" wind forcasting using
different ECMWF products



STRONG "KOSAVA" WITH VIOLENT STORM AND HURRICANE FORCE
WIND GUSTS IN NORTH AND NORTH-EAST PARTS OF SERBIA
FEBRUARY 2014.

i cP'E-""‘:'E Nevena Zivanovié and Tijana Radovié
Republic Hydrometeorological Service of Serbia - Belgrade
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Slika 73. Rezultante pravca kodavskog vetra i srednja brzina verta u m/s u Srbiji i Vojvodini u
vremenu od 25, do 29. marta 1957. godine.
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About "Kosava"

"KoSava" is strong south-east wind:
saverage wind speed is 5 to 10 m/s (18- 36 km/h)
susually lasts two or three days.

«area of "KoSava" includes north (N) and north-east
(NE) parts of Serbia

the strongest wind gust are in southern Banat region
(Vrdac).

Wind gusts are:
Ussualy: 217 m/s (60 do 85km/h)
potentially dangerous
Occasionally: 17- 24m/s (85- 100 km/h)
dangerous
= 24m/s (= 100km/h)
red warning/ very dangerous

Rarely:

Strong "KoS$ava" can be hazardous for human lives, it
can cause significant damage of assets, traffic and
construction problems as well.

From 30.01 until 04.02.2014.

strong "KoSava" was affected Serbia with violent storm
and hurricane force wind gusts.

The strongest gusts were recorded

1.02 — 170 km/h in Vr8ac, which is a second strong
wind gust ever recorded in Serbia.

— 104 km/h in Belgrade




Following the procedure of the European Meteoalarm system, national service of Serbia
(RHMZS) issued the highest degree (red) warning for strong SE winds, in N and NE parts
of the country, wich was valid for 1t and 2" of February this year

Created: 01.02.2014 153:39 CET | Valid for: 01.0Z2.2014 Created: 01.02.201d 16:00 CET | Valid for: 0Z2.02.201d
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Warning was issued on 15t of Feb at 16UTC(17:00 local time)

Red - the weather is very dangerous: wind gust > 100km/h

Orange - the weather is dangerous:85 km/h< wind gust< 100 km/h

Yellow - the weather is potentially dangerous: 60 km/h< wind gust< 85 km/h
Green - no risk



Web portal of the European Commission broadcasted this warning of

dangerous meteorological phenomena based on meteoalarm.eu

31 January 2014: Eastern / Central Europe — Severe Weather
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= Snow, wind, low temperature
in the Highlands.

+ Transportation problems.

CHMI, Media
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+ Heawy snow in Carinthia and
Tyrol (S, SW Austria).

+ Some blocked roads, schools
closed, some power g
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Avalanche injured one person
+ More snow predicted for 1-2
February in the south.
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+ Heavy rains, floods in Lazio
and Toscana. A few
evacuations in  Toscana,
traffic problems in Rome and
surroundings. A landslide in
Rome destroyed some
makeshift huts. Floods in
enice.

Medlla

blocked roads in

+ More snow for 1 February in
the NW. Warnings for heawvy
rain and snow, flood risk in
the SW.
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In the last few days severe weather
conditions (heavy snowfalls, low
temperatures, rainfall) have hit parts of
central and eastern Europe, in particular
Romania and Bulgaria, causing power
outages and transportation problems.
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MeteoAlarm for 1 Feb (Red and Orange) (as of 31 Jan, 12:00 UTC)
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SERBIA

In the north, blocked roads
and isolated rows of vehicles
with people.

Army involved in evacuations
(at least 40 evacuated late on
30 January).

Mexdia (1, 2)

SLOVAKIA

* Mo reports of serious effects
of bad weather in the local
media.

* Wamings for Ice in the west
and wind in most of the
country.

SHMU

HUNGARY

+ Snow, wind, freezing rain.

+ Transportation problems near
the border with Serbia.

Katasztrofavedslen

ROMANIA

« Some places still suffering
effects of the snow blizzard of
past few days (at least six
dead as of 26 Jan, media).
As of 30 January, many roads
blocked and villages isolated
in Buzau County (centre=
east). In Prahova (centre-
east), 8 500 families without
power.
* Snow forecast for south and
east in the next two days.

