aluri de caldurai stiinta,
instrumente si.tendinte pe
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4 Introducere in modelarea climatica
= Sistemul climatic;
= Modele Climatice Globale (GCM) vs Modele Climatice Regionale
(RCM);
= Scari de timp in modelarea climatica: de la prognoze meteorologice
la proiectii;
= |ncertitudine: Determinist vs. Probabilistic.

4 Introducere in valurile de caldura (HWs)
= Definitia valurilor de caldura;
= Detectarea valurilor de caldura;

= Mecanismele care determina valurile de caldura. Fortari la scara mare
vs. la scara locala.

. _rr |
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Changes in the Atmosphere: Changes in the
p | Composition, Circulation Hydrological Cycle
‘Changes in
Solar Inputs o
' (//_- d
~ Clouds
g Atmosphere e T
- /87 iy e // /
/ / /
Ns Op A Volcanic Activ b
H,0, CO,, CH,, N,0, 0, etc. y T
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
Ice Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind aupy Radiation 5 Ice Sheet

Exchange Stress

Hydrosphere: ny =
Ocean '
Ice-Ocean Coupling # N Hydrosphere:

___ | \‘ Rivers & Lakes

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Sea lcg
Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems
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- Sistemul climatic este un sistem fortat,
disipativ, neliniar, complex si eterogen, aflat in
afara echilibrului termodinamic.

- Sistemul prezinta o variabilitate naturala la
multe scari, atat in timp cat si in spatiu, si este
supus diverselor fortari externe, naturale cat si
antropice.

. In ansamblu, sistemul climatic poate fi vazut
ca un motor termic capabil sa transforme
caldura radiativa in energie mecanica
(circulatiile atmosferice si oceanice).

Ghil M, Lucarini V (2020) The Physics of Climate Variability and Climate Change.

Rev Mod Phys 92
Funded by
the European Union

Grant Agreement 101159497
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Gril3 orizontala HOfiZOHta| Grif:l
(Latitudine-Longitudine) | (Latitude-Longitude) |~

Grila verticala

o _ Vertical Grid
(Altitudine sau Presiune)

(Height or Pressure) |

/ Physical Processes in a Model
solar  ‘errestrial
wdlngon radiation

Procese fizice intr-un model

ATMOSPHERE <
pt N e e I} &
oy > -—t— '
T :
P
%% ;-::’ et
e’ e tanh
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0’o
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-
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Grila tipica de GCM atmosferic

~ \ Pentru fiecare celula de grila, o singura valoare a fiecarei
S e e T IR IR variabile (temperatura, vant etc.).

SISl o toe | . Coordonata verticald urmeaza topografia si este exprimata in
e, presiune. Grila orizontala este in latitudine si longitudine.
B Ecuatiile diferentiale partiale ale miscarii sunt inlocuite cu un
numar finit de ecuatii care implica diferentele dintre valorile din
celulele de grila vecine.
Fiecare celula de grila comunica cu vecinele sale in ceea
ce priveste transportul de masa, energie si umiditate.
Fluxul este proportional cu diferentele dintre celulele de grila
pentru fiecare variabila; bugetele acestor fluxuri sunt asociate cu

e ecuatiile respective.

Pressure

'
1
i
/
) o Oy -

-«
§ I /
¥

1
e
o 2

% >

Lot

A

Neelin, 2011. Climate Change and Climate Modeling, Cambridge UP
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Ecuatiile matematice care reprezinta caracteristicile si procesele fizice sunt introduse pentru fiecare celula (box)

au - a(u?—gﬂ?)

Ezﬂv_g_cpgax_zﬁa dx

u_ _u_ 0% _ ,om v (50
ot " dy P dy i oy
T 9T 9T aT aT
ot ot " "ar Vg Tz
oW ow oW oW
ot Yor Y oy a2
ad op a op a op a op
E% = uai?% + Ua—yyg + UJ£3£
© iy @omee R [I i

|
W4

@rdem
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Ecuatiile sunt convertite in cod de calculator si variabilele climatice sunt
setate

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
sddt
svar

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

U

n

termbt(k,!,m,n) = termbt(k,!,m,n) + sddt

tvar(k,m,n) tvar(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,!,m,n) + sddt
tvar(k,m,n) tvar(k,m,n) + svar

n uwn

aa [INIVERSITATEA chnce  LEDSLEs Universiteit - Funded by
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C

Supercomputerul
ajuta la aceste
calcule

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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Lista componentelor si proceselor
reproduse in modelele numerice a
crescut in timp datorita imbunatatirilor
tehnologice (si ale cunostintelor).

o

Q N

N\

oS oS oS
oy yay
\J \J

Progresia componentelor modelului de la modelele climatice timpurii la cele mai recente modele ale Sistemului Terestru.
From Bordoni et al., 2025
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105 - — — ldecade  _ _ _ _ _ _ _ _ ;
104 === Lyear . L .
108 = — _~tmonth — -

P w— ww—— w— w— ] — w— w— w— w— —

Time Scale (h)
S

100 —— LR ., -
8|
101 B!
turbulence %’|
production . 3
10-2 e — — 1 minute_ e
turbulence %_."
cascade gl
103 =
10° 102 10! 10° 10' 102 10° 104 10°
Horizontal Scale (km) Stergiou 2023
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AL
i

ORI

(Henderson-Seliers, 1985)

GCM-urile includ componente atmosferice, oceanice si de gheata marina
Acestea sunt cuplate, astfel incat pot schimba energie, impuls si umiditate. Versiunile recente contin, de asemenea,

componente de model pentru vegetatia dinamica si ciclul carbonului terestru si oceanic. Aceste modele mai cuprinzatoare
sunt cunoscute sub numele de Modele ale Sistemului Terestru (ESMs).

Starile simulate sunt date pe grile spatiale tridimensionale si la pasi de timp discreti, iar ecuatiile modelului descriu modul in
care sistemul evolueaza in timp..

