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Overview 

 Context: Radiative transfer in atmospheric 

weather and climate models 

 

 Approximations used in weather and climate 

models; which improvements should we aim for? 

 

 Verifying weather models with observations 



Radiative forcing from an optics 

point of view: 

“Radiation” in weather 

and climate modelling is 

implicitly taken to mean 

electromagnetic 

radiation. 



Radiative forcing from a dynamical 

meteorology point of view: 

The energy balance equation - from Holton (1992) 



Basic state variables of radiative transfer 

Poynting’s vector: 

 
 

Net flux: 

                                                     … or the other way around! 

           

Spectral irradiances (fluxes): 

 

 

Spectral radiances (intensities): 

 



Basic state variables of radiative transfer 

Poynting’s vector: 

 
 

Net flux:  Main variable in the context of weather & climate models 

                                                     … or the other way around! 

           

Spectral irradiances (fluxes): 

 

 

Spectral radiances (intensities): 

 



Spectral radiances vary in 7 

dimensions (ignoring polarisation): 
  



1-3 : Longitude, latitude & height 

 

4: Time 

 

5: Wavelength 

 

6-7: Zenith and azimuthal directions  

Spectral radiances vary in 7 

dimensions (ignoring polarisation): 
 



Radiative transfer assumptions: 
• Non-linear optical effects are excluded 

• Inelastic scattering is excluced 

• Objects are illuminated by quasi-monochromatic parallel  beams of light; 

• … 

• (Mischenko et al.  2007: ”Radiative transfer, a new look at an old theory”)  
 

The 1D radiative transfer equation for scattered radiance: 

 On RHS first term: Basic extinction; second term: emission;  

               third term: multiple scattering; fourth term: solar beam first order scattering. 





Henyey-Greenstein phase-functions as 

a function of the asymmetry factor g 



2-stream radiative transfer 

equations (used in atmos. models) 
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 𝜇  is the mean inclination of the scattered radiances.  

 𝜇  = 1
3  two-point Gaussian quadrature.  

 𝜇  = 0.60 IFS delta-Eddington 

 H(𝜏∗) = 2𝜋𝛼[𝐼− 𝜏∗ + 𝐼+ 𝜏∗ ] − 4𝜋𝛼𝐵 <- Heating rate 
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Delta-scaled inherent optical 

properties for the 2-stream 

equations  
𝜏∗ = 1 − 𝑎𝑔2 𝜏 

𝑎∗ =
1 − 𝑔2 𝑎

(1 − 𝑎𝑔2)
 

 

 
Scaled optical depth (t*) and scaled single scattering albedo 
(a*). From Joseph et al. (1976). 



How accurate are the  

2-stream equations? 

 

 

Test of the IFS Delta-Eddington (2-stream)  

radiative transfer scheme. 

 

Figure from Nielsen, Gleeson and Rontu 

      (2014) in Geosci. Model Dev. 



Testing cloud IOP schemes in  

a weather model vs libRadtran/DISORT 

●Nielsen, Gleeson, 

Rontu, GMD, 2014 

• Importance of 

accurately 

describing the 

optical properties 

SSA and g in order 

to get the cloud 

transmittance 

correct 
 



Testing cloud IOP schemes in  

a weather model vs libRadtran/DISORT 

• Importance of 

accurately 

describing the 

optical properties 

SSA and g in order 

to get the cloud 

transmittance 

correct 
 



Testing the IFS cloud optical properties 

Nielsen, Gleeson & Rontu 

 (Geosci. Model Dev., 7, 1433–

1449, 2014.) 





The Padé approximation 

of optical properties 

(Hogan & Bozzo  JAMES, 2018: 

 “The ECRAD scheme”) 
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Clear sky aerosol study  
 Russian 2010-08 wildfire case 

 MUSC IFS global radiation v.s. BSRN observations (Gleeson et al. 2016) 

optical properties and 

AOD 550nm based on 

observations 

 parametrized optical 
properties, observed 

AOD 550nm land 

aerosol 

parametrized optical 
properties, 

climatological AOD 

550nm 

No aerosol 

Published in Gleeson et 

al. (2015) ACPD 



Clear sky aerosol study  
 Russian 2010-08 wildfire case 

 MUSC IFS global radiation v.s. BSRN observations (Gleeson et al. 2016 

optical properties and 

AOD 550nm based on 

observations 

 parametrized optical 
properties, observed 

AOD 550nm land 

aerosol 

parametrized optical 
properties, 

climatological AOD 

550nm 

No aerosol 

Published in Gleeson et 

al. (2015) ACPD 



Take-home message 1 

 

Getting the cloud and aerosol 

inherent optical properties (IOPs) 

right is important;  

the optical depth is not enogh!  



Radiative transfer in atmospheric 

models is 1D. Is that OK? 



Intra-column 3D radiation scheme 

Schäfer, Hogan 

et al. (JGR, 2016, 

doi:10.1002/2016

JD024875: 

« SPARTACUS ») 
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What are the ”1D errors” in 

weather models at present? 

Nielsen & Gleeson      

(Atmosphere, 2018) 

 

Variability Index (VI) 

Stein et al. (2012) 



Take-home message 2 

 

Accounting for 3D cloud effects is 

a key challenge in current 

radiation algorithm development! 



The time dimension 

Figure from Mauel Blanco for the SolarPACES Beyond TMY project 

 

Nielsen et al. (2017) IEA report available from the SolarPACES Task V website 



CLEAR SKY INDEX FREQUENCY PLOTS  

FOR IFS AND HIRLAM 

From Sengupta et al. 

(2015) NREL/TP-5D00-

63112 Report for IEA 

SHC Tasks 36 and 46 

 

Figure by E. Lorenz  

(Fraunhofer ISE) 
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The time dimension 

- Radiation is expensive to run! 

- Many radiation schemes are run intermittently. 

- The IFS radiation scheme is only run once every hour. 

- The (IFS) radiation scheme in the HARMONIE-AROME 

weather model is run once every 15 minutes. 

- At the time steps in between only the solar zenith 

angle and the surface temperature is updated. 

- That means that the clouds, gases and aerosols are 

frozen! 

 

- The ACRANEB2 radiation scheme has been designed 

to update cloud movements at each time step! 

- … at the expense of spectral resolution, however, this is 

less important in a limited area model. 

 



Clear sky radiation errors from 15 

minute intermittency 

Intermittency errors in average irradiances: SW (left), LW (right) The time interval is 1 hour from 0 to 1 

UTC (8-9 AM local time) on the 30th of July 2010. Model: HARMONIE-AROME (cy40h1). 

From Rontu et al. (2017), ALADIN-HIRLAM  



Take-home message 3 

 

Performing radiation computations 

only intermittently comes at a price! 



Model quality control with global, 

direct and diffuse solar irradiances 

See also: Roesch et al. 

(2011): BSRN QA 

proceedures &  

 

Sengupta et al. (2017) 

NREL/TP-5D00-68886, 

Report for IEA SHC 

Tasks 46 

 

Figure by J. Dragsted  

(DTU Civil Engineering) 



Thank you for your attention! 

 
Contact: Kristian Pagh Nielsen; kpn@dmi.dk 



Summary of 

take-home messages 

1. Cloud and aerosol inherent optical 
properties (IOPs) right are important 

2. 3D cloud effects is a key challenge in 
current radiation algorithm 
development! 

3. Performing radiation computations 
only intermittently comes at a price 

4. Better ground-based irradiance 
measurements are needed! 

 
 

 