Medlis (1 2), Meteo

BULGARIA

* Trying to restore power; still
outages, especially around.
arna. More snow forecast for
1-2 February in the NW.

Media (1), Meteo




European Severe Weather Database
between 30.01.2014. OOUTC and 04.02.2014. 24UTC
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Average wind speed (left) and strongest wind gusts (right)
from 29.01 to 04.02.2014
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The strongest wind gusts were on 142" of February
01.02.2014

In south Banat (Vrsac), wind gust of 170 km/h was recorded, which is the second strongest wind gust ever
recorded in Serbia!

In Belgrade, wind gust of 104,4 km/h was recorded, which is the 9th strongest wind gust ever recorded in capital
city

Aiport Vrsac station, LYVR (13183) Belgrade station (13274)

Datum Udari Datum Udari

11.01. 1987. 173km/h 17.10.1976. 130 km/h
01.02.2014, 24.02.1988. 170km/h 17.02.1979. 121 km/h
15.01. 1987, 25.i27. 11. 1987. 166 km/h 16.02.1979. 114 km/h
17.02.1979, 24.10.1987, 25.02.1988. 158 km/h 18.01.1972. 112 km/h

16.10.1976., 17.01.1978. 110 km/h

26.02.1984. 108 km/h
16.01.1973. 107 km/h
15.03.1980. 106 km/h
01.02.1014. 104, 4 km/h

02.02.2014. Gusts were slightly weaker:

Vrsac 151 km/h,

Belgrade still about 104 km/h.

Going to the north and west, wind gusts were slightly weaker.




Details about weather situation which preceded this extreme wind event:
19th to 24th of Jan

« January of 2014. was warmer than average

« on the Balkan Peninsula from 19t to 24t of
Jan

w8 according to the analysis of the U.S. NOAA,
: the mean monthly temperature was
3° to 7°C higher than average

and that was the period without precipitation
& as well.

NOAA: Temperature deviations from average for this period



Weather situations from 24th to 29th of Jan
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January 29th : snow depth
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On 24" of Jan significant change occurred:
cold front passed,

surface temperature dropped,

this front produced some precipitation:

at first rain, then freezing rain and at the end
snow

from 25t until 29t of Jan
it was snowing,

the largest amounts of new snow were
measured

in east Serbia about 30 cm,
in northeast parths from 10 to 20cm

in the rest of the country, new snow amounts
were bellow these values




Synoptic situations from 1t and 2"9 of February
(500 and mslp, night microphysics / airmass RGB)
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Snow depth before (left) and after (right) the strong "KoSava “ event
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The main issue besides strong winds were snowdrifts in northern Serbia, reaching 2m in
height and caused the condition
of natural disasters (severe weather)
* flat terrain in N Serbia contributed to this extreme event

r"i' P i




Due to the declaration of emergency the Serbian army, police and a
number of utilities were involved







The Automobile and Motorcycle Association of Serbia (AMSS):
traffic report for 15t of Feb at 12h

* traffic closure in both directions,
*highway E-75 is important for traffic between Hungary and Serbia
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For forecasting strong "KoSava", with violent storm or hurricane force
wind gusts, besides basic products of deterministic model ECMWEF,
next few products we found very useful:

extreme forecast index EFI for wind gust, wind speed,
EFI distribution, ENS meteograms,
probabilities: 24h maximum of 10m wind gust.

The main goal of this analysis is to determine how these parametars
can affect forecasting of strong "Kosava" winds in Belgrade and
southern Banat area. SYNOP data for Belgrade station (13274) and
Aiport VrSac, LYVR (13183) were used in this analysis.



