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Side-note: Good References

• Good Radiative Transfer text books:
• K. N. Liou “An Introduction to Atmospheric Radiation”, 2002
• Thomas and Stamnes, “Radiative Transfer in the Atmosphere 

and Ocean”, 1999.

• Scattering Processes:
• Hansen and Travis, Light scattering in planetary atmospheres, 

Space Science Reviews, 16, 527-610, 1974.

• GEOS-Chem relevant (Fast-J):
• Wild et al., Fast-J: Accurate Simulation of In- and Below-Cloud 

Photolysis in Tropospheric Chemical Models, J. Atmos. Chem., 
37, 245-282, 2000.

• Cameron-Smith, Incorporation of non-linear effective cross-
section parameterizations into fast photolysis computation 
code (Fast-J), J. Atmos. Chem., 37, 283-297, 2000.
• Details on how we do photolysis



Radiative transfer: solving the Schwartzchild eq’n
source fn’

Light scattering processes 
(O2, N2, Ag, particles)

S(τ, Ω̂) = [1− a]B(T )︸ ︷︷ ︸
thermal emission

+ S∗(τ, Ω̂)︸ ︷︷ ︸
first-order scattering

+
a

4π

∫

4π
p(Ω̂′, Ω̂)Id(Ω̂′)dw′

︸ ︷︷ ︸
multiple scattering

Full integro-differential eq. µ
dI(τ ;µ, φ)

dτ
= I(τ, Ω̂)e−(∆τ/µ)

︸ ︷︷ ︸
attenuated solar beam

+
∫

∆τ
S(τ ′, Ω̂)e−(τ ′−τ)/µ dτ ′

µ︸ ︷︷ ︸
attenuated source fn’

Solving for the radiation field 
throughout atmosphere

dω = solid angle = sin(θ)dθdφ

dω
Rayleigh

Mie

Mie



Fast-J

• Guassian Quadrature-based radiative 
transfer calculations: 8-stream multiple 
scattering.

• Psuedo-spherical (treat spherical geometry 
for irradiance, plane-parallel approx. for 
diffuse radiation)

• Treatment of aerosol and clouds based on 
full optical columns of thickness + 
assumptions on random overlap of clouds.

• Another important time-saver: We don’t 
want to integrate over fine spectral 
structure online. Pre-select, average bins 
to get mean radiances for photochem.

µ
dI(τ ;µ, φ)

dτ
= I(τ ;µ, φ)− J(τ ;µ, φ)

7 λ bins: 
289.00 - 298.25 nm
 298.25 - 307.45 nm
 307.45 - 312.45 nm 
312.45 - 320.30 nm
320.30 - 345.00 nm
345.00 - 412.45 nm
412.45 - 850.00 nm

 Guass-quadrature used for angular 
integration of multiple scattering. Done 
for computational efficiency. Maximizes 

the accuracy of the solution with the 
minimum number of points 

(evaluations). For n integration points, 
integrate polynomial of 2n-1 exactly.



How are J-values calculated?

On paper

Jw =
∫ ∞

0
Ωw(λ)φλ(λ)dλ

Ωw(λ) = qw(λ)σw(λ)where,

Actinic Flux
(online by Fast-J)

quantum yield x-section

Problem: we could discretize this, 
but then we’d have to integrate over 
really fine Δλ’s on-line... too slow.

One of 
Fast-J’s tricks

We can get away with larger Δλ bins if 
we make assume “grey atmosphere” for 
each bin to pre-compute the cross-
sections, Ω.

- In other words, we take the average 
cross-section for each Δλ bin, weighted 
by a solar flux spectrum.

Jw =
∑

i

Ωw(i)Φλ(i)

Ωw(i) =

∫
∆λ(i) Ωw(λ)φλ(λ)dλ

∫
∆λ(i) φλ(λ)dλ

for chemical 
tracer “w”



1. comode.h: Increase 
IPHOT to make room for 

new photo. rxns

2. globchem.dat: 
Add lines for each new  

photolysis reaction

Note:
- Arbitrary number, unless 
the rxn has multiple 
branches

- only 3rd digit matters
- “8.41E+01” for branch 1
- “8.42E+01” for branch 2



3. jv_spec.dat:

Increase NJVAL to make 
room for new photo. rxns

T (K) λbin 1 λbin 2 λbin 3 λbin 4 λbin 5 λbin 6 λbin 7

Jw =
∑

i

Ωw(i)Φλ(i)Photolysis rate calculation 
online for each ith bin:

Ωw(i) =

∫
∆λ(i) Ωw(λ)φλ(λ)dλ

∫
∆λ(i) φλ(λ)dλ

Note: pre-calculation includes quantum yield



4. ratj.d: Jw =
∑

i

Ωw(i)Φλ(i)Photolysis rate calculation 
online for each ith bin:

Ωw(i) =

∫
∆λ(i) Ωw(λ)φλ(λ)dλ

∫
∆λ(i) φλ(λ)dλ

Branching ratio



More advanced: Some absorbers need pressure-
broadening accounted for

• For how to include in Fast-J, Cameron-Smith 2000; also GC wiki
• Lineshape: convolution of pressure and Doppler broadening

• Pressure Broadening: f(P)
• Derivation is difficult: depends on potential wells of colliding molecules
• Simplified semiclassical model gives nice estimation - disruption of infinite cosine

• Doppler broadening: f(λ,T)
• Essentially invariant in altitude (T dependence is weak)

G. Stephens


