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ABSTRACT Scattering and attenuation properties of rain using various dropmodels are calculated usingMie

theory, the T-matrix method and numerical technique respectively. Ellipsoidal and oblate drops use the axis

ratio of raindrops reported in literature. Scattering are presented both for small volumes containing a single

drop and for large volumeswithmultiple drops inwhich the statistics of drop size distribution need to be taken

into account. The angular dependence of scattering, absorption and scattering cross sections and polarization

ratios are investigated. For single scattering the angular dependence and cross sections of nonspherical drops

differed from those of a spherical drop. Differences between ellipsoid and oblate drops were minimal. Drop

shape affected the polarization mostly at 40–140 degree detection angles. The averaged linear attenuation

and rain induced cross channel signal were studied. Attenuation was close to the ITU-R.838 model and

in the same order of magnitude as the attenuation due to atmospheric moisture. The cross channel signal

was calculated as a function of rain rate and transmitter/receiver angle. Vertical polarization was observed to

produce a higher cross channel signal than horizontal polarization. It was concluded that drop shape is not an

important factor at 300 GHz due to small drops dominating the scattering signal. Overall, the results showed

that in single scattering, the ellipsoid is a good approximation for raindrops and that for large volumes,

a spherical drop approximation and a Mie solution may be sufficient at frequencies of 300 GHz and higher.

INDEX TERMS 6G, mie scattering, mmWave, raindrop, T-matrix.

I. INTRODUCTION

The terahertz (THz) band (0.1-1.0 THz) is a new unal-

located radio band offering previously unattainable pos-

sibilities for future communication, sensing, and joint

sensing-communications [1]–[8]. In communications, for

example, sixth generation (6G) radio technology using

the THz band is expected to enable hyper-fast links (1 Tbps)

and extremely wide data bands up to 300 GHz. In localization

and sensing, the millimeter (mmWave) technologies offer

greater accuracy and are expected to promote applications

such as fully autonomous vehicles [9], [10]. A typical sensor

benefiting from higher frequencies is Frequency Modulated
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Continuous-Wave Radar (FMCW Radar) which is at the

heart of many advanced driving assistance systems [11]–[13].

Research on automotive radar systems operating at 300 GHz

is underway (Car2TERA project [14]).

Typically, radio frequencies are preferred over optical

frequencies in radar and communication applications since

they are not interfered with by adverse weather conditions

like rain, fog or falling snow. So far, the effect of rain and

other atmospheric particles has been studied using mainly

the Mie solution in which the scatterers are assumed to

be spherical [15]–[18]. Small drops such as cloud drops

are known to be spherical, but falling raindrops are oblate

due to the drag force of air. In the case of THz waves,

the model used to represent the shape of a single raindrop

may have a significant effect on wave propagation since
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FIGURE 1. Cross sectional shapes of the volume equivalent drops
(sphere, ellipsoid and oblate drop) with the radii of 1 mm, 2 mm and
3 mm. Definition of horizontal and vertical planes (polarization).

(i) the length of the electromagnetic wave is close to the size

of the raindrop, (ii) the size distribution of raindrops has a

large statistical variation at certain rain rates, and (iii) the

asymmetrical oblate shape of the actual raindrop may have

a substantial effect on the propagation of a polarized wave.

In meteorology, for example, scattering by oblate drops is

a well known phenomenon and forms the physical basis of

modern dual polarization weather radars operating at S- and

C-band frequencies [19].

In this work the freely falling raindrops have been modeled

as spheres, ellipsoids, and oblate drops (Fig.1.) and the

effect of these models on scattering and specific attenuation

of 300 GHz polarized and unpolarized EM waves has been

studied. The wave scattering was calculated using three

different methods: Mie, T-matrix, and Finite Integration

Technique (FIT). Mie and T-matrix are used for spheres and

ellipsoids respectively while FIT was used for oblate drops.

It was assumed that both the incident wave and the scattered

wave propagate in the horizontal plane parallel to the ground.

Consistency of the results was ensured by comparing the

results of the different solutions for a sphere. The physical

properties of the raindrop, the drop models used, and the

methods are discussed in detail in the section II.

In this paper, effects related to large and small sensing vol-

umes of natural raindrops using 300GHz EM-waves are stud-

ied. The main questions are: (i) How does a single raindrop

falling at terminal velocity affect the EM-wave scattering at

300 GHz (small sensing volume), and (ii) what is the sig-

nificance of drop shape when there are multiple raindrops in

the same sensing volume (large sensing volume). Answers to

these questions are presented and discussed in the section III

and conclusions of this study are offered in section IV.

