CHAPTER 8’
DIURNAL VARIATIONS OF RAIN ATTENUATION

8.1 Introduction

Some sateliite applications such as Direct broadcasting services that rely on the prime-time
interval, satellite operators must concern on the high attenuation period within a day from the day-
to-day (diurnal) variation of rain attenuation statistic. if statistics of long-term diurnal variations of
rain attenuation are known, it may be possible to relocate the essential traffic to avoid the high
attenuation period andfor utilizes the power controj technique to compensate attenuation enly in
that high fading period. Then, the satellite capacity and the earth station transmitted powel:s may

utilize more efficiently.

This Chapter presents resuits study of the diumal variation of rain attenuation and rainfall
statistics in Southeast Asia over a three year period. Data were analyzed to cobtain the conditional
probability distribution and the measured cumulative distribution of attenuation every 2 hours.

8.2. Data Analysis

Rain attenuation and rainfall rate data to be analyzed in this paper were taken from March
1992 to February 19985. Table 8.1 summarizes the total observation hours of sach year (Total
hours), parcent of attenuation of each year and all 3 years.

To obtain the diurnal variation of rain attenuation, the probability theorem needs to be introduced.
The diurnal variations of rain attenuation is the density function of the conditional probability of
attenuation in each observation period or 2 number of hours. The conditional probabiiity of

attenuation occurring in each F'th hour can be expressed by

P(HIY) = P(Hi,Y)/P(Y) (8.1)

where

i is the selected interval number (0708LT,0910LT....,0506LT)

Hi is the event of attenuation exceeding the threshold in i'th interval
Y is the event of attenuation exceeding the threshold in 24 hours,
P(Hi,Y) is the joint probability of event Hi and event Y,

P(Y) is the probability of event Y,

From a long-term observation, the diurnal variation of attenuation in each i-hour interval
can be expressed by
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P(HYY) = T(A2 OLdB,iniHours) ESUO— (8.2)

T(A = O dB, in 24 Hours)
where

T(A = OL dB, in | Hours) and T(A 2 CL dB in 24 Hours) are the total accumulation time that

the measured attenuation (A) exceeds OL dB in each i'th duration and 24 hours.

In this analysis, each interval equals to 2 hours period and the number of a cumulative
distribution equals to 12 curves which can make it easy to compare the measured and the
predicted curves. The 2-hour diurnal curves {conditional probability distribution) can be obtained
from each daily data by dividing all daily time-interval into each 2-hour interval, starting from 0700-
0800LT to 0500-0600LT local time (LT), and cbserving the measured attenuation exceeding the
threshold of 2, 4, 8, 8 and 10 dB. The local time in Southeast Asfa is 7 Hour + GMT time.

Table 8.1 Total observation hours (Total hours), The percent of measured attenuation exceeding
the threshold P{Y).

Bangkok Si-racha

Atten. | Year-1 Year-2 Year-3 3-years Year-1 Year-2 Year-3 3-Years
(dB) (1992) (1993) (1994) (92-94) (1992) {1993)* (1994) (92-94)

Total |7,7968.4 |7,813.92 | 641232 | 22,0226 |8,409.6 5,983.08" | 7,884.0 | 22,278.6
Hours | (88%) {89.2%) (73.2%) | (84%) (96%) (68.3%) (90%) (84.7%)

2dB 1.689% 1.881% 2.075% 1.881% 1.8% 1.631%* | 1.848% 1.62%

4 dB 0.898% | 1.041% 1.477% 1.040% 0.859% 0.895%" | 0.922% | 0.879%

6 dB 0.548% | 0.636% 0.795% | 0.658% 0.515% | 0.548%* | 0.618% | 0.560%

8db 0.325% | 0.415% 0.554% | 0.427% 0.322% 0.383%* | 0.412% | 0.372%

10dB | 0.195% | 0.264% 0.4% 0.,282% 0.196% 0.268%* | 0.288% | 0.250%

Bundung Singapore

Year Year-1 Year-2 Year-3 3-years Year-1 Year-2 Year-3 3-Years
(1992) {1993) (1994) {92-94) (1992) {1993) {1994) {92-94)

Total | 7,243 8,490 8.415 24,148 7,835.0 8057.0 78140 | 23,806
Hours | {82.7%) | (97%) (96%) (92%) (89.4%) | (92%) (90.3} {90.5%)

2dB8 1.324% 1.168% 0.940% 1.144% 0.895% 1.119% 1.028% 1.014%

4 dB 0.644% | 0.491% 0.425% | 0.520% 0.498% 0.650% 0.533% | 0.560%

6 dB 0.346% | 0.232% 0.184% | 0.254% 0.318% 0.440% 0.313% | 0.357%

8 dB 0.177% | 0.118% 0.081% 0.125% 0.213% 0.303% 0.198% | 0.238%

10dB | 0155% 0.104% 0.070% 0.110% 0.200% 0.265% 0.182% | 0.222%

* Loss of data in April - July 93
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8.3 The Diurnal Variation of Rain Intensity and Rainfall

