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1. IN TRODUCTION 
For a successful obse rvation of rain by air-borne or space-borne radars, detailed study 

of t he propaga t ion characteristics of rad io waves th rough bright-band, i.e. melt ing layer, 

is important because the radar signal passes through the bright-band twice: fi rst on its 

way to the rain region , a nd second on its relurn way from the rain region. 

This paper studies t he attenuation and backscatter prope rties of bright-band by two 

mode!s(1 )-(3) at. a freq uency of 13.8 GHz, which frequency is to be used by the TRMM 

(Tropical Rain fall Measuring Mission) space-borne rain radar("). 

2. OUTLINE OF MODELS 
Figure 1 ill ust rates the assumed shape of bright-band particles. The fi rst bright-band 

model (i\·lodel A) assumes spherical bright-band particles(J)- (2). The com position of each 

particle is assumed to be a uniform mixture of waler, ice, and air . The volume conte nt 

of wate r in a snow particle increases wit h t he progress of melting p rocess. 

T he second bright- band model (Model 8 ) ass umes concent ri c spherical par ticles. Each 

part icle has a sphe rical snow core which is covered wi th waler(3). T he composition of s now 

core is assumed to be a unifor m mixt ure of ice and ai r. T he melting ralio, which is defi ned 

as t he ratio of mass ofliq uid wate r to total mass of a. particle, increases with the progress 

of melt ing process. 

Figure 2 ou tli nes the computation procedure for Model A and t hat for Model B. 
For simplicity, this paper assumes that there is not any coalescence and/o r breakup of 

particles in both ra in and bright-band regions. In t his case, t he d rop-size distribut ion of 

bright-band par ticles can be derived from t he drop-size distr ibution of raindrops. 

Three negative exponent ial type drop-size distribut ions of raindrops, thai is Marshall 

and Pal mer (MP) distribution(!o), Joss thunde rstorm (J-T) distr ibution , and Joss drizzle 

(J- D) distribution(6), are used fo r the computation of Z-facto r and attenuation coefficient 

of bright-band by Mie's theory. 

In the radar observat ion from space , the followi ng quantity, Zoo, is obse rved by a radar 

wh ich has an in fi nitestimally small range resolut ion (in the ac tual situation , however, 

ave raged value of the follow ing quantity wi th in t he ra nge resolution is observed ). 

( I ) 
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where Z is the Z·factor [nuns 1m3
], a is the attenuation coefficient [dB/km), h is the height 

[km], and ho is the origin of t he height [km] which is taken at the top of the ODC isothermal 

layer. This paper assumes that the attenuation term can be ignored when h > hOI which 

means that t he attenuation in the dry snow region above the bright·band is zero. 

3. RESULT OF COMPUTATIONS 
Figures 3(a) , (b), and (c) show height profiles of Z ••• computed by Model A, Model 

B with the density of snow core, P" being 0.05 g/cm3
, and Model 8 with different p, 

(p,=O.2 g/cmJ
), respectively. The Marshall-and-Palmer drop-size distribution is assumed 

in the computation. Ve ry large attenuation in Model B at higher rain fall rate makes 20 1;. 

very small at lower height. A similar effect also appears in the case of Model Al but with 

lesser extent. 

It is empirical ly known that the bright-band usually appears above the rain region 

with weak or moderate rainfall rates in the case of stratiform type rain. Therefore the 

attention should be paid to the case of weak and moderate rainfall rates region in these 

figures l whe re the effect of attenuation is rather small. 

It is important to study whether the attenuation effect of bright-band can be ignored 

or not for the radar observation of rain from space. Figures 4(a) and (b) show the two-way 

attenuation through bright-band I which is defined as (oUows: 

rho-II 
ATT = 2 Jo <>(x)dx [dB] (2) 

Figures 4(a) and (b) show the case where ho - h = 0.7 km and 1.0 kml respectively. 

The figures clearly show that the attenuation effect of bright-band st rongly depends on 

models. The atten uation also depends on drop-size distributions. 

Table 1 summarizes the maximum rainfall raLe below which the bright-band attenua­

tion is less t han 0.5 dB. 

4. CONCLUSION 
ALtenuat ion and backscatter properties of bright-band a·re examined by a spherical 

composite dielectric model (Model A) and by a concentric spherical model (Model B) . It 

is found that these scatter ing properties of bright-band strongly depend on models. They 

also depend on drop-s ize d istribut ions . At a rainfall rate being less than a few mm/h1 
the two-way attenuat ion of bright-band is less than 0.5 dB and the effect of brighl.-band 

attenuat ion may be safely neglected in the rain observation from space. When the rainfall 

rate increases1 however 1 the effect of br ight-band attenuation becomes larger and it has to 

be incorporated into a rainfall-rate retrieval algo ri thm1 which requi res further theoretical 

and experimental studies on bright-band. 
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Figure 2 Ouli ine of computational procedure 
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Figure 3 Height profile of Zob. 
A: I mm/h, B: 2 mm/h, C: 5mrn/h, D: 10 mm/h, 

E: 20 mm/h , F: 50 mm/h , G: 100 mmlh 
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Figure 4 Two-way bright-band attenuation, ATT, VS, rainfall rate 
A: Model A, 81: Model B (p,=0.05 g/cm'), 82: Model 8 (p,=0.2 g/cm' ) 

Table 1 Rainfall rate below which the two-way 
bright-band attenuation is less than 0.5 dB 

Model A Model 8 Model 8 
he, -h p,=O.05 g/cm3 p.=0.2 glcm' 

MP J-T J-D MP J-T J-D MP J-T J-D 
0.7 km 8.5 10 II 1.6 1.7 2.5 3.3 3.3 S.O 

1.0km 5.4 7.B 8.3 1.6 1.6 2.4 3. 1 3.1 4.8 

The number without unit indicates the rainfall rate in [mm/h] 
MP: Marshall & Palmer, J-T: Joss thunderstorm, J- O: Joss drizzle 
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