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Summary

- Quick overview of the problem

- Global view of the climate change impact on severe convection

- Focus on Europe

- GNSS tools for improving our understanding of severe convection
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GHG concentration increase

Climate Change

Different surface and atmorpheric conditions

Change in weather phenomena development
(intensity, duration, patterns)
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T VVY]YT"TT‘ VVTY

T T

5-year running averages

NIO

WPAC

A‘lllllll‘

YTIYT'Y

75

80 85
Year

r afmliztians

A
100

Number of cyclonic storms

>

Number of hurricanes/category

Total Global Number of Storms

humicanes + storms
tropical storms d
Leaaalons adaaaa sl | PN

3

8

®
o

@
o

40
70/74 75/79 B0B4 85/89 90/94 94/99 00/04
pentad

B Total Global Number of Storm Days

yo00 [T TrTTTTTTTTT
§10m |
E
§ 800 L hurmcanes + storm
»
2
$
S 600
>
(8]
-—
o | \ /o
» 400 ' 4
é tropical storms
3
< 200 ¢ i
0 ' | saslas |
70 75 B0 B85 90 95 00 05
Year

B Percentage of intense hurricanes

=

‘?

§

3

E

3

£

§ 10+ 4

A A A A A

70/74 7579 B0/B4 BSB89 0004 94/99 00/04
pentad



UNIVERSITA

DEGLI STUDI
DI PADOVA

Table 1 | Linear trends, by region, of annual-mean latitude of LMl (Lifetime maximum intensity)

NHEM SHEM MNATL WPAC EPAC MO S0 SPAC Global
Best track +53+ 43 +62 + 48 +7 +98 +37 =55 +10+ 32 25+78 +67+55 +51+68 +115+ 70
ADT-HURSAT +83 =50 +35+44 -12+126 +105+71 +34 + 30 +10+ 106 +30+52 +54+79 +118+=70

Trends are deduced from the best-track and ADT-HURSAT data sets. The slope (kilometres per decade) and the 95% two-sided confidence bounds are shown. Positive slopes represent poleward migration. NHEM,
Maorthern Hemisphere; SHEM, Southern Hemisphere; NATL, North Atlantic; WPALC, western Pacific; EPAC, eastern Pacific; NIO, North Indian Ocean; S0, South Indian Ocean; SPAC, South Pacific.
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nature Observed changes in vertical wind shear and potential intensity over
e the past 30 yr seem to have resulted in a poleward shift, in both hemi-
The poleward migration of the location of  Spheres, of the regions most favourable for tropical cyclone development
tropical cyclone maximum intensity (Fig. 2), and an associated migration of tropical cyclone activity away
James . Ko, Kerry . mansel Ssabiel . Ve from the tropics (Fig. 1). If these environmental changes continue, a con-
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Climate Dynamics
— February 2014, Volume 42, |ssue 3-4, pp 617-627 | Cite as

Recent intense hurricane response to global climate
v change

Authors Authors and affiliations

Greg Holland . Cindy L. Bruyére



UNIVERSITA
DEGLI STUDI

DI PADOVA
a so%
al2 .
® Tropical Cycli\es ¢ Hurricanes * WSPac ®Sind * WN Pac
- [ R!=0.65 R°=058 R*=070
- -
= 100 " gu" . S 0%
2 |eo i g —gig—" £
£ : " e - o
s 80 g - i 2 3 = _—4
Z R*=0.00 O a0% .- 1T
© ¢ o 8 5, "%
§ 60 R A TS, a ° _ Dy s .
1—’—&—*,,4 - L
c e * dE A ' 0% ® 20% . &, . e
< 40 ¢ () v e | - " v
20 0%
0.8 0.20 0.40 0.60 0.80
g ACCI (°C)
b 80%
c 50% = Catl * ENPac ®* Nind * NAU
.g — Cat2 R'=003 R'=052% R'=026 aee
6 40% _‘g: 60% P
é‘ 30% Cat3 S L L
r . e
t * e s+ Cat4 g 40% . ’ i
c 20% . \-/\_/_——\ 4 . 3 N ‘- L
© ."""'.‘o'\°“"~ N o+ Cats 3 - Oﬁ* " v
>4 o .. _e g . - 0% * fa_, 0t . .
= 10% e & - = : £ad
2 ioTh . ' ot %) A A D,
0% | 0% ®e me e
0.20 0.40 0.60 0.80 0.20 0.40 0.60 0.80
ACCI (°C) ACCI (°C)

Anthropogenic Climate Change Index (ACCI): difference between model simulation with and without anthropogenic gases



Proportion of Cat4-5

o

Proportion of Cat4-5

UNIVERSITA

DEGLI STUDI
DI PADOVA

60% | Sinned Giob Caté 5
50% - Max
Min

40% -
10%
0%

©02 01 00 01 02 03 04 0S5

Tropical SST Bin (°C)

80%

== Binned WNP Cat4-5
- MJ]

02 01 00 01 02 03 04 05
Tropical SST Bin (°C)

Proportion Relative to all

Hurricanes

Hurricane Category

(Table 1). We conclude that since 1975 there has been a
substantial and observable regional and global increase in
the proportion of Cat 4-5 hurricanes of 25-30 % per °C of
anthropogenic global warming.