Rezolutia grilei orizontale pentru componenta atmosferica a GCM-urilor utilizate in aplicatii climatice este, de obicei, de ordinul a
— m, numarul nivelurilor verticale intre Si , Incepand de la suprafata si incluzand troposfera si, in diferite grade,
200-25 k I luril tical tre 30 si 100 d de | fata s I dt f , diferit d
stratosfera.
aa  (NIVERSITATEA CINCC LEDE-LERG Universiteit Funded by
) BABES-BOLYAI = oversTat Lo Antwerpen  (L7deco the European Union

i Covetmerds Choaatic
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Parametrizari -

Exista multe procese in atmosfera si oceanul real
care apar la scari spatiale si temporale mai mici
decét rezolutia modelului. In atmosfera, acestea
Pl includ radiatia absorbita, imprastiata si emisa de
— molecule, aerosoli si picaturi de nori, microfizica
o =) norilor, convectia, procesele din stratul limita,
t 1 (‘Sﬂg) frecarea ] cauzata de orografie, interactiunea
uﬁ;e Sensible '\ atmosfera-ocean etc.

i ave \ < 1

N f - ,
N *
A\ i s
=
N,
- N ‘.
\

\ *u\\ ."\\ )

Ocean model

Surface model

Figure 8.4 Parameterised processes in atmospheric general circulation models. Figure provided

by ECMWF https:/www.eccmw f.int/en/research/modelling-and-prediction/atmospheric-physics. \

Copyright given through Creative Commons license version 4.0 (https://creativecommons.org/

licenses/by-nc-nd/4.0/legalcode). \ I S
Cambridge University Press 978-1-107-06605-2 — Statistical Downscaling and Bias

Correction for Climate Research D. Maraun , M. Widmann 2019

Neelin, 2011. Climate Change and Climate Modeling, Cambridge UP

) NVERSITATEA AUSTLS-LIEBIG. Universiteit - Funded by
&) BABES-BOLYAI AL oversat Ao Antwerpen  \L1deco the European Union
Grant Agreement 101159497




P

STRENGTHENING THE RESEARCH CAPACITIES

U SCEWERO Modele Climatice Regiona[e (RCMs) FOR EXTREME WEATHER EVENTS IN ROMANIA

Modelele climatice regionale sunt concepute pentru a rezolva discrepanta de scara intre scenariile de
schimbare climatica necesare pentru evaluarea impactului sau pentru reprezentarea fenomenelor foarte

localizate.
GCM
43 SR
> %.‘\(
| el VKQ,Ps
o S 7 - g
i Impacts
S ‘ﬂ:ﬁ Water, food, energy,
. . ecosystem services,
From Glorgl 2019 biodiversity, migration,
coastal areas, tourism

S/ BABEYBULYAIL W SmiE

From https://www.ouranos.ca/en/science-du-climat-model

\1/GIESSEN

isation-climatique

RCM-urile sunt utilizate pentru reducerea dinamica a scarii
(dynamical downscaling) pe un domeniu limitat.

Ele sunt fortate la limitele laterale ale domeniului si, de
obicei, la suprafata marii prin valori provenite din GCM-uri.
Cuplarea RCM-ului in GCM-ul de baza este, de obiceli,
unidirectionala.

Pentru a reduce diferenta de rezolutie intre modelele de
baza si cele cuibarite, se pot aplica si mai multe cuiburi
succesive.

*Pentru a evita instabilitatile numerice, se creeaza o zona
tampon (sponge zone) de obicei de 10 celule de grila la
marginea domeniului RCM.

Aici, conditiile la limita ale GCM sunt amestecate treptat
cu cele ale RCM-ului

’ arsiteit Funded by
=4 Antwerpen @"mc” - the European Union

Grant Agreement 101159497
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(Dynamical downscaling)

"To nudge or not to nudge" ?

€ Utilizeaza un Model Climatic
~— Regional (RCM)

. : ‘ - — - — ' - RCM domain
‘ N ¢ Bazat pe procese fizice:
i ‘ SO ST rezolva ecuatiile atmosferice
4 i
5 =y ’ @ Costisitor din punct de vedere
f computational

A v * Horizontal resolution: 10-50 km Reproduce feedback-uri

* GCM output * Internal RCM timestep: a few minutes ¢ | P | t fecte al
* Re-analysis » RCM output interval: hourly, daily, monthly ocale, exireme, electe ale

* Typically one-way nesting only reliefului

® Exemplu: simularile CORDEX

From J. H. Christensen 2018
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La granite, RCM-ul este (mai mult sau mai putin) consistent cu GCM-ul care il alimenteaza. in_interiorul
domeniului, RCM-ul simuleaza vremea in concordanta cu propria sa topografie, nucleul sau dinamic, rezolutia
si parametrizarile sale si isi dezvolta propria variabilitate interna.

Aceasta implica faptul ca starile atmosferice la scara larga din interiorul domeniului modelului pot fi diferite de
starile GCM-ului peste acelasi domeniu. in functie de context, aceasta ,,independenta” poate fi dezirabila sau
indezirabila.

Semnalul schimbarii tmax al numarului mediu de zile cu val de caldura 2090:2099 — 1996-2005

8

[ I s S Schimbarile viitoare ale temperaturii valurilor
3 DT e i 1", de caldura de la rezolutie de 100 km la 3 km.

- Incertitudinea asociata schimbarilor viitoare la
<» diferite rezolutii.

GCMs ENS spread N oY RCMs ENS spread‘ S CPRCMs ENS spread .

From Sangelantoni et al., 2025
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Procese de la modelele Sistemului Terestru (ESM) catre scari de timp mai scurte

Problema cu conditii de frontiera impuse

Decadal

Problema cu valoare initiala predictions | Predictii decadale

= ee———— e e e e
Day Week Month Year Decade Century

Weather Seasonal to Long term climate

predictions interannual , change projections

Predictii meteorologice predictions PrAedlctu.sezonlere Proiectii pe termen lung
pand la interanuale privind schimbarile clim

Sisteme operationale de prognoza
NJ1Sala] INjNW]SIS 9|e 9|9PO|A

Parametri de proces verificati inapoi la scari de timp mai lungi

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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* Exista numeroase surse de incertitudine.

* Ansamblele surprind aceasta incertitudine prin rularea
mai multor simulari.

» Metodele de generare a ansamblelor constau in
perturbarea:

- conditiilor initiale,

- fizicii modelului,

- fortarilor externe,

- luand in considerare mai multe modele.

LY

Soret et al., 2025
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Valurile de caldura
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Definitiile valurilor de caldura (HW definition(s))

Q In literatura stiintifica se poate gasi o multitudine de definitii ale valurilor de caldura.
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Definitiile valurilor de caldura (HW definition(s))

Q In literatura stiintifica se poate gasi o multitudine de definitii ale valurilor de caldura.

d , O perioada de vreme anormal de calda, adesea definita in raport cu un prag relativ de temperatura,
care dureaza de la 2 zile pana la cateva luni.” (IPCC: Anexa VII: Glosar, 2021).
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Definitiile valurilor de caldura (HW definition(s))

STRENGTHENING THE RESEARCH CAPACITIES
SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Q In literatura stiintifica se poate gasi o multitudine de definitii ale valurilor de caldura.

d , O perioada de vreme anormal de calda, adesea definita in raport cu un prag relativ de temperatura,
care dureaza de la 2 zile pana la cateva luni.” (IPCC: Anexa VII: Glosar, 2021).

Ce ne impiedica sa cadem de acord asupra a ceea ce este
de fapt un val de caldura?

»Gradele de libertate” ale definitiei HW

« Variabile. tmean | tmin | tmax?

« Statistici: p90 | p95 | p99? PDF construit pe intregul an sau doar pe
zilele JJA?

{ - Perioada de referinta: (de exemplu, 1961-1990 | 1991-2020)7?

