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The propagation of electromagnetic waves in the
atmosphere involves the absorption and scattering by
hydromaters and dust particles. At extremely high
frequency (EHF) rain attenuation sets the limit on
hop length at raia regions with wmoderate or heavy
rain, The situation is different, howevar, in arid
land, whers the hop length could be further extended,
depending on rain rate (mm/hr) distribution and rain
cell size (km), along the hop path.

The aim of the present paper is to determine an
eapirical model for rain rate distribution throughout
the Kingdom of Saudi Arabia ss an example of arid
land, as well as rain cell size(s) for various rain
regious of Saudi{ Arabia es & function of instan~
tanecus rain rate, basad on l8-year weteorologicsl
data.

1. IRTRODUCTION

Ths role of rain profils in determining the
statistics of actsnuation along radio paths of fre-
quencies sbove 10 GHx is a mmtrer of large interest.
Even though thers (s a world-wide agreement in usiag
proper descriptive parameters such as “effective rain
intensity”™ and “effective rainy path leagth”™, mno
definite procedures to measurs, work out and sta~
tistically describe such parameters have been accep—~
ted so far {8]. A new approach hare suggested atus
at processing the long-tsrm measurements of point
rain rate available, for the period 1963~1980 {a
Saudi Arabia, from the Ministry of Agriculture and
Water (MAW) {1] to pradict the raio rate profile.

The availability of raln data from various
recording statioans saparated by few Lkilometers to
several tens of kilometers within one area in Saudi
Arabia seems to ba of great {mportance in estimating
the spatial distribution of point raia rate. Such a
paramater will be ocbtained by correlating data
obtained from various stations for the same rain
avent.,

Moreover, an identificatfon of the rain cell
size is to be attempted based on tha rain profile and
owing to the fact that heavy downpour rain {s cellu~-
lar in nature and has limited coverage, on the other
hand, light rainfall 48 wusually widespread in
character {l}.

1I. BAIN DATA POR SAUDI ARABIA
2.1 The Data Source

The available rainfall intensity data consist
of records from 137 recording raiafall stations for
the perfod 1963-1980. These data represent the
intenaity portion of the rainfall data collected by

the Hydrology Division, Ministry of Agriculture and
Water [1].

The availsble data consi{st of about 15300
events. Individual event data consist of maximum
cumulative rainfall {in mm of rain that coccured
during measuring periods of (10, 20, 30, 60, 180, 360
and 720 minutes) in addition to total rainfall, dura=~
tion, type of event and time at which event occured.

2.2 Ucilization of Rain Datas

Por radioc path engineering & procedure (s
needed to calculate the rain attenuation distribu-
tions on wmillimetric radio path using the available
rainfall data and since the attenuation is related to
rain rate in {(mm/hr) rather than rainfall intensicy
in (mm) hence, it 1is necessary to transfer cthe
available data into rain rate.

Upon examining the data for the past 18 years
it was found that there are missing data due to many
reasons such as (1) equipment failure, (2) human
error in picking up raiafall precipitation from a
continuous rain gauge chart (3) data entry errors. It
haa baen found that rainfall rate distribution could
be wall approximated by a log-normal law [3,%4,5].
Hence, the missing data can be estimated before pro-—
cessing the entire data set. Missing data have been
calculated using the least square method to find the
best curve which represents the measurad data.

Once curve fitcting is completed a consistency
check waa uade to ensurs relifability of the point
rain rate distribution. Both curve fitting and con-
sistency tests wera done using Amdahl 5840 computer.

IIXI. PREDICTION OF RAIN RATE PROFILE

3.1 Rain Rate Modal

Rain attenuation over a hop 1is computed by
ifntegrating the specific attenuation over the path
length: the rain intensity profile along the path is
therefore oeeded. Due to the non—uniformity of this
profile, the value of rain attenuation exceeded for a
certain parcentage of the year increases in less than
linear proportion with path length [3,4].

Conseaquently, cumulative distribution of rain
attenustion at a given frequency and polarization
differs from one region to another only because the
point cumylative distributions of rainfall intensity
assumed for the two regions are different. The
entire prediction procedure i{s therefore based on the
rainfall incensity data which are usually acquired,
for a certain region, at one or several points withia
that region [3].

