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CHANGED FLOODING REGIMES IN CENTRAL WESTERN AND TECHNOLOGY
EUROPE?
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Slowly developing floods during winter Rapidly developing floods during summer
= |n the past, especially the 1990s =  Accumulation in recent years (2016/18)
= Large scale inundation plains = Local flash floods in smaller catchments
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WELL-DOCUMENTED FLASH FLOODS IN CENTRAL WESTERN
EUROPE
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HYPOTH ESIS AND TECHNOLOGY

The recent increase in flash flood occurrences and preceding

extreme precipitation events in central Western Europe is

triggered by a change of atmospheric conditions.

Testing the hypothesis requires:
I. Analysis of flash flood occurrences
II.  Analysis of extreme precipitation events
lIl. Analysis of atmospheric parameters



DATA & METHODS

Precipitation data

= 82 stations with daily precipitation data
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Study period:
1954/1979 — 2018/2020

= Sources: ECAD, DWD, LIST, ASTA, AGE, MeteoLux, MeteoFrance

Study area
Flash flood data 50.5°N .
[ - # P stations
= 40 events A :'...‘.' .\ A II:Iatshthood events
= Sources: LFU, AGE, France 3 — France info, CCR 50°N - KPR
- BEL . . ‘.:.A
| Te 4
Atmospheric data . UX~
= ERAS reanalysis data, 6-hourly (C3S CDS) . GER
= Ingredients needed for thunderstorms with long, intense rainfall that can potentially = .‘ A
trigger flash floods: 2 4o . . .
1. Atmospheric Instability: ) PN
= Proxies: Convective Available Potential Energy (CAPE), Convective Inhibition (CIN), ;.\ * .
K-Index! FR * a,
2. High moisture content: - A
=  Proxies: Total Column Water (TCW), Specific humidity (700 hPa), Relative humidity B "
(700 hPa)
3. Long duration of the event L — — . .
=  Proxies: Wind speed (700 hPa), Deep Layer Shear (DLS), Low Level Shear (LLS) E o " ongitude vE 10°E

1”K-Index: This parameter is a measure of potential for a thunderstorm to develop calculated from the temperature and dew point temperature in the lower part of the atmosphere.” (C3S CDS)

K Index = (T[850 hPa] — T[500hPa]) 4+ Td[850 hPa] — (T[700 hPa] — Td[700 hPa))



https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=overview
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=overview

I: INCREASE IN FLASH FLOODS?

Major clustering of events in May/June 2016 and May/June 2018

Only one event was found within the study area before 2008:

Few event days accommodate floods in different catchments

Accumulated flash floods

In central Eastern Luxembourg, in 1958
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* Flash flood occurrences within Central Western Europe
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II: INCREASE IN PRECIPITATION?* i | LIST et

= No significant trend in daily precipitation totals of the largest events per year [left fig.]
= Variation in the total number of precipitation events > 50 mm per year [right fig.]
= Rather constant number of precipitation events during the summer [right fig.]

* max. P per summer
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1 Meyer, J., Douinot, A., Zehe, E., Tamez-Meléndez, C., Francis, O., and Pfister, L.: Impact of Atmospheric Circulation on Flooding Occurrence and Type in Luxembourg (Central Western Europe),
8 EGU General Assembly 2020, Online, 4—8 May 2020, EGU2020-13953, https://doi.org/10.5194/egusphere-egu2020-13953, 2020
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lll: CHANGE IN ATM. CONDITIONS DURING FLASH FLOODS?

Parameters

Time of day on the event day and the following morning (UTC)
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1.1 TRENDS IN ATMOSPHERIC INSTABILITY PARAMETERS
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No. of 6-h occurrences per summer Normalized mean per summer

: : Interpretation
Trend lin. model P-value Trend lin. model P-value

= Days with K-Index > 25
K increase in the entire
study area, partly
significant.

= The mean of all days
with K-indices above 25
K increases throughout
the study area.

= Overall increase in the
occurrence of days with
CAPE above 150 J kg.

= Less significant increase
of CAPE compared to

B the K-Index.

] Slone ol * The values above 150 J

0100 o 0,100 kg2 show unclear,

0075 l 005 0075 mostly non-significant

0.050 0.00 0.050 trends.

0.025 -0.05 0.025

0.000 -0.10 oooo | P> Partly significant

increase of

atmospheric instability

Slope

l 0.10
0.05
0.00

-0.05
-0.10

0.100 0.100

0.075 0.075

0.050 0.050
0.025 0.025

0.000 0.000

CAPE Slope
> 150
J kg2 yrt
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1.2 TRENDS IN ATMOSPHERIC MOISTURE PARAMETERS
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1979- No. of 6-h occurrences per summer Normalized mean per summer :
2020 : : Interpretation
Trend lin. model P-value Trend lin. model P-value
* Increase in the number
of days per summer with
Total TCW = 25 kg m? and
column Slope Slope specific humidity =
10 010 0.004 kg kg'l.
water I 05 00 = Also above these
(TCW) ?fs :U;S thresholds, trends
> 25 10 l-vo suggest increasing
-~ moisture contents of the
kg m- yr'l atmosphere.
* The trend of the TCW is
not significant over
] North-Eastern France,
o but over the rest of the
Specific y y study area.
‘i ope ope » For specific humidity the
humldlty Z;Z increase is significant to
(Q) 0.00 P = 0.05 in the entire
-0.05 area.
= 0.004 o o0
kg kg'l yr'l » Overall significant
increase of
atmospheric moisture.
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IIIS TRENDS IN DURATION PARAMETERS AND TECHNOLOGY \A