An important finding is that the proportion of intense

hurricanes appears to initially increase in response to

warming oceans, but then approach aturatiornjevel after

which no further increases occur. There is tentative evi-
dence that the saturation level will differ across the tropical
cyclone basins and that the global proportion of Cat 4-5
hurricanes may already be near it's saturation level of
~40-50 9. This has considerable societal implications
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Conclusions from observations

- The number of tropical cyclones will be constant or decreasing
- The tropical cyclones tracks are shifted poleward in both hemispheres

- The intense tropical cyclones increases until they get a saturation
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o EXPLAINING
« “EXTREME EVENTS
OF 2014 : . Drought . Heat 0 Fire @ Heavy Rain
From A Climate Perspective @ cod &R snow ‘ ETS Activity 0 Tropical Cyclones
Q Sea Ice Extent Q SST . MSLP Anomalies

Fic. 1.1, Location and types of events analyzed in this publication.



UNIVERSITA
DEGLI STUDI

DI PADOVA

50°

45°

40°

o
2 Zem0Z

T~com

120° 115° 110° 105° 100° 95° 50°  45°  40° 35° 30° 25° 20° 15° 10° 5° 0° 5° 10°
2018 U.S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
NORTH ATLANTIC HURRICANE TRACKING CHART
NUMBER IYPE NAME DATE T \ X 5
1 TS  ALBERTO MAY 25-31 \ Lji: y ij/ ,\/d L\(
2 H  BERYL® JUL 4-15 \ / A
3 H  CHRIS JUL 612 \ \ \ el \
4 TS  DEBBY AUG 7-9 | \ \ X ¢
5 TS  ERNESTO AUG 15-18 | BT oy \ \ HL&”* ~
6 MH  FLORENCE AUG 31-SEP 17 — = j >>
7 TS  GORDON SEP37 \
8 H  HELENE SEP 7-16 e e J
9 H  ISAAC SEP7-15 ° r
10 TS JOYCE SEP 12-18 | /‘/
1 TS KIRK SEP 22-28 | &
12 TS LESLE SEP 23.0CT 13 T 1
13 MH  MICHAEL oCT 7-12 |
14 TS NADINE OCT 9-12 £ /jf
15 H  OSCAR OCT 27-31 J/ J
* Post-storm analysis is complete “‘(\/v
sl

Major Hurricane
s Hurricane
Tropical Storm
Tropical Depression
Subtropical Storm

= Subtropical Depression
Wave/Low

H++ Extratropical Storm

® Position at 0000 UTC
- ddposition/date at 1200 UTC|

|L[#] Storm Number

LAMBERT CONFORMAL CONIC PROJECTION [
STANDARD PARALLELS AT 30 AND 60
SCALE OF NAUTICAL MILES

250 500

k} /\7 7 \ [————

90° 85°

80° 75° 70°

45° 40° 35° 30° 25°

45°

35°

30°

25°

20°

10°

0




UNIVERSITA

DEGLI STUDI
DI PADOVA

& Climate Change and Hurricane-Like Extratropical
Cyclones: Projections for North Atlantic Polar Lows and
Medicanes Based on CMIPS Models

R. Romero
Departament de Fisica, Universitat de les llles Balears, Palma de Mallorca, Spain

K. Emanuel
Department of Atmospheric Science, Massachusetts Institute of Technology, Cambridge,

Massachusetts

January 2017
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of
Climate
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Comparison between the worst scenario with a radiative forcing of 8.5 W/m? at the
end of the century and the historical scenario privileging in each case the subset of 20
models exhibiting the highest agreement with the results yielded by two reanalyses for
the historical period (ERA-Interim and NCEP-NCAR)

Global average surface temperature change
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Storms per century
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ERA-interim
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We expect a reduction in the overall frequency of
events that would uniformly affect the full spec-
trum of storm intensities over all cold season
months. The annual number of NA polar lows
would be lowered by 10%-15% on average with
respect to the historical rate, but there is great
uncertainty in the frequency change among models.
The future decrease of polar lows is far from
uniform across the North Atlantic basin. Rather,
a very robust regional redistribution of cases i1s
projected—namely, a shift of polar low activity
from the south Greenland-Icelandic sector toward
the Nordic seas closer o Scandinavia.