1+ Persistenta: 2 | 3| 5| 7 zile consecutive?

| Aceasta face ca rezultatele sa depinda foarte mult de studiul de caz...



tmax (°C)

tmax (°C)

o STRENGTHENING THE RESEARCH CAPACITIES
@[‘@ SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Detectarea valurilor de caldura, 1n practica

HWSs detected with a daily-based p90

34 { == 2014 daily tmax

- daily-based p90 1991-2010

HW3

HW5 awe | Prag zilnic bazat pe p90

- (fereastra de 31 de zile)
HW1 year X 02
- HW2 1
28 A
26 4 20
T T T dayy
HWs detected with a fixed p90
34 { —e— 2014 daily tmax HW1 * Prag fix p90
= p90 1991-2010 HW?2
- /.-/\' tmax.
A ¥
28 \[‘/
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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Factorii fizici care determina
valurile de caldura
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Factorii fizici ai valurilor de caldura

Rossby wave train Clear-sky conditions

Potential for more
stationary atmospheric
conditions*

Blocking
Increased size of blocking*

Higher
atmospheric
moisture

st ascending
~air stream

Stratification

’ Cloud cover changes
Air Incoming : b s
subsidence shortwave «h \ 3
8 radiation b
Precipitation
Heavier precipitation
# Drivers
Heatwave % II;atent =P Positive feedback
zz;‘;’g:;gwmﬁequem o =P Negative feedback
Warm advection catwaves Current climate

Advection of warmer air Future climate

Soil moisture
Increased soil
desiccation

Sensible
heat flux

Domeisen et al., 2023

e Primul ingredient al unui val de caldura este aparitia unor configuratii specifice la scara mare, dominate de unde Rossby, care determina
creste troposferice superioare de amplitudine mare.

o Creasta si blocajul la nivel superior favorizeaza valurile de caldura la suprafata prin: (i) cer senin si radiatie ridicata, (ii) subsidenta, compresia Si
incalzirea ulterioara a maselor de aer din nivelele superioare, (iii) advectia maselor de aer mai calde din punct de vedere dimatologic din sud, si (iv)
joaca un rol termodinamica prin incalzirea diabatica determinata de cresterea progresiva a fluxului de caldura sensibila datorita uscarii progresive a

solului si reducerea ulterioara a caldurii latente.
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Factorii fizici ai valurilor de caldura

Gaze cu efect de sera Greenhouse gases

Sea surface temperature anomalies  aAnomalii ale temperaturii la suprafata marii

Remote forcings from climate patterns Fortari la distant3 din tipare climatice
(ENSO, 10D, MJO, monsoon) (ENSO, 10D, MJO, muson)

Soil moisture/ - . - .
land stitEE e hditions Umiditatea solului / conditiile de la suprafata terestra

Rossby wave packets, N . . .
wave trains and Pachete de unde Rossby, serii de unde si blocaje atmosferice

atmospheric blocking

Initialization

Upstream diabatic p diabatice di ¢ borare in cadrul il
processes, rocese diabatice din amonte, coborare in cadrul curentilor

descent within anticiclonici
anticyclonic flows

Surface sensible

Fluxuri de caldura sensibila la suprafata
heat fluxes

Days Weeks Months Years Decades Centuries

Lead time »
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Factorii fizici ai HWs. Fortare la scara mare

500 hPa geopotential height [m] ] ] ]
» Un factor imperativ al valurilor de caldura

este circulatia atmosferica, care la randul
sau poate modula gradul de influenta al
altor factori.

5600 5650 5700 5750 5800 5850 5900

From Sangelantoni et al., 2023
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Factorii fizici ai HWs. Fortare la scara mare

500 hPa geopotential height [m]

» Un factor imperativ al valurilor de caldura
este circulatia atmosferica, care la randul
sau poate modula gradul de influenta al
altor factori.

5600 5650 5700 5750 5800 5850 5900
From Sangelantoni et al., 2023

e In regiunile de latitudini medii, valurile de caldura
apar, in general, ca o manifestare regionala a unui
). tipar de unde Rossby cvasi-stationare.

10

« Pachetele de unde Rossby emisferice cu amplitudine
maxima locala si extindere zonala limitata sunt
restranse meridional prin efectul de ghid de unda al
jetului

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

-10 =5

Compozite ale saptamanilor din iunie-iulie-august caracterizate prin evenimente cu numar de unda 7. Anomalia temperaturii la suprafata (a) si
viteza corespunzatoare a vantului meridional la 300 hPa (1979-2018).

From Kornhuber et al., 2019 Grant Agreement 101159497
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Factorii fizici ai HWs. Fortare la scara mare

« Ghidajele de unda din timpul verii pot ocoli intregul emisfer, stabilind teleconexiuni circumglobale (CGT,
Branstator 2002). CGT-urile pot persista in timp, sincronizand extremele meteorologice in tota emisfera.

4 Il Affected regions wave 5 From Kornhuber et al., 2020
Coincidenta valurilor 70N — oy
de caldura in regiuni g BN h
teleconectate prin 5 ‘
unda 5 AN R N - e Ol TN
300 N J v | % I ! ¥ T y g [ " i I v v i I J 2 [
180° 135° W 90° W 45° W 0° 45° E 90° E 135° E 180°

Longitude

UNIVERSITATEA CcMeCe lEDsLEse Universiteit . - Funded by
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Grant Agreement 101159497
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Factorii fizici ai HWs. Fortare la scara mare

« Ghidajele de unda din timpul verii pot ocoli intregul emisfer, stabilind teleconexiuni circumglobale (CGT,
Branstator 2002). CGT-urile pot persista in timp, sincronizand extremele meteorologice in tot emisferul.

4 Il Affected regions wave 5 From Kornhuber et al., 2020
Coincidenta valurilor N oy
de caldura in regiuni g BTN ﬁ
teleconectate prin 5 ‘
unda 5 AN R N - e Ol TN
30°N — - -— , ‘ — : ; PR n__ . . :
180° 135° W 90° W 45° W 0° 45° E 90° E 135° E 180°

Longitude

De ce CGT-urile ajung la o amplificare prin blocare de faza (phase locking)?

UNIVERSITATEA CINCC LEDELens Universiteit - - Funded by
BABES-BOLYAI 0 S e et GlEssen U' Antwerpen Lndeco the European Union

Grant Agreement 101159497
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Factorii fizici ai HWs. Fortare la scara mare

« Ghidajele de unda din timpul verii pot ocoli intregul emisfer, stabilind teleconexiuni circumglobale (CGT,
Branstator 2002). CGT-urile pot persista in timp, sincronizand extremele meteorologice in tot emisferul.

