Heatwaves: science, tools, and
long-term trenc
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4 Introduction to climate modelling
= The climate system;

= Global Climate Models (GCMs) vs Regional Climate Models (RCMs);
= Timescales in climate modeling: from weather to projections;
= Uncertainty: Deterministic vs. Probabilistic.

4 Introduction to heatwaves (HWs)
= HWs definition;
= HWs detection;

= HW driving mechanisms. Large-scale vs. local-scale forcing.
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All sky . The climate system is a forced, dissipative,
B S ot Gikicing nonlinear, complex and heterogeneous system
solar TOA JOA that is out of thermodynamic equilibrium.
- The system exhibits natural variability on many
scales, in time as well as space, and it is subject
to various external forcing, natural as well as

L anthropogenic.
mzﬁ Kato et al aimispharic .
1 Window - Overall, the climate system can be seen as a
: i S thermal engine capable of transforming
solar absorbed e st . l“H'Ilzlli'””ﬂd d t h t . t h - I
ki @ radiative heat into mechanical energy
- - (atmospheric and oceanic circulations).
Byapo-  sensible thermal thermal
ration hegl up surface down surface Ghil M, Lucarini V' (2020) The Physics of Climate Variability and Climate Change.
Rev Mod Phys 92
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Horizontal Grid
(Latitude-Longitude)

Vertical Grid
{Height or Pressure) |

ATMOSPHERE
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Typical atmospheric GCM grid

-— Pressure

For each grid cell, single value of each variable (temp., wind,
etc.).

Vertical coordinate follows topography and is pressure coordinated.
The horizontal grid is in latitude and longitude.

The partial differential eq. of the motion are replaced by a finite
number of equations involving differences between values in
neighboring grid cells.

Each grid cell communicates with its neighbors in terms of
transport of mass, energy, and moisture.

The flux is proportional to differences between the grid cells

for each variable; the budgets of these fluxes are associated with
the respective equation.
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Neelin, 2011. Climate Change and Climate Modeling, Cambridge UP
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Mathematical equations that represent the physical characteristics and processes are entered for each box
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Modeling the climate system

du o o du O

Ezﬂv_g_cpgax "% oz

dv u  Ob o (Lt

o ey %y Fas (af} )

oT oT oT oT aT

ot~ o oz Vo

oW ow oW

Bt =1u Bz + v 3y w

d Op a op d Jp a JOp

E% = uai?% + Ua—yyg + UJ£3£
CINCC  “Ftiversr

N NIVERSITATEA
@ BABES-BOLYAI

k Caevebs e 1Rt

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA
I

GIESSEN

U Universiteit
Antwerpen

@rdem

Funded by
the European Union

Grant Agreement 101159497



h STRENGTHENING THE RESEARCH CAPACITIES

) SCEWERO M ode[i ng the Cl'l mate S ys tem FOR EXTREME WEATHER EVENTS IN ROMANIA

Equations are converted to computer code and climate variables are set

if (diagts .and. eots) then
do 1500 m=1,nt
do 1490 k=1,km
fx = cst(j)®dyt(j)*dzt(k)/(c2dtts*dtxcel(k))
do 1480 i=2,imtml

boxfx = fx*dxt(i)*fm(i,k,jc)
sddt = (ta(i,k,m)-t(i,k,jc,nm,m))*boxfx
svar = (ta(i,k,m)**2-t(i, k,jc,nm,m)**2)
“boxfx

n = 'L
termbt(k,l,m,n) = termbt(k,l,m,n) + sddt
tvar(k,m,n) = tyvar(k,m,n) + svar
n = nhreg®(mskvr(k)-1) + mskhr(i,j)
if (n .gt. 0 .and. mskhr(i,j) .gt. 0) then

termbt(k,1,m,n) = termbt(k,l,m,n) + sddt

tvar(k,m,n) = tvar(k,m,n) + Svar

N [INIVERSITATEA cmce JUSTUS: LIEBIG. Universiteit Funded by
@ BABES-BOLYAI o S GESSEN Antwerpen @"d‘-'f-‘ﬂ o [—

Grant Agreement 101159497



; STRENGTHENING THE RESEARCH CAPACITIES

) SCEWERO M odeli ng the Cl'l mate S ys tem FOR EXTREME WEATHER EVENTS IN ROMANIA

C

Super Computer
helps on these
computations

Compute node type: LENOVO SD650 V3
(Direct Water Cooled)

Processor type: Intel Xeon Max 9480 (56
cores) (Sapphire Rapids HBM)
Processor Speed: 1.9 GHz

# of processor cores: 20,160

# GPU: na.

# of nodes: 180 (dual processors nodes)
Memory per node: 1024 GB
Interconnection: Infiniband NDR
(400Gbps)

Peak Performance: 1,225 TFlops

Operating System: Red Hat v.9.0 (Linux
x86_64)

Batch Queueing System: IBM Spectrum
LSF v.10.x (HPC Suite)

Cluster Parallel File System: IBM
Spectrum Scale v.5.x (GPFS)

File systems:
+ J/users_home: 100TB
* Jwork: 13.6 PB of usable capacity
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The list of components and processes
reproduced in the numerical models
increased in time thanks to the
technological (and knowledge)
improvements.

Aerosol
Carbon Cycle
- Upper Atmosphere

Progression of model components from early climate models to the latest Earth System Models. From Bordoni et al., 2025
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(Henderson-5ellers, 1985)

GCMs comprise atmosphere, ocean and sea ice components

They are coupled so they can exchange energy, momentum and moisture. Recent versions also contain model components
for dynamic vegetation and the terrestrial and ocean carbon cycle. These more comprehensive models are known as Earth
System Models (ESMs),

The simulated states are given on three-dimensional spatial grids and at discrete time steps, and the model equations describe
how the system evolves in time.

The horizontal grid resolution for the atmosphere component of GCMs in climate applications is usually on the order of 200-

25km, the number of vertical levels between 30 and 100, starting at the surface and including the troposphere and to varying
extents the stratosphere.
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Parametrizations -

Deean model Surface model

Figure 8.4 Paramecterised processes in atmospheric general circulation models, Figure provided
by ECMWF https:/fwww.ecmw U int/en/research/modelling-and-prediction/atmospheric-physics,
Copyright given through Creative Commons license version 4.0 (hitps: Vereativecommons. org/
licenses/by-ne-nd/4. (legalecode).

Cambridge University Press 978-1-107-06605-2 — Statistical Downscaling and Bias
Correction for Climate Research D. Maraun , M. Widmann 2019

There are many process in the real atmosphere
and ocean that occur on spatial and temporal
scales smaller than the model resolution. In the
atmosphere these include radiation absorbed,
scattered and emitted by molecules, aerosols
and cloud droplets, cloud microphysics,
convection, boundary layer processes, drag

caused by orography atmosphere-ocean
interaction, etc.

Neelin, 2011. Climate Change and Climate Modeling, Cambridge UP
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RCMs are idealized to resolve the scale discrepancy between climate change scenarios required for
impact assessment or for resolving highly localized phenomena.

