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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,

liquid water/ice content, temperature 
Climatological ozone and aerosol

HIRLAM RADIATION SCHEME > 1990
One spectral band for SW and another for LW

Cloud optical properties based on cloud cover, 
liquid water/ice content, temperature  

Simplified treatment of constant ozone and aerosol

ALARO RADIATION SCHEME  (see in Jan's presentations)



  



  

 How to obtain cloud* optical properties  
Predicted cloud 3D properties in the model

ql, qi, cov, temperature

Diagnosed/parametrized 3D 
cloud droplet and crystal size and geometry
droplet effective and crystal equivalent radia

assumed crystal shape (spherical, hexagonal ...)

Cloud 3D optical properties
SW optical depth, single-scattering albedo, 

asymmetry factor 
LW effective emissivity

*aerosols may be treated in similar way



  

HLRADIA SW  
one spectral band
clear sky (Savijärvi, 1990)

cloudy sky

3D cloud liquid and ice content and 
cloud fraction →

cloud liquid drop effective and ice 
crystal equivalent radia →

cloud absorption and transmission 
functions as fits to detailed spectral 

radiation transfer models and 
observations

No separate calculation of cloud 
radiative properties

Direct calculation of dT/dt_rad
 from top to bottom



  

HLRADIA LW  
one spectral band

In each layer in atmosphere:
● Cooling to space

● Interaction with (maximum) cloud 
● Interaction with the surface

but 
no LW exchange between other layers

n**2 → n calculations 
at each gridpoint at each time step

3D cloud liquid and ice content, cloud fraction, temperature →
cloud liquid drop effective and ice crystal equivalent radia →

effective emissivity



  

HARMONIE RADIATION COMPARISON 
(First suggested around 2007)

The aim of the model intercomparison experiment is to compare 
and validate HIRLAM-ALARO-AROME radiation parametrizations 
over complex terrain. The experiment should give information to 

understand the relative importance in mesoscale models of 

1) advanced clear-sky radiation transfer parametrizations
   (provided by the ECMWF radiation scheme within AROME)

2) accurate handling of cloud-radiation interactions, 
needed time-resolution of radiation calculations

3) improved treatment of radiation surface-interactions, 
including  sloping surface parametrizations.



  http://www.cnrm.meteo.fr/aladin/IMG/pdf/gleesonetal_radiationposter.pdf



i

http://www.geosci-model-dev-discuss.net/6/6775/2013/gmdd-6-6775-2013.html

Short-wave radiation comparison



i

i

Example of the short-wave radiation comparison

IFS/Fouquart      IFS/Nielsen       hlradia

Net SW radiation difference from reference as a 
function of cloud water load and height



Comparing downward SW and LW radiation 
fluxes of IFS, hlradia, acraneb 

http://www.cnrm.meteo.fr/aladin/IMG/pdf/gleesonetal_radiationposter.pdf

i

i



Downward SW and LW fluxes in 
artificial liquid and ice clouds

i

LW liq

SW iceSW liq

LW ice

Note that 
acraneb 

does not use 
re/req 

explicitly!



  

HARMONIE-AROME 
hlradia

HARMONIE-AROME 
-ecradia

Upper: HARMONIE-AROME FINLAND 37h1.1 with hlradia         
Lower: HARMONIE-AROME FINLAND 37h1.2 with EC radiation

Laura Rontu, 2012 
http://www.netfam.fmi.fi/Stable12

Note different y-axis scales!

http://www.netfam.fmi.fi/Stable12


  

SURFACE-RADIATION INTERACTIONS

Surface albedo and emissivity variations:
vegetation, water, snow, ice, desert …

Topography: elevation, slopes, valleys …

Long-wave radiation effects 
in the shallow stable boundary layer 

– temperature inversions, stratus and fog

Good physiography and surface analysis required



  

ATMOSPHERIC 
RADIATION

SURFEX
How input radiation is used here?

Is everything O.K. with the 
 interface variables?

Is the radiation-related output
 from SURFEX correct? 

