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Multiple	Scattering	in	Radar

• Anomalous	scattering	
contribution
o High	optical	depth
o High	albedo

• Enhanced	reflectivity	
down-range
o Pulse	stretching

• Overestimated	by	
parallel-plane	models
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In Eq. (9) all the scattering medium properties are
characterized by the apparent reflectivity, which can be
related to the effective reflectivity factor Zeff by
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with sback the backscattering cross-section, D the
diameter of the scatterers and NðDÞ the size distribution
of the scatterers (per unit volume and unit diameter
interval) within the radar resolution volume. Eq. (10)
implicitly defines also the two-way attenuation A2&wayðrÞ

(typically expressed in dB/km) and the radar backscatter-
ing coefficient kback (in m&1) at range r. Keep in mind
that, outside the radar community the backscattering
coefficient is usually denoted by the symbol b [e.g. here
in Eq. (1)] in units m&1 sr&1. Its relation to the
radar backscattering coefficient is: bback ¼ kback=ð4pÞ [23,
Section 4.6].

By comparing Eq. (7) and (9), it is straightforward to
introduce an apparent reflectivity of order ½j" (see details
in [24]):

Z½j"app %
Op
R

4pgnðX̂ÞI½j"appðr;Dr; X̂Þr2 dO
O2APT

" #
4p
Dr

l4

p5jKj2
ð11Þ

which is the mean value of the apparent received specific
radiation intensity, which has been scattered j times
within the medium.

Eq. (11) can be easily generalized to include polariza-
tion by substituting the scalar intensity Iapp with the
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Fig. 5. Geometry and principles to compute the radar MS apparent reflectivity ZMS
app. Extracted from [24].
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Multiple	Scattering	Example:	Convection
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TOGA	COARE	GCE	Profile Simulated	Ka-band	Reflectivity	Factor



Photon	Propagation

• Draw	RN	to	determine	propagation	path	length
o Completely	random	orientations

𝑒"# = 𝑅𝑁
𝑒"'#'𝑒"(#(… 𝑒")#)

o Azimuthally-random	orientations	(solved	numerically)

𝑒"*# +
𝑄
𝐼 𝑒

".# = 𝑅𝑁
• Draw	RN	to	determine	scattering	or	absorption

o If	RN	>	albedo,	terminate	(absorption),	throw	new	photon
o Else,	add	contribution	to	reflectivity	based	on	distance

• Randomly	select	new	distance
• Continue	propagation	until	absorption
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TRMM	Example
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[K] [mm	hr–1]

WindSat 37	GHz	Tb 2B31	Surface	Rainfall

Moderate	Tropical	Storm	Asma
19	October	2008	0129Z

Adams	and	Bettenhausen (2016)



Measured	and	Simulated	PR	Reflectivity
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Multiple	Scattering	Effects
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Multiple	Scattering	Effects	(Contrived	Ka band)
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OLYMPEX	03	Dec	2015
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APR-3



OLYMPEX/RADEX	Case	Study:	05	Dec	2015
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Interesting	LDR	Features	Above	Melting	Layer

119/6/17 Open	ARTS	Community	Workshop	2017

CR
S	
(W

	b
an
d)

HI
W
RA

P	
(K
a
ba
nd

)

[d
B]

[d
B]



Application	of	Idealized	Profile

• Planar	approximation
o Based	on	Adams	and	
Bettenhausen (2012)

o ar =	7
o Flutter	σ =	38º

• Gamma	distribution
o Field	et	al	(2005)	
temperature	
dependence

(N*
0,23 =	M2

4 /	M3
3)
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Reflectivity	Profiles
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CRS	(W	band) HIWRAP	(Ka band)



Linear	Depolarization	Ratio
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CRS	(W	band) HIWRAP	(Ka band)



Conclusions	and	Future	Work

• Monte	Carlo	integration	to	include	multiple	
scattering

• Requires	finite	antenna	response	(Gaussian)
• Allows	for	polarimetric variables (LDR,	ZDR)

o Kdp,	ρhv in	development

• Available	in	development	version	of	ARTS
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