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What is a RCM?

@ Limited Area Model (or mesoscale model)
designed for climate simulations

@ Differences respect models for
meteorology?

@ Regional Weather and Climate model tends to be the same.
Most of RCM have born from a METEO model.

@ However, initial conditions are fundamental in Meteorology but
not in RCM

@ Also, soil treatment, radiation, and some
others factor play an important role.

@ Dynamical Downscaling
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Dynamical Downscaling |
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RCM Structure |

Asimilacion de datos,

Modelo de Prediccion &

En la columna veriical:

PAN direccion del vienio
Intercambio Vertical /‘ velocidad
enfre celdas 'Y f A humedad
o a4 i nubes
~{ ?" ﬁ 4 temperatura
_q — geopotencial

) En la horizental:
LA, todas las variables

en la superficie

@ Core s g,
e Dynamics: Resolution of e LT ;
Navier-Stokes equations for the a=cun it QR Aty
atmosphere

o Physics: More later ...
@ Others:
Preprocessing, post-processing
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RCM Structure |l

Arguably. the most important components of any numerical
weather prediction model are the subgrid scale
parameterizations. D. Stensrud
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Why parametrizations are needed?

A parametrization is an approximation to an unknow term
by one or more known term of factors

In general, need to parametrize processes at subgrid
scale. Physical processes are known but too complicated
or computationally unwieldy and simple parametrizations
can be good enough.

In some particular cases: some processes are not known
enough to provide exact physical laws. However, net
effects can be observed and parametrized.

Then we can say:

Parameterizations approximate the bulk effects of physical
processes that are too small, too complex, or too poorly
understood to be explicitly represented
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Somethig about parameterization

Parametrization = Approach. Need some factors, to be
calculated empirically!!
Anybody can construct a parametrization scheme, however

some rules:

0 be physically reasonable

e dimensionally correct

e same scalar or vector properties

e have the same symmetries

e be invariant uder coordinate transform

e be invariant under inertial or newtonian transformations
e sastify the same constrains and budget equations

@ Even satisfiying these rules, it can be succesfull only in
some conditions.

@ Parametrizations only approach nature
@ They never will be perfect!!! But can be satisfactory!!
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Processes to be parametrized |

@ Surface-atmosphere interactions

@ Land-atmosphere
@ Soil-atmosphere

@ Water-atmosphere

@ Planetary boundary layer and
turbulence

@ Convective parameterizations
(CUMULUS)

1} Incoming Solar Radiation 12) Topography
. . . 2) Scattering by Aerosols and Molecules 13) Evaporation

3) Absorption by the Atmosphere 14} Vegetation

° M I C ro p hys I CS ( m O I St u re ) 4) Reflection/Absorption by Clouds 15) Soil Properties
§) Emission of Longwave Radiation from 16) Rain (Cooling)

Earth's Surface 17) Surface Roughness
H . 8) Condensation 18) Sensible Heat Flux

‘ R ad I atl O n T) Turbulence 19) Deep Convection (Warming)

8) Reflection/Absorption at Earth's Surface 20) Emission of Longwave

8) Snow Radiation from Clouds

h 10) Soil Water/Snow Melt
o t e rS 11) Snowllce/\Water Cover The COMET Program
@ Cloud cover and cloudy-sky

@ Orographyc drag
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Interaction of parametrizations

Direct Interactions of Parameterizations

- - cloud detrainment
Microphysics 4‘_ Cumulus

cloud effects

cloud fraction

el surface fluxes
Radiation St I PBL

downward

SW, LW surface T,Q,,wind

surface

emission/albed®® Surtace
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Surface parametrizations: land-soil-water-atmosphere

[llustration of Surface Processes
LW/SW o
SH LH

water ‘ ‘

constant emperature

SOV

} Ground flux
soil

lavers soil diffusion

stibstrate (constanttem perature)

Provide Lower Boundary Conditions to the atmosphere
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Land-surface Models |

