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Advantages:
- real state of the atmosphere
- detailed data (> 50 levels)
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- real state of the atmosphere
- detailed data (> 50 levels)

Disadvantages:

- performed sparsely
in time and space

- prone to errors
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Advantages:
Advantages: ~Silow to define climatological
- real state of the atmosphere haracteristics 9
- detailed data (> 50 levels) characters
Disadvantages:
- performed sparsely
in time and space

- prone to errors
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Advantages:
- real state of the atmosphere
- detailed data (> 50 levels)

Disadvantages:

- performed sparsely
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Advantages:

- continuous in time and space

- allow to define climatological
characteristics

Disadvantages:

- not a real atmosphere

- subjected to errors resulting
from data assimilation and
validation of data cohesion

- [imited resolution
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... but how good is the reanalysis in sampling a real

convective environment?

Disadvantages: Disadvantages:
- performed sparsely - not a real atmosphere |
in time and space - subjected to errors _resultlng
- prone to errors from dgta assimilation a.nd
validation of data cohesion
- limited resolution
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Questions we are going to address:

1. How well reanalysis estimate real convective environment?
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Questions we are going to address:

1. How well reanalysis estimate real convective environment?

2. What is the annual cycle and spatial distribution of ingredients for
deep moist convection in Europe?
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Questions we are going to address:

1. How well reanalysis estimate real convective environment?

2. What is the annual cycle and spatial distribution of ingredients for
deep moist convection in Europe?

3. Which areas in Europe are the most prone to (severe) thunderstorms?
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Research area and datasets
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2. Reanalysis

- ECMWF ERA-Interim
with spatial resolution
0.75° x 0.75°, and 30
vertical levels
(6372 grid points)
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2. Reanalysis

- ECMWF ERA-Interim
with spatial resolution
0.75° x 0.75°, and 30
vertical levels
(6372 grid points)

3. Timeframe
- 1979-2016 (38 years)
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Research area and datasets

1. Observations

- 1100 000 atmospheric
soundings for 12 UTC
(119 stations)

2. Reanalysis

- ECMWF ERA-Interim
with spatial resolution
0.75° x 0.75°, and 30
vertical levels
(6372 grid points)

3. Timeframe
- 1979-2016 (38 years)

4. Spatial division
Western Europe
Central Europe
and Balkans
Southern Europe
Eastern Europe
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Observations vs reanalysis
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Table 1. Mean errors and mean percentage errors of ERA-Interim relative to sounding measurements (1 mln cases).

Mean error (mean percentage error)

Western EU Central EU & Balkans Eastern EU Southern EU All

MIXR [g kg™]
LR85 [K km™]

0.17 (2.9%)
0.13 (2.2%)

0.14 (2.5%)
0.14 (2.3%)

0.11 (2.3%)
0.03 (0.5%)

0.24 (3.4%)
0.12 (1.8%)

0.15 (2.7%)
0.11 (1.9%)

MU CAPE [J kg™']
SB CAPE [} kg]
ML CAPE [] kg]
DLS [m s?]

MLS [m s]

LLS [m 5]
SRH03 [m? 5]
ML LCL [m AGL]
PW [mm]

ML CIN [J kg']

ML WMAXSHEAR [m?* s7]

27.28 (19.5%)
30.02 (21.4%)
2.12 (5.5%)
-1.28 (-7.8%)
-1.59 (-15.7 %)
-1.83 (-26.4%)
-14.30 (-11.9%)
-66.28 (-7.2%)
0.62 (4.0%)
4.18 (38.6%)
6.21 (-9.0%)

77.06 (35.2%)
85.95 (40.6%)
-4.05 (-5.4%)
-1.12 (-7.2%)
-1.40 (-14.4%)
-1.51 (-25.9%)
-13.79 (-12.1%)
-73.55 (-6.4%)
0.44 (2.8%)
5.36 (33.9%)
-11.67 (-15.5%)

-30.13 (-14.1%)
-3.89 (-2.1%)
-32.03 (-36.9%)
-1.30 (-8.5%)
-1.63 (-16.6%)
-1.60 (-24.9%)
-15.15 (-13.2%)
-80.55 (-6.8%)
0.69 (4.7%)
2.81(24.0%)
-22.59 (-32.5%)

