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Abstract

Rain rate data are essential for the computation of rain attenuation that can be
experienced by wireless signal passing through a given area. The International
Telecommunication Union (ITU) divided the world into fifteen rain zones and for each
rain zone ITU published rain rate data for just seven different link percentage
availability, namely: 99%, 99.7%, 99.9%, 99.97%, 99.99%, 99.997% and 99.999%. In
this paper, two empirical models are developed for estimating the rain rate for any given
link percentage availability in all the fifteen ITU rain zones. The goodness of fit of the
models are indicated in terms of coefficient of determination (otherwise called r?),
root mean square error and prediction accuracy. In all, 90.3777% is the lowest
prediction accuracy recorded for Model 1 for rain zone C and 91.6306% is the lowest
prediction accuracy recorded for Model 2 for rain zone B. The best prediction accuracy
recorded for Model 1 is 98.2456% for rain zone Q and best prediction accuracy
recorded for Model 2 is 95.3553% for rain zone H. The models are useful for the
estimation of rain rate and hence rain attenuation for any given link percentage
availability in all the fifteen ITU rain zones.

Keywords. Rain rate, rain attenuation, percentage avaitgbitain zone,
empirical models

1 Introduction

When propagating through rain, radio waves suffanfpower loss (attenuation) due
to rain [1,2,3]. According to research findingsjnrattenuation is the dominant
propagation impairment at frequencies above aboOt GHz [4,5,6,7,8,9].
Furthermore, rain attenuation depends on the fairdiée and the raindrop size
distribution. Consequently, rain attenuation is poted with knowledge of rain rate
for a given region [1,10,5,11,12].

However, the amount of rainfall an area receivegsedds on the geographic
location and the climate of the area [13,14,15]. fAgh, in the International
Telecommunication Union (ITU) recommendations, IRUP. 837-1 and ITU-R
P838, the climatic map for the whole world igidked into 15 climatic zones
on rain rate distribution or rain intensities at 18 0.001% probabilities
[16,17,18,19,20,21]. However, for each of the @&ftaain zones, ITU published rain
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rate data for just seven different link percentagailability, namely: 99%, 99.7%,
99.9%, 99.97%, 99.99%, 99.997% and 99.999%.

In this paper, empirical models are developedatidiated for the estimation of
the rain rate for each of the fifteen rain zonegd for any given percentage of time
the rain rate is exceeded. Such models will makgogsible for researchers and
wireless network designers to effectively study tagiation of rain rate and rain
attenuation with percentage of time exceeded ind@rnye rain zones. The models
will also enable researchers and wireless netwesigtiers to effectively study the
relationship between rain rate, percentage of timeceeded and wireless
communication link outages or link availability. &htwo empirical models are
developed based on the actual rain rate data pebliby ITU for the fifteen rain
zones.

2. Methodology

In this paper, the available ITU rain rate datatfe 15 ITU rain zones are analysed
in order to select the appropriate empirical mddekestimating the rain rate for any
given percentage of time exceeded. Specificalhgdlifferent preliminary trend line
curves are fitted on the plot of rain rate verdus percentage of time exceeded
(Fig. 1) for rain zone F. The error analysis on tfend line equations shows that
power trend line model has the highest CoefficiemitsDetermination (*) of
above 0.98 followed by logarithmic trend line mbdéth 0.92 <r?< 0.98 and
lastly the exponential trend line model with 0.73< 0.92.

Table 1. ITU Rain Rate and Percentage of Time Exceeded for Rain Zone E
(Source: [17, 18])

Per centage of Time Exceeded (%) Rain Rate (mm/h)
1 0.6
0.3 2.4
0.1 6
0.03 12
0.01 22
0.003 41
0.001 70

60
y = 0.872449x0-703755

50 R2=0.971276

% 40 ¢Power Trend Line Model
.E. 30 y =-6.598618In(x) - 5.166157
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5 20  R7=0.866371 y = 15.967293¢3 587894
T 10 Logarithmic Trend Line Model RZ = 0.814051
i Exponential Trend Line Model

O -

10 0 0.2 0.4 0.6 0.8 1 1.2

Percentage Of Time Exceeded (%)

Figurel. The Graph Of ITU Rain Rateand Percentageof Time
Exceeded for Rain Zone E.
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Consequently, in order to predict rain rate for th& rain zones, two empirical
models are used, namely:

