Short introduction to

radiation parametrizations
...In HARMONIE
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RADIATIVE HEATING IN THE ATMOSPHERE:
A SOURCE TERM IN THERMODYNAMIC EQUATION
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. Radiative heating as divergence of the net radiation flux,

where
Cp = Cpary A1+ (Cpyap, = Cpary )4/ Cpary |
RADIATION BALANCE AT THE SURFACE:
DOWNWELLING SWdn + ATMOSPHERIC LWdn
- REFLECTED SWup - LWup EMITTED BY SURFACE:
PART OF THE SURFACE ENERGY BALANCE




ATMOSPHERIC RADIATION
Gases

absorption and scattering of SW radiation
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ATMOSPHERIC RADIATION
Gases

absorption and emission of LW radiation

ATMOSPHERIC LW EMISSION SPECTRUM AT THE TOP OF THE ATMOSPHERE
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Calculated with LIBTRAN
(Pierluissi et al. (1985); Stamnes et al. (1988); Richiazzi et al. (1998);
Mayer & Kylling (2005).
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Next: two slides by Kristian Nielsen, DMI



e
#:'Classical vs physical cloud description

DmMi ® Classical clouds:

— Cloud cover in octas;
— Low, medium, and high clouds;

— Cloud types.
e 2-D physical cloud properties:

— Integrated cloud water [kg m~2;

— Average effective cloud drop size, r., [pm];
— Cloud top temperature [K];

— Cloud bottom temperature [K].

e 3-D physical cloud properties:

— Cloud water concentration [g m~3];
— Ice phase fraction [-];

— Effective cloud particle size, 7¢ yat /e ice, [pm];
— Detailed size distribution of cloud particles;

— Detailed shape distribution of cloud particles.
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Why use the physical cloud
description?

“The reanalysis models simulate the radiative

fluxes well if/when the cloud fraction is simu-
lated correctly”

Quote from Walsh et al., J. Climate, 2009; 22: 2316.
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DO0OAILS

DOOALS L’ECUYER ET AL.: CLOUD RADIATIVE IMPACTS FROM CLOUDSAT
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 113, DO0OA15, doi:10.1029/2008)D009951, 2008
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SURFACE-RADIATION INTERACTIONS

Surface albedo and emissivity variations:

vegetation, water, snow, ice, desert ...

Topography: elevation, slopes, valleys oo

. =
Long-wave radiation effects in the shaIIowy stable” .

w boundary Iayer — temperature mversmns stratus and fog
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REQUIREMENTS FOR RADIATION PARAMETRISATIONS

PARAMETRIZATION MESO-SCALE GCM
NWP
GAS ABSORPTION AND EMISSION Unbiased Detailed spectral
background calculations
CLOUDS AND AEROSOL Detailed in time and  Statistically
space correct in time and
space
SURFACE-RADIATION INTERACTIONS Detailed in time and (Seasonally) unbiased
space

INPUT TO RADIATION CALCULATIONS Advanced cloud and Statistically and
aerosol content and climatologically
microphysical reasonable gas, cloud,
properties, detailed aerosol, surface
surface properties, content and properties
background gas
concentrations

COMPUTATIONAL EFFICIENCY HIGH HIGH



ATMOSPHERIC RADIATION IN HARMONIE

ECMWF RADIATION SCHEME < 2007
Six spectral bands in SW
Rapid Radiative Transfer Model for LW
Cloud optical properties based on cloud cover, cloud
liquid water and ice content
Climatological ozone and aerosol

HIRLAM RADIATION SCHEME > 1990

One spectral band for SW and another for LW =

Cloud optical properties based on cloud cover, Ilqmdm""““
& ,, water and ice content

o= SImphfbed treatmeut of constant ozone and aerosol
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Chapter 2: Radiation

CCECMWF

Table 2.1 Major changes i the representation of radiation transfer in the ECMWEF forecasting system.

Cycle Implementation Description
date
SPM 32 02/05/1989 RT schemes from Univ.Lille
SPM 46 01/02/1993 Optical properties for ice and mixed phase clouds
IFS 14R3 13/02/1996 Revised LW and SW absorption coefficients from HITRAN'92
IFS 16R2 15/05/1997 Voigt profile in long-wave R'1" scheme
IFS 16R4 27/08/1997 Revised ocean albedo from ERBE
IFS 18R3 16/12/1997 Revised LW and SW absorption coefficients from HI'TRAN96
IFS 18R5 01/04/1998 Seasonal land albedo from ERBE
IFS 22R3 27/06/2000 RTMpw as long-wave RT scheine —
short-wave R1 scheie with 4 spectral intervals
IFS 23R4 12/06/2001 Hourly, instead of 3-hourly, calls to RT code
during dete-sssimilation cvole
IFS 25R1 09/04/2002 Ghort—wzwe RT scheme with 6 spectral intervals_>
IFS 26R3 07/10/2003 New acrosol clTmatotogy—adtapted—{romnT togen et al. (1997),
new radiation grid

IFS 28R3 28/09/2004 Radiation called hourly in high resolution forecasts
IFS 32R2 05/06/2007 McICA approach to RT with RRTMpw and RRTMsw

revised cloud optical properties, MODIS-derived land albedo




HOW TO OBTAIN COMPUTATIONAL
EFFICIENCY?

ECMWF STRATEGY
Retain detailed spectral calculations
Apply simple and statistical methods for cloud-radiation
interactions

Use reduced time resolution o

Use reduced radiationgrid . %
Additional simplifications for 4DVAR data aSS|m|Iat|oQI_hw

Do nothlng special for the surface-radiation interactions
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HOW TO OBTAIN COMPUTATIONAL EFFICIENCY
HIRLAM STRATEGY

Retain full resolution in space and time
Treat gases and aerosol in simplified way
Use available cloud microphysics information
Parametrise changes of incoming LW and SW radiation
due to complex topography and forest

AROME STRATEGY W

Retain quite detailed spectral calculafions = «

Apply quite simple approach for cloud-radiation ™
Fam interactions

- = Usereduced time resolution

Do nothlng special fOT the surface radlahon mteractlons _‘
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HYPOTHESIS

For a meso-scale NWP model, the best radiation
parametrizations are those which are able to use
optimally and consistently available in the model,
variable in time and space information about cloud
microphysical properties, cloud extent, surface
radiational properties and aerosol.
i —
How to provide such information
o the‘radiation scheme?
How to ensure that the scheme uses it well? 1
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FURTHER DEVELOI \DIATION

1emes
the
radiation

Apply the prese
in the HARM
consequences O

@ndling of aerosol in HIRLAM radiati
ARMONIE/AROME framework us
. d a case study over 2010 Russi

Introduce orogra of Al , based on HIRLAM
experience =" ance, validate in

Check the consistency betweenm physics ,!gg radiation
in HARMONIE. Develop and apply methods fo validate cloud
microphysics and radiation parametrizations by using satellite data

YOU ARE WELCOME TO JOIN THIS ONGOING WORK'!
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