Different levels of complexity as a function of modelled
processes

@ Properties are just a function of Land use
@ Use several solil layers or just two

@ Include properties of soil (thermal and hidrology) and can
be modified by precipitation

Include fixed vegetation
Permision of subgrid variety
Include dynamic vegetation

Include interaction of soil with atmosphere composition
(biogeochemistry)

Include full hidrology processes
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One example of Land

Unified Noah/OSU Land Surface Model

‘\ Caniopy Waber

Transpwation  Evaporation Turbulent Heat Flux toffrom
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Direcl Sail Slmaton
Evaporation todfrom
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Data base needed: also approachs!!!

@ Land use clasification and
physical properties
associated.

@ \egetation fraction, Leaf
area Index, vegetation
clases

@ Orography

@ and more ....
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Water atmosphere parametrizations

Different levels of complexity
@ One way interaction: SST as low boundary conditions
@ Simple two-way interaction with wave models

@ Complex two-way interaction with Regional Ocean Models
(and wave models)
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Convective parameterization |

@ What is convective parameterization?
A technique used in NWP to predict the collective effects of
(many) convective clouds that may exist within a single grid
element as a function of larger-scale processes and/or
conditions.

@ Why do we need to worry about it?

e Direct Concern: To Predict convective precipitation
e Feedback to larger Scales:

@ Deep convection overturns the atmosphere, strongly
affecting mesoscale dynamics

@ Changes vertical stability

© generates and redistributes heat

@ removes and redistributes moisture

© makes clouds, strongly affecting surface heating and
atmospheric radiation
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Types of convection to parametrize
b Processes CP Schemes Need to Account For

Convective [niriatfbr{ Denp Conu'ectlon I Shafrﬂw éonvec_iion ai-n.)p of
g Mixed Layer -

@ Deep convection
@ Shallow convection

@ CP can simulate both %
approximations, but G mp L\
ussually not. o |

@ Most of schemes evaluate the Convective Available Potential Energy (CAPE).
Also the convective inhibition

@ some schemes gives a determinate end resutls, others stocastic approach to
determine how convection influences the environment

@ The closure assumptions:
@ place constraints on large sale states,moist convection processes or both

@ other—; deep layer control schemes and low level control schemes
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Convective schemes |

@ Deep-layer control convective schemes

e Quasi-equilibrium or CAPE adjustement schemes
e Arakawa-Schuber, Bets-Miller,Kuo

@ Low-level control advective schemes

@ Activation control schemes — deep convection is
determined by Physical processes that control convective
initiation

e Some examples: Tiedke, Gregory-Rowntree, Kain-Fritsch,
Emanuel (Mass flux schemes)
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Convective schemes I

Clasificacion based upon how the environmental changes:

@ Static schemes — determines the final environment after
convection is done and adjust the model fields towards this
final state—only adjustement time period. The final state
often is one that is neutral to convective overturning.

@ Dynamic schemes — physical processes are important
ans should influence how the scheme functions. Some of
the use entrainment plumes and calculate the transfer of
mass in updrafs nd downdrafts
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Convective schemes llI

A convective parameterization must decide 3 things:

@ Activation — Trigger Function (some times closure
asumptions)

@ Intensity —Closure Assumptions
@ Vertical distribution —Cloud model or specified profile
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Microphysics

Introduction Surface

Parametrizations

Cumulus and microphysics
PBL, radiation and others
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Deynarnical forcing andlor orographic lifting acting on
a saturated grid box. may initiate the process

The COMET Program
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Microphyscis moisture approaches

@ Bulk approach :

e Use specified functional form for the particle size
distribution
e Predicts:

@ Particle mixing ratio (single-moment)
@ and concentration (second-moment)

Aplicable to a wider range of environments Less tuning
@ and third-moments approach

