Proceedings of ERAD (2002): 113—-14® Copernicus GmbH 2002 E RA D 2 O O 2

The role of particular rain drop size classes on specific rain
attenuation at various frequencies with Czech data example

O. Fiser
Institute of Atmospheric Physics of the Czech Academy, B&treet 11/1401, 141 37 Praha 4, Czech Republic

Abstract. The influence of the DSD on rain attenuation com- plification to derive the rain attenuation). The computation
putation is studied in the 10-150 GHz frequency region. Theof attenuation is demonstrated using the average DSD from
influence of particular rain drop sizes (diameters) is shownthe 11 month measurement at the Institute of Atmospheric
concluding that the prevailing contribution is caused by dropsPhysics in the Czech Republic (Fiser, Schoenhuber, Pesice,
of the diameter close to 0.7-1.5 mm when the importance 0£2002).

small rain drops is increasing with the increasing frequency.
A 2 step model is suggested not to be able to derive the at-
tenuation only but also to model the rain drop spectra accu?

rately. Conclusions are derived from the typical DSD (which The specific rain attenuation is given by the next general for-

was measured in the Czech Republic and corresponds to thr%ula'
2.17 mm/h rain rate). The convenience of DSD analytical '

approximations (DSD models) is also discussed.

Evaluation of the specific attenuation

o}

A = 4.3434*\*10° / Imf(D)N(D)dD|dB/km)] L
0

1 Introduction where

Rain is one of the most important atmospheric phenomena ~ <1 IS the specific rain attenuation,
influgnc!ng the attenua'tion of micr'owaves. The rgin Qrop size _ fis the complex scattering function being strongly de-
dlst_rlbutlon (DSD)_ and its appro_prlate pargmeterlsatlon plays pendent on the frequency,
an important role in the proper interpretation of the meteoro-
logical radar measurement as well as in the estimation of the — D is the rain drop diameter,
radiowave attenuation due to rain. . . o
Many previous studies investigated the derivation of the N(D) s symbol for the drop size distribution (DSD),
rain rate R & 3.67*" moment of the DSD) or the radar re-  — ) is the wave length.
flectivity factor Z (8" moment of the DSD in the Rayleigh _ o _
region, i.e. for the frequencies below 5 GHz approximately) Equation (1) shows that the imaginary part of scattering
from DSD; both quantities being not dependent on the fre-function is directly proportional to the specific rain attenu-
quency. ation. To study the influence of the scattering function we
This contribution is focused on the discussion of the rolePlotted the imaginary part of the scattering functionf at
of DSD on the rain attenuation at various frequencies in thefféquencies in the range from 10 to 150 GHz using the Mie
region 10-150 GHz. A similar study could be performed in Scattéring formulas (see for example Fiser, 1993). It was ac-
this frequency region for the radar reflectivity factor, which knowledged that the attenuating role is increasing with the
should be derived from the frequency dependent back scaf@in drqp diameter at given frequency. The attenuation is also
tering cross section and not from th& ®SD moment. proportional to the frequency. _ _ .
This study is based on the Mie scattering approximation 1 he slope of thelmf(D) decreases with the increasing
for temperature of 5C (this approximation holds only for frequency for rain drop diameter above about 1 mm. It means

spherical rain drop shape which is a quite good technical simPractically that the relative role of small rain drops increases
with the increasing frequency (see part 5). Trying to find the

Correspondence tdO. Fiser (ondrej@ufa.cas.cz) simple dependence on its diameter we derived numerically
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Fig. 1. The imaginary part of the forward scattering functionfim
(em~1) (Mie scattering). The rain drop diameter in (mm) is a pa-
rameter. This Inf is propotional to the rain attenuation.