Eps Meteogram for Belgrade, model run 29.01, 30.01, 31.01 at OOUTC

EPS Meteogram EPS Meteogram
44 B4°N 20.25°E (EPS land point) 128 m (T1279) 44 54°N 20.25°E (EPS land point) 129 m (T1279)
Deterministic Forecast and EPS Distribution Wednesday 29 January 2014 00 UTC Deterministic Forecast and EPS Distribution Thursday 30 January 2014 00 UTC

Total Cloud Cover (okta)

01.02.1014:
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t T
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10-day epsgram 10m wind speed (m/s)
Base date: Friday 31 Jan, 00 UTC
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model run 31.01 at OOUTC: EFI wind qust for 01, 02, 03, 04 and 05.02




model run 31.01 at OOUTC: EFI wind speed for 01, 02, 03, 04 and 05.02

EFI 10 metre speed index EFI 10 metre speed index
ST: Friday 31 January 2014 at 00 UTC WT: Saturday 01 February 2014 at 00 UTC STEP: 0-24 ST: Friday 31 January 2014 at 00 UTC WT: Sunday 02 February 2014 at 00 UTC  STEP: 24-48
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model run 31.01 at 00UTC: Probability of 10m wind gust = 20, 25 m/s for 01, 02, 03.02

Prabability of 10 metre Wind gust of at least 20 m/s Probability of 10 metre Wind gust of at least 25 mis
ST: Friday 31 January 2014 at 00 UTC WT: Saturday 01 February 2014 at 00 UTC  STEP: 0-24 ST: Friday 31 January 2014 at 00 UTC WT: Saturday 01 February 2014 at 00 UTC  STEP: 0-24

Probability of 10 meatre Wind gust of at least 20 m/s Probability of 10 metre Wind gust of at laast 25 mjs
ST: Friday 31 January 2014 at 00 UTC VT: Sunday 02 February 2014 at 00 UTC  STEP: 24-48 ST: Friday 31 January 2014 at 00 UTC VT: Sunday 02 February 2014 at 00 UTC  STEP: 24-48

Probability of 10 matre Wind gust of at least 20 m/s Probability of 10 metre Wind gust of at least 25 m/s
ST: Friday 31 January 2014 at 00 UTC VT: Monday 03 February 2014 at 00 UTC  STEP: 4B-72 ST: Friday 31 January 2014 at 00 UTC VT: Monday 03 February 2014 at 00 UTC  STEP: 48-72
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Forecast and M-Climate cumulative distribution functions with EFI values at 45.06°N/21.18°E
valid for 24 hours from Friday 31 January 2014 00 UTC to Saturday 1 February 2014 00 UTC

CDF for 24h maximum wind gust (m/s)
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_ Climate t+ [24-48h] -100%60% EFI 50%100%

— Eps t+[0-24h] 92%
----- Eps t+ [12-36h] 91%
- Eps t+ [24-48h] 50%
----- Eps t+ [36-60h] a6%
— Eps t+ [48-T2h] 86%
----- Eps t+ [60-84h] 825
— Eps t+ [72-96h] 78%
- Eps t+ [64-108h] 76%
— Eps t+ [96-120h] 67%
smmm Eps t+ [108-132h] 6o%

0 -4

Forecast and M-Climate cumulative distribution functions with EFI values at 45.06°N/21.18°E
valid for 24 hours from Saturday 1 February 2014 00 UTC to Sundav 2 February 2014 00 UTC

CDF for 24h maximum wind gust (m/s)
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----- Eps t+ [36-60h] 38%
— Eps t+ [48-72h] 4%
————— Eps t+ [60-84h] 36%
— Eps t+ [72-96h] 39%
r——a Eps t+ [84-108h] 31%
— Eps t+ [96-120h] 72%
————— Eps t+[108-132h] 57%
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Forecast and M-Climate cumulative distribution functions with EFI values at 45.06°N/21.18°E
valid for 24 hours from Sunday 2 February 2014 00 UTC to Monday 3 February 2014 00 UTC
CDF for 24h maximum wind gust (m/s)
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60— ek e Eps t+ [36-60h] 73%
— Eps t+ [48-72h] 80%

wd S A = - Eps t+ [60-84h] 75%
— Eps t+ [72-96h] 71%
————— Eps t+ [84-108h] 63%

204 — Eps t+ [96-120h] 50%
Eps t+ [108-132h] 51%
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Forecast and M-Climate cumulative distribution functions with EFI values at 45.06°N/21.18°E
valid for 24 hours from Monday 3 February 2014 00 UTC to Tuesday 4 February 2014 00 UTC

