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TEMATICHE

Modellazione atmosferica

Navier-Stokes equations

Osservazioni e Modellazione atm. (RIMU)

Cicloni tropicali ed extra-tropicali

Convezione in atmosfera

Radiative-Convective Equilibrum (RCE)

Applicazioni climatiche: rianalisi ERAS5 e strumenti di statistica correlati:
ensemble, stochastic parameterizations

A.D. 1308 =

, . The physics of climate and climate change with models, observations
U ni pg Paolina B. Cerlini and HPCE tools



Modelli numerici

Horizontal grid
Latitude - longitude

between
Vertical grid layers

Height or pressure

Physical processes in a model
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journal

Fluidodinamica teorica ed applicata allo studio
dell’atmosfera

exchange

Osservazioni

Polar-orbiting

meteorological g
—

High-altitude

Geostationary

Polar-orbiting meteorological
earth resources satellite
satellite

research aircraft

Intemational aircraft

Voluntary
observing
ship

Meteorological
observing
station

Dati assimilati dai modelli globali e ad
area limitata

. Radiosonde

Pilotless
aircraft
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integrato
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Source:

https://public.wmo.int
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Modelli e strumenti

Integrated Forecasting System ECMWF

Weather Research & Forecasting Model (WRF) U.S. NSF National
Center for Atmospheric Research

System For Atmospheric Modeling ‘\\\‘ rer— .
School of Marine and
Atmospheric Sciences

Python; C++ etc
Python Jupyter Notebooks

NCL http://www.ncar.ucar.edu:
METVIEW .....

Osservazioni

COPERNICUS CDS

B (ooerics SECMWF G gpzrome

E-OBS gridded dataset

ESA Cloud Climate Change Initiative (CClI) Dataset
Collection

The CEDA Archive
Etc.etc.



Atos Sequana XH2000 system configuration
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Application to Terrestrial Radiation: using
the Stefan-Boltzmann equation and
geometric argument

Effective emission temperature, T.:

Solar constant LN ! A _/
06 =Tk_ap) S / __\ _____ N |
/ terrestrial flux l q

Planetary albedo

Earth: Te = 255K =-18°C

Observed average surface temperature = 288K =15°C



TheTropics get far more sun energy than they can get rid off locally.
Hence the excess is exported fromTropics to higher latitudes
where it is radiated out to space.

That drives the atmospheric and oceanic circulations (weather)

Annual net radiative flux at the top-of-atmosphere (TOA;ERBE)

residual energy at TOA (W m#-2)

-120.0 720 -24.0 24.0 72.0 120.0
Data Min = -124.0 Max = BE.7



Wien displacement law
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Cambiamenti climatici: un po di storia

The quiet revolution of Numerical Weather Prediction

— Day 3NH —— Day 5 NH Day 7 NH —— Day 10 NH
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Bauer et al. 2015 "for the physical modelling of Earth's

climate, quantifying variability and reliably
predicting global warming."



Manabe and Strickler 1964 calculation
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Il sistema climatico

Global Energy Flows W m=: 2002-08
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Deterministic Chaos

X=—-0cX +coY
Y==XZ+rX-Y
7 =XY-bZ

Edward N. Lorenz (1963). "Deterministic Nonperiodic Flow",
Journal of Atmospheric Science

Mathematica 14 WOLFRAM ALPHA Notebook Edition



Deterministic Chaos
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Figure 2 of Slingo, J., & Palmer, T. (2011). Uncertainty in Ensemble weather forecasting at ECMWF
weather and climate prediction.
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Argomenti  1)The physics of the Mediterranean Tropical-like
di ricerca Cyclones

2)Weather ensemble for mapping predictability
of extreme events

3)Weather extreme forecasting with HPCF
(ATOS)



Explicit Simulation of
Radiative- Convective Equilibrium

Global cloud patterns (NASA Goddard Space Flight Center)



Explicit Simulation of

Radiative- Convective Equilibrium

Full Interactive radiation _O_
(diurnal cycle) N

28k /S

Fixed SST
301 K

768 km
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For simplicity of interpretation we will view the flow in Cartesian coordinates and
neglect the Coriolis effect. With these restrictions, the WRF model can be configured to

solve the following equations:
i
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Explicit Simulation of
Radiative- Convective Equilibrium:
CLOUDS

After 2 hours After 6 hours



Convection in RCE

In SAM after convection develops uniformly for about 20/30 : here Tsfc and cloud water plus cloud
ice and rain and snow.
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Self-aggregation in RCE

In SAM after about 60 days self-aggregation of clouds and related variables appears: same variables as
previous slide
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Explicit Simulation of
Radiative- Convective Equilibrium:
Self-Aggregation of clouds

Eventually after 20-30 days ...