GCM RCM

RCMs are used for dynamical downscaling over a limited
domain.

They are forced at the lateral domain boundaries and
typically sea surface by values from GCMs.

- p— The nesting of the RCM into the driving GCM is typically one

From Giorgi 2019 ety migreon way.

—— To reduce the gap in resolution between the driving and
nested models, also several subsequent nests can be

applied.

To avoid numerical instabilities a sponge zone of typically

10 grid boxes at the boundary of the RCM domain is created.

Here, the GCM boundary conditions are gradually

blended into the RCM.

Impacts
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"To nudge or not to nudge" ¢

€® Uses a Regional Climate Model

~— - (RCM)
. ) . - . o RCM domain
' ¥ Physically-based: solves
=S R K atmospheric equations
| f
large-scale ﬁ‘ € Computationally expensive
forcing
y & @ Captures local feedbacks,
- - * Horizontal resolution: 10-50 km eXtremeS’ terrain effects
* GCM output * Internal RCM timestep: a few minutes
* Re-analysis * RCM output interval: hourly, daily, monthly ’ Example CORDEX Slmulatlons

Typically one-way nesting only

From J. H. Christensen 2018
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At the boundaries, the RCM is (more or less) consistent with the driving GCM. Within the domain. the RCM

NUidlc VCdlllc oll =il \ ] SQVI1 LODOC!I A AVIidll] g 1 C R OQIULION dllQ _DdldllCLC ALIO] ]

This implies that the large-scale atmospheric states within the model domain can be different from the GCM states
over the domain. Depending on the context, this “independence” may be desirable or undesirable.

Mean HW days tmax change signal 2090:2099 — 1996-2005

e

EEEREEE g 3 . 2

Future heatwave temperature changes from
100km to 3 km resolution.

B L] L dw w - -4 =
b =

... Uncertainty associated to the future changes at
=+ the different resolutions.

CPRCMS ENS spraad l

From Sangelantoni et al., 2025
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Decadal
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Weather Seasonal to Long term climate

predictions Lﬁrﬂ;"’i change projections

A. Alessandri, F. Catalano, M. De Felice, B. Van Den Hurk, F. Doblas Reyes, S. Boussetta, G. Balsamo, and P. Miller, 2017: Multi-scale enhancement
of climate prediction over land by increasing the model sensitivity to vegetation variability in EC -Earth, Clim. Dyn, 49(4), 1215-1237. doi:10.1007/s00382-
016-3372-4
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* Many sources of uncertainty exist.

*Ensembles capture this uncertainty by running multiple
simulations.

» Ensemble generation methods consist of perturbing:
- initial conditions,

- model physics,

- external forcings,

- considering several models.

1= 1 el

Soret et al., 2025
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Heatwaves
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HW definition(s)

O In the scientific literature a plethora of HW definitions can be found.
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HW definition(s)

Q In the scientific literature a plethora of HW definitions can be found.

O “a period of abnormally hot weather, often defined with reference to a relative temperature threshold,
lasting from 2 days to months.” (IPCC: Annex VII: Glossary, 2021).
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HW definition(s)

O In the scientific literature a plethora of HW definitions can be found.

STRENGTHENING THE RESEARCH CAPACITIES
SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

O “a period of abnormally hot weather, often defined with reference to a relative temperature threshold,
lasting from 2 days to months.” (IPCC: Annex VII: Glossary, 2021).

What prevents us from agreeing on what a HW actually is?

“Degrees of Freedom” of HW definition

| » Variables. tmean | tmin | tmax?
» Statistics. p90 | p95 | p997? PDF built on the whole year or JJA days?
R * Reference period (e.g., 1961-1990 | 1991-2020)?

» Persistence. 2| 3| 5| 7 consecutive days?

This clearly makes very dependent on the case study...



tmax (°C)

tmax (°C)

34 { == 2014 daily tmax HW3
- daily-based p90 1991-2010 HWG6
32
HW1
- HW?2
28
26
HWs detected with a fixed p90
34 { === 2014 daily tmax HWA1
— p90 1991-2010 HW?2
32 A /_/\f
30 A — \/\/
28 \[J
26
2014-06-01 2014-06-15 2014-07-01 2014-07-15 2014-08-01 2014-08-15 2014-09-01
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HWs detection, in practice

HWs detected with a daily-based p90

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

Daily-based p90 (31-day time

window). "
year 1 92

20

dayx

Fixed p90 tmax.
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Heatwave physical drivers
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Physical drivers of HW's

Rossby wave train Clear-sky conditions

Potential for more
stationary atmospheric
conditions™

Blocking
Increased size of blocking*
Higher
atmospheric
moisture

Stratification |
changes -

Cloud cover

Air Incoming - X
g e e subsidence shortwave «:— \
L agaed radiation —
§ /" Precipitation
Heavier precipitation
- Drivers
Heatwave ﬁ@— tatent =P Positive feedback
Stmmgar, more frequent ﬂii =P Negative feedback
Warm advection s Current climate

Advection of warmer air Future climate

Soil moisture
Increased soil
desiccation

Sensible
heat flux

FOR EXTREME WEATHER EVENTS IN ROMANIA

Domeisen et al., 2023

The fist HW ingredient is the onset of particular large-scale configurations dominated by Rossby waves determining high-amplitude upper
tropospheric ridges.
Upper-level ridge and blocking promotes surface HWs via (i) clear skies and high radiation, (ii) subsidence, the compression and subsequent
warming of upper levels air masses, (iii) advection of southernly climatologically warmer air masses, and (iv) it comes to play thermodynamics with
diabatic heating due to the progressive increase of sensible heat flux due to the progressive desiccation of soil and the subsequent reduction of

latent heat.



= STRENGTHENING THE RESEARCH CAPACITIES
) SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Physical drivers of HW's

Greenhouse gases
Sea surface temperature anomalies
Remote forcings from climate patterns
(ENSO, 10D, MJO, monsoon)
k5 Soil moisture/
‘F’& land surface conditions
;E Rossby wave packets,
i wave trains and
atmospheric blocking
Upstream diabatic
processes,
descent within
anticyclonic flows
Surface sensible
heat fluxes
Days Weeks Months Years Decades Centuries
Lead time >
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Physical drivers of HWs. Large-scale forcing

500 hPa geopotential height [m]

* An imperative driver of HWs is atmospheric
circulation which in turn can modulate the
degree of influence of other drivers.

5600 5650 5700 57530 5800 5850 5900

From Sangelantoni et al., 2023
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Physical drivers of HWs. Large-scale forcing

500 hPa geopotential height [m]

* An imperative driver of HWs is atmospheric
circulation which in turn can modulate the
degree of influence of other drivers.

S600 5650 5700 5750 SBO0 S850 5900
From Sangelantoni et al., 2023

* In mid-latitude regions HWs generally emanate as a
l“ regional manifestation of quasi-stationary Rossby
o waves pattern.
* Hemispheric Rossby wave packets with a local
maximum amplitude and limited zonal extent
r meridionally confined by the waveguides effect of the
jet.