The diurnal variation of rain intensity P(BAZ) can be defined in similar ways as the diurnal
variation of attenuation. It is the total accumulation time cf each measured rain intensity (R}

exceeding the threshoid (Y) in the selected interval, divided by the total accurmulation time in 24

hours as expressed by:

P(BAZ) = T(R > ¥, in i interval)  -~-----—m ---(8.3)

T(R >, in 24 hours)

Whaere;

Bi is the event of rain-intensity (R) exceeding the threshold (¥}
P(Bi\Z) is the diurnal variation of rain intensity

In practice, the P(BI\Z) is not easily to obtain from the meteorological data bank. Only a 1-hour
rainfall data is widely measured by many metecrological stations all over the world. It is possible to
use that 1-hour rainfall data to obtain the diurnal variation of rainfall for predicting rain attenuation
in a given hour, The diurnal variation of rainfail P(Ri\Z), different from the diurnal variation of rain-
intensity P(BA\Z}, is the conditional probability of the amount of rainfall in each i hour interval given
that the probability of rainfall in ail observation pericd is known. It can be expressed by:

P(RI\Z) = P(Ri,Z)/ P(Z) e e (1)
where
Ri is the event of rainfall in the i'th interval,
Z is the event of rainfall in 24 hours,
P(Ri,Z) Is the joint probability of rainfall between event Ri and event Z,
P(2) is the probability of rainfall in observation period.

From the measured data, the diurnal variation of rainfall can be obtained by:

P(RIZ) = Total rainfall accumulation in each i-hour interval (mm) = =-=-===---(8.5)

Total rainfall accumulation in observation period (mm)

Figure 8.1 shows results of the diurnal variation of rain intensity P{(BAZ} of 10, 25 mm/h in
Bangkok over three years compared among the measured diurnal variations of rainfall P(R\Z)
measured by the tipping bucket rain gauge (measured rainfall) and 1-hour rainfall data of a
meteorological station of Bangkok (meteo. Rainfall). It is indicated that there are good correlations
{COR > 0.9) among all measured rainfali data that may lead to the development of the prediction

model by using 1-heour rainfall data to predict cumulative distribution of attenuation in any hour,
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Figure 8.1 Comparison among diurnal variation of rain intensity, measured rainfail, meteorological rainfall at Bangkok
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Figure 8.2 shows the measured diurnal variation pattern of rainfall P(RI/Z) in Southeast
Asia over 3-years by the tipping bucket rain gauge. It shows remarkable different pattern between
the coastal areas {Bangkok, Si-racﬁa. and Singapore) and the mountainous area (Bundung). The
convective rain is mainly occurred in Bundung in the afternoon (1300LT to 1700LT) local time.
Singapore shows high probability of rainfail in the morning to afternoon {0700LT - 1500LT) while
Bangkok shows the highest rainfall In the evening prime-time (1700LT - 1900LT). Si-racha does not
show a distinct pattern and rainfall may occur any hour of the day. Three year results implied that
rainfall in Bundung is mainly convective in nature while rainfall in Bangkok and Si-racha and
Singapore may be influsnced by both convective rain and a stratiform rain.
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Figure 8.2 Diurnal Variation of rainfall in Southeast Asia over 3-years
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8.4 Resuit Analysis

Resuits of yearly diurnal variation of attenuation are shown in figure 8.3 - 8.18. The vertical
axis Indicates the percent conditional probability of attenuation exceeding the threshold. In Figures
8.3 - 8.18, the horizontal axis shows the local time (GMT +7 hour) divided into each 2-hour interval.
All percent value attenuation of each year and all years are shown in Appendix D (Percent of

diurnal variation of attenuation).
1) Yearly Diurnal Variation of Attenuation in Bangkok

As shown in Figure 8.3 (year-1), attenuation is most likely to occur in the evening to late
midnight during 1700LT-0200LT(70%). The 10 dB diurnal pattern shows the largest variation with
the coefficient of variation (COV) of 88.23%, while the 2 dB pattern tends to show the smallest
variation {COV = 55,12%). In addition, the 10 dB pattern shows the highest probability of
occurrence at 1900LT-2000LT(20%) and 0100LT-0200LT(20%), while the 4-8 dB patterns show the
highest probabtlity of occurrence at 1700LT-1800LT. All attenuation patterns show the smallest
occurrence in early morning to noon (0300LT-1200LT). it can be clearly seen in Figure 8.3 that the
high attenuation patterns show a large variation than the low attenuation pattern. This is due to the
low atienuation occurred in any hour more frequently than high attenuation. Attenuation may occur
in any two hours with the high probability of attenuation falling in the night time than in the day

time.
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Figure 8.3 Diurnal variation of attenuation in Bangkok, Thailand, year-1({1882}

As shown in Figure 8.4 of (year-2), It is clearly indicated that both high and low
attenuations are most likely fo occur in the late afternoons and early evenings between 1700LT-
2000LT(42%). It is remarkable to indicate that the higher attenuation shows more larger variation
{COV = 83.85%) than the lower attenuation (COV = 55.64%) with the maximum peak at 1700LT-
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1800LT while the less occurrence of all attenuation fall between midnight to noon (23.00LT-
12.00LT). The high attenuation pattern shows higher kurtosis (3.536) than the lower attenuation
pattern (3.029). The 2 dB and 10 dB patterns show a positive correlation of 0.8588. Again, resﬁ‘lts
of year-2 measurement can support the implication of attenuation behavior in Bangkok having the

high probability of occurrence in the night time and low probability in the day time.
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Figure 8.4 Diurnal variation of attenuation in Bangkok, Thailand, year-2{1893)