MODEL 1: Y = aX?’e™ (1)

MODEL2: Y= —

axX’ +c

Model 1 is a product of power and exponential congmbs, whereas Model 2 is

the inverse of the sum of power and constant compmisn In the two models Y is the
predicted rain rate in a particular rain zone, Xhis percentage of time the rain rate
is exceeded (otherwise called percentage of tinceexled), a, b and ¢ are empirical
constants determined for each model in each rane.zNote, x = 100% — link
percentage availability. So, link percentage awdity of 99% amounts to X = 1%).
Statistical error analysis parameters such as Cafts of Determinationr(*), Root
mean square error (RMSE) and Prediction Accur&®) for each of the models
for each rain zone are determined to quantify thedgess of fit of the model for
predicting the rain rate in the given rain zoneteAfselecting the two empirical
models, Matlab program is used to find the valuab® empirical constants a, b and
c for each of the model. Afterwards, the nonlineptimisation option in Microsoft
Excel Solver is used to determine a constant (Kthat) will be added to the model
in order to minimise the prediction error. Essdhtidhe effective models used for
estimating the rain rate for each of the rain zares

(2)

MODEL1: Y= aX’e™ + Kopt (3)
MODEL2: Y= — = + Kopt (4)
' ax® +c P

3. Goodness of Fit Measures

The Coefficients of Determination (r?):
If n is the number of data items x and y, the atien Coefficient (r) is given as:

(W)X -
&%) I y?)- )

Also, the Coefficients of Determinatiom) is given as:

o b)) v
%) - InEy? ) - y2)

N

Prediction Accuracy:
The prediction accuracy (PA in %) is calculatedadisws:

Y(actaul)(i) _‘Y(predicted)(i)‘” “100% 7)

3 _1 i=n
PA=!1 - le

Y(actaul )(i) ‘

Root Mean Square Error (RM SE):
The Root Mean Square Error (RMSE) is calculatefbimws:

1 i=n
RMSE = 2\/;(2 (Y(actaul)(i) _Y(predicted)(i))zj (8)

i=1
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where Y. 1S the actual rain rate given by ITU and, ;.. IS model

predicted rain rate.

4. Resultsand Discussions

Table 2a and Table 2b show the values for the ecapiconstants a, b, and c, the
model optimization constant (Kopt), and the goodradit parameters, Coefficients
of Determination ¢?), Root mean square error (RMSE) and predictionacy (PA)
of the two models for each rain zone. For rain zAr@,D,E,G,J,P and Q Model 1
has better prediction accuracy and hence it is tmegredicting the rain rate for the
rain zone A,C,D,E,G,J,P and Q (shown in Table @a)the other hand, Model 2 has
better prediction accuracy for rain zones B,F,H,Kiland N and hence, Model 2 is
used for predicting the rain rate for the rain zolegF,H,K,L,M and N (shown in
Table 2b).

Table 2a. MODEL 1: - Values for the empirical constants a, b, and c, the mode
optimization constant (Kopt), and the goodness of fit parameters, namely:

Coefficients of Determination (r?), Root mean square error (RMSE) and
prediction accuracy (PA) of the two modelsfor each ITU rain zone

a b c K opt RM SE r? A(I;rue:j;((::;ic()g/o)
A 1.261 -0.4148 -3.887 0.093228 0.1673 0.9996 93.006¢
C 2.387 -0.4148 -3.887 0.749839 0.7819 0.99883 90.3777
D 3.976 -0.3416 -0.7553 0.161511 0.225y 0.9999 93.382
E 2.309 -0.4945 -1.877 0.234747 0.3251 1.0000 96.8494
G 6.264 -0.3392 -0.8824 0.318893 0.4509 0.9998 98.002
J 13.71 -0.2027 -0.6551 0.762792 1.0774 0.997)7 93.920
P 49.09 -0.2379 -2.091 3.741203 4.9247 0.998D 92.294%
Q 53.91 -0.1668 -0.8625 1.118311 1.5616 0.9995 98.245

Table 2b. MODEL 2: - Values for the empirical constants a, b, and c, the mode
optimization constant (Kopt) the goodness of fit parameters, namely: Coefficients

of Determination (r?), Root mean square error (RMSE), and prediction
accuracy (PA) of thetwo modelsfor each ITU rain zone

Prediction
a b C K opt RM SE r? Accuracy
(%)