Fig. 2. DSD measured in the Czech Republic (27 July 1998 — 2 July
1999, curve “Meas”). The curve labelled “diff” shows the relative
difference of the model “Step 2” described in the part 6.

that thelmf is approximately proportional to thé"4power
of the drop diameter at frequencies 10 to 30 GHz (it is closeContinuing
to the Rayleigh region) whereas in the frequency range 120~ This measurement was performed at the experimental site

150 GHz the attenuating effect is approximately proportionalof the IAP in the town of Hradec Kilové being 100 km east

to the 2 power of diameter (the drops achieve the optical to Prague. The instrument was placed on the roof of the pub-
reg_;rlfc])n).. ination is obvi ¢ Fia. 1. The sl fth lic astronomic observatory (50.18l, 15.83 E, 285 ma.s.l.).
e Imagination Is obvious from Fig. 1. The slope of the 1o g measurement started on 27 July 1998 and finished
attenuating role of larger drops decreases with the frequencyé)n 2 July 1999. The number of nearly 2 millions (1 935 108)
On the cher ha}nd, the number of drops per unit ,VOIumerain drops was recorded during the 11 months (340 day) ex-
_and perrain drop interval (DSD) decreases W'th_the 'ncre_as'periment. Only the one-minute DSDs satisfying the condi-
N9 d|am_eter. BOth’ DSD as well as the scattering funCtIontion that the rain rate exceeded 0.2 mm/h were considered.
must be investigated jointly. The average measured DSD (see Fig. 2) was also approx-
imated by the Exponential (label E) and Gamma (label G)
3 The drop size distribution analytical f.unction and t_he parameters were derived by two
ways: by linear regression (label R) and by the method of
The rain attenuation is also proportional to the DSD [N(D)] moments (3' and 6" moments of DSD were used in the
as it is obvious from equation (1). The general feeling aboutExponential model case while thé"4moment was added
the DSD is that the N(D) is rapidly decreasing with the drop to compute the Gamma model parameters; label M). For in-
diameter however it was found that the number of smallerstance, E-M is a label for the Exponential model with param-
drops is increasing with its diameter up to a certain thresholdgters having been derived by the method of moments etc. A
in CZ it seems to be B0.8 mm. The analytical Gamma DSD third method deriving the parametgrconsists in fixing the

however the used technique is general and the research is

model, for instance in the following form: 1 parameter to values 0, 1, 2...20 and deriving only the in-
. tercept No and slopa& parameters through regression. This
N(D) = NoD" exp(—A"D). (2)  method is called “fix” method (label F). Only correspond-

ing to the minimum RMSE is then considered.

(NVo, A and . are the intercept, slope a and shape parame- . .
: . . . The measurement results are shown in Table 1 (from Fiser
ters, respectively) is able to approximate this fact, wherea . '
pectively) i pproxi : W SSchoenhuber, Pesice, 2002).

simpler exponential DSD approximation can model only a
decreasing function:

N(D) = Ny exp(—AD). 3) 5 The role of pz_irticular rain drop size classes on specific
rain attenuation

4 Example of the DSD measurement It is interesting to study the contribution of particular rain
drops on the attenuation, i.e. the integrand of (1). Equation
To show the influence of the rain drop diameter on the spe{1) shows that the particular contribution to the attenuation is
cific rain attenuation, the average DSD measured at the Ingiven by the product of the imaginary part of the scattering
stitute of Atmospheric Physics in the Czech Republic wasfunction (mf) andN (D) (DSD).
used (see Fiser, Schoenhuber, Pesice, 2002); its correspond-The decreasing number of large rain drops predominates
ing rain rate is 2.17 mmt'). The practical utilisation of all  to the increasing attenuating role of the imaginary part of
following conclusions may be limited to this measurement,the scattering function and the integrand starts to decrease
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Table 1. Parameters of the DSD models of the average DSD fromTable 2. Percentage fraction of the attenuation formed by rain drops

the Czech Republic within the diameter interva& 0; 1 > mm only
f (GHz) 10 20 30 40 50
Model E-M E-R G-M GR G-F fraction (%) 17.9 159 159 165 18.0
No[mm™'m™% 4.0E+03 5.0E+02 G5.0E+03 8.0E+02 2.0E+03 f(GHz) 60 80 100 120 150
A[mm™] 35 2.7 3.9 3 3.7 ,
fraction (%) 20.8 29.4 382 427 445
i 0 0 05 0.7 2 raction (%)
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_ o _ _ Fig. 4. Ratio of the rain attenuation derived through an analytical
Fig. 3. T.he D” response of thg .|ntegrand Qf Eq. (1) \{vhlle the fre- psp model (G - Gamma, E - Exponential). M (R) represents the
quency is a parameter. Specific attenuation A is directly propor-mement (regression) method used to derive the model parameters.
tional to the surface area (quadric) below the curve and above th§jodel “Step 1” and “Step 2" are models describing the DSD for 2
X-axis. drop diameter intervals separately (see part 6).