STRENGTHENING THE RESEARCH CAPACITIES

SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Il Affected regions wave 5 From Kornhuber et al., 2020

Coincidenta valurilor Gl o
de caldura in regiuni g, Sl h
teleconectate prin § N :
unda 5 S
30°N E | I x Y I ! * | ! X I . 4 ! I 4 L I
180° 135°W 90° W 45° W 0° 45° E 90° E 135°E 180°
Longitude
De ce CGT-urile ajung la o amplificare prin blocare de faza (phase locking)?
jd = u » 1 I 1 t D I .
Doui mecanisme principale: Single je ouble jet
(i) Slabirea jeturilor zonale medii. AT—— ”W I et R,
ii) Configuratia dublu-jet (captarea undelor Rossb : ok -
(i) Configurat jet (captarea ur NOSSDY X %w.ﬂ -
sinoptice libere cu k = 6—-8 in interiorul ghidurilor e v‘(f“"
de unda de latitudine medie). 3 “* S

Aceste dinamici par a fi determinate in cele din urma de un gradient termic

redus ecuator—pol datorat amplificarii arctice (Petoukhov et al., 2013 si
Comou et al., 2014).

4 S 4329101
u2350 anomales (m's)

(k)

2 3 4 5 6

Rousi et al., 2022
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Fortare de la scara regionala la scara locala

...Desi sistemele de inalta presiune sunt un ingredient necesar pentru dezvoltarea valurilor de
caldura, factorii regionali pot modula substantial debutul si evolutia acestora pe o gama larga de
scari temporale...

UNIVERSITATEA CINCC LEDELens Universiteit - - Funded by
BABES-BOLYAI 0 Cartrs Gow Medrvws Efggggﬁ AT l* Antwerpen Lndeco the European Union

Grant Agreement 101159497
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Fortare de la scara regionala la scara locala

Local Land-Atmosphere Interactions

above-ABL i . above-ABL
dryness ...cloud cover.. "= stability

incoming <----- Eors .
solar

downward
ongwave

\

wyffs e ‘. --L-- sl ssnnnnnny """,.V"’l-‘ &
? o NG
Aiiii —~ boundary-
NG ¢ layer growth

.........

emitted
longwave

soil moisture—— soil he@t flux___ - z

soil temperature

—> positive feedback

*positive feedback for C3 & C4 plants and negative feedback for CAM plants for
— = = » negative feedback

incoming solar; negative feedback above optimal temperatures
———> land-surface processes —> surface layer & ABL ——> radiation

Schita a interactiunilor sol-atmosfera intr-un regim sinoptic
linistit.

From Santanello et al., 2018

O
&/ BABESBOLYAI

Universiteit
Antwerpen

JUSTUS-LIEBIG-
UNIVERSITAT l}
GIESSEN

Interactiunile sol-atmosfera reprezinta schimburi de energie,
masa si impuls la suprafata Paméantului. Cuplarea sol-atmosfera
afecteaza evolutia stratului limita planetar (PBL sau ABL),
convectia si nebulozitatea, care la randul lor afecteaza generarea
precipitatiilor si intensitatea si durata valurilor de caldura.

PBL: parte a troposferei direct afectata de conditiile de la
suprafata, variind de la cateva sute de metri pana la cativa
kilometri in adancime. Se distinge de troposfera libera de
deasupra sa prin diferente in curenti, proprietati
termodinamice si continut chimic.

Funded by
the European Union

Grant Agreement 101159497
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STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

Fortare de la scara regionala la scara locala
Cum afecteaza starea suprafetei terestre atmosfera

AENT

-

APBL

\“\/ﬁ:

AP/Clouds 'I' |

TN \_
o
e

Prezentarea cailor care definesc relatia SM—P (umiditatea
solului—precipitatii).

ASM > AEF > APBL > AEnt > AT, ,Q, => APCloud.

LoCo Process 5 b ¢ d 1)

Afm Chain

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

FiG. 2. Schematic of the LoCo process chain describing the components of
L-A interactions linking soil moisture to precipitation and ambient weather
(T,,.» Q,.), 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.

@ ONIVERSITATEA CNCC ‘Eovarem Universiteit @rldem

BABES-BOLYAI St tepmress GIESSEN Antwerpen

From Santanello et al., 2018 - Funded by

the European Union
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Fortare de la scara regionala la scara locala

Heat entrainment
Increased
heat advection L
and solar radiation

Bucla temperaturilor extreme intr-un mega-val de caldura,

Temperature feedback-uri sol-atmosfera care duc la amplificarea temperaturilor

i: 7 . extreme printr-o memorie combinata multi-zilnica a suprafetei
urface w terestre si a PBL.

Evaporation (\ 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
N NIVERSITATEA CMCC  lslsesic Universiteit Funded by
L= I NEC DRV UNIVERSITAT i
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Grant Agreement 101159497
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Fortare de la scara regionala la scara locala

Heat entrainment
Increased

 heatsdvction L Bucla temperaturilor extreme intr-un mega-val de caldura,

Temperature feedback-uri sol-atmosfera care duc la amplificarea temperaturilor

i: . extreme printr-o memorie combinata multi-zilnica a suprafetei
Evaporation <S\f Sef'b'e P terestre si a PBL.

Soil moisture deficit

Acest mecanism creeaza un cerc de feedback pozitiv (sub sisteme
persistente de inalta presiune):

Soluri mai uscate — mai multa caldura sensibila — PBL mai adanc —
mai multa advectie de aer cald — temperaturi si mai ridicate la
suprafata.

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

2R\ NIVERSITATEA JUSTUS-LIEBIG- Universiteit - Funded by
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O Valurile de caldura intr-un climat in schimbare
= Tiparul regional al schimbarilor in valurile de caldura;

= Pot modelele climatice sa reproduca tendintele observate ale valurilor
de caldura?

= Principalele limitari/provocari

 Accesul la simulari climatice pentru analiza valurilor de
caldura
= CMIPG;
= CORDEX;
= ESGF;
= Copernicus CDS.

. J ________________________________________________________|
AR NIVERSITATEA CMCC  “Soiivers Universiteit Funded by
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Valurile de caldura intr-un climat in schimbare,
de la statistica la fizica

Shifted Mean

g = Greenhouse effect

- b >

2 | .

g 3

: \ &8 2

3 \ ot . © . o

:‘g \weather > = des of variability
5 | Planetary waves

g [b) c d

§ [}

5 c

8 e

s e

2 o

-iis > (@)

8

& more

extreme cold
weather

©
5 o g

5 ) Aerosol forcing

2 == Without dimate change &

3 == With climate change

§ Land cover change

z > Land management

3 "Nt

&o we:)l.her —

more S Vegetation state
weather 9 Soil moisture drought
extreme cold cold Mean: "hot ' extreme hot .
without and with weather change . .
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Valurile de caldura intr-un climat 1n schimbare

Cum se vor compara schimbarile in extremele climatice cu schimbarile in mediile climatice?

Climate average Climate extreme

« *Schimbarile regionale pot
depasi temperaturile medii
globale.

Future changes
in temperature
averages and
extremes will be
similar

Schimbarile viitoare~
in mediile si

extremele de
temperatura vor fi
similare

« Schimbarile sezoniere pot diferi
de cele anuale medii.

