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: 'ABSTRACT. A new paramé:térw,[‘cﬁaluledf“tﬁé Normalized Equivalent Radar Reflectivity Factor e
.- isintroduced to ~e§flab1e‘vpyrop’eﬁr;y"appreCiatian‘fpf" the effect of radar wavelength on the radar reflectivities
of water and ice hydrometeors. 2, * is defined as the value of the equivalent radar reflectivity factor

_ : (ze) obtamed ; Sl—ﬂg the nor ahzedback-scatter'emss-sectmn 'Clﬂrz} This opétation,~remqve§~‘ the
S« Ceffect of the | ‘ o

etric area of the back-scattering cross-section and enables us to make a more.
 realistic assessment of the dependence of radar reflectivity on radar wavelength for any given h‘x“dm
- meteor. Values of 2,* have been calculated, for four different radar wavelengths, for water and ice .
_spheres. in size-rabhges common to hydrometeors. Certain ‘aspects of the dependence of ze * on the
~nature and size \Of - scatterers (hydrometeors) and on radar wavelength are discussed. On this basis,
an effort is made to assess ‘the relative merits of the different radar wavelengths commonly used in

o ~ radar-meteorologidal operations and research.
Lo L Introduction ~ . . . . tothe Radar Reflectivity Factor, 2. In such;case‘sf\' o
ey hep it is convenient to express the radar echo re-
P gty Common qosed for weather . fectivity as an equivalent radar reflectivity factor
| qAchs ate I 1AC TOUT DAncs, viz., &, G, S and 2 which is a fictitious value of radar reflect ity
L bands, corresponding approximately to 3, 5, £ror that will yield the same valug of reas.
- 10 and 23 cm. In general, the requirements of  power as the observed reflectivity, had. thy
- uniformity, standardization and comparability leigh approximation been applicable. Fop '
 (especially in  quantitative measurements) - in computation and comparison. the serter
~ demand that cne watclongth should be adopted are further assumed to comprise wholly of water.
for operational use. While the choice of appro- In other words, we can define 2, of a radar ech
priate wavelength will be influenced by various = g5 the 2 of small (Rayleigh criterion) spherical
~ factors including the &conomic aspects, there are, water drops which would have the same total
~ nevertheless, certain, basic' parameters whose  back-scatter as the observed echo.
. - behaviour with change in radar wavelength has =7 & U7 TR EERRe 0 :
~ to be considered. One such important parameter <, is expressed as
: {: the ;Eti]ﬁllgivalqnﬁ‘Raﬂat ReﬂegtiVi'ty Fagtt)r, .% e i e e G‘ At S L s
_because this is the parameter, determined onthe 2 —. %% o q06 e o g
- basis of the radar equation, for use in referenc- - . A - K[ 210 mm /m o =
~ ing echo intensity and rate of precipitation.

, = ‘ v " where, o is the radar crdssv_‘,’ecfiﬂ(';“n;{gﬁlé)_
k “”‘2-,'_’E¢‘lui’vglent‘ radar"f:rgﬂéctlvityfactor (Ze) s the radar W&Veleﬁ gth (o). :
~ The Rayleigh approximation of back-scattering and K is a function of thé complex mdex o

holds good only for particles whose diameter, - of refraction.
D, is small compared with the radar wavelength,
A, ie, when a<<«<1; where a is the ratio .of : e e
~ sphere perimeter to wave-length or, in other words, - The radar back-scatter cross-section is Vefyi
- _a=2nr[A;, where, r== D/2. For larger scatterers much dependent on the geometric cross-section
% in the complex Mie-scattering region, the power of the scatfer and this creates difficulties in com-
. Teceived at the radar is no longer proportional  putation because the geometric cross-sections of .

3. Normalized back-scatter cross-section {ay) e
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a large number of scatterers (hydrometeors)
of numerous sizes have to be accounted for. It is
therefore customary in radar-meteorology to
define a normalized back-scatter cross-section, oy,
which is the ratio of the radar cross-section of the
scatterer to its geometric cross-section. ‘

' - c ~ . .
or oy = — where oy is the normalized

2

cross-section.
4. Normalized equivalent radar reflectivity factor (Ze*)

Since o is dependent on the geometric cross-
section, 2, is also dependenton the geometric
- cross-section. - It follows from Eqn. (1) that if this
dependence on geometric cross-section can be
eliminated from the equivalent radar reflectivity
factor, it will be feasible to make a more realistic
assessment of the inter-dependence of the remain-
ing variables, viz., radar reflectivity and radar
wavelength for any given hydrometeor. This
can be achieved by replacing o by oy In other
words, use of normalized back-scatter cross-section
in Eqn. (1) will remove the influence of the geo-
metric cross section. ~

We may thus propose a new, very useful,
radar-meteorological parameter, viz., the nor-

malized equivalent radar reflectivity factor, Z.*,
which is expressed as

‘G'N' A4

ZF = W,( 106‘mm4/m3 .. (2)

Since ox is a dimension-less factor, the
change in the dimensions of <* (as compared
to those of Z.) is to be taken note of.

