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CloudSat Evidence of Multiple Scattering
The data acquired by the CloudSat Radar show clear examples of multiple scattering effects (e.g. no 
`discontinuity' peak in the reflectivity signal at the surface range, long tails in the reflectivity profiles at 

apparent ranges below the surface)

24/7/2006: tropical storm over sea south of Hong-Kong

2/8/2006: convection over China 1/2/2007: overshooting top over New Guinea

5/2/2007: widespread precipitation east Indian ocea n

No gradient at surface range: MS 
smoothes out Z-profile

Typical transition 
between SS and MS 

regime

This is the best example of MS event: 
the MS tail stays higher than the 

MDT=-26 dBZ for  longer than 40 km. 
Since the minimum unambiguous 
range is equal to 30 km, it appears 
as second trip echo above the top 

of the cloud. 

1/2/2007: bright band over central Asia
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Motivations and methodology

Different space-borne radars will/are employed in different missions (GPM, EarthCare, Cloudsat). 
Recent studies (Marzano 2003, Kobayashi 2005, Battaglia 2006-2007) have shown that multiple 
scattering (MS hereafter) effects are relevant for such systems. They are strongly dependent on the 
scattering optical thickness within the medium and only secondarily on the scattering phase function. 
The antenna pattern plays an important role in reducing the magnitude of the MS effects when the 
antenna footprint is comparable or lower than the radiation mean free path.
The goal of this study is to show evidences of MS in CloudSat data and to simulate MS effects at 94 
GHz in the EarthCARE configuration. Multiple scattering has been simulated by solving the vector 
radiative transfer equation using a forward Monte Carlo (fMC) technique. The model accounts for 
polarization, antenna pattern and Kirchoff surfaces (Battaglia et al., 2007a-b) . 
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Conclusions
1.MS reflectivity enhancement is relevant in EarthCARE configuration. CloudSat CPR observations 

unambiguously confirm the presence of MS effects (� no surface peak echo at surface-range/long 
tails at apparent ranges below the surface).

2.Surface echoes may be affected by MS (important for surface-reference techniques!) already at 
rain rates above 5/10 mm/h (depending on the system type, ice density and configuration) and are 
completely decoupled from the surface properties for rain rates greater than 15 mm/h. In these 
conditions the reflectivity profile has no discontinuity at surface-range � ``Smooth'' profiles at 
surface ranges are distinctive signatures of strong MS effects. However, when a discontinuity of 
reflectivity is found at surface-range, MS cannot be ruled out. 

3.The MS enhancement is stronger for near-surface range bins and has to be accounted for already 
at rain rates of few mm/h � SS approximation leads to an overestimation of the rainfall at the 
ground especially in presence of tall systems associated with cold rain processes. 

4.High LDR values are correlated to strong MS enhancements � LDR measurements highly 
recommended for detection and screening of profiles affected by MS. 

A simple microphysical model for ‘rough estimates’

MHD[SS]

MS enhancement at surface bin 
becomes appreciable

MHD[MS]

MS enhancement considerable at near-
surface bin but negligible at surface bin

A simple profile for precipitating rain is produced as a function 
of the rain rate at the ground. Free parameters of the model 
are the density of the ice particles (0.1/0.4 for snow/graupel) 

and the altitude of FL (3/6 km for shallow/tall systems).

Minimum height 
of detection 

in SS and MS 
approximation

In SS approximation, when increasing RR g, saturation levels are reached 
at ranges above the surface. Vice versa MS profiles are never saturated in 
this region. At high RR g the signal stretches far below the surface-range.

Level of 
inadequacy 
of SS theory

Because of the completely different returns of surface and of 
rain, SS theory becomes inadequate at the surface-range for RR g

values which are larger than those for near-surface bins.

5,5 mm/h

Cold front case-study: MS simulation

The overpass of an EarthCARE (H=450 km, beam-width=0.1o) nadir-looking radar over a Mid-Atlantic cold front 
has been simulated with the Monte Carlo. A Kirchoff ocean surface with s0=12 dB is assumed.

11 mm/h5 mm/h
Stratiform precipitation

rich in snow DZ/kext strongly 
depend on the 
microphysical 

assumption of the 
snow particles. Here 

Liu 2004 
parameterizations 
have been used.

FLMirror image 
involving only a 

SS with 
hydrometeor

Surface echo gradually disappears entering the moderate 
precipitating region (11 mm/h) where MS must be 
accounted for. Note also the long tail below the surface.

Black dashed lines are contour 
level of MS enhancement, the 
green line contours the MDT.

Extraordinary high LDR values are found in 
correspondence to strong MS � cross polarization very 
useful in detecting MS affected regions

Squall line case-study: MS simulation
The overpass of a EarthCARE (H=450 km, beam-width=0.1o) nadir-looking radars over a squall line 
has been simulated with the Monte Carlo. A Kirchoff ocean surface with s0=12 dB is assumed.

23 mm/h

48 mm/h

27 mm/h

Convective
cores

with graupel

Regions with strong MS enhancement usually corresponds 
to strong attenuating region with ice aloft. DZMS partially 
compensate for attenuation. Surface echo disappears in 
region of strong MS.

Dashed lines contour 
level of MS DZ, the green 

line contours the MDT.

SS undetected regions 
now produce a 

detectable signal

LDR measurements can be used to 
identify region with strong MS DZ

Examples of profiles extracted
from the former simulation

High rain rates originated by 
warm processes produce less 
MS than smaller rain rates with 
a considerable dense ice layer.


