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Overview

Why Lambertian clouds in trace gas retrievals ?
How accurate are Lambertian clouds?

Effects of clouds on the depth of gaseous absorption
lines.

Sensitivity of tropospheric trace gas retrievals in the
presence of clouds.

Rationale of Lambertian cloud model: Stammes et al., JGR, 2008




Clouds in trace gas satellite data

« UV-vis spectrometers have pixel sizes of order
100x100 km? (6OME-1) to 20 x 20 km2 (OMI):

so clouds are not resolved > sub-pixel cloudiness
« 95 % of pixels is cloudy for 100x100 km? pixels

« 85 % of pixels is cloudy for 10x10 km? pixels
(Krijger et al., 2007, ACP)

> Cloud detection and cloud correction are necessary
elements of trace gas retrievals.




How to measure clouds?




Cloud models

3D-shaped scattering clouds

> too many free parameters, too complicated RT

1D-shaped scattering clouds

> this is our benchmark

o Lambertian clouds (clouds as a white surface)

B

> "All other things being equal, the simplest solution is the best”
(William of Ockham, ca. 1285-1349)




Approximating scattering clouds
Lambertian clouds

Scattering cloud (1D) parameters:
Geometric cloud fraction: ¢
Optical thickness: t
Cloud top height
Cloud bottom height
Cloud particle phase function
Cloud extinction vertical profile

Lambertian cloud parameters:

« Effective cloud fraction: c
o Cloud height: z,

« Cloud albedo: A, (fixed)

Ceff

Retrieval of fwolLambertian cloud parameters, c ¢ and z. , by
fl‘r’rmg the O, A-band at 760 nm or the O,- 02 band at 477 nm




Scattering cloud (c=1) Lambertian cloud

= R(Tc) o R=(1 -Ceff)Rclear' + CeffRAc
= T(Tc) T= (l-ceff)Tclear'

[ R




Optimal albedo of Lambertian cloud so that the
reflection and transmission of a Lambertian cloud pixel

is tThe same as that of a scattering cloud pixel
= A=0.8-1.0
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Effective cloud fraction
Ceff = C (R(Tc) - Rclear)/(RAc - Rclear') =5 R(Tc) /Ac
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Relative depth of gaseous absorption
bands for scenes with scattering clouds

cloud between 1-2 km; g=0.85; As=0.10; 477 nm

NO2 poll. -
cloud abs.

L
g
p—

o
=

—

e

S
B

<
Sy

o
=

(=

L
a=)

cloud optical thickness




pressure /hPa
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Error in ozone column retrieval
due to Lambertian cloud model
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cloud optical thickness

Error in ozone column due to >
Lambertian cloud instead of

scattering cloud
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Error in ozone /%

< Retrieved Lambertian cloud
height using 02-02

O2 cloud pressure with A_=0.8 is
about the middle of the cloud
(Sneep et al., JGR, 2008)
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Tropospheric trace gas retrieval with clouds

AMF of scattering clouds:

M _ (1_ W) M clear 4 WM cloud

N = Nslant [/ M B w=cloud radiance fraction

AMF of Lambertian clouds:

M r_ (1_ W)M clear 4 WM cloud

lamb

4 WM cloud N

lamb

M /

slant ghost




Simulations

Approach:

Calculate the column AMF, M, by
integration of the " block AMF “, * AMF is known: M (use scattering
m(z) (in the DAK model): cloud model)

__1 dRW)
" R(X) dk,,dz ()

-Vertical column is known: N,

m(z2) *Calculate slant column: N.=N, M

* (use Lambertian cloud model)

Calculate retrieved vertical
column: N;

Tm(z,ﬁ)n(z)dz

M =

- Calculate O3 retrieval error:
(NT—NV)/NV

Tn(z)dz
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Sensitivity to NO,

- air mass factor profiles m(z)

NO2 AMF SZA 46 deg., nad|r
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Comparison of analytic
and numeric NO, AMFs

Clear sky, A,= 0.05

NO2 AMF, SZA 60 deg VZA=60 deg
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Example of NO, sensitivity for
scattering clouds and Lambertian cloud

SZA= 60 deg.
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Sensitivity to O,
- air mass factor pr'ofiles 109

altitude resolved AMFs O3 330 nm tau=7 nadir altitude resolved AMFs O3 330 nm, As=0.8, nadir

Mie scattering cloud at 7-8 km, T.=7 Lambertian cloud, albedo 0.8

Use of a Lambertian cloud approximates the scattering cloud effect,
but one has to add the O; column below the cloud.
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Error in O; column due to Lambertian cloud
(1/3)

c_geom=0.5, tau=70, nadir

KK SZ:A 0 deg.

_____________________ c R S R
Sca‘r’rermg cloud ¢(’r 1-8 km
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Lambertian cloud height [km]

FRESCO cloud height is at 5.5 km

> Error in O; is close 1o 0 %.




Error in O; column due to Lambertian cloud

c_geom=0.5, tau=33, nadir
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Lambertian cloud height [km]

FRESCO cloud height is at ~7.5 km

> Error in O; is -1 % (underesimate)




in O3 column due to Lambertian cloud

c_geom=0.5, tau=7, nadir
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Lambertian cloud height [km]

Similar error as for t.=33.

Lambertian cloud at higher altitude would give a
smaller error in O3; increase cloud albedo to 0.9 ?




Conclusions

Lambertian clouds are a valid approximation of
scattering clouds regarding their total reflection and
transmission if the Lambertian cloud albedo is 0.8-1.0.

The error in total ozone due to the Lambertian cloud
assumption with A=0.8 is <1 %.

The vertical profile of the air mass factor can be
calculated analytically (Johan's formula) with DAK:

this is fast and accurate.
Limitations of the Lambertian cloud model:

- Long photon paths due to reflections between cloud
and surface (e.g. snow) cannot be simulated.

- The SZA and VZA dependence is different from that
of scattering clouds.

Future: develop a simple scattering cloud model ?
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cloud between 1-2 km; g=0.85; As=0.10; 477 nm

NO2 poll.
cloud abs.
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