239.11 (46.9%)
259.99 (53.5%)
-2.89 (-2.5%)
-0.81 (-5.5%)
-1.37 (-14.3%)
-1.69 (-33.7 %)
-14.36 (-12.9%)

-186.57 (-12.3%)

0.17 (0.9%)
11.08 (19.1%)
-5.76 (-8.8%)

55.22 (24 .6%)
69.73 (33.1%)
-9.28 (-13.6%)
-1.09 (-7.0%)
-1.46 (-15.0%)
-1.61 (-26.9%)
-13.81 (-12.1%)
-91.98 (-7.9%)
0.47 (3.1%)
5.27 (25.7 %)
-10.41 (-15.0%)
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Table 1. Mean errors and mean percentage errors of ERA-Interim relative to sounding measurements (1 mln cases).

Mean error (mean percentage error)

Western EU Central EU & Balkans Eastern EU Southern EU All

MIXR [g kg™]
LR85 [K km™]

0.17 (2.9%)
0.13 (2.2%)

0.14 (2.5%)
0.14 (2.3%)

0.11 (2.3%)
0.03 (0.5%)

0.24 (3.4%)
0.12 (1.8%)

0.15 (2.7%)
0.11 (1.9%)

MU CAPE [J kg*]
SB CAPE [J kg]

27.28 (19.5%)
30.02 (21.4%)

77.06 (35.2%)
85.95 (40.6%)

-30.13 (-14.1%)
-3.89 (-2.1%)

239.11 (46.9%)
259.99 (53.5%)

55.22 (24 .6%)
69.73 (33.1%)

‘ML CAPE [J kg ]
DLS [m s?]

MLS [m s]

LLS [m 5]
SRH03 [m? 5]
ML LCL [m AGL]
PW [mm]

ML CIN [ kg']

ML WMAXSHEAR [m?* s7]

2.12 (5.5%)
-1.28 (-7.8%)
-1.59 (-15.7 %)
-1.83 (-26.4%)
-14.30 (-11.9%)
-66.28 (-7.2%)
0.62 (4.0%)
4.18 (38.6%)
6.21 (-9.0%)

-4.05 (-5.4%)
-1.12 (-7.2%)
-1.40 (-14.4%)
-1.51 (-25.9%)
-13.79 (-12.1%)
-73.55 (-6.4%)
0.44 (2.8%)
5.36 (33.9%)
-11.67 (-15.5%)

-32.03 (-36.9%)
-1.30 (-8.5%)
-1.63 (-16.6%)
-1.60 (-24.9%)
-15.15 (-13.2%)
-80.55 (-6.8%)
0.69 (4.7%)
2.81(24.0%)
-22.59 (-32.5%)

-2.89 (-2.5%)
-0.81 (-5.5%)
-1.37 (-14.3%)
-1.69 (-33.7 %)
-14.36 (-12.9%)

-186.57 (-12.3%)

0.17 (0.9%)
11.08 (19.1%)
-5.76 (-8.8%)

-9.28 (-13.6%)
-1.09 (-7.0%)
-1.46 (-15.0%)
-1.61 (-26.9%)
-13.81 (-12.1%)
-91.98 (-7.9%)
0.47 (3.1%)
5.27 (25.7 %)
-10.41 (-15.0%)
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Table 1. Mean errors and mean percentage errors of ERA-Interim relative to sounding measurements (1 mln cases).

Mean error (mean percentage error)

Western EU Central EU & Balkans Eastern EU Southern EU All

MIXR [g kg?]
LR85 [K km™]
MU CAPE [J kg*]
SB CAPE [J kg]

0.17 (2.9%)
0.13 (2.2%)
27.28 (19.5%)
30.02 (21.4%)

0.14 (2.5%)
0.14 (2.3%)
77.06 (35.2%)
85.95 (40.6%)

0.11 (2.3%)
0.03 (0.5%)
-30.13 (-14.1%)
-3.89 (-2.1%)

0.24 (3.4%)
0.12 (1.8%)
239.11 (46.9%)
259.99 (53.5%)

0.15 (2.7%)
0.11 (1.9%)
55.22 (24 .6%)
69.73 (33.1%)

ML CAPE [J kg]

2.12 (5.5%)

-4.05 (-5.4%)

-32.03 (-36.9%)

-2.89 (-2.5%)

-9.28 (-13.6%)

DLS [m s?]