« Schimbarile pot fi diferite pentru
diferite parti ale distributiei.

Future changes
in precipitation
averages and
extremes can be
very different

Schimbdrile Ansamblul median CMIP6 cu o incélzire globala de 4
V"thﬂ_:'e n °C fata de 1850-1900. Temperaturile extreme T2m se
mediile si

extremele de refera la cea mai fierbinte zi din an.
precipitatii pot fi 40% 20 0% 20 40% Precipitatiile se refera la cea mai mare precipitatie
foarte diferite BEr avelier IPCC WG1, 2021 zilnica din an.




FOR EXTREME WEATHER EVENTS IN ROMANIA

intr-un climat 1n schimbare

a Number of days with T >35°C b Change in the number of days with T__ >35 °C

i SCEWERQV a l u ri l e d e C é l d u r é ( H W S ) STRENGTHENING THE RESEARCH CAPACITIES

1 \

Aparitia zilelor foarte fierbinti la diferite niveluri de

incalzire.

a) Numarul proiectat de zile pe an cu temperaturi maxime
peste 35 °C pe uscat pentru (de sus in jos) niveluri de
incalzire de 1,5 °C, 2 °C, 3 °C si 4 °C. Nivelurile de
incalzire reprezinta temperaturile medii globale relative
la perioada 1850-1900 din modelele CMIP6 din
scenariul SSP5-8.5.

b) Schimbarile in numarul de zile pe an cu temperaturi
maxime peste 35 °C pe uscat in raport cu perioada
de referinta 1850—1900. Hasurarea reprezinta
regiunile cu acord scazut intre modele.

¢ Jec . Funded by
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Valurile de caldura (HWs)
schimbare

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

intr-un climat 1n

From Barriopedro et al., 2023

b) HW duratio

(days dec™') 5.0 -3.0 -1.0 1.0 3.0 50 7.0 9.0 (days dec™) -2.0 -1.2 -0.4 0.4 12 2.0 2.8 3.6
c) HW magnitude d) HW extent

557

gis .

o =

- 0“ & @
y s

(*Cdec™) -8.0 -48 -16 1.6 4.8 8.0 11. 14. (10°km?dec™) -0.9 -0.3 0.3 09 15 21 27
Tendinte (1950-2021) in caracteristicile valurilor de caldura din sezonul cald:
(a) frecventa zilelor cu valuri de caldura; (b) durata maxima a valurilor de

caldura intr-un an; (c) magnitudinea valurilor de caldura; (d) extinderea areala
maxima anuala.

2005 2004 2002 g

= @

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

Primele trei ani din perioada 1950-2021 pentru fiecare continent,

clasificati dupa magnitudinea valurilor de caldura. Culorile corespund
anului de aparitie.
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Valurile de caldura (HWs) intr-un climat in schimbare

d)
80N
;g: : Global emergence of regional heatwave hotspots outpaces
SON climate model simulations
ggx Kai Kornhuber®*<' @, samuel Bartusek®?, Richard Seager® (), Hans Joachim Schellnhuber®' &, and Mingfang Ting"
20N . % ——
10N / ° °
AND x A e -

TR T Ty T T e o T North-West Europe Hottest Days Are Warming Twice as Fast
— e — as Mean Summer Days

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.1 0.2 0.3 0.4 0.5 0.6

Matthew Patterson!

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

a) b)

700 Trend in mean smax 260

Trend in max tasmax

Acceleration of daily land temperature
extremes and correlations with surface

60N

energy fluxes
40N : ; ™ Check for updates
0 308 Chris Huntingford ® ' >4, Peter M. Cox ® %, Paul D. L. Ritchie ®%°, 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
7(‘]32 Max tasmax trend - mean tasmax trend
o =

60N

50N

Universiteit Funded by
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Grant Agreement 101159497

40N

From Patterson 2023
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@"@Slcféboirea circulatiei
nordica (NH)

The weakening summer
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
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.
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
o
£ R
0 o |
o ~ =1
%o _
oo oo |
£, | EF
ge >
Wo N
@ ~ |
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STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

estivale din emisfera

,Panta regresiei cuantile intre anomaliile EKE si temperatura in timpul
verii (p90)

From Lehmann & Coumou 2015

Cele mai fierbinti luni de vara sunt asociate cu o
energie cinetica eddica (EKE) scazuta

Cele mai fierbinti luni de vara sunt asociate cu o energie cinetica eddica
(EKE) scazuta.
Schimbari absolute in (A) EKE, (B) vantul zonal U si (C) vantul termic UT

in perioada 1979-2013, vara. Variabilele sunt calculate la 500 mb si

mediate intre 35°N si 70°N pe toate longitudinile; liniile gri reprezinta
observatiile, iar liniile negre solide — tendinta liniara

Funded by

the European Union

Grant Agreement 101159497

From Coumou et al.,

{ndeco
2015
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Sunt modelele climatice capabile sa reproduca tiparele
regionale ale incalzirii accelerate din sezonul estival?

Tendintd in largirea extrema a cozii distributiei temperaturilor ridicate (p99—p87.5)

Trend in extreme heat tail-widening (p99-p87.5)
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From Kornhuber et al., 2024

Tendinte regionale in largirea extrema a cozii de caldura, estimate prin calcularea tendintelor pe termen lung ale diferentelor dintre percentila anuala
99 a temperaturii maxime zilnice (Tx) si percentila anuala 87,5 a Tx (mediana din cuartilul superior delimitat de percentilele 75 si 100), la fiecare punct de

retea, pentru perioada 1958-2022.
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Sunt modelele climatice capabile sa reproduca tiparele
regionale ale incalzirii accelerate din sezonul estival?

Tendinta in |irgirea extrema a cozii distributiei temperaturilor ridicate (p99-p87.5) Procentul modelelor care subestimeazad ldrgirea extrema a cozii de caldura

Trend in extreme heat tail-widening (p99-p87.5) Percentage of models underestimating extreme heat tail-widening
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From Kornhuber et al., 2024
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Tendinte regionale in largirea extrema a cozii de caldura, estimate prin calcularea tendintelor pe termen lung ale diferentelor dintre percentila anuala
99 a temperaturii maxime zilnice (Tx) si percentila anuala 87,5 a Tx (mediana din cuartilul superior delimitat de percentilele 75 si 100), la fiecare punct de
retea, pentru perioada 1958-2022.
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Valurile de caldura (HWs) intr-un climat in schimbare,
aparitia globala a punctelor fierbinti ale valurilor de
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ERAS-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

Tendinte pentru punctele terestre din datele ERAS-Land si din subsetul de ansamblu CMIP6 pentru anii 1950-2021.