(@)

Temp. Anomaly [deg. K]
T
0
southward  Merid. Wind [m/s]  northward
0

Composites of JJA weeks characterised wavenumber-7 events. Surface temperature anomaly (a) and corresponding 300 hPa meridional wind
speed (1979-2018).

From Kornhuber et al., 2019 Grant Agreement 101159497
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Physical drivers of HWs. Large-scale forcing

« Summer waveguides can circumvent the whole hemisphere establishing circumglobal teleconnections (CGT,
Branstator 2002). CGTs can eventually persist synchronizing weather extremes through the hemisphere.

Coincidence of
heatwaves in regions
teleconnected by
wave 5

O
&/ BABES-BOLYAI

" Il Affected regions wave 5

STRENGTHENING THE RESEARCH CAPACITIES
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From Kornhuber et al., 2020
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Physical drivers of HWs. Large-scale forcing

« Summer waveguides can circumvent the whole hemisphere establishing circumglobal teleconnections (CGT,
Branstator 2002). CGTs can eventually persist synchronizing weather extremes through the hemisphere.

A [l Affected regions wave 5 From Kornhuber et al., 2020
Coincidence of e e
heatwaves in regions i BTN h
teleconnected by & =l :
wave 5 RN
300 N : | X B B T X ¥ T ¢ g T ’ t T ? t : T ? ' T E %
180° 135° W 90° W 45° W 0° 45° E 90° E 135°E 180°

Longitude

Why do CGTs end up in a phase locking ampilification?
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Physical drivers of HWs. Large-scale forcing

« Summer waveguides can circumvent the whole hemisphere establishing circumglobal teleconnections (CGT,
Branstator 2002). CGTs can eventually persist synchronizing weather extremes through the hemisphere.

[l Affected regions wave 5 From Kornhuber et al., 2020
Coincidence of TN . e
heatwaves in regions § SNy ﬁ
teleconnected by q N
wave 5 RN
SOON ! : | X B B T X ¥ T ¢ g T ’ t T ? t : T ? ' T E %
180° 135° W 90° W 45° W 0° 45° E 90° E 135°E 180°
Longitude
Why do CGTs end up in a phase locking ampilification?

Two main mechanisms: Single jet Double jet
(i) Weakening of the zonal mean jets. g A || ﬁ_ﬁ e

=

(i) Double-jet configuration (trapping of free synoptic
Rossby waves with k=6—-8 within the midlatitude
waveguides).

J A& 43240128 4587

(k) w250 anarales im's) Rousi et al., 2022

These dynamics seem to be ultimately driven by a reduced equator-to-pole
thermal gradient due to Arctic amplification (Petoukhov et al., 2013 and - Funded by

the European Union

ComOU et al, 2014) Grant Agreement 101159497
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Regional-to-local-scale forcing

...Even though high-pressure systems are a necessary ingredient for the development of HWs,
regional factors can substantially modulate the onset and evolution on a wide range of temporal
scales...

UNIVERSITATEA cmMce iESteex Universiteit - Funded by
BABES-BOLYAI Srevu e olEsseN U Antwerpen Lndeco the European Union

Grant Agreement 101159497
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Regional-to-local-scale forcing

Local Land-Atmosphere Interactions

above_ABL e " above-ABL
dryness  -.cloudcover. i stability
incoming . . ---- I - - : =k downward
;solar longwave
1 Sl S >
frenveviagli .
o i > %
—— boundary-
“layer growth

Seartll

..........

emitted
longwave

------

" s0il moisture—— soil hegl flux_____7 soil temperature

—> positive feedback
= = — > negative feedback

*positive feedback for C3 & C4 plants and negative feedback for CAM plants for
incoming solar; negative feedback above optimal temperatures

——> land-surface processes —> surface layer & ABL ——> radiation

Schematic land-atmosphere interactions in a quiescent synoptic
regime.

From Santanello et al., 2018

NIVERSITATEA JUSTUS.-LIEBIG-
BABES- BOLYAI O b5 EHN

Universiteit
Antwerpen

Land-atmosphere interactions represent exchanges of energy,
mass, and momentum at the Earth’s surface. Land-atmosphere
coupling affects planetary boundary layer (PBL or ABL)
evolution, convection, and cloudiness, which in turn affect
precipitation generation and the intensity and duration of heat
waves.

PBL.: part of the troposphere directly affected by surface
conditions, ranging from several hundred meters to a few
kilometers in depth. Distinguishable from the free troposphere
above it by differences in flow, thermodynamic properties, and
chemical content.

Funded by
the European Union

Grant Agreement 101159497
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Regional-to-local-scale forcing
How land surface state affects the atmosphere

\ |

Y
AENT "\-x/(: Outlying the pathways that define the SM-P relationship.
k /—\AP/Uouds"' ol f |
APBL g

¥ ASM - AEF > APBL > AEnt > AT _,Q, = AP,Cloud.

LoCo Process a b ¢ d 1)

4% Chain

ASM — AEF,,, — APBL — AENT — ATy, Qo & AP /Clouds
(a) (b) {c) (d)

Fic. 2. Schematic of the LoCo process chain describing the components of
L-A interactions linking soil moisture to precipitation and ambient weather
(T,,., @,.), where SM represents soil moisture; EF__ is the evaporative frac-
tion sensitivity to soil moisture; PBL is the PBL characteristics (including
PBL height); ENT is the entrainment flux at the top of the PBL; T, and Q,
are the 2-m temperature and humidity, respectively; and P is precipitation.

Ty (INIVERSITATEA cimce AUSTUS. LIEBIG. Universiteit From Santanello et al., 2018 - Funded by
@ BABES-BOLYAI S e overs  1od Antwerpen  (Undeco the European Union
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Regional-to-local-scale forcing

Heat entrainment
Increased

heatsvection L Extreme temperature loop in mega-heatwave, land—atmosphere
T Temperature feedbacks leading to extreme temperatures exacerbation through a
i ( Bt combined multi-day memory of the land surface and PBL.

Surface sensible heat
Evaporation q.\ 7\/

Soil moisture deficit

Soil

Time
Figure 4 | Land-atmosphere interactions during mega-heatwaves
revisited. Representation of the main soil moisture-air temperature
interactions in the development of a mega-heatwave. Red and blue arrows

represent positive and negative correlations, respectively.

From Miralles et al., 2014

TR NIVERSITATEA cmee  lslsuesc Universiteit - Funded by
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Increased

geaeaeezee.en Extreme temperature loop in mega-heatwave, land—atmosphere
and solar radiation . .
Temperature feedbacks leading to extreme temperatures exacerbation through a
Bt combined multi-day memory of the land surface and PBL.

urface seﬂ5|b|e heat

Evaporation q.\ 7

SO|I moisture deficit

This mechanism creates a positive feedback loop (under persistent
high-pressure systems):

Drier soils — more sensible heat — deeper PBL — more entrainment
of warm air — even higher temperatures near the surface.