II. THEORY AND METHODS

A. PHYSICAL PROPERTIES OF RAINDROPS

Raindrops are small nearly spherical atmospheric water

particles in free fall. From the point of view of an EM wave

raindrops are suspended in the air and they attenuate the

propagating wave by scattering and absorption. In order to

solve the scattering problem one needs to know the complex

refractive index, size and shape of the raindrops.

The complex refractive index of water at 300 GHz

is n = 2.3989 + 1.0414i [20], where the real part is the

refractive index which indicates the phase velocity of a wave

and the imaginary part is the extinction coefficient which

relates to the amount of attenuation when the wave passes

through the medium.

The size and shape of the raindrops has been studied exten-

sively [21]–[26]. The diameters of raindrops are typically

between 0.1 mm and 6 mm. Small drops are typically more

spherical while large drops are more flattened as depicted

according to the model of Beard and Chuang [22] in Fig.1.

Flattening is caused by the increased atmospheric drag of

raindrops as their size increases.

In the context of scattering raindrops are usually assumed

to be spheres. In this paper, the choice between spherical,

elliptical or oblated (empirical) drop shape and its affect on

the scattering of 300 GHzwave is compared. The drop shapes

are referred to by their volume equivalent radius req that

simply defines a sphere with an equal volume of water. The

shape of the elliptical drops can be solved by calculating the

short axis a and the long axis b with the empirical axis ratio

α [27]

α = 1.0048 + 0.0057D− 2.628D2 + 3.682D3 − 1.677D4,

(1)

whereD = 2req is the diameter of a volume equivalent sphere

in centimeters. The oblated drop is constructed as a solid of

revolution of the cross section defined by [22]:

r(φ) = r0[1 + 6cncos(nφ)], (2)

where r(φ) is the distance from the origin in the direction

φ measured from the vertical axis defined in Fig. 1. The

shape coefficients (cn) for each drop size are presented

in [22]. Examples of the cross sections of volume equivalent

spherical, elliptical and oblated drop shapes with radii of 1

mm, 2 mm and 3 mm are shown in Fig. 1.

B. RAINDROP SIZE DISTRIBUTION

Raindrop size distribution N (D) is defined as the number of

raindrops with a diameter of D + dD in unit volume of air

as a function of drop diameter and rain rate. In this paper

it is assumed that the raindrops obey the Weibull drop size

distribution (DSD) [28]:

N (D) = N0
η

σ

(

D

σ

)η−1

e
−

(

D
σ

)η

(3)

Here D is the drop diameter and coefficients are N0 = 1000,

η = 0.95R0.14, σ = 0.26R0.44. Drop size distribution is hence

a function only of rain rate R which is given in mm/h. In

terms of rain, the rate rain can be described as light for up

to 2.5 mm/h, moderate for up to 10 mm/h, heavy for up to

50 mm/h, and violent for larger than 50 mm/h. Besides the
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Weibull distribution there are other known distributions. The

selected DSD model may affect the average scattering and

attenuation properties of rain [29], [30]. Naturally, effective

drop size tends to have high natural variance. In addition,

there are regional differences that affect the DSD model, for

example, temperate and heavy rain regions tend to have more

larger drops than smaller ones [31], [32].

C. SCATTERING OF EM WAVE BY SPHERICAL,

ELLIPSOIDAL, AND OBLATE DROPS

1) SPHERE

The Mie solution describes the scattering of a plane wave

from a spherical particle with a known complex refractive

index. Interaction between the plane wave and a particle can

be represented by extinction σext , scattering σsca absorption

σabs and backscattering σb cross sections [33]:

σext =
πD2

2x2

∞
∑

n=1

(2n+ 1)ℜ(an + bn) (4)

σsca =
πD2

2x2

∞
∑

n=1

(2n+ 1)(|an|
2 + |bn|

2) (5)

σabs = σext − σsca (6)

σb =
πD2

4x2

∣

∣

∣

∞
∑

n=1

(2n+ 1)(−1)n(an − bn)

∣

∣

∣

2
(7)

Here D is the diameter of the particle, x is a size parameter

defined as x = πD/λ and an and bn are the Mie coefficients

for the scattered wave. Angular dependence of scattered

radiation is given by the scattering phase function:

P(θ ) =
|S1(θ )|

2 + |S2(θ )|
2

πx2Qsca
, (8)

where S1(θ ) and S2(θ ) are the elements of the scattering

amplitude matrix and Qsca is the scattering efficiency.

