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1. INTRODUCTION

The effect of the earth’s atmosphere on radio waves propagating earth and space is a constant concern in the
performance of communication systems. These conditions can cause uncontrolled variations in signal amplitude, phase,
polarization and angle of arrival which result in a reduction in the quality of analog transmission and an increase in the
error rate of transmissions. Consequently, statistical analyses and techniques are generally most useful for evaluation of
transmission impairments on communications link [1].

The classical development for the determination of rain attenuation on a transmitted radio wave is based on
three assumptions describing the nature of radio wave propagation and precipitation. First, the intensity of the wave
decays exponentially as it propagates through the volume of rain. Then the raindrops are assumed to be spherical water
drops, which both scatter and absorb energy from the incident radio wave. And the contributions of each drop are
additive and independent of the other drops. This implies a ‘single scattering’ of energy, however, the empirical results of
the classical development do allow for some ‘multiple scattering’ effects [2]-[3].

In microwave link design, there are several effects on microwave link need to be considered due to atmosphere
propagation between earths to free space. These conditions can cause uncontrolled variations in signal amplitude, phase,
polarization, and angle of arrival, which result in a reduction in the quality of analog transmissions and an increase in the
error rate of digital transmissions. The relative importance of radio wave propagation in space communications depends
on the frequency of operation, local climatology, local geography, type of transmission, and elevation angle to the
satellite [4]-[5].
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2. RAIN RATE DISTRIBUTION

The prediction of rain rate distribution is based on four models which are Global Moupfouma, modified
Moupfouma, ITU-R and Crane Global Model. Usually, the rain rate is the basic parameter to determine the rain
attenuation prediction. The rain rate usually depends on the geography region. The previous researchers like Crane [4]
and ITU-R [5]-[6] recommendation already classify the whole world into several zones.

2.1. Global Moupfouma Model

The Moupfouma model is one of the many approximation models useful in the estimation of rain rate in
tropical and temperate regions; others include the gamma model and Log-normal model. In global Moupfouma [7], The
cumulative distribution of rain rate equation for Moupfouma model is:
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Where r is (mm/h) represents the rain- rate exceeded for a fraction of the time. R is the rain rate in mm/hr and
Ro.o1% is the rain rate in mm/hr at 0.01% of time of a year. Considering the behavior of the shape of

cumulative distribution for rainfall rate, b is approximately by the following analytical expression
Where,
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For tropical region,
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Where, A =1.066 and y = 0.214
In this paper, the values are used as above, since Malaysia is in tropical region.

2.2. Modified Moupfouma Model
To estimate R o1, Chebil’s model appears suitable and it allows the usage of long-time mean annual
accumulation, M, at the location [7]. The power law of the model is given by,

R()'()l% = aMﬂ (4)

Where a and B are regression coefficients.

Chebil has made a comparison between some models based on measured values of Ry 4iand M in
Malaysia, Indonesia, Brazil, Singapore and Vietnam. He showed that his model is the best estimate of the
measured data [8]. The regression coefficient a and B are defined as,

a=12.2903 and f =0.2973

In modified Moupfouma, the equation used is similar to the global Moupfouma for predicting other constant
such as value of @ and B [7].

2.3. ITU-R Model

In ITU-R [5], [6], the region of concerned is determined based on the rain region which
recommended by ITU-R [5], [6], [9]. In this case, the concerned region is region P for Malaysia as shown in
Figure 1 [6]. The rain rates for different percentages of time for region P are presented in Table 1.

Table 1. Rain rate intensity proposed by ITU-R [6]
Percentage of Time, %P Rain Rate at P

1 12
0.3 34
0.1 64
0.03 105
0.01 145
0.003 200
0.001 250
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Figure 1. Rain rate distributions for Asia, Oceania and Australia [6]

2.4. Crane Model
Crane’s global model divides the world from A to H regions based on rain rate distributions. The

concerned region is Malaysia and it is in H-region. The rain rates for different percentages of time for region
H proposed by Crane [4], [10] are presented in Table 2.