for rain drop diameters abpve a certain threshold. WhenetersNU, A [and i in the Gamma DSD model case] were de-
analysing higher frequencies this threshold will move to-

. : . . . ived from the rain drop intervat 0.3; 5.1 >mm). Figure 4
wards smaller rain drops. Figure 3 is showing the integran . L o )
. . e . shows the ratio (deviation) of the specific rain attenuation de-
of (1) while the frequency is a parameter. This integrand in-

cludes all constantst(3434*\*10%) from equation (1) thus rived from the measured DSD (Fig. 2) and DSD modelled by

o U : different DSD models. Both the method of moments as well
the specific attenuation is directly proportional to the surface

area (quadric) below the curve and above the x-axis as the linear regression were used,
quadr : . - One can see that the methods E-R, G-R and G-F are not
The maximum shifts towards smaller rain drops with the

increasing frequency (maximum occurs at diameteric? suitable. The DSD models with parameters derived by the
mm at 10 GHz whereas the maximum is found at the diam-methOd of mpments (Gamma model preferably) yiglds a
eter D~0.95 mm at 120 GHz. It is very interesting that the much better f.'t' On the other hand, the DSD models W'Fh pa-
prevailing contribution to the specific attenuation is formed rameters derived by the moment method do not describe the

by drops of diameter not exceeding 2mm! That's way thenatural DSD response (N-D dependence) accurately. This

can be explained by the fact that moments of orders 3, 4 and

analytical DSD models should be very accurate for drops be—6 were used in our technique. The higher order moments

low 2 mm of their diameter. Table 2 shows the percentage,,,, h :
attenuation contribution formed by rain drops within the di- (4% and 6) are strongly dependent on larger raindrops and

ameter intervak 0; 1 > mm related to the total attenuation. therefore the approximated N(D) dependence is deviated in

. . ) . ._small rain drop area.
The increasing role of small rain drops with the frequency is . . .
obvious. Having analysed the particular role of rain drops on the

rain attenuation (see Fig. 3) we suggest to approximate the
measured DSD by the 2-step model. The first step (only
6 Test of the analytical DSD models with respect to the Gamma model) should derive the spectrum of rain drops
rain attenuation computation within the diameter intervak 0.3; 1.1 >mm. The spectrum

for larger rain drops can be modelled exponentially. This
Using the measured average DSD (Fig. 2) we evaluated thenodel (see curve “Step 1” in Fig. 4) was not more accurate
rain rate (2.17 mm/h) and the attenuation at various frequenthan the G-M model but its DSD description was much better
cies in the range 10-150 GHz. The estimated attenuatiothan description by the G-M model. To improve this situa-
was also computed when replacing the measured DSD by ition we enlarged the first diameter interval irto0.3; 1.3 >
approximations having been described in part 3 (the parammm- this part was still in the “Gamma” region (foudd, =
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5.72*107, X = 12.17, u = 9.44). The part for D>1.5 mm — a 2 step model for the diameter intervals0.3; 1.3 >

was in the “Exponential region” although we modelled this mm (Gamma) ane: 1.5; 5.1 > mm (Gamma or Expo-
second part also by the Gamma function which was slightly nential) was suggested. This model is useful to compute
more accurate (found/, = 5.63*103, A = 4.13, p = 2.37; the rain attenuation as well as it is suitable to model the
see curve “Step 2" in Fig. 4 and then see Fig. 2) in compari- spectrum (N-D response)

son with the Exponential one. o
In the next work it will be worthy to study the changes
being caused by the DSD at various rain rates, too.
7 Conclusion
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