Scattering efficiency is defined simply by the ratio of the

scattering cross section and geometrical cross section of the

particle

Qsca = σsca/Ageom (9)

Extinction and absorption efficiencies can be similarly

defined.

2) ELLIPSOID

Mie theory provides a solution only for homogeneous or

layered spherical or infinitely long cylindrical particles and

thus other method must be used for elliptical particles.

T-matrix is another widely used method of solving scattering

problems in theMie resonance scattering regime and it is able

to solve scattering by elliptical particles.

In the framework of the T-matrix method the incidentEi(r)

and scattered fields Es(r) represented with vector spherical

harmonic functionsM and N are:

Ei(r) =
∑

nm

(a(2)mnM
(2)
mn(kr) + b(2)mnN

(2)
mn(kr)) (10)

Es(r) =
∑

nm

(p(1)mnM
(1)
mn(kr) + q(1)mnN

(1)
mn(kr)) (11)

Here the superscripts (1) and (2) refer to the degree of

spherical Hankel functions. Expansion coefficients anm and

bnm of the incident wave are known and they are related to the

coefficients of the scattered field pnm and qnm by a T-matrix:
[

p

q

]

= T

[

a

b

]

(12)

In practice T-matrix calculations were solved with a

Python interface that uses a Fortran implementation of the

T-matrix method [34]. Details of the T-matrix method and its

implementation can be found in [35]–[38].

With the T-matrix method, the ellipsoid approximation of

a raindrop were used with axis ratios defined by (1) and

calculated the absorption and scattering cross sections and

angular dependence of the scattered wave were calculated

in a horizontal plane. For very small drops the axis ratio of

the drops approaches unity and the T-matrix solutions were

checked for convergence with the predictions of the Mie

theory.

3) OBLATE DROP

CST Studio Suite [39] was used to simulate scattering of the

oblate drop shapes defined by (2). In the simulations either

vertically or horizontally polarized plane wave excitation

were used. FIT [40]–[43] was used to calculate radar cross

sections and extinction parameters of the drops. Precision

of the simulation was -80 dB and the hexahedral mesh was

60 per wavelength. Based on the CST manual, Radar Cross

Section (RCS) is calculated by the following expression

RCS(θ, φ) = 4π
power radiated per unit angle

stimulated power
(13)

and depends on the incident wave properties (polarization,

propagation angle, frequency) and the target geometry

and material properties. Calculations and simulations were

performed for a single drop at a time. The smallest drop had

an equivalent radius of 1 mm, and the radius was increased by

0.25 mm steps until the radius was 3 mm. Smaller than 1 mm

radii were not calculated with CST because the solutions of

CST and Mie theory converged.

III. RESULTS AND DISCUSSION

This section commences by introducing the scattering effects

of a single drop. The angular dependence of scattering is

presented for different drop shapes and sizes. Evolution

of the scattering as a function of the volume equivalent

radius is shown with a scattering asymmetry parameter.

Scattering and absorption cross sections and backscattering

coefficient are presented for a single drop as a function of

the volume equivalent radius. After the scattering effects

of single drops, the scattering by an ensemble of raindrops

in the unit volume of air is taken into consideration. The

specific attenuation for the different shapes at different rain

rates is examined and compared with the ITU standard

model. The average scattering angle by rain is presented

for vertically and horizontally polarized incident waves.
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FIGURE 2. Angular dependence P(θ) of the scattered field of a sphere, an ellipsoid, and an oblate drop having volume equivalent radii between 1-3 mm.
Horizontal polarization of the ellipsoid and the oblate drop clearly leads to lower scattering values and oscillates more than the sphere within the angular
range of 20-120 degrees. Correspondingly the scattering values of vertical polarization of the ellipsoid and the oblate drop are higher. Also, the oscillation
increases with increased size of the drop.

Directions of the polarizations are defined in Fig.1. Inci-

dent and scattered waves are assumed to propagate in a

horizontal plane. Average attenuation and scattering are

combined for a cross channel signal between the transmitter

and the receiver with overlapping sensing cones. Finally,

the extinction efficiency of a spherical drop at various radar

frequencies is presented together with the raindrop size

distribution.

