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• GCM adaptations for a general planet

• Flexible radiative transfer configuration

• Techniques to generate correlated-k coefficients

• Simulated astronomical observations for exoplanets

• Treatment of spherical geometry for direct solar radiation

• Future extensions to the scheme



Simulating a general planet



Planet parameters



Planet parameters





Exotic gas species



Flexible configuration: 

spectral files

Spectral bands: high / low resolution

Gas k-terms

Aerosol / cloud optical properties

Solar spectrum (including time variation) etc.

Many configurations can be run
HadGEM2

HadGEM1

HadCM3

GA3

GA7

300 band LW / 260 band SW

Hot Jupiters

Mars



Stage 1:
generate line-by-line absorption coefficients

line-by-line 
absorption 
coefficients 
(netCDF)

HITRAN line 
data

HITRAN 
cross-

sections

Other sources 
(e.g. ExoMol

for Exo-planet 
spectral files)



Stage 2:
generate k-terms separately for each gas

k-terms 
in each 
spectral 

band

Pressures 
and 

temperatures

Line-by-line 
absorption 
coefficients 
(netCDF)

Max column 
amount of 
absorber



Optimal selection of k-term weights

( Based on similar ideas from Hogan 2010 )

g

kt =1

Effective absorption 

coefficient for column 

down to t=1 

kt =1

weight

Use weights that give equal 

increments in log kt=1

t =1



Calculate k-terms for P/T look-up table

g

Re-order absorption 

coefficients for each P/T

weight
Within each g-interval fit the 

k-terms to match transmission 

over a range of paths

kP/T

kP/T



Simulated observations



Simulated observations





Spherical geometry

for SW heating



















Energy balance

h ~ 1% of R

Area increase ~ 2%

Tropopause lit ~450km into nightside

(an extra 30 minutes daylight)

Surface area for emission should also

increase (to be done)



Outgoing SW at TOA

June-July-August

20-year climate run



Outgoing SW at TOA

Dec-Jan-Feb



Zonal mean Temperature

June-July-August



Zonal mean Temperature

Dec-Jan-Feb



Future enhancements and uses of this scheme:

• spherical treatment for diffuse fluxes needed for energy balance

• different cloud overlap for slant path to each layer

• orography can cast shadows into the atmosphere

• photolysis in upper atmosphere



Photolysis and heating in the 

upper atmosphere



Questions