Table 2. Point Rain Rate (Rp) Distribution values (mm/hr) versus percent of year Rain Rate is Exceeded [10]

|
f Malaysia

Percent of year Rain Climate H region
0.001 251
0.002 220
0.005 178
0.01 147
0.02 115
0.05 71
0.1 51
0.2 31
0.5 13
1 6.4
2 2.8
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Figure 2. Rain rate distributions for Asia [4], [10]

3. MEASUREMENT SET UP
The real-time rain guage was installed at [IUM Campus. The data was collected for 6 years period

from 2011-2016. The rain gauge as in Figure 3 is manufactured entirely from non-corrosive materials. The
base and septum ring are the cast in Aluminum Alloy LM25, heat treated and protectively coated. The outer
ring and funnel are fabricated from aluminum alloy sheet and again protectively coated. Stainless steel mesh
is employed to protect the inlet and outlet ports from the ingress of foreign bodies [8]. Casella Tipping
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Bucket Gauges are reliable and extremely robust devices. Some version has a built-in logger to store rainfall
data while others can have a heater fitted to the base of the unit to prevent freezing. The rain gauges comprise
a light weight injection molded plastic divided ‘tipping bucket’ assembly with stainless steel pins to support
assembly. Rain will be collected in one side of the buckets, and the volume of the water is predetermined.
When one of the buckets is full, the water will be discharged and it will change to fill the water to the other
side of the bucket depends on the specification as given in Table 2, the weight of the water causes it to tip
and empty itself. Each time a tip, an electrical contact is made, thereby enabling recording or rainfall amount
and intensity with time. The maximum detectable rainfall rate is 200mm/hr. Rain fall data is being recorded
for every 10 seconds of time. Each side of the bucket will accumulate 0.2mm of water. Therefore, once the
bucket is changed, the data will be recorded [11]-[14].

Table 3. The technical specifications of the Casella Tipping Bucket Gauge

Bucket Size 0.2mm

Aperture 400 cm?

Accuracy +2% at 1 litre/hour
Capacity Unlimited
Transducer Magnet/Reed switch
Operating Tempreture  1°C to 85°C

Range

Weight 2.6 kg

Figure 3. Casella Tipping Bucket Rain Gauge

4. RESULTS AND ANALYSIS
4.1. Monthly Distribution

Monthly variations of measured rain rate cumulative distributions for the year 2014 is shown in
Figure 4. The rain rate is calculated as %P using 1-minute integration time and presented in mm/hr. The
highest rainfall intensity 240 mm/hr is observed in June while lowest in February. From the graph, 0.01% of
time, the rain is recorded 160 mm/hr in June and 70 mm/hr in February, while 120 mm/hr in annual average.
Pattern of all distributions are similar in trends.
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Figure 4. Monthly variations of measured rain rate distribution with 1-minute integrationtime for the year
2014
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4.2. Yearly Distribution

For yearly variations, six years rain rate cumulative distributions of measured data with 1- minute
integration time and six years average are presented in Figure 5. From distributions, it is obvious that in 2014
measurement has the highest rain rate while 2016 is the lowest. The measured rain rate of 2014 is slightly
higher than the average while rain rate measured in 2016 is much lower than the average. For 0.01 percent of
time, six years average rain rate is found as 110 mm/hr while the annual rain rates are found 119, 110, 100,
124, 110 and 97 mm/hr for 2011, 2012, 2013, 2014, 2015 and 2016 respectively.

1-min Rainfall Rate{mmihi

%tme of vanation yesr the rain fal rate exceeded

Figure 5. Yearly variations of rain rate distribution measured with 1-minute integration time for the
year from 2011 to 2016

4.3. Comparisons Between Measurements and Predictions

The measured rain rate from 2011 to 2013 at IIUM Campus is compared with those predicted by
Global Moupfouma, Crane and ITU-R models and shown in Figure 6(a). The same comparison is done for
data measured from 2014 to 2016 and shown in Figure 6(b). Both figures show that predictions by ITU-R
and Crane model are close to measurements for 0.1% and higher and overestimate the measurement at lower
percentages of time. Moupfouma model overestimates the measurements in both figures.