A. ANGLE DEPENDENCE OF THE SCATTERING

Results of the calculations of the angular dependence P(θ) of

the scattered plane wave in the cases of a sphere, ellipsoid

and oblate drop are shown in Fig. 2. As the Mie theory

predicted, scattering was strong in the forward direction P(0)

and weaker in other directions. The main lobe width of 1-

mm drops was 60 degrees and their side lobe levels were

below 0.1. When the drop size increased the main lobe

became narrower as one would expect. A 3-mm drop had a

main lobe width of only 20 degrees. Horizontal polarization

(H) of the ellipsoid and the oblate drop lead to clearly lower

scattering values and oscillated more than the sphere within

the angular range of 20-120 degrees. Correspondingly the

scattering values of vertical polarization (V) in the case of

the ellipsoid and the oblate drop were higher than those of the

sphere. This behavior seems logical due to the asymmetry of

the ellipsoid and the oblate drop shapes.

Results for the ellipsoid and the oblate drop were close

to each other and the average of the scattering values of

horizontally and vertically polarized fields followed closely

on those of the spherical drop.

Another way to examine the overall angular dependence

of the scattered wave as a function of drop size is to

represent scattering with the scattering asymmetry parameter

g. Asymmetry is a dimensionless parameter that describes an

expectation value for cos(θ), where θ is the scattering angle.

For spherical particles, scattering asymmetry can be defined

as [33]:

g = 2π

∫ π

0

P(θ)cos(θ )sin(θ)dθ (14)

Here the scattering phase function P(θ) is normalized to

result in unity when integrating over all scattering directions,
∫ π

0 2πP(θ )sin(θ)dθ = 1. In general, g can have values

between -1 and 1 and g = 1 would mean all scattered energy

is in the forward direction, g = 0 would describe symmetric

scattering in both forward and backward direction and

g = −1 would mean total backward scattering.

Scattering asymmetries for sphere, ellipsoid and oblate

drop for H and V polarization fields are shown in Fig. 3.

The Mie solution assumed the drop to be spherical and g

was calculated for unpolarized incident radiation as defined

in (14).
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FIGURE 3. Asymmetry of the scattered EM field g for sphere, ellipsoid
and oblate drop as a function of volume equivalent radius req. Scattering
asymmetry from the ellipsoid and the oblate drop follow each others
closely. At small radii the scattering asymmetry approaches zero which
indicates symmetric, Rayleigh type scattering.

The scattering in the forward direction was stronger

for a horizontally polarized than for a vertically polarized

incident field. In general, both ellipsoid and oblate drop

lead to a lower g for vertical polarization and a higher g

for horizontal polarization when compared with the Mie

solution of the spherical drops with unpolarized incident

radiation. Asymmetry was nearly identical for the ellipsoid

and the oblate drop. Below 0.5 mm radius the asymmetry of

the T-matrix solution used for the ellipsoid dropped rapidly

towards zero. This indicates that the angular distribution

of scattering becomes isotropic as the Rayleigh scattering

regime (req ≪ λ) is approached.

The polarization state of a scattered wave from an

unpolarized incident wave depends on the size of the

drop and the scattering angle. Figure 4 shows the ratio of

horizontally and vertically polarized scattered components

of an unpolarized incident wave and the difference in

polarization when compared to the scattering caused by a

spherical drop. The largest differences in polarization ratios

between the elliptical and spherical drop models could be

seen at grazing angles and at angles close to perpendicular to

the incident wave. Thismay be of interest if rain is analyzed in

the THz range with methods similar to polarization sensitive

laser diffraction techniques [44].

B. EFFECT OF DROP SIZE ON THE SCATTERING CROSS

SECTIONS

Figure 5 presents the scattering σsca and absorption σabs
cross sections which show the interaction between vertically

polarized (V) and horizontally polarized (H) incident plane

waves with different sizes of water drops. At 300 GHz

frequency, the scattering effect from the drops was higher

than the absorption and the difference between them grew as

the size of the drop increased.

With a 1mm radius drops the polarization states had almost

no difference but with increased drop radius differences

started to appear.

FIGURE 4. Polarization ratio for elliptical drop for unpolarized incident
wave at different radii and scattering angles (left). Difference of
polarization ratio of elliptical drop when compared to polarization ratio
from spherical drop.

FIGURE 5. Scattering σsca and absorption σabs cross sections. Scattering
cross section is larger for horizontal polarization for non spherical shapes
while the reverse is true for absorption cross section.

For ellipsoid and oblate drops, the scattering cross section

was higher for horizontally polarized while the absorption

cross section was higher for a vertically polarized incident

wave. Scattering and absorption behaved as could be

expected from the non spherical drop shapes.