Soil

L.
>

Time

Figure 4 | Land-atmosphere interactions during mega-heatwaves
revisited. Representation of the main soil moisture-air temperature
interactions in the development of a mega-heatwave. Red and blue arrows

represent positive and negative correlations, respectively. From Miralles et al.. 2014
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1 Heatwaves in a changing climate
» Regional pattern of changes in heatwaves;
= Are climate model able to reproduce observed heatwave trends?
= Main limitation/challenges.

1 Access to climate model simulations for heatwaves analysis
= CMIPG;
= CORDEX;
= ESGF;
= Copernicus CDS.

. J ________________________________________________________|
R NVERSITATEA CMCC  “Eitiners Universiteit B
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HWs in a changing climate, from statistics to physics

Shifted Mean

Probability of Ocourrence

Probability of Occurrence

— Without climate change
== With climate change

Probability of Ocourence

extreme cold cold hot  extreme hot

IPCC, 2012 SREX

Mean:
without and with weather change

[Erp 10 FRR gy LR P By ¥ )

v

v

S-LIEBIG-

UNNVERSITAT
GIESSEN

v

Universiteit
Antwerpen

G

Continental Planetary

Regional

Local

Greenhouse effect

-

Aerosol fE)rcing

Land cover change
Land management

Vegetation state
Soil moisture drought

Planetary waves
Blocking patterns

Entraintment

Multiannual Subseasonal

Barriopedro et al., 2023

Multiday
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How will changes in climate extremes compare with changes in climate averages?

Future changes
in temperature
averages and
extremes will be
similar

Future changes
in precipitation
averages and
extremes can be
very different

Climate average

0°C

Climate average

4

Warmer

0%

Climate extreme

Climate extreme

20
Wetter

40%

IPCC WG1, 2021

* Regional changes can outpace
global mean temperatures.

« Seasonal changes can differ from
annual mean changes.

« Changes can be different for different
parts of the distribution.

CMIP6 ensemble median with a4 °C GW wrt1850-
1900. Extreme T2m refer to the hottest day of the
year. Precipitation refers to the largest daily

precipitation of the year
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a Number of days with T___>35°C

50 100 150 200

HWs in a changing climate

STRENGTHENING THE RESEARCH CAPACITIES
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b Change in the number of days with T .. >35°C

Occurrence of very hot days under different warming

levels.

a) The projected number of days per year with maximum
temperatures above 35 °C over land for (from top to
bottom) warming levels of 1.5 °C, 2 °C, 3 °C and 4 °C.
Warming levels represent average global temperatures
relative to 1850-1900 from CMIP6 models from the
SSP5-8.5 scenario.

b) Changes in the number of days per year with
maximum temperatures above 35 °C over land with
respect to the reference period 1850-1900. Hatching
represents regions with low model agreement.

. Funded by
= From Domenissen et al., 2023 - the European Union
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From Barriopedro et al., 2023

b) HW duratlon

(days dec™) -5.0 -3.0 -1.0 1.0 3.0 50 7.0 9.0 (days dec™) -2.0 -1.2 -04 0.4 1.2 20 2.8 36
) HW magnltude ) HW extent

—— aeRee |
(‘Cdec™) -8.0 -48 -16 1.6 48 8.0 11. 14. (10°km*dec™”) -09-03 03 09 15 21 27

Trends (1950-2021) in warm-season HW features: (a) HW days frequency. (b)
maximum HWs duration in the year. (c) HWs magnitude. (d) annual maximum
areal extent

Top years

1950 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 year

Top three years of the 1950-2021 period for each continent ranked by
HW magnitude. Colors correspond to the year of occurrence.
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HWs in a changing climate, the rapid European summer warming

d)

80N
TON R,
60N
50N
40N
30N
20N

e ' /& North-West Europe Hottest Days Are Warming Twice as Fast

I%OW 150w 120w 90w ‘60W 30W 0 30E 60E 90E 120E 150E
B — e —— as Mean Summer Days
-06 -05 -04 -03 -02 -01 01 02 03 04 05 0.6

climate model simulations

Kai Kornhuber®®<' (), Samuel Bartusek®, Richard Seager®{, Hans Joachim Schellnhuber®' 2, and Mingfang Ting"

gﬁi s ¥ - , Global emergence of regional heatwave hotspots outpaces
)

Matthew Patterson’

Acceleration of daily land temperature
extremes and correlations with surface
energy fluxes

Trend in max tasmax vs trend in mean tasmax (ERA5, JJA 1960-2021, K/decade)

TSL Trend in mean tasmax 78 Trend in max tasmax

60N

SON

40N | ™ Check for updates

Chris Huntingford® "7, Peter M. Cox ® 22, Paul D. L. Ritchie ®2?, Joseph J. Clarke ®2,
Isobel M. Parry®2 & Mark S. Williamson®2°

-1.0 -0.8 -0.6 -0.4 -0.2 0.2 0.4 0.6 0.8 1.0
€) Max tasmax trend - mean tasmax trend
-J o —'\——_____
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60N

50N
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W eakening of the NH summer circulation
* Slope of quantile regression between anomalies of EKE and temperature
The weakening summer o 00

circulation in the Northern
Hemisphere mid-latitudes

Dim Coumou,'* Jascha Lehmann,? Johanna Beckmann"?

Rapid warming in the Arctic could influence mid-latitude circulation by reducing the
poleward temperature gradient. The largest changes are generally expected in autumn
or winter, but whether significant changes have occurred is debated. Here we report
significant weakening of summer circulation detected in three key dynamical quantities:
(i) the zonal-mean zonal wind, (ii) the eddy kinetic energy (EKE), and (iii) the amplitude of |
fast-moving Rossby waves. Weakening of the zonal wind is explained by a reduction in From Lehmann & Coumou 2015
the poleward temperature gradient. Changes in Rossby waves and EKE are consistent . .
with regression analyses of climate model projections and changes over the seasonal cycle. Hottest summer months are aSSOCIated Wlth |0W EKE
Monthly heat extremes are associated with low EKE, and thus the observed weakening
might have contributed to more persistent heat waves in recent summers.

A B c
s ] - i Absolute changes in (A) EKE, (B) zonal wind U, and (C) thermal wind UT
th £ A ~ |over 1979-2013 in summer. Variables are calculated at 500 mb and
= =] . .. " |averaged over 35°N to 70°N and all longitudes, with grey lines plotting
2 SIV:;;:-o.gumzs 2[asyr) N 5 EI‘:::‘»;—OQMms’,’SSyrI ' ] sﬁeo-o‘zt(ms‘tssw) L Observations, SO“d blaCk ||neS the Iinear trend.
e S ) F l. Funded by .
& BTV QP DR (RS L4 Antwerpen  W7dECO g coumouetal, o R

Grant Agreement 101159497
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Are climate models able to reproduce regional patterns
of accelerated summer season warming?

Trend in extreme heat tail-widening (p99-p87.5)

e SR
# ol ; o

L "
Ty
1
o
P
Trend in y

rend in yearly 99%ile minus
early 87.5%ile of Tx [°C/decade]

‘_:'Ig ;'.
y

From Kornhuber et al., 2024

Regional trends in extreme heat tail-widening, estimated by calculating long-term trends in the differences of the yearly 99th percentile of daily
maximum temperature (Tx) and the yearly 87.5th percentile of Tx (the median of the upper quartile bounded by the 75th and 100th percentiles) at each
grid-point over 1958 to 2022.

