UNIWERSYTET PRZYRODNICZY WE WROCEAWIU

GNSS tomography: technique resolving
vertical structure of severe weather

W. Rohm?, H. Brenot?, M. Blas3, M. Sobik3, J. Bosy™.
Wroclaw University of Environmental and Life Sciences, Institute of Geodesy and
Geoinformatics, Wroclaw, Poland.
’Belgian Institute for Space Aeronomy, Atmospheric Composition Section, Brussels,
Belgium.
3University of Wroclaw, Institute of Geography and Regional Development, Wroclaw,
Poland.




Severe Weather (1)

Two types of severe weather:

* Excessive rainfall due to cyclogenesis — example of general
severe weather taking place at a larger area (Intense
precipitation events (IPE) )

* Intense convective storms — core type of severe weather
(localized severe weather, example: Mesoscale Convective
System)

What do they have in common?

* Rainfall totals are often many-fold larger than atmospheric
PW prior to and during a precipitation event.

 Reason for that is the atmospheric convergence: synoptic
scale or local respectively




Troposphere data (WRF model)

Model configuration:

Two nested domains: 12
and 4km

Initial and boundary
conditions: GFS
Convection explicitly
resolved for d02
Convection parameterized
for d01

Other options consisted
between the domains
Forecast updated every 6h




Troposphere data: GNSS observations
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Intense precipitation events (IPE) (1)

~ 200 km

Powietrze ciepte

Quasi
stationary cold
front

Wind in cold
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Wind in
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Cool air

Intense
percipitation
area

streamlines convergence —
ascending motion of warm
and humid air;

slow motion or stagnation of
the steering low pressure
system;

intensification of
precipitation where low level
airflow meets mountains




Intense precipitation events (IPE) (2)
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Intense precipitation events (IPE) (3)
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13-15 May 2014 intensive rains driven by moist air from South-East, East

10 15 20 25 30 35 40 45

L - S-S ~ J
2014/05/15 10:00 UTC

14" 16" 18" 20° 22"

o — {

h .
IWV (kg/m?) Tosgceet
B —
5 Jo 1§ 20 23__?_33 4 4 -

2014/05/15 10:00 UTC

Also in our inventory:

11-13 July 2014 — intensive rain in South East Poland
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Vertical structure (IPE) (4)

13-15 May 2014 intensive rains driven by moist air from South-East, East
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Intense convective storms (1)
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Intense convective storms (2)
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Mesoscale convective system in
PL, 30 of May 2005:

‘40 * The highest precipitation totals

H 35 at the Sudetes Forefield or in
30 the Sudetes;

25  Weak horizontal pressure
20 gradient;

* Typically cold front slow
motion from W to E;

* Lack of clear dependence on
altitude;

* Inhibition layer present.
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Intense convective storms (2)

27th of May 2014 intensive storm over South-West Poland
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* 3rd of August 2014 — intensive storms




Intense convective storms (3)

27th of May 2014 intensive storm over South Poland

Slice (altitude 250 m)

14" 16 18° 20 22’ 24’ 2014-05-27 1 8:000UME -6 h www:lightningmiapstong Strokes:[5548

° ~x ( X
Water vapour 3y Tomography, °
density  (O/M°) g™ |

5 0 s

2014/05/27  23:00 UTC

TOMOGRAPHY LIGHTNING STRIKES




Intense convective storms (3)

27th of May 2014 intensive storm over South Poland

Slice (altitude 2250 m)
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Intense convective storms (3)

27th of May 2014 intensive storm over South Poland

Slice (altitude 6750 m)
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Water vapour field evolution (4)
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Tomography repository

Nowcasting

Collection of 5 case studies selected by meteorologists (3
intesive storms, 2 intensive rains), ZTDs, SWDs, SIWVs,
NWPs, RSs, retrievals

TOMOIlab:

-> apriori

-> data

-> image

-> radiosonde
-> retrievals

host: geo2.igig.up.wroc.pl
user: IAGtomographyWG
Password: waiting for your e-mail




GNSS tomography

* Data in agreement with general atmospheric
circulation

* PW or IWV of interest as the wet refractivites
might not be so obvious for interpretation

* ,Integrated” tomography image is appealing

* Eventhough the absolute value of IWV/PW
might not be correct the variability of this
parameter should provide important
information of the severe weather onset




Thank you!

witold.rohm@igig.up.wroc.pl
http://www.igig.up.wroc.pl/igg/

TaMoe2




