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Physical processes in weather/climate modeling
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Sub-Grid Processes: Clouds

3 Need to represent:

* Cloud formation and
dissipation

* Different types of clouds

* Overlap of clouds

* Convection in clouds

* Precipitation

* Cloud - Radiation
interaction

* Cloud Microphysics -
interaction with aerosols

Courtesy: Andrew Gettelman

Aerosol Effects

Previous Generation Model Present Generation (CESM)
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New cloud microphysics and aerosol treatment permit
the study of Aerosol Indirect Effects
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Améz:,

* Severe health effect the Amazonian
population (about 20 million people)

s Climatic effects, with strong effects on
cloud physics and radiation balance.

es in carbon uptake and

oy

From Paulo Agtaxo

Reduction on the Convective precipitation (mm)

AP = (P - F:'aer)

GOES-8 IR —20020919 20:45Z

Role of radiative forcing
of aerosols (modelling
results)

Freitas et al. 2005
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Scheme of aerosol effects on precipitation

Accumulated rain
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continental clouds
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Dry unstable situation
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Aerosol concentration
Khain & Rosenfeld, 2003
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Climate is a complex system: interaction among several components

Cryosphere
interactions

Climate
impacts

Radiative —
forcing '\

Greenhouse g

Bull. American Met. Soc. - 2008
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THE GREAT TROPICAL REACTOR
as operated by the biosphere
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THE GREAT TROPICAL REACTOR
as perturbed by deforestation and pollution
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Incertezas na previsdao de tempo e clima
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Model uncertainty arises from :
\ climatology

stochastic, unresolved S
processes e ‘l i

Slingo & Palmer (Phil. Trans. R. Soc. A (2011)
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Dealing with uncertainties -2

2. Forecast model f(X,t) -> DX/Dt=f(Xt)
f(X;t) is not perfectly known:

*Formulation of physical processes (radiation, turbulence, phase change
of water — vapour, liquid, ice);

*Spatial resolution of the models (100km, 10km, 1km ....): how do we
deal with upscaling?

*Numerical Methods: discretization

*F(X,t) is a multivariate function: physical interactions among
components not completely understood — uncertainties in parameters.

14



10/06/2019

AHARD PROBLEM
Schematic Prediction (absent climate drift):

Initial value, Climate change & Total Predictability

P, L

R=£Pe(s)log2 P(s) Sn
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of the problem)
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15

How can we predict weather beyond 10 days?
- effect of slow forcing in Lorenz’s model

‘Predictability in the midst of chaos’
If we can't predict the weather beyond the next week
or so, why is it possible to make seasonal forecasts?

What is the impact of
boundary forcing, f, on
Lorenz Attractor?

Birth of Seasonal Forecasting

‘Predictability of Monsoons’
J. G. Charney and J. Shukla, 1981

16
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Climate Models: natural processes do not explain
warming after 1965..
Global Temperature Anomalies
from 1890-1919 average
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XX Century Climate with GHG/aerosols removed (Blue),
observations (Black) and all included (Red)

Temperature anomaly (*€) ) \

Temperature anomaly o

Europe
—

@
2

Te«r!ggifa'z.me anomaly 1C)

Tomperature anomaly (°C)

g
E 10 g
H =
v 05 g &
g 0.0 E
:
2 ; £
1800 1 1950 2000 E
9 Year &
‘A\é\; _ ) .
. Global . Global Land _ Global Ocean
9 T T &) T 9 T
z 2 s
S 10f 4 o 4 o g
-3 o -3
5 s s
s 05 1 so05F 1 805 7
2 2 2 -
2 aal l®E L JlE L a
§ 00 § 00 § 00
3 E £
& 1 L 2 L | 2 I |
1900 1950 2000 1900 1950 2000 1900 1950 2000
Year Year Year
19
a
Speleothems 2 4 6 810121416182022242628
1s 1
298 seco
3= l
-4 £
Precip. Climatelogy (mm/d) 1979-2006 -5 5 amido
5—day Avarage centerad on O1JUL 870
: L 7B
o ~ &
b =
1]
105
- '
308 = Lo
= & 2E
3 5=, R E
: e £
408 ] dsg -5 o =
05 5 ,f: =k
4 -6 -5
2 =
505 o
- 2 E
~ -6 o é
P
= £5
oW B0 oW BOW  SOW 40w 0w g T
Created by NOAA/Climate Prediction Center © May 2008
Cruz et al. 2009 24 6 al 10 12141613:?32‘2242623
dade (mil anos
20

10



10/06/2019

What Is an Extreme?