5. éomputation of 2,* for different wavelengths

As explained above, {* will present the true
dependence of radar reflectivity on radar wave-
length for each hydrometeor size. Computations
of Z,* have been made for drop diameters upto
1.4 cm and hail diameters upto 8 cm as these
are approximately the largest sizes occurring
generally. '

Values of oy for different values of o (cor-
responding to various values of drop or hail
diameter) were selected from the data of Her-
man and Battan (1959) and Stephens (1961)
who have provided tables of back-scatter cross-

‘sections for ice and water spheres of various

sizes. Hailstones have been assumed to be dry
and, for them, value of/K/2 has been taken as

£ 0.93. :

Values of £, * have been domputed for four
representative wavelengths, both for water and
ice spheres. In the case of water drops, the wave-
lengths chosen were: 3.2, 5, 10 and 16 cm
because values of oy were readily available for
these wavelengths in the tables given by Stephens
(1961). For hail, the wavelengths chosen were:
3.2, 4.7, 10.5 and 23 cm which correspond more
approximately to the wavelengths currently in
use in radar meteorolgy.

The results of these computations are present-
ed graphically in Figs. 1 and 2. )

6. Discussion of * for raindrops
e

- A comparative study of the values of Z.*
obtained at different wavelengths for different

“sizes of raindrops (Fig. 1) brings out the follow-

ing facts:

(i) Upto about 0.3 cm diameter drop-
size, we are well within the Rayleigh
regime and the values of Z,* for the
various wavelengths are almost the
same for any given drop-size upto this
diameter.

(ii) when the drop size increases, the
Rayleigh criterion begins to fail and
we find that a change in the gradient
of Z.* curve seems to occur when the
value of D/ X\ approaches 0.05 to 0.07.
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curve is quite smooth and shows no
dips whatsoever upto hail sizes of
8 cm in diameter.

(vi) As a result of these variations in Z*
with change in diameter, X-band radars
have greater {.* values than C-band
radars in the hail size ranges 2.1 to
25 ¢cm, 29 to 3.2 cm and 3.6 to
40 cm. In the size range 5.0 to
5.3 cm, Z.* on X-band wavelength,
although less than that on C-band, is
greater than that on S-band. These

advantages in certain discrete hail size

ranges are not appreciable and cer-
tainly cannot compensate for the atte-
nuation on X-band.

(vi{) Fig. 2 shows that C-band wavelengths
also do not have any advantage. This
curve remains appreciably below the
one corresponding to 10.5 cm wave-
length except in the narrow range of
4.6 to 5.4 cm diameter.

(viii) The S-band curve maintains its advant-

. age over the shorter wavelengths for
hail sizes upto 4 cm diameter. The
curve then suffers a serious dip whereas
the L-band (23 - ¢cm) curve maintains
its smooth- trend throughout the range
of hail sizes normally expected to occur
in nature.

(ix) Although all the curves in Fig. 2; on
the average, tend to become less sen-
sitive to hail size with the increase in
“diameter; the charge in the £ * gra-
dient is much less on I-band than on
S-band or shorter wavelengths. = A

- choice of a wavelength of the order of
15 cm would do away with most of
the abrupt changes in £ * values which
are still evident at 10.5 ecm wave-
length.

8. Conclusions
A new radar-meteorological parameter <%,

the normalized equivalent radar reflectivity fac-
tor, has been defined and its variation with the

-

size of scattering hydrometeors has been studied
for four representative wavelengths and both for
rain drops and hail. Relative merits of each
of * with D is concerned, have been discussed
representative wavelength, as far as the variation
in the preceding two sections. This study sup-
ports the author’s earlier findings (Kulshrestha
1968, Kulshrestha 1971) that a choice of radar
wavelength of the order of 15 c¢m is likely to
prove advantageous especially in the tropics and
for detection of hail. Such a choice may how-
ever lead to some sacrifice in beam width and
will tend to limit the useful range of the radar
by reducing the returned power received at the
radar receiver. These effects would not be serious
within a range of 200 km. ‘

Till the time such a wavelength is available
commercially and can be used operationally, it
appears essential that the existence of the abrupt
perturbations in the Z* curve is recognized for
all quantitative echo-intensity measurements and
the corresponding estimation of rainfall or hail
size. A significant improvement in the accuracy
of these measurements would require the use of
different Z-R relationships for different drops or
hail sizes, not only in different climatic zones,

- not only in different types of precipitation, but -

even in different parts of the same echo area.

References

Herman, B.M. and Battan, L.J., 1959, Calculations of Mie
back-scattering of microwaves from ice spheres,
Institute of Atmospheric Physics, Univ. of Arizona,
Sci. Rep. No. 12, 11 pp.

Kulshrestha, S.M., 1968, Operational weather radar Sys-
tems, Need for standardization and choice of suitable
wavelength, Proc. 13th Radar Met. Conf., Am. Met.
Soc., pp. 348-351.

Kulshrestha, S.M., 1971, Choice of a suitable wavelength
for a ground based operational weather radar system,
Proc. Symp. on Radar Technology & Systems, J.
Inst. Engr. (India), 52 (1), ET1, 3 pp.

Stephens, J.J., 1961, Radar Cross Sections for water and
. ice spheres, J. Met., 18, 3, pp. 348-359.