@ Bin approach

e Divide particle distribution into a number of mass (size)
categories
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@ Some aproximations

e Cloud water and cloud ice:
monodisperse and do not
move, just advected (horizontal
and vertical) while precipitating
particles moves

e Different functions for
approximate the distribution of
particles

@ Differences in

e Interplay between different
interactions
@ and number of interactions
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PBL and turbulence processes

[llustration of PBL Processes

stable layer/free atmosphere % vertical diffusion

entrainment

nonlocal mixing

=
(]
<o)
=
=
e

¢ surface layer ) ‘sensible heat flux ‘[aﬁem heat flux ™

friction
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Clasification of PBL schemes

In general, closure is what links the assumptions in a Local Versus Non-local Closure Assumptions

/
model parameterization to the forecast variables A /
themselves. For the PBL, the forecast surface and /ﬂ =

@ -
near-surface winds, temperatures, and moisture are used % r/‘ st PBEL
: ?
to estimate the amount of buoyant and mechanical energy E '/""L :}
that will be available to create the model PBL. The [x :}
resulting PBL transports are then used to further adjust Norlocal ~ 2 Local
. ~r
the forecast variables. I\“"

@ Local closure bl O e
ot Tayars i the PBL ik
thus simulating the mixli_rlg

@ Non local closure bbb, e

Some models used mix of local (night) and non-local (day)
schemes
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Non local closures

@ Mixed layer schemes

@ Penetrative convection schemes

e Blackadar (In stable situations reverts to local closure)
e Pleim and Chung

@ Non local difussion scheme

e Hong and Pang (MRF) — Large eddy simulations
e Transilient Turbulence (Stull) — Discretization of several
eddy sizes
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Local closures

Closure accuracy partly depends upon the level of internal
interactions included in the calculations (order of closure). For
example, first order closure only estimates the effect of the turbulent
eddies on PBL growth, while second order closure estimates both
these effects and the effect of turbulent eddies on each other.

@ First order — K-theory.
Covariance terms are parametrized. Good at night

@ 1.5 order (Yamada, Mellor, Janjic)

e Empirical length scale
e Downgradient diffussion and Counter gradient flux
e Gives TKE (important for pollution and turbulence)

@ 2 order (Mellor and Yamada)
@ Even larger!! 2.5 order

Juan Pedro Montavez montavez@um.es Parametrizations in RCMs



Introduction Surface
Parametrizations Cumulus and microphysics
Uncertainties and Physics PBL, radiation and others

Radiation interactions

Radiation and Earth's Surface

Met incoming {iﬂ;:;g;rmﬂ
solar radiation AT < d'i-ati s
radiation
e, absorbed by

atmosphere

and reemitted

to surface

L

Top of i

atmosphere

Longwawve
. Longwave radiation
; Sensible R radiation . SESEe mitted
Evaporation.  * : heating emittad by ST

surfaca
MNetrad i;!_E_'m
. by surfacey
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Longwave radiation

@ Empirical methods

@ Two-stream methods for clear skies
e Paths

@ Simplication integrating all angles
@ Adjust of non-homogenious paths
@ Or previously paths that are interpolated (RRTM)

e Frequency

@ Narrow bands models
@ Wide-band models (emissivity models)
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Shortwave radiation

@ Empirical methods
Only predicts SWR on Earths surface, fitted from
observations or more complex radiation models
@ Two-stream methods in clear skies
Treatment of direct and diffuse components

e Eddintong aproximation
e Delta-Eddington approach
e Two.stream approach
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Some considerations

@ Importance of data sets of aerosols, ozone, C0», etc
@ One can find strong simplifications: constant values,
modication of solar constant, etc ...