C. BACKSCATTERING COEFFICIENT

The behavior of the backscattering coefficient σb for spherical

and ellipsoidal drops is presented in Fig. 6 for a horizon-

tally polarized incident wave. For comparison, a Rayleigh

approximation of backscattering coefficient for a sphere was

calculated with [33]:

σb =
π5

λ4

∣

∣

∣

∣

n2 − 1

n2 + 2

∣

∣

∣

∣

2

D6 (15)

in which λ is the wavelength, n is the complex refractive

index of water and D is the drop diameter. It can be seen

that below 0.1 mm radius the Rayleigh approximation agrees
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FIGURE 6. Backscattering coefficient for ellipsoidal and spherical
raindrops with horizontally polarized incident radiation. The Rayleigh
approximation for a spherical shape is shown for comparison.

with the Mie and T-matrix solutions but for r > 0.1λ fails

completely. This was expected and serves as a reminder that

at 300GHz and higher frequencies, raindrops don’t satisfy the

conditions of Rayleigh approximation. The backscattering

coefficient σb was equal for sphere and ellipsoid up to

approximately 1 mm radius and above that the ellipsoid had a

slightly smaller backscattering coefficient. The difference is

due to the fact that the ellipsoid treats the polarized incident

wave differently as it gets more flattened with increasing

volume equivalent radius. This should be considered for

example if rain rate is analyzed from radar backscattering

in THz applications.

D. RAIN AVERAGED SPECIFIC ATTENUATION

The scattering and absorption cross sections presented

in Fig. 5 showed differences for a polarized wave in the cases

of elliptical and oblate shaped drops. In order to evaluate their

effect on path loss in rainy conditions the specific attenuation

for the Mie and T-matrix solutions of spherical and elliptical

drop shapes was calculated using the Weibull DSD according

to (3) which provided a solution of the average extinction

coefficientµext for a given rain rate by calculating the integral

µext =

∫ ∞

0

σext (D)N (D)dD (16)

where the extinction cross section σext = σabs + σsca takes

into account both absorption and scattering losses. For the

oblate drop interpolated σext values were used when solving

the integral due to the sparse size data obtained using the CST

solver.

If all absorbed and scattered radiation is consid-

ered lost, incident radiation obeys an exponential decay

I (z) = I0 exp(−µextz). Specific attenuation is presented

in Fig. 7 in dB/km units for rain rates ranging from

2 to 40 mm/h including verbal descriptions of the rain

intensity and the effect of atmospheric moisture. The

extinction coefficient µext was nearly identical for vertical

FIGURE 7. Specific attenuation at rain rates between 1 to 40 mm/h. For
comparison, attenuation by atmospheric moisture is shown at 15◦C
temperature for 50% and 100% relative humidity with dashed lines.

and horizontal polarization and therefore only one solution

is shown for the ellipsoid and oblate drop. Drop shape had

minimal effect on specific attenuation when compared to

the effect of atmospheric moisture which is shown with

dashed lines for 50% and 100% relative humidity’s at 15◦C

temperature. Calculated solutions were also close to the ITU-

R838 attenuation model shown with a red dashed line [45].

Differences from the ITU model were so small that natural

variations in DSD would probably have a larger effect on

attenuation than drop shape. For example, at 10 mm/h rain

rate the choice between different DSD models can easily

increase or decrease the specific attenuation by 2 dB/km [29],

[30]. In the case of linear attenuation the ITU model seems

sufficient and by taking the drop shape into account no

additional benefits are gained.

E. RAIN AVERAGED SCATTERING PHASE FUNCTION

The weighted averages of scattering phase functions were

calculated over the full DSD range at three different rainrates

from the T-matrix results. Results for both vertical and hori-

zontal polarization are shown in Fig. 8. In this case scattering

calculations were done for drops with equivalent radius

between 0.01 - 3 mm with 1r = 10 µm resolution before

calculating the weighted average 〈P(θ )〉 =
∫

P(θ )N (D)dD.

Due to long calculation times, it was not possible to acquire

similar results with CST with sufficient radial resolution

(also, resolution for the drop shape is given at only 0.25 mm

intervals [22]). An increasing rain rate could be observed

to increase the proportion of forward scattering. This was

expected because the proportion of small drops decreases

relative to large drops with increasing rain rates. The

largest differences between polarization states were observed

between 60◦ and 80◦ scattering angles.

F. RAIN INDUCED SIGNAL FOR BISTATIC SENSOR

The rain averaged scattering phase functions for horizontal

and vertical polarizations shown in Fig. 8 were used to
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FIGURE 8. Scattering phase function of ellipsoid and sphere averaged
over DSD for light (2 mm/h), moderate (10 mm/h), and heavy rain
(25 mm/h). Increasing rain rate increases the proportion of forward
scattering.

