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Multiple scattering calculations have been carried out for space borne
lidar. The calculations have been done principally by Monte Carlo radiative
transfer. The special emphasis is on the multiple scattering signal that is
received after the ground return signal when without multiple scattering there will
be no signal. It has been shown that the multiple scattering for space borne lidar
will be a much more significant factor than for airborne systems for similar
system field-of-view (FOV) (Spinhirne, 1982). Even for aerosol haze there can
be a significant multiple scattering factor. The ground single scattering return
will typically be followed by a significant multiple scatter signal when aerosol or
thin cloud atmospheres are involved. The signal principally resuits from second
order scattering consisting of a forward scatter event in the atmosphere and a
ground scattering. For surface altimetery such as planned for the GLAS
(Geoscience Laser Altimetery System) mission, calculations show that the
multiple scatting is a pulse length stretching effect that can lead to altimetry error
of several tens of centimeters. At FOV of one milliradian or more , the multiple
scatter signal from a ground and atmospheric forward scattering can persist for
several micro seconds. There is a preferential forward scatter angle as a
function of reciever annular FOV. Since aerosol forward scattering is more
directly related to extinction than the 180° backscatter that is principally
observed by lidar, it is suggested that the post ground return signal from multiple
scattering could possibly be applied to obtain a normalization to improve the
retrieval of optical thickness from lidar.

Reference:

J. D. Spinhirne, “Lidar clear atmosphere multiple scattering dependence on
receiver range,” Appl. Opt., 21, 2467(1982).

—415—



§ i y cuélr \
a0l ‘ . ->~cz.s\\’T€’r

“

A
P’ (45°)

N

1

08| .
. 5&&' kse que v

1107 IRINE fo(uﬂéJ
Ts @XT@:;;

06

P’ {180°)

04 |

et

—416—



1.6

-t
W

TOTAL/2ND ORDER

SIGNAL (w/m2 - JI)

108

107

MULTIPLE
SCATTER

W LT
Do

Aoy

—417—

-

SR

40



15 km

(v

,ér’- ( ,l {}”

%%Q#
lar FOV

H-

- T T S S e s

16.0

< =G
4 O L =T,
o B oS 2
LR - - =
& TS
» f.&h\# zma - .A..
3
SR N N N NN SN P
) o o
o © ©
- -

<
o

tAM) 1H .

(=]

<

0.0

DELAY (us)

—418—



Surface Altitude Error From Atmosphere Scattering
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