As shown in Figure 8.5 (year-3), all attenuation retain the most probability of occurrence in
the evening (1700LT-2400LT) having the peak occurrence at 1900LT-2000LT(23%). The high (10
dB) attenuation still shows larger variation (COV = 88.51%) than the low (2 dB) attenuation ( COV
= 68.24%). All attenuation patterns show a good correlation coefficient of 0.940.

Figurs Diumal Variation of Rain Attenustion st Banghok Thakand Year-3 {1/0M/94 - 28/02/08)
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Figure B.5 Diurnal variation of attenuation in Bangkok, Thailand, year-3{1994)
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Table 8.2 Analytical results of diurnal variation of attenuation at 2 dB and 10 dB of Year-1, Year-2,

Year-3, and all 3-Years, and resuits of 3-year diurnal variation of rain intensity at 25 mm/h and

100mm/h in Bangkok and Si-racha.

Bangkok
Year Year-1-{1292) Year-2 (1903) Year-3 (1994) 3-Years 3-Yaars
Details 2dB 10dB 2d8 10 dB 2aB 10 dB 2d8 - 10dB 25 mm/h 100 mm/h
Total {(sec} 474329 54972 529288 74504 A79108 82352 1482708 221826 262799 8584
Minimum 13418 448 15268 412 4448 0 48590 2882 3856 3
{sec.)
Maximum 69030 11244 96932 17922 85380 21534 245714 46684 52647 1773
{sec)
Mean (sec) 39526.6 4581 44107.3 6208.66 39925.6 7698 123559 18485.5 21889.9 562
Median (sac) 31888 2735 37051 4036 31075 7183 100758 15730 20061.5 us
Std, 21790.3 404227 24545.4 £206.20 27247.5 6811.897 89664.2 14420,2 15161.4 582.67
Deviation
Kurtosis -1.7293 -1.13871 0.68436 1,29905 -0.9667 -0,1056 -0.8632 -0.1841% 0.168964 018377
Skew- 0.20070 1.69693 1168421 1.39394 0.52014 0.81154 0.65882 0.87418 0.8852 0.97801
ness
COR 0.8282 0.8586 0.9400 0.9656 0.5324
cov 55.12% 88.23% 55.84% 83.85% 68.24% 88.51% 56.38% 78.00% £59.3% 100%
Sl-racha
Year Year-1 {1992) Yaar-2 (1993) Year-3 (1994) 3-Years 3-Years
Details 2d8 1048 2d8 10d8 2dB 10 d8 2dB 10 dB 25 mm/h 100 mm/h
Total {sec) 487080 59638 351426 57884 467898 81928 1336414 1998450 227131 6799
Minimum 20090 1950 1086 0 7114 0 41820 4908 6764 o
{sec.}
Maximum 80580 10732 91978 17700 93526 20002 266084 44140 3714 173
{sac)
Mean {sec) 40580 4969833 202855 4823.66 38991.5 66827.33 111367 16620.8 189325 Ses.583
Median (sec) 36921 4474 22647 3279 36499 60T 91618 13933 20039.5 448
Sid, 15464 2965.839 24694.8 4968.22 27270.2 6040.65 64700.7 11736.3 8058,79 469,639
Deviation
Kurtosis 3.6994 -0.38944 3.02082 3.53620 -0.0285 0.8944¢8 1.75722 1.67067 -1.0368 19851
Skew- 1.6144 0.814343 1,54092 1.68192 0.76596 107636 1.26632 1.36975 -0.1708 0.1241%
ness
COR 0.6290 0.9141 0.9382 0.9258 0.5650
cov 3809% | 59.65% 84.32% | 1028% | 60.93% | 88.46% | 58.09% | 7060% | 42.57% 82.88%
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Singapore
Year Year-1 (1992) Year-2 {1943) ‘Year-3 {1994) 3-Years 3-Years
Details 2dB 10d8 2d8 10dB 2a8 10 dB 248 1048 25 mm/Mh 100 mmity
Tetal {sec) 252366 56692 342606 87358 262802 51784 252366 56592 - -
Minirmum 2796 104 15608 2800 7186 772 2798 104 . -
{sec.)
Maximum s5ra2 17484 57912 17484 51306 11024 57912 17484 -
(sec)
Maan (sec) 21030.5 4718 28550.5 7279.83 24400.33 21030.5 21630.5 4715 - .
Median (sec) 14478 2178 25576 8220 20895 3555 14478 2178 -
Std. 215163 5967.58 14321.5 4711.8 15804 3235.75 215163 5967.58 - .
Dewviation
Kurtosis -0.603 1.53 1.08 1.6 0,992 -0.369 -0.603 1.53 . .
Skew- 0.924 1.62 1.42 1.59 (.88 1.012 0.92 1.62 - -
ness
COR 0.944 0.910 0.929 0.945 -
cov 87.5% 126.5% 50% 64% B4% 75% 97.5% 126% - -
Bundung
Year 1992 1963 1984 1992-1994 1992-1994
Details 2d8 104dB 2dB 10 d8 24dB 10 dB 2d8 10 did - .
Total (sec) 345302 40460 358974 32026 284774 21210 987050 28038 - .
Minimum 0 0 0 0 82 0 92 0 - -
{sec.) '
Maximum 100270 13696 122350 11208 73980 7206 73980 28038 .
{sec)
Mean (sec) 2877.52 33ar1e7 29747.83 2668.33 2371.2 1767.8 82254 7808 -
Median (sec) 12370 2311 12549 926 16027 85 35854 3543 -
Std. 34328 4366.13 37339 3568 26906.1 271242 96796 10231.6 -
Deviation
Kurtosis 0.39 1.74 2.38 1,809 -0.25 0.002 0.593 0.54 -
Skaw- 1.2 1.5 1.52 147 1.004 1.23 1.22 133 -
ness
COR 0.91 0,994 0.957 0.87 -
cov 119% - 129% 125% 133% 113.3% 153% 117% 131% . -

