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Example: Mediterranean flooding
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Example: Mediterranean flooding

Greece — “Unimaginable Amounts of Water”
as Floods and Rain Continue

7 SEPTEMBER, 2023

* 4 September 2023

Heavy rain is continuing to fall in Greece, where catastrophic
floods have caused devastating material damages and at least 3
fatalities. “I know the word unprecedented has been used
many...

Read Full Article

Greece, Turkey and Bulgaria — 11 Dead After
Record Rainfall Triggers Catastrophic Floods

6 SEPTEMBER, 2023

At least 11 people have lost their lives after catastrophic flooding
brought by storms in Greece, Turkey and Bulgaria. Greece In
Greece, the wave of severe weather, dubbed Storm Daniel,...

Read Full Article

Spain — Widespread Flooding After Storm
Dumps Over 240mm of Rain in 24 Hours

4 SEPTEMBER, 2023

S00 hPa Geaopotential [gpdam]. Bodendruck [hPa], relative Topographie HSGO0—H1080 [gpdam]
Montag, 04-09-2023 12 UTC {GFS) {Analyse) © www wetter3.de

A slow-moving storm brought torrential rainfall and strong winds
to parts of Spain from 02 September 2023. Emergency crews
have responded to thousands of incidents across the regions of
Catalonia,...

Read Full Article

floodlist.com



Example: Mediterranean flooding

e 10 September 2023

Sonntag, 10—-09-2023

18 UTC

{GFS) {Analyse)

© www wetter3 de

Libya — 5,300 Lives Lost in Derna Floods,
Thousands Still Missing

13 SEPTEMBER, 2023

The death toll from massive floods that swept the city of Derna
in eastern Libya rose to 5,300 people, according to statistics
issued by the Ministry of the Interior of...

Read Full Article

floodlist.com
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Types of blocking

* A range of blocking situations:

(b) Omega Block

(c) AC Wave Breaking

(@) Summer Ridge

08 AUG 2003 25 FEB 2004 10 FEB 201

(e) Rex/Dipole Block

(d) C Wave Breaking
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Woollings et al., 2018



A blocking index (“AGP”)

Based on the equator-pole gradient of geopotential height.

Uses daily-mean 500hPa geopotential height (Z500).

Z500 hPa

R EREREEEE EEET TR R

LY .

15° 15°
>
o, 9, .
latitude

Three criteria for blocking at latitude ¢ :

1.

reversal of the climatological Z500
gradient to the south of ¢

decreasing Z500 with latitude
(westerlies) to the north of ¢

persistence of 5 days or longer
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Scherrer et al., Int. J. Climatol., 2006; Tibaldi & Molteni, Tellus, 1990




Reanalysis blocking climatology (1D)

ANALYSIS (WINTERS 80-81TO 86-87)

BLOCKING FREQUENCY (%)

e
LONGITUDE

Fig. 1. Percentage frequency of blocking (objectively
defined in Section 2) as a function of longitude and

computed on all ECMWF daily objective analyses of

our database. .
Tibaldi & Molteni, Tellus, 1990



Reanalysis blocking climatology (2D)
T

Schiemann et al., 2017 10



Historical blocking and surface weather

Example: Greenland blocking and cold European winters
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Schiemann et al., 2017 11


https://commons.wikimedia.org/w/index.php?curid=18212826
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Climate models and CMIP
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Climate models and CMIP

* Climate Model Intercomparison
Project (CMIP)

* AMIP (1990s)
CMIP1&2 (~1996)
CMIP3 (~2007)
CMIPS5 (~2012)
CMIP6 (~2017)
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* HighResMIP in CMIP6
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Blocking in climate models

All models
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Blocking in climate models -

ATL PAC
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Blocking biases are smaller in the most recent generation of models,
although biases remain.

Large spread between models.

IPCC AR6; Schiemann et al., 2020 16



Blocking and midlatitude circulation

* in the observed variability,
blocking is related to modes of
variability (NAO), the eddy-driven
jet, and storm tracks

* there are also such relationships
in model biases, including
between blocking and the
“mean-state”

* improvement in blocking in
CMIP6 models consistent with
improvement in storm track and
jet stream

(a) ERAS5 DJF Storm
Track

(b) ERAS DJF
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8(d) CMIP3 DJF
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Harvey et al., 2020
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Source of blocking biases / improvements

How can simulated blocking be improved?