Tendintele se refera la cele mai calde sase luni din an si la cele mai calde 10% dintre zilele din acele sase luni.
From Huntingford et al., 2024
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Ce este 1n neregula cu modelele climatice
globale (GCMs)? . Earemeededidusdin furopa e

Heat extremes in Western Europe increasing smuie ¢in cauza tendintelor
faster than simulated due to atmospheric |
CII‘CUlatIOI‘I trends - s 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. Focusing on wave 5 and wave 7, we show that while
Luo et al., 2022 ' the wave’s position and magnitude are generally well rep-

resented during high-amplitude (> 1.5 SD) episodes, the as-
ONIVERSITATEA 0 cmee lustusuese. univers  Soclated surface anomalies are substantially underestimated.
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Reprezentarea temperaturii de vara si a valurilor de
caldura (HWs) in modelele climatice regionale (RCMs)

Reducere dinamica a rezolutiei

(Dynamical downscaling)
RCM-uri inglobate — WRF 15 km | WRF 3 km

Nested RCMs — WRF 15 km | WRF 3 km
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Sangelantoni et al., 2023
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Reprezentarea temperaturii de vara si a valurilor de caldura
(HWs) in RCM-uri

(d) Observed trend (BerkeleyEarth) . . . v A
Past period (1960-2014) Tendintele temperaturii aerului la suprafata in

Tendinta observata (BerkeleyEarth) in perioada trecuta . ..
' timpul verii

[ [ T
0.0 0.1 0.2 0.3 04 0.5
°C decade™"

Diferentele dintre tendinta medie a ansamblului si tendinta observata
(9) Ensemble mean trend differences with respect to the observed trend ((d), 1960-2014)
CORDEX EUR-44 = CORDEX EUR-11 5

missing and sea- - . T TR s S Obs. outside
B 020 -015 -010  -0.05 N dgg()je_1 005 010 015 020 wiolel e IPCC ARG 2021 chap. 10
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Reprezentarea temperaturii de vara si a valurilor de caldura
(HWs) in RCM-uri

Semnalul schimbarii viitoare a sezonului estival in RCM-uri fata de GCM-uri

Tendinte medii ale ansamblului pentru perioada viitoare

(c) Ensemble mean trends future period (2015-2050)
CMIP5 . CORDEX EUR44 " CORDEX EUR-11

S B il
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°C decade™" data
IPCC ARG 2021 chap. 10
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Reprezentarea temperaturii de vara si a valurilor de caldura

( HWS) n RCM' U T 1semnalul schimbarii viitoare a sezonului estival in RCM-
uri fata de GCM-uri

Tendinte medii ale ansamblului pentru perioada viitoare
(c) Ensemble mean trends future period (2015-2050)

(b) Precipitation RCMs

Schimbari medii
de ansamblu in

CMIP5 . DEX EUR;M CORDEX EUR-11 temperatura de
e vara (K) si
precipitatiile

relative asupra
Europei intre
2070-2099 si
1970-1999

-10 1 2 3 4 5 6 7
(c) 2m Temperature GCMs

pa E———— ] - = u 0 s .
005 015 025 035 045 05 065 075 08 sea-masked By R B N
°C decade™" data . .
(e) Diff RCMs-GCMs (f) Diff RCMs-GCMs
IPCC ARG6 2021 chap. 10 -
o Boé et al., 2020
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Ce ar putea fi in neregula 1n RCM-uri?

= a Change in mean summer temperature b Difference in summer warming
Exacerbated summer European warming ERAS (16502022 7o SR R
not captured by climate models neglecting i oz
long-term aerosol changes 5 o
™| Check for updates L :(1);2
Dominik L. Schumacher ® 4, Jitendra Singh ® , Mathias Hauser®, Erich M. Fischer ®, Martin Wild® & 0.5 -1.25
Sonia I. Seneviratne ® _ -1.50
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Seturi de date
disponibile pentru
analiza valurilor
de caldura (HWs)
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modelelor cuplate (CMIP) -

In cadrul Programului Mondial de Cercetare a Climei (WCRP), Grupul de Lucru pentru Modelare
Cuplata (WGCM) a stabilit Proiectul de Intercomparare a Modelelor Cuplate (CMIP) ca protocol
experimental standard pentru studiul rezultatelor modelelor de circulatie generala atmosfera—ocean
cuplate (AOGCMs).

Rezultatele modelelor sunt utilizate pentru a efectua cercetari relevante pentru oamenii de stiinta
implicati in elaborarea Rapoartelor de Evaluare ale Panelului Interguvernamental privind Schimbarile

Climatice (IPCC-AR)

Climate Change 2021 Climate Change 2022 Climate Change 2022
The Physical Science Basis Impacts, Adaptation and Vulnerability Mitigation of Climate Change
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Experiment)

CORDEX si EURO-CORDEX

Experimentul coordonat de reducere regionala a rezolutiei
climatice (Coordinated Regional Climate Downscaling

Ofera ansambluri de proiectii climatice istorice si viitoare de inalta
rezolutie pentru diverse regiuni ale globului, prin reducerea dinamica a
rezolutiei unui set de modele GCM CMIP5.
RCM-urile din CORDEX au de obicei o rezolutie orizontala cuprinsa

Jatee50 si 10 km.

Regional Climate
Models

Resolution

ERAINT (ECMWF)

Driving Global Coupled Models

MPLESM-LR
(MPI)

NorESM1-M
(NCC)

CNRM-CM5
(CNRM-CERFACS)

HadGEM2-ES
{MOHC)

EC-EARTH
(ICHEC)

CanESM2
(CCCma)

IPSL-CM5A-MR
(IPSL)

MIROCS
(MIROC)

-RCA4 (SMHI)

- CCLMA4-8-17 (CLMcom-8TU)

- CCLMA-8-17 (CLMcom)

:COSMO-crCLIM-v1-1-1 (CLMcom-ETH)

“REMO2009 (MPI-CSC)

:REMO2015 (GERICS)

0.11° - RACMO22E (KNMI)

“HIRHAMS (OMI)

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA
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Guidance for EURO-CORDEX

Evaluation

‘WRF361H (UHOH)

Historical

“WRF381P (IPSL)

o el

- ALADING3 (CNAM)

‘RegCM4-6 (ICTP)

- HadREM3-GA7-05 (MOHC)

1
= £

L
ARARERAAREANE

L85
NOT EXPECTED

N NIVERSITATEA
@ BABES-BOLYAI

JUSTUS-LIEBIG-

UNNVERSITAT
GIESSEN

cmccC

90 Lo M ilers e
s Camtaarwrn Chmatcl

Universiteit
Antwerpen

@rdem

Funded by 20
the European Union

Grant Agreement 101159497


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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(Federatia Retelei Sistemelor Terestre)

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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NODES)

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 /egacy Django-based CoG Web Application. Please note that OpenlID logins do not work on several of these systems.