MLS [m s]

LLS [m 5]
SRH03 [m? 5]
ML LCL [m AGL]
PW [mm]

ML CIN [J kg']

ML WMAXSHEAR [m?* s7]

-1.28 (-7.8%)
-1.59 (-15.7 %)
-1.83 (-26.4%)
-14.30 (-11.9%)
-66.28 (-7.2%)
0.62 (4.0%)
4.18 (38.6%)
6.21 (-9.0%)

-1.12 (-7.2%)
-1.40 (-14.4%)
-1.51 (-25.9%)
-13.79 (-12.1%)
-73.55 (-6.4%)
0.44 (2.8%)
5.36 (33.9%)
-11.67 (-15.5%)

-1.30 (-8.5%)
-1.63 (-16.6%)
-1.60 (-24.9%)
-15.15 (-13.2%)
-80.55 (-6.8%)
0.69 (4.7%)
2.81(24.0%)
-22.59 (-32.5%)

-0.81 (-5.5%)
-1.37 (-14.3%)
-1.69 (-33.7 %)
-14.36 (-12.9%)

-186.57 (-12.3%)

0.17 (0.9%)
11.08 (19.1%)
-5.76 (-8.8%)

-1.09 (-7.0%)
-1.46 (-15.0%)
-1.61 (-26.9%)
-13.81 (-12.1%)
-91.98 (-7.9%)
0.47 (3.1%)
5.27 (25.7 %)
-10.41 (-15.0%)
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Table 1. Mean errors and mean percentage errors of ERA-Interim relative to sounding measurements (1 mln cases).

Mean error (mean percentage error)

Western EU Central EU & Balkans Eastern EU Southern EU All

MIXR [g kg?]
LR85 [K km™]
MU CAPE [J kg*]
SB CAPE [J kg]
ML CAPE [J kg™]

0.17 (2.9%)
0.13 (2.2%)
27.28 (19.5%)
30.02 (21.4%)
2.12 (5.5%)

0.14 (2.5%)
0.14 (2.3%)
77.06 (35.2%)
85.95 (40.6%)
-4.05 (-5.4%)

0.11 (2.3%)
0.03 (0.5%)
-30.13 (-14.1%)
-3.89 (-2.1%)
-32.03 (-36.9%)

0.24 (3.4%)
0.12 (1.8%)
239.11 (46.9%)
259.99 (53.5%)
-2.89 (-2.5%)

0.15 (2.7%)
0.11 (1.9%)
55.22 (24 .6%)
69.73 (33.1%)
-9.28 (-13.6%)

DLS [m s!]
MLS [m s!]
LLS[m 5]

-1.28 (-7.8%)
-1.59 (-15.7 %)
-1.83 (-28.4%)

-1.12 (-7.2%)
-1.40 (-14.4%)
-1.51 (-25.9%)

-1.30 (-8.5%)
-1.63 (-16.6%)
-1.60 (-24.9%)

-0.81 (-5.5%)
-1.37 (-14.3%)
-1.69 (-33.7 %)

-1.09 (-7.0%)
-1.46 (-15.0%)
-1.61 (-26.9%)

SRH03 [m? 5]
ML LCL [m AGL]
PW [mm]

ML CIN [J kg']

ML WMAXSHEAR [m?* s7]

-14.30 (-11.9%)
-66.28 (-7.2%)
0.62 (4.0%)
4.18 (38.6%)
6.21 (-9.0%)

-13.79 (-12.1%)
-73.55 (-6.4%)
0.44 (2.8%)
5.36 (33.9%)
-11.67 (-15.5%)

-15.15 (-13.2%)
-80.55 (-6.8%)
0.69 (4.7%)
2.81(24.0%)
-22.59 (-32.5%)

-14.36 (-12.9%)

-186.57 (-12.3%)

0.17 (0.9%)
11.08 (19.1%)
-5.76 (-8.8%)

-13.81 (-12.1%)
-91.98 (-7.9%)
0.47 (3.1%)
5.27 (25.7 %)
-10.41 (-15.0%)
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... but how to provide results in a more
empirical way?