N [INIVERSITATEA CIMCC  1EDsLERe Universiteit - Funded by
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Are climate models able to reproduce regional patterns
of accelerated summer season warming?

Trend in extreme heat tail-widening (p99-p87.5) Percentage of models underestimating extreme heat tail-widening

L S

T
e
s

=
o

1
=
=

yearly 87.5%ile of Tx [°C/decade]

Trend in yearly 99%ile minus

1
o
L]
o)
w
Percent of model trends less than observed trend [%]

From Kornhuber et al., 2024

Regional trends in extreme heat tail-widening, estimated by calculating long-term trends in the differences of the yearly 99th percentile of daily
maximum temperature (Tx) and the yearly 87.5th percentile of Tx (the median of the upper quartile bounded by the 75th and 100th percentiles) at each
grid-point over 1958 to 2022.
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HWs in a changing climate, globally emerging HW hotspots

070 080 090 09 105 110 125 140 070 080 090 095 1.05 110 1.25 1.40
ERA5-Land: Temperature trend in top 10% of days in warmest CMIP6 mean: Temperature trend in top 10% of days in warmest
half-year months / mean temperature trend of same six months half-year months / mean temperature trend of same six months

Trends for land points from the ERA5-Land and CMIP6 subset ensemble data for the years 1950-2021. Trends are
of the warmest half-year months and the warmest 10% of days within those 6 months.

From Huntingford et al., 2024
A INIVERSITATEA cmece JUSTUS-LIEBIG: Universiteit - Funded by
@ BABES-BOLYAI e osarree GIESSEN ld' Antwerpen Lndeco the European Union
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What’s wrong in GCMs?

Heat extremes in Western Europe increasing
faster than simulated due to atmospheric
CIrCUIatlon trends 5 circulation changes shows that there is a large dynamical contribution

Vautard et al., 2023 to this observed trend, which is underestimated in all the 170 climate
simulations analyzed, explaining a large part of the discrepancy in
trend between models and observations. By contrast, models and
observational trends are broadly consistent in terms of the thermo-
dynamic contribution to the trend in mean temperatures. Although it

Summertime Rossby waves in climate models: substantial
biases in surface imprint associated with small biases in

upper-level circulation ~ cesses. Focﬁsing on wave 5 and wave 7, we show that while
the wave’s position and magnitude are generally well rep-
resented during high-amplitude (> 1.5 SD) episodes, the as-

INIVERSITATED O cmee lususuese .| 1 univers sociated surface anomalies are substantlally underestimated.

Luoetal., 2022
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Representation of summer temperature and HWs in RCMs

Dynamical downscaling

Nested RCMs — WRF 15 km | WRF 3 km

: _— — 3000
51°N T
. 2500
Global climate model or
reanalysis providing 2000
e 46°N
initial and boundary
conditions for the 1500
nested regional climate 41°N 1000
model(s)
500
36°N 1 ]
8°W 3°W 2°E 7°E 12°E17°E 22°E 27°E  32°E

Elevation (m)

Sangelantoni et al., 2023
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Representation of summer temperature and HWs in RCMs

(d) Observed trend (BerkeleyEarth) .
past period (1960-2014) Summer surface air temperature trends

T T T T T .
0.0 0.1 0.2 0.3 04 05
°C decade™"

(g9) Ensemble mean trend differences with respect to the observed trend ((d), 1960-2014)
CMIPS i CMIP6 .

5 = | &
missing and sea- _ » — N Obs. outside
| IRt 020 -015 -010  -0.05 °cu2¢2?1e-1 005 010 015 020 ol e IPCC ARG 2021 chap. 10
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Representation of summer temperature and HWs in RCMs

Future summer season change signal in RCMs vs. GCMs

(c) Ensemble mean trends future period (2015-2050)
CMIP5 ) CORDEX EUR-44

CORDEX EUR-11
i 2 - F

37

—~] ] I T T I T T T T e ——--— l:’
006 015 02 03 045 05 065 075 08 seamasked
°C decade™" data

IPCC ARG 2021 chap. 10
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Representation of summer temperature and HWs in RCMs

Future summer season change signal in RCMs vs. GCMs

(c) Ensemble mean trends future period (2015-2050)
CMIP5 ) CORDEX EUR-44

= 0 g

CORDEX EU

At A

R-11

—] I I I

I D B B ——
0.05 0.15 0.25 035 045 0.55 0.65 0.75 085 sea-masked

°C decade™!

IPCC ARG 2021 chap. 10
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What possibly wrong in RCMs?

a Change in mean summer temperature b Difference in summer warming

Exacerbated summer European warming ERAS (1980-2022) COROBR ERAE °__ arco

3.0 0.50
not captured by climate models neglecting oz
long-term aerosol changes 3 s

[®)] Check for updates 10 :?;z
Dominik L. Schumacher ® [, Jitendra Singh ®, Mathias Hauser®, Erich M. Fischer @, Martin Wild® & 05 -1.25
Sonia l. Seneviratne ® o -1.50
- - c d e

. sreo, SRS " e GRS O IwoE v 150 202
The CORDEX multimodel mean has been found to o] — eres o] — s ETe EOBS [ cORDEK(-M9).
. . . ' —— model median : = model median dec
underestimate the observed increase in downward 2551 " modsl 05-Co0 251 - model 005095 J o
shortwave radiation, since most RCMs do not consider 261 .
time-evolving aerosols. " INEEE RIS
From Schumacher et al., 2024 2 0F N _ .
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Datasets available for
HWs analysis
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Intercomparison Project (CMIP) -

Under the World Climate Research Programme (WCRP) the Working Group on Coupled Modelling
(WGCM) established the Coupled Model Intercomparison Project (CMIP) as a standard
experimental protocol for studying the output of coupled atmosphere-ocean General Circulation
Models (AOGCMs).

Models results are used to perform research of relevance to climate scientists preparing the
Intergovernmental Panel on Climate Change Asssessment Reports (IPCC-AR)

Climate Change 2021 Climate Change 2022 Climate Change 2022
The Physical Science Basis Impacts, Adaptation and Vlnerability Mitigation of Climate Change

aa  (NIVERSITATEA cmee  1EDSLER Universiteit Funded b
@ BABES-BOLYAI e S o4 Antwerpen  (ndeco - the European Union 19

Grant Agreement 101159497



Coordinated Regional Climate Downscaling Experiment

Provides ensembles of high resolution historical and future climate
projections for various regions of the globe dynamically downscaling
a set of CMIP5 GCMs. RCMs in CORDEX typically have a horizontal
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CORDEX AND EURO-CORDEX

resolution ranging from 50 to 10 km.