Remark COV{Coefficient of Variation), COR(Comelation Coefficlant}

2) Yearly Diurnal Variation of Attenuation in Si-racha,

Figure 8.6 of year-1 shows a large diurnal variation of attenuation providing three peaks:
(1) early afternoon (1300LT-1400LT) with 20%, (2) late evening (2100LT-2200LT) with 12%, (3)




102

after midnight {0300LT-0400LT) with 12%. It is notabie that all attenuations occur most frequently at
early aftemoon (1300LT-1400LT). The 10 dB attenuation pattern-shows much larger variation
(COV=59.65%) than the 2 dB attenuation pattemns (COV=38.09%), and both have low correlation
coefficient of 0.628.
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Figure 8.8 Diurnal variation of atienuation in Si-racha, Thailand, year-1(1982)

As shown in Figure 8.7 of year-2, all aftenuation patterns show a good correlation (COR =
0.914) and having the highest percentage time occurring in the early afternoon at 1300LT-
1400LT{28%). Compared with year-1, year-2 pattern shows some similar diurnal varations and
having the same peak percentage time at 1300LT-1400LT and 2100LT-2200LT.
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Figure 8.7 Diumal variation of attenuation in Si-racha, Thaitand, year-2{1993)

In Figure 8.8 of year-3, all attenuation patterns have the most frequent occurrence again in

the early afternoon (1300LT-1600LT) the same as year-1 and year-2. The attenuation patterns of
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year-3 show some different patterns from year-1 and year-2; but, both patterns still maintain the
same maximum occurrence at 1300LT-1400LT. There is a good correlation between 2 dB and 10

dB patterns with correlation coefficient of 0.9382.

20 Figure Diumal Vavriation of Raln Attenuation st SHracha Thallend Year-3 (1/03/94 - 2802/95)
b e
- s 208
. e § OB
7 %\
4 \“ —tre b
el - v ———l
1 ‘\\ —-a- 1o
5% A8
Ol \]
b
5\
‘“ 3 ™y
'." "'-'h\
" At Rys.
]

- ‘ | \ LEEI
§ .
g : 3

DR 1GLT
19207
1334 LT
16T
7 gu
1H-ar

2Ly
231
oLy
oS04 LY
0308 LT
0708 LT

Figure 8.8 Diurnal variation of Attenuation in Si-racha, Thailand, year-3 (1994)
3) Yearly Diurnal Variation of Attenuation in Singapore

As shown in Figure 8.9 (year-1), attenuation starts in early morning 0300-0400LT and it
gradually increases in the afternoon with the peak attenuation during 1300-1600LT. Both low and
high attenuation show the largest variation with the coefficient of variation (COV) of 97% and 126%
respectively. Ail attenuation patterns show the smaliest occurrence in the evening to midnight
{1700LT-0200LT). It can be clearly seen in Figure 8.9 that both high and low attenuation show a
vary good correlation (COR=0.944)
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Figure 8.9 Diurnal variation of Attenuation in Singapore Year-1 (1992)
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As shown in Figure 8.10 (year-2), It is clearly indicated that both high and low attenuation
are most likely to occur in the early afternoon between 1300LT-1600LT (same as yeaf;1 pattern).
The high attenuation and the low atteruation do not show remarkable variation and they still show
a good correlation (COR=0.91). The year-2 pattern shows similar pattern with year-1 pattern, but

there are some percent attenuation occurrences > 5% failing in the evening to early meorning.