This phenomenon is found to occur across a wide variety of models (different
equations formulation and parametrizations) and its strength increases with SST.



The importance of clouds in a changing climate

FAQ 7.2: What is the role of clouds in a warming climate?
Clouds affect and are affected by climate change. Overall, scientists expect clouds to amplify future warming.

Altitude (Warming) Amount (Warming) Composition (Cooling)
Higher clouds Fewer (low level) clouds More water droplets
More incoming energy

Less incoming energy
reflected back to space reflected back to space

More outgoing energy
trapped by clouds

S

Incoming
solar
energy

Incoming
solar
energy /

Surface

FAQ 7.2 Figure 1 in IPCC, 2021: Chapter 7. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change. The Earth’s Energy Budget, Climate Feedbacks, and Climate

Sensitivity. In Climate Change 2021

Outgoing
energy




Argomenti  4) Cloud feedback in a warming climate
di ricerca

5) The spontaneous Aggregation of Convective Storms
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The uncertainty in tropical anvil high-cloud
feedback and the IRIS effect

( Major advances since ARS

T Rising of Tropopauise » Comprehensive assessment of feedbacks in

different cloud regimes (cf. Table 7.9)

o Increased confidence of the positive low-cloud
amount feedback

o Improved understanding of the cloud phase

change feedback
4 L )

Rising high clouds (+)

Fewer anvil clouds (-)

" \
- Enhanced stability

Rising of tropopause

Enhanced stability

Fewer low clouds (+)

" .

Degtabilizaion —— Sl
|
= 60° Pole

Surface warming

Figure 7.9 in IPCC, 2021: Chapter 7. In: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Forster, P., T. Storelvmo, K. Armour, W. Collins, J.-L. Dufresne, D.

Frame, D.J. Lunt, T. Mauritsen, M.D. Palmer, M. Watanabe, M. Wild, and H. Zhang, 2021: The Earth’s Energy Budget, Climate Feedbacks,
and Climate Sensitivitv.



The uncertainty in tropical anvil high-cloud
feedback and the IRIS effect

Major advances since AR5

Comprehensive assessment
different cloud regimes (cf. Te
Increased confidence of the
amount feedback
Improved understanding of t
change feedback

T Rising of Tropdgliuse

Rising high clouds (+)

Feler anvil clouds (-)

Enhanced ihbility

Rising of tropopause

Enhanced stabily

l Fewer low clou(&)_;/ -8
S
TSy w4, ’),_.—>

T e
Destabilization 7y
T

30°

Surface warming

Processes that may change the
balance in favour of dry and clear
regions in warmer climates have been
proposed to constitute a possible
negative feedback not represented
by climate models. This potential
feedback has been termed the iris
effect, in analogy to the enlargement
of the eye’s iris as its pupil contracts
under the influence of more light.

Strong OLR Weak OLR

[ris expension

Dryatielclear

Radiative cooling

Risng tegib payse

Maist and
cloudy

Latent heating

Mauritsen, T., Stevens, B. Nature Geosci 8, 346—
351 (2015).



Argomenti 6) IRIS Effect in global models
di ricerca
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Sensitivity of Self-Aggregation: turbulence

WRF WRFO SAM SAMO

——

Different models

with different  after5days
turbulence
parametrizations

can lead to after 25 days
different final
equilibrium states.