(i1i) Future conditions do not seem to lead to any

significant vanation in the relative weights of weak,
moderate, and strong polar lows at basin scale. But
since the number of storms is expected to decrease
we project a reduced probability of any surface wind
threshold (i.e., longer return periods), considering
the basin as a whole.

(iv) Again, large regional variability is expected, and

while the future risk of strong polar low winds is
projected to be lower in the western half of the
North Atlantic, more extreme events are ex-
pected eastward, thus potentally affecting the
coasts ol Burope.
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Future change in the number of medicanes is

unclear (on average the total frequency of storms

does not vary), but a profound spatial redistribu-
tion is found. Our method projects an increased
occurrence of medicanes in the western Mediter-

ranean and Black Sea, balanced by a reduction of

storm tracks in contiguous areas, particularly in the

(i)

(iii)

central Mediterranean.
The probability of medicanes may increase during
the summer while it may decrease during the late
fall and winter; the probability maximum will still
occur around October.

We found a remarkable modification of the spec-
trum of lfetime maximum winds; the results

project a higher number of moderate and violent

medicanes at the expense of weak storms.

(iv)

In particular, future extreme events (winds > 60kt)
become more likely in all Mediterranean regions, and
the probability of violent medicanes (winds > 90kt)

for the basin as a whole more than doubles the

current risk. As the destructive power of the
storms is proportional to the wind speed cubed,
these projected changes of storm intensity raise
concern about the future vulnerability of Medi-
terranean coastal provinces.
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Global and Planetary Change

Volume 151, April 2017, Pages 134-143
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| Climate change projections of medicanes with a large
1951-2000 [\ . 3. © multi-model ensemble of regional climate models

Raquel Romera 2 & @, Miguel Angel Gaertner ® 3, Enrique Sanchez &, Marta Dominguez ©

oI s Juan Jesus Gonzalez-Aleman &, Mario Marcello Miglietta © &

= No clear future changes are found in the monthly distribution of
£3 !:_.J;.,{'-*, medicanes, but again a few noticeable exceptions are seen, as in two
R N simulations a shift towards an earlier monthly maximum is obtained,
H ';“ together with an increase in August medicanes. On the other hand,
4 the projected decrease in medicanes shows some dependence on the
spatial distribution. The central zone of the Mediterranean Sea, which
. 8 presently is the subregion with a larger number of events, will experi-
2 A RS e ence a larger decrease than the western and eastern zones. Remarkably,
BT VNS when the Mediterranean Sea is divided into northern and southern sub-
T BN R regions, no future medicane decrease is identified in the southern part,
2 i - in clear contrast to the northern part. At the same time, the extreme in-
A = T tensity of medicanes is projected to increase more cleaify in the south-
2051-2100 : '-:'.' 7 ern part.
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Geophysical Research Letters

Research Letter & Free Access

Heavy precipitation in a changing climate: Does short-term
summer precipitation increase faster?

Mikolina Ban g, Juerg Schmidli, Christoph Schar

Consistent with conventional climate models [Collins and Knutti, 2013], high-resolution climate change
simulations project pronounced decreases in mean summer precipitation over middle and southern Europe.

We demonstrate that this decrease is associated with frequency reductions of small and intermediate
precipitation events. On daily and hourly time scales, heavy events are projected to become more frequent

and more intense, but not as pronounced as in some previous studies. In particular, in distinction to previous
studies, we find that even at hourly time scales these increases are consistent with the Clausius-Clapeyron
scaling, i.e., with an intensity increase of up to 6-7% per degree warming. Our analyses did not reveal

any indication of a faster (superadiabatic) intensity increase with changing climate, although our model
replicates the respective scaling for the current and future climate [Ban et al., 2014] (see also Figure S8 in
the supporting information). The inability to extrapolate from present-day superadiabatic scaling into the
future is due to changes in the fraction of wet hours (see Figure 54 in the supporting information).

Our results are of significant importance, since they suggest that a comparatively simple scaling relationship
can be used as a tool for climate change adaptation in the area of heavy precipitation. In particular, it

is highly remarkable that the projected percentage increases in high-percentile hourly events exhibit
comparatively little geographical structure (Figure 3), despite the presence of complex topography and
pronounced patterns in absolute precipitation amounts.
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JOURNAL OF GEOPHYSICAL RESEARCH
Atmospheres

Regular Article = (& Free Access

Projections of extreme precipitation events in regional climate
simulations for Europe and the Alpine Region

J. Rajczak xz, P. Pall, C.Schar

[68] The presented projections suggest that remarkable
changes in the character of European precipitation are to
be expected by the end of the 21st century. The results imply
a rising probability of more frequent extreme precipitation
events and extended dry spells.
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Conclusions from future projections in Europe

- Decrease of storm frequency
- Increase of storm intensity

- Increase of frequency of intense summer precipitation
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GNSS for extreme weather
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Thank you!
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