Figure Ysar-2 Oiumsi Verlation of Rain Atisnuation at Singapors Year-2 {103/93-28/02/04)
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Figure 8,10 Diurnal variation of Attenuation in Singapore Year-2 (1982)

In figure 8.11 (year-3), there is some different patterns compared with year-1 and year-2
patterns. The peak attenuation moves to the 1100-1200LT with more percent attenuation falling in
the morning (0700-0800LT). There is still a good correlation between the low and the high
attenuation with COR= 0.93.
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Figure 8.11 Diumnal variation of Attenuation in Singapore Year-3 {1994)



4) Yearly Diurnal Variation of Attenuation in Bundung, Indonesia
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Figure 8.12 (year-1) shows the most outstanding pattern that all attenuations mostly occur

in the day time, but less occur in the night ime. Both low and high attenuations have relatively

large variation {119%, 129%) and have a good correlation coefficient (0.91). During 00.00-0800LT,

almost no attenuation occurs.
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Figure 8.12 Diurnal variation of Attenuation in Bundung Year-1 (1992)

Figure 8.13 (year-2) shows similar pattern with year-1 pattern, the highest probability of

attenuation occurrence is still concentrated in the daytime at 1300-1400LT, but no attenuation

oceurs in the night time after midnight. it is remarkably indicated that both high and low attenuation

patterns show exceilent correlation {0.994) and relatively large variation (125%, 133%).

Figure Diumal Variation of Ruit Atenustion at Bundung Indonesia Yesr2 {10303 - 2000204}
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Figure 8.14 (year-3) again shows similar pattern with year-1 and year-2 patterns. The

highest probabllity of attenuation still occurs in the early afternoon, but aimost no atishuation shows
in the night time. It is again clearly indicated that both low and high attenuations show excellent

correlation (0.97) and having relatively large variation (117%, 131%).

Figurs Diurnal Variation of Rain Attenuation at Bundung Indonesia Yeour-3 (1/03/54 - 2800295)
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Figure 8.14 Diurnal variation of Attenuation in Bundung Year-3 {1984)
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Figures 8.15 - 8.18 illustrate the diurnal variation of attenuation and rainfall at every 2 hour

interval over 3 years in Bangkok, Si-racha, Singapore and Bundung respectively. The dash curve

shows the plot of the diurnal variation of rainfail obtained by the tipping bucket rain gauges with 1

hour integration time. The correlation coefficients between all attenuation curves and each rainfall

curve are also shown in the Figures. The percent of conditional probability of 6 dB attenuation and

rainfall for each 2-hour interval are summarized in Table 8.3,

Table 8.3 The percent (%) of conditional probability of 6 dB attenuation P(Hi\Y) and Rainfail P(R\Z)
in Bangkok (BK (6 dB)), Si-racha (SR (6 dB)) Singapore (SP (6 dB)) and Bundung (BD (6 dB)).

Nams 07-08LT | 08-10LT | t1-12LT | 13-14LT | 15-16LT | 17-18LT | 18-20LT | 21-22LT | 23-24L7 | 01-02LT | 03-04LT | 05-06LT
BK({ 8 oB) 249 . 2,24 4.56 8.08 10.00 19.19 17.97 11.28 89.61 7.89 372 5.01
SR{s o8) 3.5 2.79 11.62 24.00 15.56 7.01 8.58 10.29 6.64 443 5 232
SP(6 08) 843 9.79 14.01 18.52 15.45 484 3.75 4.53 517 444 6.88 6.68
BD(§ d8) 0.00 1.08 15.02 31.03 28.53 11.04 7.84 3.98 1.00 0.00 0.48 0.00
BA-Rsinlal) 1.44 1.90 7.25 9.83 12,80 17.7 14,40 10,80 875 6.88 4,80 3.66
SR-Rainfall 3.86 2.93 7.27 12.10 10.60 7.00 9.38 13.12 11.35 10.67 8.05 3.48
SP{Reinfal) | 8,03 8.25 143 14.70 187 9.43 5.30 8,00 4.47 315 8.26 813
B80-Ranfal) | 020 4130 83 27,80 2130 18.40 14.81 7.10 M 118 0.80 0.50
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1) Diurnal Variation of Attenuation and Rainfall in Bangkok

Figure 8.15 remarkably indicates that all attenuation curves have the peak mosty
concentrates in the evening (1700LT-2000LT). The high attenuation curves (8 - 10 dB) show a
larger variation than the iower curves (2 - 4 dB). The correlation between the 2 dB curve and the
10 dB curve is 0.96, and there are some good correlation coefficients (0.87 - 0.92) between all
attenuation curves with the rainfall curve. Three year results imply that the rainfall in Bangkok is
relatively high. and the diurnal variation of attenuation in Bangkok are mainly affected by both a
convective rain, having the high probability of rainfall concentrated in the afternoon, and a

stratiform rain having probability of rainfall in any hour.

3-Ysars Diumal Variation of Attenuation and Rainfall, Bangkok
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Figure 8,15 Comparlson of diurnal variation of attenuation and rainfall, over 3-years, Bangkok, Thailand
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The non-parametric Koimogorov-Smimav test alsc -performs with ail data. It is found that
the normal distribution with mean=7 {1900-2000LT) and a standard deviation 2.7 are well fitted

measured data of Bangkok.

It is often seen that during the southeast monsoon, heavy clouds with high humidity are
formed around the southwest of Bangkok and then move along the monsoon wind and combine

with the warmer air in Bangkok causing frequent rainfall in the evening.