B 1.392 | 06512| 0.01577 -0.25442 (3640 | 0.9995 91.6306
F 0.6567| 0.6953  0.007375  0.1697p50-8671 |  0.9990 93.9921
H 0.4108|  0.601]  0.005593  -0.483740.6301 | 0.9997 95.3553
K 0.397| 0.6739  0.006244  -0.763670:9533 | 0.9996 93.0746
L 0.3157| 0.703§  0.004226  -0.525860-6459 |  0.9999 93.7753
M 0.1787| 0.6364  0.006129  -0.746850-9745 |  0.9997 95.1533
N 0.1083| 0.6199  0.004093  -2.726163-4914 | 0.9982 92.4932

From Eq.3 and Table 2a, the empirical model forrttie rates in rain zones A,C ,
D, E, G, J, Pand Q can be expressed as:
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Y, =1.261X°4148? 87X 1. 0 093228 9)

Y, = 2387X 04148 387X 1. 0,749839 (10)
Y, = 3976X 3% 0751 0,16151. (11)
Y. = 2309X 9% 877 +0.234747 (12)
Y, = 6264X 03392 088291 0.318893 (13)
Y, = 1371X 0% g0%%51X 4+ 0,762792 (14)

Y, = 4909X *%%"° 2% 1+ 3741203 (15)
Y, = 5391X 1008 082X 11 118311 (16)

Similarly, from Eq4 and Table 2b, the empirical model for the raies in rain zones
B, F, H, K, L,M and N can be expressed as:

1

Yo " 130zx P21 00157, oot ()
YF = 06567 Oﬁgi 000737 " 197 (18)
Y = 0.4106x 06i+ 0.00550; 4037 (19)
Yk = 0307% 067391+ 000624 %7 (20)
L7 0318 = 000422t 02 ()
= 0178 = roooe1z¢ 074085 (22)

1

Y, = - 272616 23
N 0.1082X %% +0.00409: (23)

Fig. 2 and Table 3 show the graph of the actualModel 1 predicted rain rate
versus percentage of time exceeded for rain zomewthich Model 1 has prediction
accuracy of 96.8494% (as shown in Table 2a).

Similarly, Fig. 3 and Table 4 show the graph of élctual and Model 2 predicted
rain rate versus percentage of time exceeded forzane F in which Model 2 has
prediction accuracy of 93.9921% (as shown in T2ble

Table 3. Actual and Modedl 1 Predicted Rain Ratefor Rain Zone E.

Percentage of Time | Actual Rain Rate (mm/h) for [ Model 1 Predicted Rain Rate
Exceeded (%) Rain Zone E (mm/h) for Rain Zone E

1 0.6 0.588136

0.3 2.4 2.619461

0.1 8 6.210696

0.03 12 12.59514

0.01 22 22.32864

0.003 41 40.83624

0.001 70 70.39785
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Figure 2. TheActual and Model 2 Predicted Rain Ratefor Rain ZoneE

Table4. TheActual and Model 2 Predicted Rain Ratefor Rain Zone F.

Perc??rtnage of | Actual Rain Rate (mm/h) | Model 1 Predicted Rain Rate (mm/h) for
Exceeded (%) for Rain Zone F Rain ZoneF
1 1.7 1.505854
0.3 4.5 3.428223
0.1 8 7.151562
0.03 15 15.45074
0.01 28 29.33349
0.003 54 52.79358
0.001 78 78.34848
60
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Fig. 3TheActual and Mode 2 Predicted Rain Rate For Rain Zone F

5 Conclusion
In this paper, two different empirical models re¢er to as Model 1 and Model 2
are developed and evaluated for their suitability gredicting the rain rate for the
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fifteen ITU rain zones across the world. The goadnef fit of the models are
indicated in terms of coefficient of determinati¢atherwise called?), root mean
square error and prediction accuracy. For rain zZ&4)@&D,E,G,J,P and Q Model 1
has better prediction accuracy and hence it is tmegredicting the rain rate for the
rain zone A,C,D,E,G,J,P and Q. On the other hanodé¥2 has better prediction
accuracy for rain zones B,FH,K,L,M and N and hendedel 2 is used for
predicting the rain rate for the rain zones B,F,H,Kl and N.

The models are useful for the estimation of rate &nd hence rain attenuation
for any given link percentage availability in dietfifteen ITU rain zones.
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