« CEDA
« |IPSL
« LIU

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

https://esgf-node.linl.gov/ https://esgf-node.ornl.gov/
https://esgf-metagrid.cloud.dkrz.de/ https://esaf.nci.org.au/
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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/
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g SCEWERO  Navigarea prin ESGF - MetaGrid

STRENGTHENING THE RESEARCH CAPACITIES

incepe prin selectarea proiectului (de exemplu: CMIP6, CORDEX).
Retine ca pot exista mici diferente in interfata in functie de nod.
Am selectat CMIP6

< » G 25 esgf-metagrid.cloud.dkrz.de/search

ESGF

Federated Nodes

CMIP6

Select a Project CMIP6PIus

CMIP5

CORDEX

CMIP6

E3SM
CMIP3
inputdMIPs

obs4MIPs

A NVERSITATEA
© amncce

n Q Search

{& Home

© Select a project to search for results

Cart Dataset Title

4
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< > C 25 esgf-metagrid.cloud.dkrz.de/search

E SGFE’J CMIP6

Federated Nodes

Select a Project

| |

CMIP6
CMIP6PIlus
CMIPS
CORDEX
E3SM
CMIP3
input4MIPs

obs4MIPs

éndem

FOR EXTREME WEATHER EVENTS IN ROMANIA
I

a Q Search

{2 Home

@ Select a project to search for results

Cart Dataset Title
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0 SCEWERO Navigarea prin ESGF - MetaGrid FOR EXTREME WEATHER EVENTS IN ROMANIA

& 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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& Cc

2% aims2linl.gov/search

Filter By Transfer Options

o Any

Only Globus Transferrable

Filter with Facets

> General

> ldentifiers

A

Resolutions

A

Labels

A

Classifications
Vv Additional Properties

Version Type D:  Latest
Result Type @):  Originals and Replicas

Version Date Range (9):

> Filename

i NIVERSITATEA
/ BABES-BOLYAI

Navigarea prin ESGF - MetaGrid

s Camtaarwrs Clhmatcl

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA
I

Incepe prin selectarea ACTIVITY ID (de exemplu: ScenarioMIP, HighResMIP,
DCPP...). Tine cont ca nu toate modelele sunt disponibile pe fiecare nod de date
ESGF - acest lucru este in special valabil pentru CORDEX.

Totusi, fiecare interfata MetaGrid (de exemplu: https://esqgf-
metagrid.cloud.dkrz.de/search) ofera acces la intreaga retea ESGF, permitand
navigarea si descarcarea datelor de la toate nodurile, indiferent de punctul de

pornire.

Vv General

Data Node :

Ly .
Activity 1D all: ScenarioMIP (2000501) x
HighResMIP (95996) =
DCPP (6945740) |

DCPP (6945740)~
PAMIP (6653918)
ScenarioMIP  (2000501)v
CMIP (1459369)
g DAMIP (1253793)
AerChemMIP (767400)
VolMIP (291147)
u C4MIP (149961)

JUSTUS-LIEBIG-

UNIVERSITAT
GIESSEN

(ndecn

u Universiteit
Antwerpen

CFMIP, DynVarMIP

GMMIP
PMIP HighResMIP
PAMIP
52:::; DAM, OMIP, FAFMIP/
LS3MIP/SIMIP,
ISMIPS
AerChemMIP
CORDEX
VIACSAB
CaMP ScenarioMIP

LUMIP oCPP
CORMIP, GeoMIP
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https://esgf-metagrid.cloud.dkrz.de/search
https://esgf-metagrid.cloud.dkrz.de/search
https://esgf-metagrid.cloud.dkrz.de/search

; STRENGTHENING THE RESEARCH CAPACITIES

0 SCEWERO Naviga rea prl Nn ESGF - MetaG r"|d FOR EXTREME WEATHER EVENTS IN ROMANIA
« C =% aims2linlgov/search Dupa selectarea ACTIVITY ID (ScenarioMIP in cazul nostru), trebuie sa

selectam EXPERIMENT ID si SOURCE ID.

Filter By Transfer Options

O Any Only Globus Transferrable

Dupa aceasta, se poate selecta membrul ansamblului (uneori modelul
Filter with Facets ofera doar un singur membru). Literele r, p si f ofera informatii despre
realizare (realization), fizica (physics) si fortari (forcings).

> General

> Identifiers v |dentifiers v Labels

> Resolutions ~ .
Sub Experiment ID il (U: Variant Label ) : l

> Label .
e Experiment ID ful:  ssp585 (6) * Grid Label |- ri1p1f (1304)
Vv Additional Properties Institution 1D KAN r10i1 p1f1 (1123)
Version Type D:  Latest Source ID Z ACCES5-CM2 (3) X r2ilp1f1 (1115)

CanESM5 (3) %
Result Type @):  Originals and Replicas r5ilp1f1 (1115)
) v  Resolutions r6i1p1f1 (1112)
Version Date Range (2):

(7ilp1f1 (1094)
> Filename Nominal Resolution Z I'4|1p1ﬂ (-1 088}
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-ON—\ STRENGTHENING THE RESEARCH CAPACITIES

0 SCEWERO Naviga rea prin ESGF - MetaGrid FOR EXTREME WEATHER EVENTS IN ROMANIA
« C % aims2linlgov/search In final, se poate filtra si dupa frecventa temporala, numele variabilei

si daca se afiseaza doar seturile de date originale sau si replicile.

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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0 SCEWERO Nav-lgarea prin ESGF - MetaGrid FOR EXTREME WEATHER EVENTS IN ROMANIA
Selected Number of Files: 15 ® = (® CMIP6.ScenarioMIP.CCCma.CanESM5.ssp585.r1i1p1f1.day.pr.gn 2 1.67 GB wget & O]
Selected Files Size: L ® B @  CMIP6.ScenarioMIP.CCCma.CanESM5.ssp585.r1i1p1f1.day.tasmax.gn 2 1.49 GB wget 4 ®

E] 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.

‘ i
} wget @ . Download 0
Metagrid Version: v1.5.1 \

in cele din urma, poti descarca fisierele selectate folosind GLOBUS sau poti obtine un script wget.
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bash

bash wget*.sh -s
-S omite securitatea

> bash wget script 20 -30_0-22-33.sh -

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

$ wget_script_2025-1-30_0-22-33.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

* Ok ¥ ok % F ¥ X Ok ¥ F ¥

*

L

Running wget_script_2025-1-30_0-22-33.sh version: 1.3.2
Use wget_script_2025-1-30_0-22-33.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_ri1iipifi_gn_19500101-19501231.nc ...Downloading

--2025-07-06 19:08:03-- https://esgf.ceda.ac.uk/thredds/fileServer/esg_cmip6/CMIP6/HighResMIP/CMCC/CMCC-CM2-VHR4 /hist-1950/r1i1pi1f1/day/pr/gn/v20210308/pr_day_CMCC-CM2-VHR4_hist-1950_ri1i1pifi_gn_19500101
-19501231.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/octet-stream]

Saving to: 'pr_day CMCC-CM2-VHR4_hist-1950_r1i1pi1f1_gn_19500101-19501231.nc’

91-19501231.nc 5%[+===> ] 49.12M 2.46MB/s eta 6m 20s []
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<« > C 25 cds.climate.copernicus.eu B QA % 3 onabaJO

Climate Data Store Datasets Applications User guide Live ® Background

Info 26Sep2024  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/
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Climate Data Store

Filter by
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Provider
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Spatial coverage

Temporal coverage

Variable domain
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User guide Live ® Background

CMIPé6 climate projections
Updated on 10 January 2025

This catalogue entry provides daily and monthly global climate projections data from a large number of experiments, models and tim
the sixth phase of the Coupled Model Intercomparison Project (CMIP6). CMIPé6 data underpins the Intergovernmental Panel on Clin

' v Quality Assurance )| ( Climate projections ) ( Global ) ( Future ) ( Past ) ( Present ) ( Atmosphere (surface) ) ( Atmosphere (

Climate extreme indices and heat stress indicators derived from CMIP6 global climate projections
Updated on 31 January 2025

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 (SSP1-2.6, SS...