L
stime of variation year the rain fall rate exrceeued “time of variation year the rain fall rate exceeded

1-min Raintall Rate{mmr)

1-min Rainfall Ra

%time of variation year the rain fall rate exceeded %time of variation year the rainfall rate exceeded

(a) (b)

Figure 6. Comparison between the measured rain rates for the years (a) 2011-2013 and (b) 2014-2016 and
those predicted by available models

The average of 6 years measurement is compared with those predicted by Global Moupfouma,
Crane and ITU-R models and shown in Figure 7. From Figure, it is obvious that predictions by ITU-R and
Crane model are close to measurements for 0.1 and higher percentages of times. However, both models
overestimate the six years measurement in Malaysia at all lower percentages of time. At 0.001%, both
models overestimate more than 100 mm/hr from measurements. Moupfouma model overestimates the
measurements in all percentages. It overestimates 50 mm/hr and 25 mm/hr for 1% and 0.01% respectively. It
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is observed for 0.01 percentage of time, measured six years average rain rate is 110 mm/hr, while 135, 147
and 145 mm/hr are predicted by Global Moupfouma, Crane and ITU-R models. At 0.01% of time, the
measured rain rate is found 110 mm/hr, while ITU-R latest recommendation [5] has proposed 100 mm/hr rain
intensity for Malaysia at 0.01% time.
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Figure 7. Comparison between the available rain rate Model and 6-years measurement

4.4. Rain Attenuation Prediction

ITU-R prediction method [9], [15] is used to estimate earth-to-satellite link’s rain attenuation
for four frequency bands using ITU-R [5], [16] predicted rain rate of 100 mm/hr and measured rain of 110
mm/hr for 0.01% of time. Reference satellite is assumed as MESAT3 with an elevation angle of 77.4° from
satellite Lab at IIUM campus where the six years rain rate were measured. All signals for four bands are
considered as vertical polarization and predicted attenuations are presented in Figure 8. It is obvious that the
higher frequency band causes the high attenuation. At 0.01%, predicted attenuations using measured rain rate
are found 46, 33, 18 and 2 dB for V, Ka, Ku and C-bands respectively. Predicted attenuations using ITU-R
recommended rain rate are found 5 dB, 3 dB and 1 dB lower than that predicted by measured rain rates for
0.01% for V, Ka and Ku-bands respectively.
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Figure 8. Predicted rain attenuations at V, Ka, Ku and C-bands using ITU-R prediction method based on measured rain
rate with 1-minute integration time and ITU-R predicted rain rate

5. CONCLUSION

In order to predict the attenuation due to rain accurately, rainfall intensity is required with 1-minute integration
time. Rain intensity with 1-minute integration time were measured for 6 years at IIUM Kuala Lumpur campus in
Malaysia. Monthly and yearly statistical distributions of measured rain rate are presented. Moupfouma, Crane and ITU-R
models for rain rate distributions are compared with measured rain rates. All models overestimate the measurements most
of time in measured year. It is observed for 0.01 percentage of time, measured six years average rain rate is 110 mm/hr,
while 135, 147 and 145 mm/hr are predicted by Global Moupfouma, Crane and ITU-R models for Malaysia. At 0.01% of
time, the measured rain rate is found 110 mm/hr while ITU-R latest recommendation has proposed 100 mm/hr rain
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intensity for Malaysia. ITU-R prediction method is used to estimate earth-to-satellite link’s rain attenuation for four
frequency bands using ITU-R predicted rain rate of 100 mm/hr and measured rain of 110 mm/hr. The higher frequency
band causes the higher attenuation. At 0.01%, predicted attenuations using measured rain rate are found 46, 33, 18 and 2
dB for V, Ka, Ku and C-bands respectively. Predicted attenuations using ITU-R recommended rain rate are found 5 dB, 3
dB and 1 dB lower than that predicted by measured rain rates for 0.01% for V, Ka and Ku-bands respectively.
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