FIGURE 9. The rain induced cross channel signal between the transmitter
and the receiver for vertical and horizontal polarizations. Transmitter and
receiver are located at 50 m distance from the center of common volume
of intersecting antenna cones at an angle θ .

demonstrate the cross channel signal due to rain at different

rain rates in Fig. 9. This rain induced signal was calculated

by numerically solving the bistatic radar equation over the

intersecting volume of the transmitter and receiver antenna

cones:

Pr

Pt
=

λ2

4π3

∫

GtGr

(rtrr )2
η(θs)AairAraindV (17)

Here P is power, λ is wavelength, G is antenna gain, r is

distance to common volume. A scattering phase function was

included in the bistatic scattering cross section η(θs). Aair and

Arain are attenuations due to air and rain respectively. Antenna

gains were estimated with G = −10log10(0.5(1 − cosθ)) for

constant cones with 2◦ half angles.

Calculation of the rain induced cross channel signal is

described in more detail in our previous paper [30] where we

used Mie scattering to estimate co-channel interference with

FIGURE 10. Left axis: extinction efficiency of spherical drop at
various GHz frequencies. Right axis: drop size distribution (3) for
10 mm/h rain rate.

a non-polarized incident wave. In Fig. 9 both transmitter and

receiver were at 50 m distance from their intersecting antenna

cones at different angles of incidence forming a 100 m long

effective path length between Tx and Rx.

The cross channel signal mostly retained the shape of

the rain averaged scattering phase function except when

close to the backscattering angles where the signal increased

if compared with the shape the of pure scattering phase

function. This effect is explained by the fact that overlapping

antenna cones lead to larger integration volumes in equation

(17) near 0◦ and 180◦ Tx-Rx angles.

In general, a horizontally polarized incident wave seemed

to cause less cross channel signal than vertical polarization.

For this chosen geometry, at least, integration of equation

(17) decreased the differences observed in Fig. 8. between

spherical and elliptical drops which was due to a large

proportion of nearly spherical small drops in DSD (3) that

contributed to the total scattering. This can be seen clearly

in Fig. 10 where the extinction efficiency Qe of a sphere

is shown for several GHz frequencies ranging from weather

radar 5.6 GHz to 300 GHz frequencies side by side with the

DSD for 10 mm/h rain.

IV. CONCLUSION

In general, electromagnetic scattering by spherical raindrops

can be solved with Mie theory. However, large raindrops

are not spherical due to atmospheric drag and their shape

can be approximated with an ellipsoid or oblate drop. The

T-matrix method and the finite integral technique were used

in this paper to study the scattering properties of ellipsoidal

and oblate drop approximations. We investigated both the

single scattering case (small volume) and the scattering by a

continuum of a large number of drops (large volume) with

characteristic drop size distribution since different sensors

and sensor networks can cover a wide range of different

sensing volumes.
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The effect of a single raindrop on the scattered field, cross

sections and scattering parameters was investigated for small

sensing volumes. The scattered field did not differ much

between the ellipsoidal and oblate drop because the difference

in their shapes was small, suggesting that an ellipsoidal shape

is sufficient for the raindrop model. On the other hand,

a difference between polarization states could be observed.

A horizontally polarized incident wave had more forward

oriented scattering distribution and on average had stronger

scattering than that of a vertically polarized incident wave.

Also, drop shape had a large impact on the polarization ratio

at 40 to 140 degree range.

For large sensing volumes the rain averaged linear attenu-

ation and the rain induced cross channel signal were studied

assuming the raindrops to obey the well-known Weibull drop

size distribution. Attenuation from the simulated raindrops

was similar to the ITU-R838 model with only slight

differences at heavy rain rates. On average, attenuation due

to rain is of the same order of magnitude as attenuation due

to typical air humidity ranges. For the cross channel signal,

a difference between horizontal and vertical polarization

around 50 to 150 degree was observed where the impact of

the drop shape was barely visible.

With large volumes the impact from the oblate shape

diminishes because the rain contains a larger number of small

nearly spherical drops than large oblate drops. At 300 GHz

or higher frequencies the small drops are effective scatterers

and for large volumes the simple Mie approximation may be

sufficient for scattering problems. In the case of small sensing

volumes, the shape of the individual drops and rain rate can

be detected.

These results could be used as a tool for engineers to

develop new applications for 300 GHz.
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