ZURO-CORDEX:

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA
I

Guidance for EURO-CORDEX

Resolution

Regional Climate
Models

ERAINT (ECMWF)

Driwing Global Coupled Models

HadGEM2-ES EC-EARTH CNRM-CM5 NorESM1-M MPLESM-LR
(MIOHC) [ICHEC) |CNRM-CERFALS) [MCC) (MPI)

IPSL-CMBA-MR CanESM2 MIRDCS
[IPSL) {CCCma) [MIRDC)

0.11*

CRCAS (SMHI]

CCLMA-8-17 (CLMcom-BTU)
CCLNA-8-17 (CLMsam]
COSMO-crCLUM-v1-1-1 [C1Mcom-ETH)
REMIOZ009 [MPI-C5C)
 REMO2015 [GERICS)
?nmn: (kMBI
“HIRHAMS (DMI1)

“WRFIE1H [UHOH)
WRFISLP [IF5L)

 ALADIN3 (CNRAM)
RegCMa-6 (ICTP)

| HadREM3-GAT-05 [MOHC)

RCPES

NOT EXPECTED
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https://www.euro-cordex.net/imperia/md/content/csc/cordex/guidance_for_euro-cordex_climate_projections_data_use__2021-02_1_.pdf
https://www.euro-cordex.net/imperia/md/content/csc/cordex/guidance_for_euro-cordex_climate_projections_data_use__2021-02_1_.pdf
https://www.euro-cordex.net/imperia/md/content/csc/cordex/guidance_for_euro-cordex_climate_projections_data_use__2021-02_1_.pdf
https://www.euro-cordex.net/imperia/md/content/csc/cordex/guidance_for_euro-cordex_climate_projections_data_use__2021-02_1_.pdf
https://www.euro-cordex.net/imperia/md/content/csc/cordex/guidance_for_euro-cordex_climate_projections_data_use__2021-02_1_.pdf
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Earth System Grid Federation

An open source effort providing a robust, distributed data and computation platform, enabling world wide access to Peta/Exa-scale
scientific data.

ESGF Mission

The Earth System Grid Federation (ESGF) is an international collaboration for the software that powers most global climate change research, notably assessments by the Intergovernmental
Panel on Climate Change (IPCC).

ESGF manages the first-ever decentralized database for handling climate science data, with multiple petabytes of data at dozens of federated sites worldwide. It is recognized as the leading

infrastructure for the management and access of large distributed data volumes for climate change research. It supports the Coupled Model Intercomparison Project (CMIP), whose
protocols enable the periodic assessments carried out by the IPCC.

Using a system of geographically distributed peer nodes—independently administered yet united by common protocols and interfaces—the ESGF community holds the premier collection of
simulations and observational and reanalysis data for climate change research. —
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esgf.github.io/nodes.html

Federated ESGF Nodes
Metagrid Nodes

These sites run the React-based Metagrid Web Application

« ANL
+« DKRZ
« LLNL
« ORNL
« NCI

CoG Nodes

These sites run the legacy Django-based CoG Web Application. Please note that OpenlD logins do not work on several of these systems.

« CEDA
« |PSL
« LIU

https://esgf-node.cels.anl.gov/

https://esgf-node.lInl.gov/ https://esgf-node.ornl.gov/
https://esgf-metagrid.cloud.dkrz.de/ https://esqgf.nci.org.au/

N [INIVERSITATEA CIMCC  1EDsLERe Universiteit - Funded by
BABES-BOLYAI e GIESSEN | U' Antwerpen Lndeco the European Union

Grant Agreement 101159497



https://esgf-node.cels.anl.gov/
https://esgf-node.cels.anl.gov/
https://esgf-node.cels.anl.gov/
https://esgf-node.llnl.gov/
https://esgf-node.llnl.gov/
https://esgf-node.llnl.gov/
https://esgf-metagrid.cloud.dkrz.de/
https://esgf-metagrid.cloud.dkrz.de/
https://esgf-metagrid.cloud.dkrz.de/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf-node.ornl.gov/
https://esgf.nci.org.au/

Y
g

&= = &

SCEWERO

Navigating through ESGF - MetaGrid

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA
I

Start by selecting the project (e.g., CMIP6, CORDEX). Note that slight differences

in the interface may exist depending on the node. We selected CMIP6

2% esgf-metagrid.cloud.dkrz.de/search

Federated Nodes

Select a Project

CMIP6

UNIVERSITATEA
BABES-BOLYAI

CMIP6

CMIP6PIus

CMIP5
CORDEX

E3SM

CMIP3

inputdMIPs

obs4MIPs

i Viers wan
s ST mT Rt

B Q, Search

{2 Home

© Select a project to search for results

Cart Dataset Title

4
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UNIVERSITAT
GIESSEN

u Universiteit
Antwerpen

« > ¢

ESGF%

Federated Nodes

Select a Project

o—
=0

esgf-metagrid.cloud.dkrz.de/search

CMIP6

CMIP6
CMIP6PIlus
CMIP5
CORDEX
E3SM
CMIP3
inputdMIPs

obs4dMIPs

Gndecn

n Q, Search

{2 Home

@ Select a project to search for results
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& 5 ¢ % aims2linl h
o aims2.lInl.gov/searc Vv  General

Filter By Transfer Options v Classifications

Data Node :

O Any Only Globus Transferrable
Activity ID fal:
ctivity ID @& CF Standard Name :
Expand All
Filter with Facets - Table ID gulN:
Vv |dentifiers
Frequenc :
> General o 9 y
Sub E i tID gl (- .
ub Bxperiment ID Variable ID gaB:
> Identifiers Experiment ID ;
Realm guN:
> Resolutions S Type. v
Institution 1D JalN: Add P
v itional Properties
>
e Source ID faN:
> C(lassifications Version Type (®): Latest

v Resolutions

Vv Additional Properties

Result Type (?):  Originals and Replicas

i i dl B
Version Type @ Latest Nominal Resolution §l

Version Date Range ()
Result Type D:  Originals and Replicas Vv Labels

Version Date Range (9): .
Variant Label JuN:

Grid Label BuN:
> Filename
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2% aims2linl.gov/search

Filter By Transfer Options

o Any

Only Globus Transferrable

Filter with Facets

> General

> ldentifiers

A

Resoluti

ons

A

Labels

A

Classifications
Vv Additional Properties

Version Type D:  Latest

Result Type @):  Originals and Replicas

Version Date Range (9):

> Filename

i INIVERSITATEA
/ BABES-BOLYAI

C,

Navigating through ESGF - MetaGrid

[
k Caevebs e 1Rt

STRENGTHENING THE RESEARCH CAPACITIES
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I

Start by selecting the ACTIVITY ID (e.g., ScenarioMIP, HighResMIP,DCPP...). Keep
in mind that not all models are available on every ESGF data node — this is
particularly true for CORDEX. However, each MetaGrid web interface (e.g.,
https://esgf-metagrid.cloud.dkrz.de/search) provides access to the entire ESGF

network, allowing you to browse and download data from all nodes regardless of
where you start.