CDF for 24h maximum wind gust {(m/s)
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ammm Eps t+ [108-132h] 20%
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CDF for wind gust (m/s) for VrSac
* (Cumulative distribution function)

* black solid line is CDF of the M-Climate
*over 18 years, for +2 weeks relative to validity date
* the other color lines is CDF of the 50 ensemble members

+All forecasted curves are very steep, they are very distant
and right from M-Climate

*Feb 1st and 2" | when the strongest qusts were observed
(2" and 3 graph):

60, 70% members of the ensemble predicted 120h or 5
days in advance that the wind gusts will be significantly

above maximum values of climatology model

percentage increased with each new start model,

48h IN ADVANCE -OVER 80, EVEN 90% of the members
ensemble predicted wind gusts significantly

ABOVE of model CLIMATOLOGICAL VALUE!

*Based on the last diagram, we can conclude that wind
gust will begin to weakens



Forecast and M-Climate cumulative distribution functions with EF1 values at 44 49°N/20.27°E
valid for 24 hours from Friday 31 January 2014 00 UTC to Saturday 1 February 2014 00 UTC

COF for 240 maximum wind gust (m's)
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Forecast and M-Chmate cumulative distnbution functions with EFI values at 44 49°N/20 27°E
vald for 24 howrs from Saturday 1 February 2014 00 UTC 1o Sunday 2 February 2014 00 UTC
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Exs e 351208
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Forecast and M-Climate cumulative distribution functions with EFI values at 44 19°N/20.2T°E
valid for 24 hours from Sunday 2 February 2014 00 UTC to Monday 3 February 2014 00 UTC

COF for 240 maxinum wind gust {mis)
10 T T T T

Clirraass b4 [24-45K] -V PSEE EF1 6%00%
Eps t+ [0-245 : Sp ]
o 1y s i f7
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Eps b+ [HH]
Eprs t+ [F2:55h]
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Epn b | 861310
Eps t+ [ 100- 1720

Faorecast and M-Chmate cumulative distribution functions with EF1 values at 44 49°N/20.2T°E
valid for 24 hours from Monday 3 February 2014 00 UTC to Tuesday 4 February 2014 00 UTC

CIOF far 240 ni@xinum wrnd quest (md's)
0

ke b [2a-45] PTG EF) 0%I00%
Eps [D24K] I =
Eps w [12.38h]

Epath [24-48H]
Epat [F-0h]
Eps t+ [48:72h]
Epa t+ [60-5h]
Eps w+ [T2:36h]
Epat [E4-1035)
Epa s [3-13104]
Epa s (1021920

CDF for wind gust (m/s) for Belgrade
* (Cumulative distribution function)

* black solid line is CDF of the M-Climate
 the other color lines is CDF of the ensemble members

+All forecasting curves are very steep, they are very
distant and on the right side from M-Climate

*Feb 15t and 2", when the strongest qusts were observed
(29 and 39 graph):

60, 70% members of the ensemble predicted 120h or 5
days in advance that the wind gusts will be significantly

above maximum values of climatology model

percentage increased with each new start model,

48h IN ADVANCE —OVER 90% of the members
ensemble predicted wind gusts significantly

ABOVE of model CLIMATOLOGICAL VALUE!

*Based on the last diagram, we can conclude that wind
gust on 3 Feb will begin to weakens



Conclusion:

The geographical position of Serbia is suitable for the occasional occurrence of the
destructive winds, in winter it is KoSava. In many cases, the strong winds causing
blizzard, snowstorm, snowdrifts

According to some research, north part of Serbia has the lowest level of forest
coverage in Europe and instalation of wind protection belts is absolutely necessary.
Some projects about these protection belts has already been made by The Faculty of
Forestry of the Belgrade University in cooperation with relevant government
institutions.

Numerical models are significatly improved over the last couple of years and some of
them could help to forecasters when severe weather is likely to occur. Combination of
forecasters experiece and model performig will be the key of severe weather
forecasting.

Republic Hydrometeorological Service of Serbia provided timely warnings and
forecasts for this extreme weather event, justifying a significant and responsible role
in the system of protection and rescue.

That is why the Hydrometeorological system for early warning and
alarm should continue developing in the future.
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