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Simulating a general planet
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planet_constants: Parameters specific to the planet being modelled.
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r2swclnl: Control options for the main call to SW radiation.
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Flexible configuration:
spectral files

log, ,(scaled intensity)

Spectral bands: high / low resolution

wavenumber (cm™)

Aerosol / cloud optical properties spectralcalc.com
Solar spectrum (including time variation) etc.

HadCM3
Hot Jupiters e
Many configurations can be run HadGEM2
GA3
GA7

300 band LW / 260 band SW



Stage 1.
generate line-by-line absorption coefficients
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Stage 2:
generate k-terms separately for each gas
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( Based on similar ideas from Hogan 2010 )



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

Within each g-interval fit the
k-terms to match transmission
over a range of paths

Re-order absorption
coefficients for each P/T

weight



Simulated observations
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Figure 5. Top: emission phase curves in several
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Fig. 1: Spherical shell geometry used for the calculation of transmission spectra. Left-hand plot (a) shows the view perpendicular to
the transit. Right-hand plot (b) shows the view from the night side in line with the transit. Parameters are shown for a model column
located in the position of the dotted line in each plot, giving a transmission spectrum at the point where the arrow leaves the top of
the atmosphere (indicated by the dot in the right-hand plot). £ denotes the stellar zenith angle, b the impact parameter, and ds the
path length element for the layer bounded by radii »; and r». Note the path of the beam will pass through each layer twice, except
for the layer in which the impact parameter is found.



Spherical geometry

for SW heating

Figure 1.2: Spherical shell geometry. Layer cenfres are denoted by dotted lines and layer
edges by solid lines. Parameters are shown for the slant path to a particular layer for a model
column located in the position of the dashed line. ¢ denotes the local solar zenith angle (which
may be greater than 90 degrees), b the impact parameter, and ds the path length element for
the layer bounded by radii r; and rs.
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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)




20-year climate run

Outgoing SW at TOA
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a) Outgoing shortwave (TOA) for djf b) Outgoing shortwave (TOA) for djf
U-AW857: SphGeom U-AW857: SphGeom minus U-AV674: GA7
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a) Zonal mean Temperature for jja b) Zonal mean Temperature for jja
U-AW857: SphGeom U-AW857: SphGeom minus U-AV674: GA7
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a) Zonal mean Temperature for djf b) Zonal mean Temperature for djf
U-AW857: SphGeom U-AW857: SphGeom minus U-AV674: GA7
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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
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Figure 5: Scaling behviour of three k-terms for CO2 in band 4 of the HadGEM spectral file. The x axis is the
pressure/temperature combination which is logaritmically spaced in pressure starting from 1Pa on the left to
1000 hPa on the right. Three temperatures are used for each pressure: 190, 240, 290K.



