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Power-Law Parameters of Rain Specific Attenuation
Wei Zhang and Nader Moayeri

National Institute of Standards and Technology

Introduction
The power-law form of rain specific attenuation is very convenient and has been used in calculating rain
attenuation statistics. The term specific attenuation is commonly used, accounting for attenuation per unit
distance. It is a fundamental quantity in calculating the rain attenuation. Its power-law form is written as

αγ Rk ⋅=  in dB/km, where R  is the rain rate in mm/h, and k  and α are power law parameters, which depend
on frequency, raindrop size distribution, rain temperature, and polarization.

For the purpose of calculating the attenuation, it is adequate to assume that raindrops have spherical shape. This
assumption makes k  and α independent of polarization. For low rain rates below 50.8 mm/h and for high rain
rates from 25.4 to 152.2 mm/h, two separate sets of power-law parameters for Laws and Parsons (L-P) raindrop
size distribution [1] were presented in [2].  In addition, [2] presents power-law parameters for Marshall and
Palmer (M-P) raindrop size distribution [3] in the low rain rate case. For rain rates below 25 mm/h, power-law

parameters for gamma [4], lognormal [5], and L-P raindrop size distributions at a rain temperature of o0 C were
presented in [6].

To account for polarized transmission and rain induced depolarization effects, non-spherical shapes for raindrops
have been used in making power-law parameters and some power-law parameters can be found in the literature
for certain raindrop size distribution, for example in [7].
 
The power-law parameters available in the technical literature were limited to certain choices of raindrop size
distributions or rain rate ranges. They mostly were presented in conjunction with rain attenuation models for
earth-space and terrestrial propagation paths. Other factors contributing to attenuation such as distance reduction
factor, rain region, and the statistics of rainfall were also addressed in the models.

Available power-law parameters seem insufficient for use in local multipoint distribution service (LMDS)
employing fixed point-to-multipoint terrestrial radio communications. Depending mainly on rain attenuation and
transmitter power, the range of LMDS may be shorter. To achieve high quality of service, LMDS systems
require to employ high antennas which provide line-of-sight (LOS) propagation paths between a base station and
one or more subscriber stations.

New power-law parameters for the above-mentioned four different distributions have been made, available for
non-spherical shape of raindrops, as well as for spherical shape of raindrops. The results of non-spherical shape

of raindrops for rain rates from 0 to 150 mm/h at a rain temperature o0 C are presented in the following.

Rain Specific Attenuation
The rain specific attenuation γ  in dB/km is expressed as

∫×=
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where )(atσ  is the extinction cross section of a single raindrop derived from the forward scattering theorem [8],

a  is the equi-volume radius of raindrops, )(aN  is the raindrop size distribution function, and maxa  is the

maximum equi-volume raindrop radius. The assumption of oblate-spheroid shape for raindrops [9] has been
taken and the raindrop axial ratio oR is given by aRo −=1 , where a  is in cm. The raindrop symmetry axis was

set along the vertical direction. The computations were made for horizontal- and vertical-polarization and for
horizontal propagation path.

The computation of )(atσ  is performed by using the point-matching technique as adjusted and improved in [10].

The convergence and computation accuracy of )(atσ  depend on the wavelength, the size and shape of

raindrops, and the refractive index of the drops. The model of Ray [11] is employed for the refractive index of
water that is a function of frequency and temperature. To obtain correct results, the truncation and recurrence
relations for )(atσ  have been determined carefully, as done in [10]. The extended Simpson’s rule was used in the

computation of (1), taking 35.0max =a cm and a 025.0  cm radius interval, which have been applied to the L-P

raindrop size distribution.

Clearly, γ  depends on the raindrop size distribution function )(aN  as well as on the extinction cross section

)(atσ .

The gamma raindrop size distribution [4] employed here is like that used in [12]

)exp()( 3
0 aaNaN Λ−=       )2(

with 10
0 1042.1 ×=N cm 4− /cm3 and  213.0 103.1 −=Λ R cm 1− . The lognormal raindrop size distribution [5]

used can be written as
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where D  is the diameter of raindrops in millimeters, 363.0
0 108RN = m 3− ,   Rln199.0195.0 +−=µ , and

Rln013.0137.02 −=σ . The Laws and Parsons raindrop size distribution was presented in [1] and [13], and the
Marshall and Palmer distribution can be found in [3] and [9].

Power-Law Form of Rain Specific Attenuation
The power-law approach [2], [6] to equation (1) of rain specific attenuation calculated by using the point-
matching technique is written as

.αγ Rk ⋅=          )4(

As done in [6], parameters k  and α are calculated by
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where 
iRRi == |γγ  is computed at a rain rate iR  by using the point-matching technique. Obtained by using

seven rain rates of 5.2 , 5 , 5.12 , 25 , 50 , 100 , and 150  mm/h, Tables I-IV tabulate parameters VHk ,  and

VH ,α  (for horizontal- and vertical-polarization, respectively), accompanied by the maximum relative errors

(%)e , for αγ Rk ⋅= . The maximum relative error VHe ,  is calculated by
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For linear and circular polarization, and for all path geometry, k  and α can be derived from the results presented
in Tables I-IV. This may be made by using the equations as presented in [7]

[ ] 2/)2cos(cos)( 2 τθVHVH kkkkk −++=        (8)

[ ] kkkkk VVHHVVHH 2/)2cos(cos)( 2 τθααααα −++=   (9)

where θ  is the path elevation angle and τ is the polarization tilt angle relative to the horizontal ( o45=τ  for
circular polarization).

Since the power-law parameters presented here are for the rain rates of from 0 to150  mm/h, one may use them
to calculate total attenuation due to rainfall without detailed classification of rain, i.e., widespread or convective.
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TABLE I

POWER-LAW PARAMETERS AND MAXIMUM RELATIVE ERRORS FOR THE GAMMA RAINDROP SIZE

 DISTRIBUTION AT A RAIN TEMPERATURE 
o0 C
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TABLE II

POWER-LAW PARAMETERS AND MAXIMUM RELATIVE ERRORS FOR THE  LOGNORMAL RAINDROP SIZE

 DISTRIBUTION AT A RAIN TEMPERATURE 
o0 C
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TABLE III

POWER-LAW PARAMETERS AND MAXIMUM RELATIVE ERRORS FOR LAWS AND PARSONS RAINDROP

 SIZE DISTRIBUTION AT A RAIN TEMPERATURE 
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TABLE IV

POWER-LAW PARAMETERS AND MAXIMUM RELATIVE ERRORS FOR MARSHALL AND PALMER

 RAINDROP SIZE DISTRIBUTION AT A RAIN TEMPERATURE 
o0 C
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