3.2 Prediction Procedures

Data used in the prediction method of rain rate
profile along the path are obtained from the
South-West region 1in Saudi Arabia, ovamely ABHA sub-
region and TAIF sub-region.

Twenty three rainfall recording stations have
been selected froa both sub-regions such that distan-~
ces between stations of the same region vary between
four and forty kilometers. Nine stations are
selected from ABHA with a total aumber of (2839)
events, and fourteen stations from TALF with a total
number of (1796) events.

The prediction procedure can be summarized as
follows:
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(1) Search for common rainy days between sta-
tions of the same region. (In the given data, each
rainy day is {dentified by the year, month, and day
on which it occurs, so common rainy days are those
events which occur on the same time at different
locationa).

(2) Define the mixed event as that event which
consf{sts of the maximum lO~minute rain rates selected
from each event found in a set of common eveunts.
Thus, one mixed event 1s obtained for each set of
common events.

{3) Arrange the rates in sach =mixed event in a
descending order such that R(A) > R(B) > R(C) > R(y)
vhere R{(1) is the maximum 10-minute rain rate at sta-
tion 1. Hence, station A becomes the center of the
rain cell with rate R(A) mm/hr. Similarly R(B) and
R(C) are rain rates at distances AB kilometers and AC
kilometers, from the center, respectively.

(8) Define Ry as the rain rate exceeded,
seasured fn steps as 1,5,10, ..., 100 mm/hr.

(5) Select from each mixed event the maximum
rats, Rguy, and compare it with the nearest value of
Bg until Rayy > Rp. Repeat steps (3) and (5) for
sach mixed event.

(6) Mixed events haviog their maximum rain
rates exceading the same value of Ry are averaged to

get the average diatribution of the maximum rain rate |

along the path. This is done by fitting the data in
each amixed event (i.e. rain rate data versus path
length) using the polynomiasl least square mathod of
curve fitting. Rain rate values at specified distan~
ces can then be obtained for each mixed event and
hence averaging can be made for those mixed events
having their msximum rates exceeding the same value

of Rg.

Table 1 presents the distribution of average
rain rates that exceed specified values of Ry at spe-
cified distances.

Rate Distance

Exceed | 6 Km| 12Xn | 18Ekm | ZAKm | 30Km | 36Ea

ed

(ma/H)
100 124.0] 95.0] 57.7| 39.5| 11.4 0.0] 0.0
90 94.0} 79.4 | 64.8 | 50.2 | 35.6| 21.0| 6.4
80 86.2 | 70.4 | 54.6] 38.9 ] 23.1 7.4 0.0
75 77.3| 59.1| 40.8| 22.6 4.4 0.0 0.0
70 72.2| 61.3| 50.5| 39.6 28.8] 17.9| 7.0
65 67.2| 54.6| 42.1 | 29.5| 16.9 4.4 0.0
60 62.4 | 51.3| 40.3 | 29.2 ] 18.2 7.1} 0.0
55 58.1 ] 46.4 ] 34.6] 22.9] 11.1 0.0} 0.0
50 52.9] 43,2 33.5] 23.8] 14.1 4.4} 0.0
45 47.4138.91 30.4] 21.9] 13.4] 4.8} 0.0
40 42.2134.0] 25.8] 17.6 9.3 1.1] 0.0
a5 37.0] 29.6 ] 22.3 | 14.9 7.5 0.1] 0.0
30 32.7 ] 26.5] 20.4 | 14.2 8.0 1.9} 0.0
25 27.7 1 22.9] 18,1 13.2 8.4 3.6] 0.0
20 22.5] 18.9| 15.4 | 11.8 8.2 4.6 1.0
15 17.4] 14.8 | 12.1 9.5 6.8 4.2 1.5
10 12.6] 10.9 9.2 7.5 5.8 4.2 2.5

5 7.5 6.5 5.4 4.4 3.3 2.3 1.2
1 3.4 3.2 2.9 2.7 2.5 2.2 2.0

Table 1. Average rain rate distribution along the
path.
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3.3 Mature of Rate Distribution

Three different distribution functions have
been exaained to suit the data in Table 1 using the
least square method:

(1) The first function is the mormal distribu-
tion of the form:
2

R(x) = nebx (1)

wheare R 1s rain rate in mm/hr, x is the distance in
kilometer, a and b are constants.