2) Diurnal Variation of Attenuation in Si-racha,
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Figure 8.16 shows a 3-year average of the diurnal variation pattern of attenpuation and
fainfa!l. It shows significant difference from the Bangkok pattern even if the site separation is only
80 km. All curves have the peak in the early afternoon (1300LT-1400LT). The 10 dB curve shows
the largest variation while the 2 dB curve tends to spread over a large interval. There is not a good
correlation between the attenuation curves and the rainfall curve (COR= 0.52-0.67). Three-year
results may be expected that rainfall in Si-racha is high and does not show an outstanding behavior
of convectivity that has the percent rainfall peak‘in the afternoon. But attenuation shows the

percentage peak in the early afternoon which is not corresponding with rainfall pattern.

Diumal Variation of Reinfall & Attenuation Al Si-Rachas 1/Mar/92 - Z8/Feb/05, (3-yeer}
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Figure 8.16 Comparison of diurnal variation of attenuation and rainfall over 3-years, Si-racha, Thailand

The Kolmogorov-Smimov was tested to find the suitable'distribution to be fitted with ali

data, but it can not find any suitable distribution for Si-racha data.

Results of Si-racha may be expected that the low .elevation angle introduces a large
uncorrelation of rainfall and attenuation due to multiple rain-cells that may pass through the slant
path. Si-racha is located in the coastal area influenced by both a convective and a stantiform rains.
it is usually observed that during the southeast monsoon heavy clouds are formed in the Gulf of

Thaitand and fall along the radiometer slant path in the afternoon

3) Diurnal Variation of Attenuation at Singapore.

Figure 8.17 shows 3-year average of the diurnal attenuation pattern in Singapore. All
curves start to increase from early morning (0300LT) to the maximum percentage at 1500-1600LT.
"It is remarkable to show that both low and high attenuations are highly correlated (COR = 0.845)

which is implied the most heavy rainfall in Singapore. All attenuation patterns have a very good
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correlation with a rainfail pattern (COR = 0.95 - 0.97), The Kolmogorov-Smimov was tested and it

can not find any suitable distribution for Singapore data.
Diurnal Varistion of Rainfall & Attenuation In Bingapora, (1/03/92 - 28/02/85) 3-yaar
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Figure 8.17 Comparison of diurnal variation of attenuation and rainfall, over 3-years, Singapore

Three years results imply that rainfall in Singapore (a coastal area} is influenced by both a
convective and a heavier startiform rain with high rain intensity. Startiform rain may occurs at any

hour while a convective rain is highly concentrate in the afternoon.

4} Diurnal Variation of Attenuation in Bundung.

In Figure 8.18, both low and high attenuation curves show very high correlation ( 0.97)
having the peak in the afternoon (1300LT-1600LT). Almost no attenuation and rainfall occur
between midnight to morning (0100LT-0800LT). Al attenuation patterns have a very good
correlation with a rainfall pattern (0.97) Three-year results Imply that rainfall in Bundung (a

mountainous area) is mainly influenced by a convective rain with very high rain intensity.
Déiurnal Variation of Rainfall and Attenuation st Bundung, Indonesla +/Mar/92 - 28/Febl98 (3-year)
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Figure 8.18 Comparison of diurnal vartation of attenuation and rainfall, over 3-years, Bundung, Indonesia
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The Kolmogorov-Smimov was tested, but it can not find any suitable distribution for
Bundung data. Bundung is located at 870 mm height in the valley surrounded by mountains. It Is
relatively warm in the day time, but cold in the nigh time. High convectivity of atmosphere mostly
occurs in the day time causing a convective rain, but almost no rain in the night time.

Three-year results conciuded that the diurnal variation pattern of rain attenuation is mainly
influenced by the environmentai conditions i.e., geographical location, building, local winds. The
mountainous area tends to produce more convective rain with high rainfall and high attenuation in
the afternoon while the coastal area tends to produce both convective rains with heavy rainfall

occurring in the afternoon to evening and a heavier stratiform rain occurring in any hour.
8.6 Year-to-Year of Diurnai Variation and of Rain Attenuation

Table 8.4 shows the oérnparlson among four diurnal variations of attenuation at 6 dB
threshold. BK92, BkS3, BK94 represent the percentage of 8 dB attenuation occupying each interval
for Bangkok while the SR92, SR93, SR24, SP92, SP93, SP94, and BD92, BDS83, BD94 represent
the diurnal variations of 6 dB of Si-racha, Singapore and Bundung respectively. The “MAX"
represents the percentage maximum different valve between year-1, year-2, and year-3 values of
each interval. Figure 8.19 shows the plot of the “MAX" valves of each 2-hour interval. The Bangkok
curve shows the smallest year-to-year variation with average variation of 4.08% followed by
Bundung (5.06%), Si-racha (6.18%) and Singapore {8.85%). The maximum different variation is
14.20% belonging to Singapore at 1300-1400L, but the smallest percent variation (0%) occurs in
Bundung during 0100-0600LT when no attenuation occurs. Three-year results concluded that the
diurnal variation pattern of attenuation is not significantly deviated from year-to-year,