SURFACE-
RADIATION 

INTER-
ACTIONS

SW
dn
*

LW
dnNet 

SW
LW

α
ε

* Swdir 
  Swdif 

*



  

Orographic effects on radiation

Modification of downwelling LW and SW due to 
slopes and sky view 

Consistent derivation of needed (subgrid-scale) 
orography variables

d rS ↓

d f
S ↓

d f
S ↓

d fS ↑

↑F
↑F

↑F↓F
↓F

↓F

Anastasia Senkova and 
Laura Rontu, 2007

Operational in HIRLAM v. 7.4



Orographic radiation parametrizations

To take into account slopes and limited sky view 
for the downwelling radiation fluxes

To derive effective albedo for atmospheric 
radiation parametrizations

Parametrizations to be done in SURFEX, where the 
orography properties are known

Derivation of orographic parameters to be done 
by SURFEX/PGD

https://hirlam.org/trac/wiki/ororad



RENEWAL OF OROGRAPHY PARAMETERS

Take the most detailed global digital elevation data 
(SRTM – ASTER – Pan-Arctic DEM …), 

improve & convert into needed by NWP input 

Do (spectral) filtering in order to separate scales 
for derivation of variables for: 

●  Model dynamics
●  Orographic buoyancy wave parametrisations (MSO)
●  Smallest scale orographic effects on momentum fluxes (SSO)
●  Orographic radiation parametrisations
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Aerosol plans in HARMONIE

Study the influence of atmospheric aerosol 
on meso-scale weather forecast 
in the framework of HARMONIE

● Potential importance of aerosol effects on NWP
● Starting point for learning and understanding

 in the HARMONIE framework
● To be suggested to HIRLAM-ALADIN work plan 2012

MUSCATEN Summer school 2011
OSENU, Odessa, 3-9 July 2011



  

Aerosol direct effects 
– notes from Odessa 2011

started 



  

Aerosol direct effects 
– notes from Odessa 2011

started 

to be done 



  

Aerosol effects on atmospheric radiation

scattering and absorption
of SW radiation

absorption/emission and scattering
of LW radiation

+ indirect effect via cloud microphysics



  http://www.cnrm.meteo.fr/aladin/IMG/pdf/asm_2014_toll_mannik.pdf



  

Where to take the aerosols from?

Use climatological aerosol?
- present-day  HARMONIE

Grow own aerosol in an 
integrated NWP-ACT model?

- too heavy for NWP application

Take ”analysed” aerosol 
from coupled ACT models?

- MACC, SILAM
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HARMONIE development policies
● HARMONIE development aims at operational application, but there 

is no common operational system within HIRLAM. There is no singe 
lead centre sharing its own computing resources within HIRLAM 
(but ECMWF resources are widely used)

● HARMONIE versions are based on Toulouse cycles of IFS-Arpege 
(e.g. cy38t1). Meteo France represents also HIRLAM in phasing with 
ECMWF. HIRLAM participates in phasing in Toulouse, suggesting 
updates developed and applied within the HARMONIE cycles

● Local operational systems are built on default versions of 
HARMONIE (e.g. harmonie-38h1.1), which include code, scripts, 
tools. There are branches for development, e.g. harmonie-
38h1.radiation.

● All HIRLAM contributions and tools are aimed at development of the 
common NWP system in the common framework. They are open for 
all participants of HIRLAM-ALADIN collaboration and available in 
the central repository hirlam.org 



TRUNK

SURFEX-7
37h1.2

Next...

38h1.1

Updates...

Updates...

HARMONIE



HIRLAM-B aims at close cooperation 
with the developers

of the integrated and coupled ACT

HARMONIE Forecasting System HFS 
is available in hirlam.org code repository 

for development of ACT integrated to NWP 
 

Enviro-HARMONIE as an 
independent branch of HFS?

but integrated chemistry is not a priority for 
HARMONIE NWP!



TRUNK

E-HIRLAM CHEMICAL

E-H

Enviro-HIRLAM 



  

Harmonie-38h1.radiation branch

Contains development versions
in AROME framework
ECMWF radiation (IFS)
Acraneb-2 (ALARO)

Hlradia with aerosol (HIRLAM)

Aims at consistency and 
implementation into the flexible 

physics interface (> cy40)

Used for 3D and 1D experimenting



  

Harmonie_MUSC_cy38h1

Single-column playground 
for physics developers

Fully compatible with harmonie-38h1.x
(including also the same SURFEX)

Test experiments bring code 
e.g. from the radiation branch

Tools for handling input and output



  

https://hirlam.org/trac/wiki/HarmonieWorkingWeek/Radiation201403

https://hirlam.org/trac/wiki/ororad

https://hirlam.org/trac/wiki/phys-dyn

Using hirlam.org wiki pages for communication 
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THANK YOU!THANK YOU!
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