CFMIP, DyniVarMIP

GMMIP
Vv General PMEP HighResMIP
PAMIP
Data Node [} REMIP, DAMIP, "
A : et OMIP, FAFMIP/
Activity 1D [ull: ScenarioMIP (2000501) LSIMIP/ SIMIP,
HighResMIP (95996) I15MiPg
DCPP (6945740) x |
DCPP (6945740)~ AerChemMIP
CORDEX
PAMIP (6653918) VIACS AR
ScenarioMIP  (2000501)v
CMIP (1459369)
g DAMIP (1253793) C4mMiP ScenarioMIP
AerChemMIP (767400)
VolMIP (291147) LumIP oChp
I CAMIP (149961) CORMIP, GeoMIP
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< c 2% aims2linl.gov/search

Filter By Transfer Options

O Any Only Globus Transferrable

Filter with Facets

> General
> Identifiers
> Resolutions
> Labels
> Classifications
Vv Additional Properties
Version Type D:  Latest
Result Type @):  Originals and Replicas

Version Date Range (9):

> Filename

maan  (INIVERSITATEA CIMCC
BABES-BOLYAI S
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I

Once selected the ACTIVITY ID, ScenarioMIP for our case we will have to

select the EXPERIMENT ID and the SOURCE ID.

After the ensemble member can be selected (sometimes the model only

(1304)
(1168)
(1123)
(1115)
(1115)
(1112)

(1094)

provides a single member). r, p, and f gives info about the realization, the
physics and the forcings.
Vv ldentifiers v Labels
Sub Experiment 1D [l ©: Variant Label [fa]: |
Experiment ID fal:  ssp585 (6) * Grid Label [{u)y: r1i1p1f1
Source Type [fal); (1i1p2f1
Institution 1D EAN: r10i1p1f1
Source ID [f§);  ACCESS-CM2 (3) R2i1p1f
CanESM5 (3) x
r5i1p1f1
v Resolutions r6i1p1f1
r7i1p1f1
Nominal Resolution [ di1p1f
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¢ G % aims2linlgov/search Finally, you can also filter by temporal frequency, variable name, and
whether to display only original datasets or include replicas.

Filter By Transfer Options

O Any Only Globus Transferrable
Vv (lassifications

Filter with Facets

CF Standard Name : air temperatu... x

> General
> ldentifiers Table ID guN:
> Resolutions Frequency : day (5) %
Variable ID jull: tas (5) ¥
> Labels
Realm gaN: .
> Classifications
» | v Additional Properties
v Additional Properties
" Ill’ll"\. .
Version Type (J:  Latest Version Type (2):  Latest
Result Type @):  Originals and Replicas Result Type (@F
Version Date Range ®: ) Originals and Replicas
Version Date Rar
Originals Only
> Fil ) Originals Onl
rename Replicas Only | ramaE Py
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Selected Number of Files: 15 ® a @  CMIP6.ScenarioMIP.CCCma.CanESM5.ssp585.r1i1p1f1.day.pr.gn 2 1.67 GB wget &4 @

Selected Files Size: 16.29 GB
® @  CMIP6.ScenarioMIP.CCCma.CanESM5.ssp585.r1i1p1f1.day.tasmax.gn 2 1.49 GB wget L (&)

10/ page

&> Download Your Cart

Select datasets in your cart and confirm your download preference. Speeds will vary based on your bandwidth and distance from the data node serving the files.

wget | . Download e
Metagrid Version: v1.5.1 \

Finally you can download your selected files with GLOBUS or get a wget script
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bash wget*.sh -s
-s skips security

downloads/his ical download/CMCC-CM2-VHRS ash wget script 2025-1-30 0-22-33.s

* Note that new functionality to allow authentication without the need for
* certificates i1s available with this version of the wget script. To enable,
use the "-H" option and enter your OpenID and password when prompted:

S wget_script_2025-1-30_6-22-33.sh -H [options...]
For a full description of the available options use the help option:

$ wget script_2025-1-30 _0-22-33.sh -h
* *
Sk ok ok ook ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok kb
Running wget_script_2025-1-30_0-22-33.sh version: 1.3.2
Use wget_script_2025-1-30_6-22-33.sh -h for help.

Script created for 65 file(s)
(The count won't match if you manually edit this file!)

pr_day CMCC-CM2-VHR4_hist-1950_r1ilp1f1_gn_195600181-19501231.nc ...Downloading

--2025-87-86 19:88:83-- https://esgf.ceda.ac.uk/thredds/fileServer/esg_cmip6/CMIP6/HighResMIP/CMCC/CMCC-CM2-VHR4 /hist-1950/r1i1pifl/day/pr/gn/v2021603688/pr_day CMCC-CM2-VHR4_hist-1950_ri1iipifl_gn_195601601
-195601231.nc

Resolving esgf.ceda.ac.uk (esgf.ceda.ac.uk)... 130.246.128.97

Connecting to esgf.ceda.ac.uk (esgf.ceda.ac.uk)|130.246.128.97|:443... connected.

HTTP request sent, awaiting response... 206 Partial Content

Length: 1012955932 (966M), 1003302808 (957M) remaining [application/foctet-stream]

Saving to: 'pr_day CMCC-CM2-VHR4_hist-1956 riilplfl_gn_19500101-195601231.nc’

91-195601231.nc 5%[+===> 1 49.12M 2.46MB/s eta 6m 20s []
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« = 0 23 cds.climate.copernicus.eu B a % 3} onabaJO

Climate Data Store Datasets Applications User guide Live ® Background

Info 265Sep 2024  Watch our Forum for Announcements, news and other discussed topics.

Dive into this wealth of information about the Earth's
past, present and future climate

https://cds.climate.copernicus.eu/

h IVERSITATE cimce AUSTUS. LIEBIG. Universiteit Funded b
@ BABES BOLYA o e GIESSEN Antwerpen  \/19€C0 - the European Union

Grant Agreement 101159497


https://cds.climate.copernicus.eu/

Py
STRENGTHENING THE RESEARCH CAPACITIES
0 SCEWERO C D S - CM IP 6 FOR EXTREME WEATHER EVENTS IN ROMANIA

€ < C % cdsclimate.copernicus.eu/datasets?q=CMIP&

Climate Data Store Datasets Applications User guide Live ® Background

We found 13 results

Filter by CMIP6 climate projections
Updated on 10 January 2025
Product type ~ /
S p—— This catalogue entry provides daily and monthly global climate projections data from a large number of experiments, models and tim
Provid the sixth phase of the Coupled Model Intercomparison Project (CMIP6). CMIP6 data underpins the Intergovernmental Panel on Clin
rovider ~
' + Quality Assurance i' (:‘ Climate projections ‘:_ZI \ Global ‘:) ‘ Future ‘i) (:. Past \ (:‘ Present \ IZ:. Atmosphere (surface) \ (:‘ Atmosphere (
SeEtor w . A RN AN A AN i K A %
Spatial coverage ~
- D S— . Climate extreme indices and heat stress indicators derived from CMIP6 global climate projections
Updated on 31 January 2025
Variable domain ~ The dataset provides climate extreme indices related to temperature and precipitation as defined by the Expert Team on Climate Ch

well as selected heat stress indicators (HSI). The indices are provided for historical and future climate projections (S5P1-2.6, S5...