Table 8.4 Year to Yesr varigtion of diurnal variation of attenustion in Southeest Asia at 6 DB
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+“Year-to-Year Diurnal variation of Attenuation (6 dB} In Southeast Asla over 3-years
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Figure 8.19 Year-to-Year diurnal variation of attenuation (6 dB) in Southeast Asia 3-years

8.7 Site-to-Site Diurnal Variation of Attenuation in Southeast Asia.

Three year measurement at four locations clearly indicated that the diurnal variation of
attenuation is highly dependent on the environmental conditions i.e., buildings, a geographical
location, a coastal area, a mountainous area, For example, Bangkok has a lot of buiidings and rain -
usually falls in the evening due to the high convectivity usually occurring in the late afternoon wheq
heavy clouds with high humidity move from the Southwest along the monsoon wind and combine

with the warm air in the afternoon resulting high probability of rainfall in the evening.

Si-racha site is located on the hill (54 meters above sea level) near the Gulf of Thailand.
The radiometer slant-path’s is passing through a small valley. In rainy seasons, sea breeze and
southwest monsoon wind carry high humidity from the sea to form heavy stratiform ciouds and then
infroduce heavy rainfail along the radiometer's slant-path in the early afternoon, Three-year
measurements confirmed that the local environments are strongly influenced on the diurnal
variation pattern of attenuation, It is not surprised that why the diurnal variation pattern in Bangkok

and Si-racha are significantly different even if the site distance is only 80 kms,
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The diurnal variation pattern of Bundung in mountainous area is different from the coastal
area (Bangkok, Si-racha, Singapore). Both attenuation and rainfall show the outstanding pattern of

the convective behavior that almost ho rain occurs in the night time.

8.8 Comparison of the Diurnal Variation of Attenuation and Rain intensity

Diurnal variation of various point-rain intensity P(BI\Z) of 10, 25, 50, 75, and 100 mm/h in
Bangkok during March 1,1992 - February 28,1995 Is shown in Figure 8.20 (Bangkok) and Figure
8.21 (Si-racha). In Bangkok, result shows that very high rain intensity patterns (75-100 mm/h)
mostly occur at 1500LT-1600LT while the low-moderate rain intensity patterns (10-25 mm/h) mostly
occur at 1700LT-1800LT. All rain intensity patterns tend to fall in the afternoon and early evening

and very high rain intensity pattern (100 mm/h) shows much larger variation {COV = 82.88%),
than low-moderate rain intensity paftern (COV = 42.57%). This is due to the characteristics of
rainfall that low rain intensity tends to occur more frequently than the high rain intensity and the
low-moderate rain intensity duration occurs much longer than heavy rain intensity duration. The
correlation between 10 mm/h and 100 mmw/h rain intensity show low correlation (COR= 0.5650).

In Si-racha, the diumal variation of rain intensity shows a relatively large variation, and
aspecially the 100 mm/h pattern shows the most largest variation (COV = 82.88%).

Figure S(a) 3-Years Diumal Variation of Rain Intensity at Bangkok, Thailand
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Figure 8.20 Diurnal variation of rain intensity in Bangkok, Thailand over 3 years




3-Years Diurnal Variation of Rain Intensity at Si-racha, Theiland
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Figure 8.21 Diurnal variation of rain-intensity in Si-racha, Thailand over 3 years.

8.9 Two-hour Cumulative Distribution of Attenuation

Figures 8.22 - 8.33 illustrate the cumulative distribution of attenuation of each 2-hour
interval P(Hi) starting from 0708LT, 0910LT, ..., 0506LT. The cumulative distribution in Bangkok

shown in Figure 8.22 (year-1), Figure 8.23 (year-2), Figure 8.24 (year-3), in Si-racha

shown in

Figure 8.25 (year-1), Figure 8.26 (year-2), Figure 8.27 (year-3), in Singapore shown in Figure 8.28
(year-1), Figure 8.29 (year-2), Figure 8.30 (year-3), In Bundung shown in Figure 8.31 (ysar-1),

Figure 8.32 (year-2), Figure 8.33 (year-3). There are three groups of curves in each figure namaly:
the solid line which rapresents 0708LT, 0910LT, 1112LT, and 1314LT; the dashed line which
represents 1516LT, 1718LT, 1920LT, 2122LT, and the dotted line which represents 2324LT,
0102LT, 0304LT and O0506LT respectively. In all curves, the cross (X) symbol represents ari

average cumulative distribution of attenuation P(Y) of each threshold between 2 - 10 dB.

The average P(Y) curve can be obtained by:

PAY) = P(Y.Hopeur HPOYHogq ol oo o P(Y g ) seommmemenee(8,6)
0506LT
= ZP(Y\Hi)P(Hi) e (8.7)
i=0708LT

where
P(Y,Hi) is the joint probability distribution of event Y and event Hi
P(YIHi) is the conditional probability of event Y given that event Hi is known,

P(Hi) is the probabiiity of attenuation exceeding the threshold interval i or the
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2-hours cumulative distribution of attenuation.