(2) The second fuaction 1s the exponential
distribution of the fora

R(x) = a ebX ()

(3} The third function is polynomial distribu-
tion of the fifth order:

5
Ri{x) = a°+ a

1* + azxz + a3x3 + ;‘xk + agx 3)

Examining the rain rate data, it has been found
that a, has the sams value as the maximum rain rate
of the aixed event, and coefficients a2, ..., ax ara
very wuall and can be eliminated without effecting
the profile. Therefore, equation (3) is approximated
by the straight line:

R(x) *® Rpay + 81X (4)

Good agreement has been achieved between
results of equation (4) and the original data in
Table 1, whiles the first two functions did not agree
with the original data.

Table 2 presents the resulted rain rate wodels
for various values of rain rate exceeded.

R(E) OB/H) R{x) (MM/H)

1 3.47 - 0.0402 x

s 7.56 - 0.1735 x
10 12.61 - 0.2802 x
13 17.45 ~ 0.4405 x
20 22.58 - 0.5981 «x
25 27.75 - 0.8031 x
30 32.74 - 1.0269 x
s 37.07 - 1.1212 x
40 42.27 - 1.3702 x
'Y 47.44 - 1,4181 x
50 52.90 - 1.6142 x
55 58.18 - 1.9599 x
60 62.42 - 1.8422 x
65 67.22 - 2.0925 x
70 72.22 - 1.8091 x
75 77.38 - 3.0403 x
80 86.21 - 2.6266 x
90 94.01 - 2.4309 x
100 24,12 ~ 4.6956 x

Table 2. Rain rate models for different
values of R(Z)

3.4 The Rate Profile

It 18 known that heavy downpour rain is cellu~
lar in nature and has limited coverage. On the other
hand, light rainfall 1s usually wide spread in
character [2]. Thus it is expected that heavy rain
rate profile along the path will be more steep than
the profile of light rain rate.




Refering to the data in Table 2, it is obvious
thst as maximum rain rate increases, coefficlent a)
also increases, hence, there is an expected relation
between these two parameters.

Four different functions have been examined to
find the best relation between Rgay, and 81, these
functions are: Normal Distribution, Exponential
Distribution, Polynomial Distribution, and Power Lawv.

Satisfactory results wera obtained only when
using the Power Law function of the fora:

1.2297

_3
) = -12.226 x 1077 . R ‘% (5)
Hence, equation {12} becomes:
R(x) = R -12.226 x 10~ . rR¥2297 o (4
=ax TAX

A computer prograns was written to perforum the
previously mentioned procedures for the prediction of
rain rate profile.

IV. IDENTIFICATION OF RAIN CELL S1ZE

4,1 Rain Cells

High intensity rain falls within & linited
zone. The iatensity of rain is usually greater
towards the center of the zone [6].

In CCIR Report 563-1 [10], a connection is
given bdetween rain intensity and the asize of rain
cells. The size was determined by oeasurements with
radar or rain gauges and is defined as follows [6]:

“The size of a cell with a given intensity is
the diameter of a circle within which the rain
intensity 1is equal to, or greater than the
given intensity.”

Distribution of rain rate intensity in =m/hr as
a function of distance in km wms found to be linear
sacd given as:

R(x} = Rygx + = (7)
where, Rygy = maximum rate at cell center, i.e., at
x = 0 kn,
n » negative coefficient
x » distance in kilometer.

Two differeat approaches, other than the CCIR
definttion which will be considerad later, has been
used to determine the raia cell size (ka), depending
on the previously established rain intensity modael,
R(x):

(1} A rain cell is usually surrounded by cer~
tain rain of lower intensity, called residual rain.
The intensity of residual rain increases somewhat as
rain intensity increases [2,5,6]. Since the size of
the rain cells, 1in accordance with the same model,
declines somewhat as rain intensity increases, it fis
reasonable that the results will be about the same (f
both magnitudes are considered constant and equal to
some values to be found [7].