* increases in resolution

* improved orography (at higher resolution)
* reduction of SST biases

* increases in vertical resolution

* improved physical parameterisations

* improved accuracy of the dynamical core and
numerical scheme

Woollings et al., 2018



Example: Resolution and SST biases

(a)

|SST bias| g — |SST bias|yr : Multi-Model Mean

SST and blocking bias e
in CMIP6-HighResMIP
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Athanasiadis et al. 2022



CMCC-CM2-HR4
CMCC-CM2-VHR4
CNRM-CM6-1
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EC-Earth3P
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Is it all just SST biases?

Blocking biases in HighResMIP
coupled vs AMIP:

... in IFS HighResMIP and
seasonal forecast:

0 No. Intrinsic atmosphere
biases remain important.
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Davini et al. 2021
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Table I. Main characteristics of the ECMWF model versions

used in this study.
Exa m I e ° Version Introduced Modifications
p [ ] 29R2 28 Jun 2005 Change to  convection
scheme.

30R1 1 Feb 2006 Increased vertical resolution

Parameterisation R

supersaturation + numer-
ics);
40 implicit computation of con-
vective transports;
introduction of turbu-
lent orographic form drag
(TOFD) scheme;
revised parametrization of

30 subgrid-scale  orographic
drag.
32R1 Not operational ~New short-wave radiation
scheme;

introduction of MCcICA
cloud radiation interaction;
MODIS land surface albedo;
retuned ice particle size;
retuning of GWD (increase

20

Blocking Frequency (%)

|,|yu/||||||
!

<N by a factor of two).
~) 32R2 5 Jun 2007 Minor changes to the fore-
10pF ~ cast model.
B 32R3 6 Nov 2007 New formulation of convec-
m tive entrainment and relax-
B ation time-scale;
B reduced vertical diffusion in
{0 J N T T T T T T T T T T N T T T T N T T Y T A PR e il A O R I the free atmosphere;
modification to GWD
-180 -120 -60 0 60 120 180 schicmedl e Top - Wi
Longitude model;
new soil hydrology scheme.
Figure 4. Frequency of occurrence of wintertime Northern Hemisphere BRL- 3 Jun 2008 Zli'f%::lizmmcreased vertical orogr. form dra g
blocking events (December—February) for the period 1962-2005: ERA-40 increased orographic form
(black solid), version 33R1 (black dotted), version 32R3 (black dashed) drag; : 2
% % s A retuned entrainment in the
and versions 29R2 to 32R2 (grey thin dashed). Blocking frequencies ctivecta s e
have been determined using the methodology by Tibaldi and Molteni bugfix scaling of freezing
(1990). Also shown are 95% confidence intervals for ERA-40 data B -

changes to surface model.

22

(grey shading). Jung et al. 2010



Medium range blocking skill
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Dynamical Core

Beneficial NewDynamics to ENDGame change in MOGREPS (=MO-EPS):
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21 century projections of blocking
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21st century projections of bloc
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Are we getting “there”?

We are getting there!

* Over the last ~30 years, blocking performance in
climate and weather models has slowly improved,
due to parameterisation development and
increases in resolution, in the atmosphere and
ocean.

Some climate models are now ‘not so bad’.

Multi-model projections agree own a decline in
blocking frequency, although it is fairly small
compared to variability.

We are not there yet!

Models continue to underestimate blocking and
intrinsic atmospheric biases remain important.

Spread between models is large. (Larger than the
bias of the best models.)

Model performance is not always consistent (e.g.
for winter and summer) and is difficult to
engineer.

Model agreement vs. confidence ...



Types of blocking

* Atmospheric blocking:
 Normal westerly flow in the
midlatitudes is blocked

* Degree of persistence (5 days or
more)

F el d W 20 MO M th '-!;r b e
14 ‘4 ] s '-l; ' H 2 ‘ ’ s
A F IS -
777 i\ Ly Shto0s
=& T AR
'g‘:': T - . \ \
. . — - \\ L%, -
. & * s
= i [T il - A
\
\ B /
RRE P RBNA \
: .
( [ l \
| /‘9 ARES
AN
b ! 9
= . L
NN A FE
Ay NN i M AT
: WINTER BLOC

18°

SN H-- src FEATORE

57 L--500wa FEATURE

Kot sy o€ pra-ihon
Bt e W ch W

Rex, 1951



Surface impacts of blocking

(a) cold season (b) warm season
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Kautz et al., 2022



5700

Historical
blocking and
surface
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Example:

Interaction with eddies and persistence

(a) 2011-02-25 12UTC
R T DS

(c) 2011-02-27 12UTC

VA Sen NS

T

(e) 2011-03-01 12UTC

— AC eddy
= internal track
spawned track

Suitters et al. 2023
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Interaction with eddies and persistence

Block area, A (km?)

Block area, A (km?)

leb
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Number of AC eddies, N
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Suitters et al. 2023
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