@ Desirable to have chemistry models coupled to RCM to
obtain two way interactions between physics and

chemistry.
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Cloud parametrizations

@ When explicit microphysics (complex) is employed no
subgrid clouds
e Each grid cell has cloud o no cloud, no subgrid clouds!!
@ Less that 10km

@ Diagnostic cover parametrization

e Cloud cover is diagnosed after each time step

@ RH,convective activity,w, wind shear, and surface fluxes
e Mainly 3 types of clouds (low, middle and high)

@ Subgrid clouds

@ Prognostic cover parameterization

e Add an additional predictive equation for cloud water
e Cloud cover is a predicted model variable along with a
second variable for cloud water
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Table 1. List of the Main MMS5 V3.6 Physical Schemes and ] | . | | L |
Parameterizations Numbered as Internally Identified by the MM5
in the Configuration File® 100 A B
MMS experiments
Explicit Moisture Cumulus PRI Radiation # NNR
Dry none none none T
Stable precipitation Anthes-Ku bulk PBIL simple cooling 80 I
Warm rain Grell Blackadar cloud
Simple ice Arakawa-Schubert Burk-Thompson CCM2 E
Mixed-phase Fritsch-Chappell Eta RRTM E 60 - o -
Goddard Kain-Fritsch MRF =
Betts-Miller Gayno-Seaman _= " wf|o
Kain-Fritsch 2 Pleim-Chang ..g =
W % e o . L
*Those used in the sensitivity study are in bold face g 40
A
o
U I° o me
®, MAM @ 2 100 n I
s f"‘t = N, n. -] .
:._ Jv:rﬁr’ /
X ¥
D g of c 7 B L
o s e 12 3 11 12
] W 8 .- e o N
w E‘ ﬁ}. ™
NS g 1swaen EL 2 6% 4822 5
Y 17% 4354 ol 12% 4654
15% 5622 o 9% 4652
3 [ MO 4: 6% 5 34% | MO - 75% 5 25% |
. CU 3: 43% 8 §7% CU 3 31% 6 60% |
\ﬁ'; A BLE:46% 5:54% BL 2: 52% 5: 48% — &
m _/EJ RA 2: Sﬁ“u&-‘ﬂf‘ ‘\_/ A2 2% 4: 38%
A MM5 ensemble 16 members
— -28
None of combination of PP
1 50 Is better
¢ s ¢ i - Spread Is similar to
gt i ez observations
(o 7154 5: 20 | [ o a: w52 305 |
CU 3: §1% 6: 39% CU 3 51% 6:49%
BL 2: 40% 5 60% BL 2:40% §: 60% --100
RA T 53% &:47% UL Z: 55% 4&: 45% |
3 (%)
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Figure 4.
contours represent negative relative errors
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As in Figure 2 but using the relative error of the best experiment for each season. Dashed
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Physics ensemble present: temperature

In present climate
In climate projections

_ Temperature
* Ensemble mean & bias: ERA

.6
o’
270 273 276 279 282 285 288 291 294 297 300 0 1 2 3 4 5 6 7 8
(contornos: ensemble spread (max-min)) (circulo<0 ; rombo >0)

* Ensemble mean & bias: ECHAMS5

270 273 276 279 282 285 288 291 294 297 300 0 1 2 3 4 5 6 7 8
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Physics ensemble present: precipitation

In present climate
In climate projections

ERA:PRECIPTATION

0 20 40 60 80 100 120 140 160 180 200 0 10 20 30 40 50 60 70 80 90

I E— | B I E—— |
3 40 50 60 70 8 90 100 30 40 50 60 70 8 90 100 30 40 50 60 70 80 90 100
PBL (%) CUM (%) MIC (%)
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Physics ensemble future projection: precipitation

In present climate
In climate projections

Temperature projection

(con colores: ensemble mean;
con contornos: ensemble spread)

(con colores: ensemble mean;
40 -30 -20 -10 O 10 20 30 40 con contornos: ens_ernble spvread;
puntos: discrepancia en el signo)
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Good Bye

If you want to know much more about physics in RCM

on Schemes

E Mumercal

e David Stensrud (2007) eatrredcton e
Parameterization schemes

@ Also COMET has some
nice documentation.

Nice to meet you!!!
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