Probability of occurrence
—

Probability of occurrence
—

Light Average

§

Increase in Probability of Extremes in a Warmer Climate

Probability of occurrence
R —
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Probability of occurrence
—_—
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Other mechanisms for climatic variability:

* Nonlinearities: Interaction among
different time scales ....

25

Nonlinearity => energy transfer among scales

Dynamics of resonant interaction through advection terms

*Examples:
*Importance of diurnal variation leading to energy in intraseasonal time scales
(Raupp and Silva Dias, 2009,2010)

scale ( 0(20-60d) ) with interannual (El Nino/La Nina) - O (2-3 yr) =>
decadal/multidecadal time scales (Ramirez et al. 2009,2011, 2017)

eInteraction between slow ( O(5-7days) ) and fast modes ( O(1 day or less) ) =>
intraseasonal scales (20-60 days) Raupp and Silva Dias. (2004,2005,2006, 2008)

*Coupled ocean/atmosphere simplified models: interaction between intraseasonal

26
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Journal of Atmospheric Sciences - DOI: 10.1175/JAS-D-15-0325.1

Multiscale Atmosphere—Ocean Interactions and the Low-Frequency
Variability in the Equatorial Region

ENVER RAMIREZ

Centro de Previsdo de Tempo e Estudos Climadticos, Instituto Nacional de Pesquisas Espaciais, Sdo Paulo, Brazil

PEDRO L. DA SILVA DIAS AND CARLOS F. M. RAUPP

Instituto de Astronomia, Geofisica e Ciencias Atmosféricas, Universidade de Sao Paulo, Sdo Paulo, Brazil
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Simplified coupled model resonant interaction:
atmospheric Kelvin (moist)(green), Rossby
atmosphere (dry — green) and ocean Kelvin (blue)
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Normal Mode Decomposition of the Quasi Biennial
Oscillation: hints on the 2016 disruption

Raphaldini, B., Teruya, A, S. W., Silva Dias, P. L., Mayta, V. R. C.

!Instituto de Astronomia, Geofisica e Ciencias Atmosfericas, Universidade de Sao Paulo

Multiscaling problem: QBO —2yr and MJO — 20-60 days

* Some background on multiscaling processes involving MJO

* Nonlinear resonance: interaction among normal modes of the linearized
operator of the governing equations assuming basic state at rest

* Vertical modes and Horizontal Modes

* Rossbhy, gravity-inertia, mixed Rossby-gravity, Kelvin waves for each
vertical mode. => complete set => expansion of observed
atmospheric fields

* Possible non-linear resonance involving triads of normal modes,
interaction between triads with one member in common etc....

* Going from the diurnal to intraseasonal with atmospheric models
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Changes in extreme daily rainfall for Sao
Paulo, Brazil

Maria A. F. Silva Dias, Juliana Dias, Leila
M. V. Carvalho, Edmilson D. Freitas &
Pedro L. Silva Dias

Climatic Change
An Interdisciplinary, International
e e ks f o Climatic Change

Change

30
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Number of days per decade of rainfall over
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tendencies in rainfall extremes

season

¢ Growth of urban area
* Air pollution

variability in rainfall extremes

Conclusions on the causes of observed

* Global climate — account for ~ 50% of observed variability in the wet

* Local features — remaining observed variability in the wet season

* During the dry season global climate accounts for > 80% of observed

33

Annual Mean Precip Response (%)

COCM3.1.T47 COCM3.1.T63
g

Percent change

- in precipitation
. from the years

1980-1999 to
2080-2099 under

~ the A1B

scenario. Brown
indicates a

* reduction in

» precipitation and
= green an

i@= - increase. The per
= cent change in

the precipitation
averaged over all
models is shown
in the lower right
hand corner.
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Example of extreme climate trajectories in IPCC
models: the Hadley Center model and Amazon Forest

2100

Retrocesso da floresta amazdnica por mudanca

climdtica
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However, considerable discrepancies among IPCC
models due to dynamical vegetation models..
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3
https://www.ipcc.ch/site/assets/uploads/2018/03/TAR-06.pdf
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* Solar Geoengineering

Conclusion
» Relevance of climate model uncertainties for Geoengineering Modeling and Climate:

* Radiative Forcing associated to Aerosols
* Aerosols and warm & cold clouds — complex cloud microphysics interactions

* Stratospheric effects!

» Stratosphere/Troposphere interactions : need higher vertical resolution

and more accurate ozone chemistry

* Carbon storage: uncertainties in modeling biogeochemical cycles
* Dynamical vegetation — complexity
* Ocean biogeochemistry!

* Role of internal nonlinear dynamics in controlling slow climate variability

38
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