Potential thunderstorm ML CAPE > 100 ] kg
ML CIN > -50 | kg™
Potential severe thunderstorm ML CAPE > 100 ] kg™
ML CIN > -50 | kg™,
ML WMAXSHEAR > 300 m? s
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... but how to provide results in a more
empirical way?

Potential thunderstorm ML CAPE > 100 ] kg™
ML CIN > -50 | kg™
Potential severe thunderstorm ML CAPE > 100 ] kg™

ML CIN > -50 | kg,

ML WMAXSHEAR > 300 m? s~

Kaltenbock et al. (2009), Sander (2010), Gensini and Ashley (2011), Westermayer et al. (2016),
Diffenbaugh et al. (2013), Pucik et al. (2015), Kolendowicz et al. (2017), Taszarek et al. (2017)
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Summary

1. How well reanalysis estimate real convective environment?

2. What is the annual cycle and spatial distribution of ingredients for
deep moist convection in Europe?

3. Which areas in Europe are the most prone to (severe) thunderstorms?
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Summary

1. How well reanalysis estimate real convective environment?

-> MIXR, LR85, PW well represented.
-> MU CAPE overestimated (S Europe), ML CAPE underestimated (E Europe).

-> LLS, MLS, DLS underestimated by 1-2 m/s.

2. What is the annual cycle and spatial distribution of ingredients for
deep moist convection in Europe?

3. Which areas in Europe are the most prone to (severe) thunderstorms?




9t European Conference #5%
on Severe Storms S ‘
18-22t% September “

Pula, Croatia &

Summary

1. How well reanalysis estimate real convective environment?

-> MIXR, LR85, PW well represented.

-> MU CAPE overestimated (S Europe), ML CAPE underestimated (E Europe).
-> LLS, MLS, DLS underestimated by 1-2 m/s.

2. What is the annual cycle and spatial distribution of ingredients for
deep moist convection in Europe?

-> LR85 peaks in April and May.

-> MIXR peaks in July and August.

-> DLS anticorrelated to instability.

-> Pattern shifted by 1-2 months forward over S Europe.

-> High CIN values over S Europe in summer,

3. Which areas in Europe are the most prone to (severe) thunderstorms?
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Summary

1. How well reanalysis estimate real convective environment?

-> MIXR, LR85, PW well represented.

-> MU CAPE overestimated (S Europe), ML CAPE underestimated (E Europe).
-> LLS, MLS, DLS underestimated by 1-2 m/s.

2. What is the annual cycle and spatial distribution of ingredients for
deep moist convection in Europe?

-> LR85 peaks in April and May.

-> MIXR peaks in July and August.

-> DLS anticorrelated to instability.

-> Pattern shifted by 1-2 months forward over S Europe.

-> High CIN values over S Europe in summer,

3. Which areas in Europe are the most prone to (severe) thunderstorms?
-> |taly, Austria, Balkan Peninsula, Carpathians.
-> During cold season threat shifts to W Europe and Medditerenean.
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Summary

1. How well reanalysis estimate real convective environment?

-> MIXR, LR85, PW well represented.

-> MU CAPE overestimated (S Europe), ML CAPE underestimated (E Europe).
-> LLS, MLS, DLS underestimated by 1-2 m/s.

2. What is t for
deep mo Submitted to Journal of Climate

-> LR85 pea

-> MIXR pea

-> DLS anticorrelated to instability.

-> Pattern shifted by 1-2 months forward over S Europe.

-> High CIN values over S Europe in summer,

3. Which areas in Europe are the most prone to (severe) thunderstorms?
-> |taly, Austria, Balkan Peninsula, Carpathians.
-> During cold season threat shifts to W Europe and Medditerenean.
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Annual cycle

Average annual number of days with potential
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