' Climate indices .I‘ ( Climate projections ) ( Global ) ( Future ) ']r Past ) (VLand (biosphere) )

CMIPé6 predictions underpinning the C3S decadal prediction prototypes
Published on 23 March 2021

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 (CDS) are a quality-controlled subset ¢

l]“ Climate projections ) ( Global 4:‘ (_ Future .'J ( Past 4‘]‘ "‘ﬂ Present ' ‘ Atmosphere (surface) ) ' Atmosphere (upper air) )
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CMIPé6 climate projections

Overview Download Quality

This catalogue entry provides daily and monthly global climate projections
data from a large number of experiments, models and time periods
computed in the framework of the sixth phase of the Coupled Model
Intercomparison Project (CMIP6).

CMIPé6 data underpins the Intergovernmental Panel on Climate Change
6th Assessment Report. The use of these data is mostly aimed at:

Documentation

¢ addressing outstanding scientific questions that arose as part of the IPCC reporting process;

¢ improving the understanding of the climate system;

¢ providing estimates of future climate change and related uncertainties;

¢ providing input data for the adaptation to the climate change;

SCEWERO CDS - Prezentare generala
(Overview)

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

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

The term "experiments" refers to the three main categories of CMIP6 simulations:

* Historical experiments which cover the period where modern climate observations exist. These experiments show how the

GCMs performs for the past climate and can be used as a reference period for comparison with scenario runs for the
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Quality Assurance

Data Management
Data records

Metadata

Documentation
et

References

Citation and attribution

DOI: 10.24381/cds.c866074c

Licence

CMIP6 - Data Access - Terms of Use

Publication date

2021-03-23

https://cds.climate.coperni

cus.eu/datasets/projection

s-cmip6?tab=overview
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?';, SCEWERO CDS - Fila de calitate
Quality tab)

Datasets Applications User guide Live ® B&kground

CMIPé6 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 C3S independently of the data supplier.

Fitness for purpose

Evaluated on 20/03/2025

The CMIPé 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: CMIPé 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 (SSPs). 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 CMIP$6 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
Data records
Metadata

Documentation

References

Citation and attribution

DOLl: 10.24381/cds.c866074c

Licence

CMIP6 - Data Access - Terms of Use

Publication date

2021-03-23

Update date
2025-01-10
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CDS - Descarcare

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 . O -
At least one selection must be made

Metadata v

) Monthly () Daily () Fixed (no temporal resolution)

Documentation v
Experiment ®
At least one selection must be made References
() Historical () $SP1-1.9 () SSP1-2.6 ) SSP4-3.4 () $SP5-3.405 () sSP2-4.5 Citation and attribution
() S5P4-6.0 () 85P3-7.0 ) S5P5-8.5 DOI: 10.24381/cds.c866074c
Variable ® Licence

UNIVERSITATEA
BABES-BOLYAI

At least one selection must be made

) Air temperature

) Daily maximum near-surface air temperature

) Eastward near-surface wind

) Evaporation including sublimation and transpiration

) Grid-cell area for atmospheric grid variables

JUSTUS-LIEBIG-

CcCinCccC UNIVERSITAT U
S e GIESSEN

s Camtiarrn CNL.-

) Capacity of soil to store water
() Daily minimum near-surface air temperature
() Eastward wind

) Geopotential height

() Grid-cell area for ocean variables

Universiteit
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CMIP6 - Data Access - Terms of Use

Publication date

2021-03-23

Update date
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Model Clearall Year Selectall Clearall

O ACCESS-CM2 (Australia)
() AWI-CM-1-1-MR (Germany)
() BCC-CSM2-MR (China)

() CAMS-CSM1-0 (China) () CanESMS5 (Canada)
() CESM2 (USA)
2000-2049
Clear all
® 2015 M 2016 B 2017 3 2018 3 2019
M 2020 M 2021 M| 2022 M 2023 M 2024
M 2025 M 2026 M 2027 M 2028 M 2029
T NIVERSITATEA cmee  LSlsesc Universiteit Funded by
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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”

e e e e e e e e e
b e e e e e e e e e

L

> ©
3 =n
NG

e e T T Tl T
e )
e e e e T e
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@[‘@ SCEWERO CDS si ESGF - Unele diferente FOR EXTREME WEATHER EVENTS IN ROMANIA

« In CDS, unele seturi de date includ mai putine variabile si membri ai ansamblului decat in ESGF;
datele zilnice nu sunt disponibile pentru fiecare variabila (de exemplu: umiditatea solului).

- In CDS, utilizatorii pot selecta o regiune si o perioadi de interes inainte de descércare.
* CDS include in prezent mai putine activitati CMIP comparativ cu ESGF.

» CDS ofera, de asemenea, produse specifice si adaptate pentru uz comunitar (de exemplu: indic1 ai
extremelor climatice si indicatori de stres termic derivati din proiectiile climatice globale CMIP6). (e.g.
Climate extreme indices and heat stress indicators derived from CMIP6 global climate
projections)

 Unele seturi de date din CDS includ o fila ,,Quality” cu informatii despre adecvarea pentru scop,
asigurarea calitatii s1 detalii privind evaluarea calitatii.
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Inspectarea rezultatelor modelelor climatice
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0 impartasirea experientei FOR EXTREME WEATHER EVENTS IN ROMANIA

noastre de programare

Cu ce limbaje de programare esti familiar(a)? (ex: Python, R, Fortran, MATLAB...)
Lucrezi cu fisiere NetCDF?

A1 folosit instrumente precum ncview pentru a vizualiza rapid datele?

Esti familiar(d) cu platforme precum ESGF sau Copernicus Climate Data Store (CDS)?
Folosesti CDO (Climate Data Operators) pentru procesarea datelor?

Lucrezi in JupyterLab sau medii similare de tip notebook?

Cunosti bash? 11 folosesti pentru scripturi sau rularea fluxurilor de lucru?
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