(:( Climate indices ,\ I‘ Climate projections ,I I\ Global ,\ I\ Future \:I I.:( Past ,\ I\ Land (biosphere) ,\

CMIP6 predictions underpinning the C3S decadal prediction prototypes
Published on 23 March 2021

- ‘

4 =V
’ Nﬁ;’\" V This catalogue entry provides daily and monthly global climate model data from Decadal Climate Predictions Project (DCPP) experir
Coupled Model Intercomparison Project (CMIP6). The decadal data in the Climate Data Store (CD3) are a quality-controlled subset «

l Climate projections ) l Global l ' Future | l Past l ' Present l l Atmosphere (surface) l ' Atmosphere (upper air) l
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CMIP6 climate projections

Overview Download Quality Documentation
This catalogue entry provides daily and monthly global climate projections R Quality Assurance
data from a large number of experiments, models and time periods Data Management i
computed in the framework of the sixth phase of the Coupled Model
Intercomparison Project (CMIPé). Data records w
CMIPé data underpins the Intergovernmental Panel on Climate Change Metadata v
6th Assessment Report. The use of these data is mostly aimed at:
Documentation v
* addressing outstanding scientific questions that arose as part of the IPCC reporting process;
* improving the understanding of the climate system; References

s i . ST Citati d attributi
* providing estimates of future climate change and related uncertainties; s

DOI: 10.24381/cds.c866074c
* providing input data for the adaptation to the climate change;

* examining climate predictability and exploring the ability of models to predict climate on decadal time scales; Licence

CMIP6 - Data Access - Terms of Use

* evaluating how realistic the different models are in simulating the recent past.

The term "experiments” refers to the three main categories of CMIP6 simulations: Publiicationilate . .
https://cds.climate.coperni

* Historical experiments which cover the period where modern climate observations exist. These experiments show how the 2021-03-23 cus.e U/datas etS/DrOi eCti on
GCMs performs for the past climate and can be used as a reference period for comparison with scenario runs for the . o _ .
fidiirn Tha narind crcsnend e fooalnalh, 10EA ANA4A S'Cm|p6 H tab—OverVIGW
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CDS - Quality tab

Datasets Applications User guide Live® Background

CMIP6 climate projections

Overview Download Quality Documentation

The Quality information is work in progress, and the content for this release was prepared based on the previous operational version of the CDS. The CDS datasets are
assessed by the Evaluation and Quality Control (EQC) function of C35 independently of the data supplier.

Fitness for purpose

Evaluated on 20/03/2025

The CMIP6 initiative brings together state-of-the-art Global Climate Models (GCMs) to enhance our understanding of past, present, and future
climate dynamics driven by natural variability and changes in anthropogenic radiative forcing. GCMs are fully coupled, namely, they are idealised
for reproducing the complex interactions among the different components of the climate system (atmosphere, sea, land, ice, sea-ice).

Key strengths

* Global coverage: GCMs produce self-consistent climate simulations over the entire Globe for a wide spectrum of variables belonging to the different
climate system components (atmosphere, sea, land, ice). For the atmospheric variables, different pressure levels can be selected.

* Temporal coverage: CMIP4 provide climate integrations over long periods. This is essential to a proper evaluation of internal climate variability and the
inherent statistical robustness of trends.

* Multiple scenarios: Future projections uncertainty can be covered by considering different hypotheses of future radiative forcing (S5Ps). This informs
about the dependency of future change trajectories on future societal paths (scenario uncertainty).

* Multi-model ensemble: The large number of GCMs present in CMIPé allows to cover the uncertainty due to the model response to a given level of
radiative forcing (model uncertainty).

Key limitations

* Relatively coarse resolution: GCMs are idealised to study the response of the large-scale circulation and teleconnections to changes in radiative forcing.
Still, relatively coarse resolution (from 80 km to 250 km) hinders the possibility of directly connecting their outputs to regional/local scale impact studies
like hydrology, agriculture, tourism and energy sectors. For instance, if the user question is whether an alpine valley can be favourable for wind power
installation under future climate conditions, GCMs may be a sub-optimal tool for this type of analysis.
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Quality Assurance

Data Management
Diata records
Metadata

[aSSestay

Documentation

References

Citation and attribution

DOI: 10.24381/cds.c866074c

Licence

CMIP6 - Data Access - Terms of Use

Publication date

2021-03-23

Update date

2025-01-10

Standard metadata

STAC ©8
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Climate Data Store Datasets Applications User guide Live ® Background

CMIPé6 climate projections

Overview Download Quality Documentation
Complete all required fields before submitting the request. Quality Assurance
.
Data Management v
Temporal resolution . Bl g
At |least one selection must be made
s - - Metadata v
() Monthly () Daily () Fixed (no temporal resolution) o
Documentation v
Experiment @
At |least one selection must be made References
() Historical ) 85P1-1.9 () $5P1-2.6 () $5P4-34 () $5P5-3.405 () $5P2-45 Citation and attribution
() S5P4-6.0 () S5P3-7.0 () SSP5-85 DOI: 10.24381/cds.cB66074c
Variable @ Licence
At |least one selection must be made CMIP6 - Data Access - Terms of Use

) Airtemperature () Capacity of soil to store water

() Daily maximum near-surface air temperature () Daily minimum near-surface air temperature Publication date
() Eastward near-surface wind () Eastward wind 2021-03-23

) Evaporation including sublimation and transpiration () Geopotential height

() Grid-cell area for atmospheric grid variables () Grid-cell area for ocean variables Update date
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APl request

Please go to the docurmentation page for information as to how to use the CDS APIL.

</> Hide APl request code ~

import cdsapi

dataset
request
“temporal_resolution™: “"daily”,
"experiment”: "ssp5_8_5",
"variable": “daily_maximum_near_surface_air_temperature”,
"model™: “access_cm2",
“"year": [
"2015", "2016", "2017"
"2@e18", "2019", "2@28"
"20821", "2822", "2023"
"20824", "2825", "2026"
"20827", "2028", "2029"

“projections-cmipg”
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In the CDS, some datasets include fewer variables and ensemble members than in
ESGF; daily data is not available for every variable (e.g. soil moisture)

In the CDS, users can select a specific region and period of interest before downloading

CDS currently includes fewer CMIP activities compared to the ESGF

CDS also provides specific, tailored products developed for community use (e.g. Climate
extreme indices and heat stress indicators derived from CMIP6 global climate projections)

Some datasets in the CDS include a Quality tab with information on fitness for purpose,
Quality assurance and Quality assessment details
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Inspection of climate model outputs
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programming background -

0 Which programming languages are you comfortable with? (e.g. Python, R, Fortran,
MATLAB...)

O Do you work with NetCDF files?

O Have you used tools like ncview to quickly visualise data?

O Are you familiar with platforms like the ESGF or the Copernicus Climate Data Store (CDS)?
0 Do you use CDO (Climate Data Operators) for data processing?

O Do you work in JupyterLab or similar notebook environments?

O Are you familiar with bash? Do you use it for scripting or running workflows?
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