Asgume constant uniform vain wmodel with a
constant rate of R, mm/hr over the area covered by
rain (the circular rain cell zone). Our goal now is
to find the equivalent uniform rain rate intensity R,.

Total attenuation due to rain, in dB, over the
entire rain cell 1is given by the following equation
[21:
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X
Loss =2 | ®a(x) dx (8)

where A(x), the excess attenuation in dB/km due to
rainfall, appesrs at present to be well established
in the form of the power law:

A(x) = ckb(x) 9
wvhere, & and b are constants which vary with fre~-

quency and polarization of the millimetric wave
signal. Hence, equation (9) becomes:

*n b
Loss = Zof a R'(x) dx

(10)
Now, 1f we assuse constant (uniform; homo~
geneous) rainfall (mm), 1i.e. a conatant rain rate

'Rg' (mm/hr), then equation (9) becomes:

A man dB/Ra (11)

For the actual case, vhere rainfall is not uni~
form, it is important to estimate R, such that total

attenuation due to rainfall remains the same. Hence,
using equation (11),
*a b
Loss = 2 [% a R’ ax
° )
b
- 2 g RG x (12)
Equations (7) and (10) give,
*u b
Loss = 2 o'{ a (R o+ mx) dx (13)
Equating (12) and (13):
b *n b
2aR, x, = 2 oj a (R +mx) dx
but, R(xm} - Rux + wx o= 0
and with manipulation, we get
kmx
Ro - T/b va/hr, (14}
(b+l)
For EHF, parameter b is approximately unity,

hence the equivalent wuniform rain rate °‘R,"' 1is
approximately equal half the maximum value of the
gilven rate, R(x), for & cell size of 2 xm kilometer,
{f.e.

om/hr, (15)

Using the previouasly determined rain rate model
{F.q. (6)], and applying the firat approach in deter-
mining the rain cell size, Fig. 1 presents rain rate
intensity (mm/hr) versus rain cell size (Xm).
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Fig. 1. Rain cell size versus rain rate
(based on the lst approsch).
{2} The actusl rain cell for any given rain

rate intensity is represented by an equivalent rain
cell of circular zone in which the rain within the
zone is homogeneous with an intensity equal to the
given maximum rain rate intensity (6]. The radius of
the circular zone is established by assuming that it
is equal to the distance where the given rain inten~-
sity dropped from Ry, at cell center, to BRy, where
0.5< 8 < 1.

Hence 1if R(x) = BRyuy + =
then R(r) = Rpax + ar (16)
where, r ts the rain cell radius 1in kilometer.
Hence,
R(r) = 8 Byax an
Equating equations (16) and (17) to get:
¢ = g SE- D) Ka, (18)
max ]
The rain cell size {(diameter of the cell) then
becones equal to:
2
d = ;(5 1) Rux Km, {19)

Fig. 2 presents rain intensity {(mm/hr) versus rain
cell size (Km) curves for different values of '3’
based on the second approach.
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¥. CORCLUSION

Three distributiono functions have been examined
for the estimation of rain rate profile along the
path. They are the Gaussian-shaped rain profile, the
exponential-shaped rain profile, and the triangular-
shaped rain profile. Analysis of the results indica~
tes that the triangular—-shaped rain rate profile
providee very satisfactory agreement with the origi~-
ngl data, and the profile {is approximsted by a
straight line function of the given maximum rain rate
and distance. The same profile was proposed in some
published papers [8].

Two different approaches have been used to
determine a relation between the rain rate intensity
and the size of rain cells using the predetermined
rain rate profile. The firat approach assumes an
equivalent uniform rain rate, R, wmm/hr, over the rain
cell zone. The wvalue of R, was found as half the
maximum value of the given rate, R(x), with a cell
size of 2xm Km. The second approach assumes a rain
cell with & uniforw rate equals the waximum value of
R(x). The cell radius, in this case, equals to the
distance within which the given rate is dropped from
Rpax t0 BRpax. At present, a third approach based on
the CCIR definition of rain cell size is in progress.
The results will be reported as soon as thay are
available.
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