No. of 6-h occurrences per summer Normalized mean per summer

. : Interpretation
Trend lin. model P-value Trend lin. model P-value

= Slight increase in the
number of days per
summer with
\Wilgle P Slope P windspeeds and DLS <
0.100 I 010 0.100 10 m S-l.
speed ! nore 22: ! *% 1w However, these trends
<10 o o005 e are not significant.
el o0z ] “2 1 = No clear trends for the
mSsS yl’ =55 0.000 0-10 =55 0.000 Ly
mean values within the
range of 0-10 m s1.
» Tendency towards a
(non-significant)
Deep increase in the
| . . occurrence of non-
ayer Sllopju . S'.Cfpfm H .| moving atmospheric
Sheal’ 05 I 0.075 0.0 I 0075 parameters.
0.0 0.050 0.00 0.050
(DLS) :J: 0.025 0.05 0.025
S 1 O I ' =55 0.000 l 010 =52 0.000
m s1yrl
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llI: ATMOSPHERIC PARAMETERS OF A GRID CELL IN EASTERN A TEGHOLCY
LUXEMBOURG, WHERE FLASH FLOODS OCCURRED IN 2016 & 2018

2\
<

LIST¢

Number of annual 6-hourly occurrences within the defined parameter ranges Interpretation
CAPE =150 J kg~ per summer CIN<75 J kg ' per summer K-Index > 25 K per summer u 2018 Exceptlona”y
- sl = 1.000 - sl =-0.061 - sl = 0.606 . H
2| L pvaue = oors o, Prvalie = 0.564 o, pvale = 0.050 / many occurrences within
S fuo- Bun- B /| the defined parameter
B2 4 A A R B Pranpin “ | ranges
= { = The extended flash flood
" 1080 1990 T?r?;ug 2010 2020 - 1980 1990 T?r?;neo 2010 2020 " 1980 1090 T?ri?r—f 2010 2020 prone COﬂdItIOﬂS, that
TCW 225 kg m™ per summer Spec. hum. >0.004 kg kg™ per summer Rel. humidity = 70% per summer were perS|Stent |n May
500~ | = 0.952 500- g = 1.222 500- g =-0.302
% 400~ p-\sla(l)lﬁg = 0.006 _400-3-(\)/gleue = 0.001 400~ ;-(\)/z?ue = 0.345 and June 2018’ may be
2 | Ba- held accountable for
Bl 5 o B o0 5 o 2 A :
S e a2 Poa < £ v some of the trends in the
_ _ _ results
: 1980 1990 2000 2010 2020 : 1980 1990 2000 2010 2020 ’ 1980 1990 2000 2010 2020 BEL GER
Time Time Time [ .
Wind speed m s < 107 per summer LLSms<107 per summer DLSms<107" per summer I LUX D
500 - 500- 500 giope = 0.587 —
g 400 /\ ™ A @ 400 400~ ;-(\)/z?ue = 0.239
-'C:U é 300 ﬂW e ‘/\/\j N é 300- éauu— AN N ﬁ
| 5200- 5 200~ G 200~ Pl \WAvAYS v
S| 2 2 2 v y FR
A 100- Slope = _1.018 100- Slope = _0.393 100-
o p-lvalue = (I).034 | | | o p-YaIue = (I).008 | | | o | | | | Location of |
1980 1990 T?ruT?g 2010 2020 1980 1990 T:izr?ig 2010 2020 1980 1990 T:izr?queu 2010 2020 the grid cell P
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LUXEMBOURG, WHERE FLASH FLOODS OCCURRED IN 2016 & 2018

y—
Mean CAPE= 150 J kg_1 per summer Mean CIN<75 J l-(g_1 per summer Mean K-Index > 25 K per summer
> 1000- slope = 2.507 slope = 0.052 288~
= - p-value = 0.1¢19 40- p-value = 0.237 . /‘\ /\ A
— | T — 5-
O | = eo- 2 3 /w\” A 4 I\Aﬂ A A
© | 2. 35" 5 827 V W vv V Vo
o o Z
D Z e0o- o 27.9-
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. . . . . . . | . . 276-p-value = 0.820 . .
1930 1990 2000 2010 2020 1930 1990 2000 2010 2020 1980 1990 2000 2010 2020
Time Time Time
Mean TCW = 25 kg m2 per summer Mean q= 0.004 kg kgf1 per summer Mean RH = 70% per summer
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9 — 000527 h_value = 0.000 p-value = 0.000
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B ogp-
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1980 1990 2000 2010 2020 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Time Time Time
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c |- slope =-0.003
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£ T 40 T
=T 2 © 65-
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Less significant trends in
instability parameters
Significant  trend  for
moisture parameters
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significant  trend  of
parameters representing
the motion speed of
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their organizational
modes |
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ACCEPTANCE OR REJECTION OF THE HYPOTHESIS?

The recent increase in flash flood occurrences and preceding

extreme precipitation events in central Western Europe is

triggered by a change of atmospheric conditions.

I. Increase in flash flood occurrences v~ —  hypothesis accepted
Il. Increase of extreme precipitation events —  equivocal

— further investigation with higher resolved data required
IIl. Change of atmospheric parametersy~ —  hypothesis accepted
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= Refining the precipitation event database with higher resolved radar data

= Adjusting the parameter ranges of the atmospheric parameters according to the new
event catalogue

= Analysing combined occurrences of parameters

= [ncluding pre-event moisture to discern extreme precipitation events that may trigger
flash floods

» |nvestigating the air mass direction and therefore moisture origin in the days before the
event

= Adding EURO-CORDEX data to get a glimpse on possible future conditions
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TAKE-HOME MESSAGE

1) Increase in unstable atmospheric conditions
2) Increase in atmospheric moisture content
3) Duration parameters stay unchanged

— The analysed atmospheric parameters favouring extreme precipitation events and
potentially flash floods are occurring more often and with higher intensity.
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