Y [km]

Y [km)]

Y [km]

after 50 days

after 100 days &
different clouds i _
feedback on e ]
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Sensitivity of self-aggregation:
the turbulence closure problem

Reynolds decomposition /\ o 5 X

i =U+w, p=P+p, p=p+p, and T=T+T

N-S Equations (Simplified Boussinesq set)

o1, .

o 0, Mass conservation
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ou; . Ju; dii; d ;. . o 1 6;?'7 ~ 627:11' Momentum
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oT  _oT 9T 9 .z _ 0T

—t+iU—=—+—(uT) =k—, Energy conservation
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Sensitivity of self-aggregation:
the turbulence closure problem

/\ o~ X X

VYA
Turbulent fluxes:
Arising from non-linear

Reynolds averaged N-S Equations

ou; .
T 0, Mass conservation advective terms
GU,- GU{ — 1 6Ti'
—H,I, :—g[l—a(T—Tg)}ﬁ,g-F——] /
ot dx; Py 0X; Momentum
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Sensitivity of self-aggregation

the turbulence
closure problem

INCLUDING OR NOT THESE TERMS ..

MAKES THE DIFFERENCE ~
FOR OUR CLIMATE ... o

Y [km]

Y [km]

X R r 3 » .
OLR [W m™?
120 160 200 240 280




La ricerca di UNIPG

Il clima:
interazioni complesse di
fenomeni a tutte le scale

H = water depth (m)

A = lake water area (m?)




GO and RGU Temperature Stations: altituds

Lon [DD)
1150 175 12.00 12.25 12.50 12.75 13.00 13.25 13.50
2500 - B ERAS Grid P
— Umbra “
2000 + === Total
e Stations RGU
Stations GO
1500 4 o Stations G
" 1000 L
® -,
. . - o -
. T Tesass
500 __ 1) ~
PPN n— .
13 -
0 L le 2 S0 100 100 W 1600 1800 2000 2200 24w

© GO temperature
« RGU temperature

et Height (m) [l 700
[ <=100 [ 800
[ 200 MM 900

20 mm ozc0 W 1000
[ 400 [ 1250
I s00 N >-1500

25l s00

Lat [DD]

13.0

0 20 B 40 60 80 km 0 500 10 »l I‘?. 2000 2500
| I 1

A.D. 1308 ==

, . The physics of climate and climate change with models, observations
uni pg Paolina B. Cerlini and HPCE tools



North-Central Apennines

Height a.s.l. (m)

South-Central Apennines

(b)

—_

Height a.s.l. (m)

g

1 T
0 50 100 150 200 250 300
Distance from C¢ (km)

FIGURE 2 Cross section of orography in the study domain for
the north-central Apennines (top) and south-central Apennines
{(bottom). Black and red lines are the meridional average of height
for the digital elevation model (DEM) and ERAS5 reanalysis,
respectively. Grey shading represents the area between 90th and
10th percentile of DEM height across all considered latitudes.
Straight vertical lines indicates reference central line and width of
the region occupied by central Apennines [Colour figure can be
viewed at wileyonlinelibrary.com]



Argomenti  7) Detecting climate change using reanalysis (ERAS)
di ricerca and observations from COPERNICUS CDS (RIMU)

8) The effect of climate change over the orography of
Apennines

9) Al for the analysis of climate data.

The physics of climate and climate change with models, observations
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FESTIVAL
INTERNAZIONALE
DEL GIORNALISMO

PERUCIA | 17-21 APRILE 2024
XVIIi EDIZIONE | INGRESSO LIBERO

mm

| initaliano
Rete Integrata Metereologica Umbra e Strumenti per I'analisi climatica -
RIMU CLIMA: il Progetto della Regione Umbria

12:00 - 13:00 mercoledi 17/04/2024 - Sala Raffaello, Hotel Brufani

L'evento sara anche in live streaming e on demand

% Aggiungi al Calendario
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. 1) The physics of the Mediterranean Tropical-like Cyclones
Argomenti ' ™"ePY P Y

di ricerca

2) Weather ensemble for mapping predictability of extreme events

3) Weather extreme forecasting with HPCF (ATOS)

4) Cloud feedback in a warming climate

5) The spontaneous Aggregation of Convective Storms
6) IRIS Effect in global models
7) Detecting climate change using reanalysis (ERA5) and observations from COPERNICUS

CDS

8) The effect of climate change over the orography of Apennines

9) Al for the analysis of climate data.
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