Figures 8.22 -8.24 clearly indicate that each average cumulative distribution .P(Y) fallen in

the middle of the 2-hour curves P(Hi). The uppermost curve belongs to the 1718L'i' and 1920LT
curves having the peak probability of occurrence P(HitY). The lowermost curve belongs to the
0708LT curve having the minimum probability of occurrence. Figures 8.25 -~ 8.27, show the 2-hour
curves P(Hi} of Si-racha. It remarkably shows that the 1314LT curve is located at the uppermost
while the 0708LT curve is located at the lowermost curve. The slope and position of the curves are
corresponding to the diurnal variation of attenuation P(Hi\Y). Figures 8.28 - 8.30, show all 12 curves
of Singapore. The average P(Y) curve is located among the P(Hi) curve. The uppermost curve
(1314LT) is also corresponding to the P(HilY). Figures 8.31 - 8,33, show all curves of Bundung.
There is relatively difference among each curve. This is due to a large variation of the diurnal
variation pattern P(Hi\Y). The uppermost and the lowermost curves are corresponding to the diurnal
variation P(Hi\Y). Three year results imply the possibility to develop a statistical model of P(Hi)
using the joint probability in equation (8.7).

8.10 Concluding Remarks

Results of the diurnal variation of attenuation ITU-R Zone N and Zone-P during 3 year

period can be concluded as follows:

(1) The diurnal variation pattern of attenuation ‘is highly dependent on the environmental conditions
i.e., buildings, geographical location, local winds (monsoons, sea breeze, mountain winds) but
uncorrelation with distance,

(2) The diurnal variation pattern of attenuation in Southeast Asia has high probability of occurrence
in the daytime rather that the nighttime with the peak occurring in the afternoon between
1300LT - 1800LT. ‘

(3) There is significant difference between the coastal area and the mountainous area in which the
convective rain mostly occurs in the mountainous area. However, in the coastal area, a
convective rain associated with a startiform rain both occur,

(4) Three-ysar observation found a small year-to-year diurnal variation (4-6% averaga).

(5) The good correlation (>0.9) between the low and high attenuation may imply the heavy-type of
rainfall in Southeast Asia.

(6) The good correlation (> 0.9) between attenuation patterns and rainfall patterns may be possible

to develop the more short-term attenuation prediction model.

Results of analysis recommend that for the broadcasting satellite systems { Direct to
home, Direct PC, stc. ) that require a large coverage service area, the knowledge of diurnal

attenuation distribution may not significantly improve high benefits, unless those systems are
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applied in a small specific area such as a city, a province. it is due to the diurnal attenuation
significantly relies on environmental conditions. However, it can be further developed the diurnal
attenuation. model, described in Chapter 9, using the knowledge of diurnal variations of rainfall
P{Ri/Z) from one hour rainfall data that available in many meteorological data banks.
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2-Hours Cumulative Distribuion Attsnuation of Bsngkok Thailand (Year-1) 1/3/1992 - 28/2/1093
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Figure 8.22 2-hours cumulative attenuation distribution of Bangkok {year-1)

2-Hours Cumulative Disyitution Atisnuation of Bangkok Thaland (Year-2) 1751003 - 26721994

10

P v e

oT-08LT

W

+ S 4 1+ $RLT

e 13144, T

— e {HAY
M - T IT
— e H-ROLT

—

— = HEAT

=« = 230MT

= = 2 oty

=== mout

D e ] —

. o = pEOMT

\ e e )

0.001
L)

a4

lﬂnu_-hn (o}

L] 7

Figure 6.23 2-hours cumulative attenuation distribution of Bangkok (year-2)
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Figure 8.24 2-hours cumulative attenuation distribution of Bangkok {year-3)




2-Hours Cumuviatve Distriution Atiunustion of Skeacha Thadland (Year1) 1731092 « Z82/1998 °
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Figure 8.25 2-hours cumulative attenuation distribution of Si-racha (year-1)

2-Hours Cumulative Distribution Attsnuation of Si-racha Thatend (Year-2) 1731683 - 28/2/1904

0

—OT-0LT

v — Y

Fomta ™

The

C— AT

= Sk 2 L A3

— = 50T

.y

T

i [P

1

—_— -t |
1

o - i
0000
° ' 2 3 * Ameralion (o8) U 7 ® ¢ 10
Figure 8.26 2-hours cumulative attenuation distribution of Si-racha (year-2)
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Figure 8.27 2-hours cumulative attenuation distribution of Si-racha (year-3)




2-Hours Cumulathve Distibution Attsnuation of Singapore (Year-1)

-

: = =151t

q = = = H-ONT

118

— 0T 0BT

\
kT |
H

— AT !

Sm— 13- 14LT

— =TT
——A0LT
- w2y

- = z30mT

= = = 00T

= = = O50BLT

.l'm {om)

Figure 8.28 2-hours cumulative attenuation distribution for Singapore (year-1)
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Figure 8.29 2-hours cumulative attenuation distribution of Singapore (year-2)

2-Hours Cumulative Distributicn of Attenuation of Singapore (Year-3)
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2-Hours Cumuiative Distribution Attenuation of Bundung Indonesie (Yesr-1}
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Figure 8.31 2-hours cumulative attenuation distribution of Bundung (year-1)
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Figure 8.32 2-hours cumulative attenuation distribution of Bundung (year-2)
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