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APPENDIX A

The Climate of Southeast Asia

Southeast Asia is located be-tween 10°S to about 20-N latitude and between 94°E to 145
E longitude. It is bordered by the Australian continent in the south and the Eurasian continent in
the north, while the east and west is bordered by the Pacific and Indian Oceans. The climate in
Southeast Asia is .hot and humid conditioned by its geographic position and by local topographic
difference. The climate varies from extremely dry zone (500 mmiyr) to axtremely wet zona (7,000
mm/yr). The climate of Southeast Asia Is controlled by a very large extent of Asian monsoon
system (Northeast monsoon and Southwest monsoon). In Southeast Asia, the climate changes

significantly from month-to-month due to air circulation over this part of the world. In the equatorial

(+ 30°) region, earth surface absorbs more heat by solar radiation. Unequal surface heating
creates air streams in the atmosphere in a particular (zonal) direction. Due to the earth's rotation,
these air streams do not have a constant speed and direction, Near the earth’s surface, air
streams deviate from zonal direction due to the cbstacle by mountain chains and the influence of

ocean streams.

In the equator, air pressure is low and water evaporates from the ocean, river and forests.
The ascending air with high moisture content is unstable. When the ascending alr cools off, the
heavy clouds are formed until it reaches the saturation point, then heavy rain and thunderstorms
occur. After that energy is released and the air will ascend to attitude over 10 km.

In the low-pressure zone due to the highest heat of the earth-surface, air streams convene
in to this low-pressure zone. This zone is called the Intertropical Convergence Zone (ITCZ) or
sometimes called equatorial trough, monsoon trough. Weather condition in this zone inciudes
widespread cloudiness, convective rains and precipitation. The ITCZ zone moves from the northern
direction to the southern direction and vice versa corresponding to the sun-track movement. This
ITCZ movement plays significant roles to the rainfall pattern over Southeast Asia and causes

seasonal variation. The season in Southeast Asia can be classified as two or three seasons {hot or
dry season, rainy season and cold season.) In Low latitude (£50°) closed to the equator, only two

seasons exist {rainy and dry season) in Malaysia, Singapore, Indonesia while above latitude * 10°
(Thalland, The Philippines, Vietnam) has three seasons.

During the northern hemisphere winter, high pressure areas develop over Siberia. This
high pressure area is caused by intense cooling of the earth's atmosphere. But, in the southern
hemisphere summer, low pressure area develops over Australia due to the hot earth surface. The
consequence of the effects of different pressure over Southeast Asia causes several effects as

foliows:
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1) The north wind from Siberia brings relatively cool and dry air over Thailand and Indo-china

and the northeastern &oast of Sumatra. Rainfalls are rarely found during this period,

2) The northeast wind from the north Pacific Ocean brings moderately warm up and humid toward
the east coast of the Philippines and pass the South China Sea and direct toward to Maiaysia.
This wind brings more moisture causing heavy rainfall along the east coast of Thailand Peninsular

and Malaysia Peninsular.

3) The northwest wind across the equator changes direction due to the earth’s rotation. This wind
brings humid air towards the northern coast of Java and intensifiss the rainfall particularly in west-
Java due to the East-West chain of volcanoes.

During the northern hemisphere summer, the Eurasian continent is heated up much more
intensively than the tropical region causing a consequence air streams from different direction

reaching the Southeast Asia region. The consequance of air streams brings several influences:

1) Southeast winds from the Australian continent are cool and relatively dry and effect
the climate of particularly the scuthsrn part of Indonesia,

2} Southwest monsoon wind affects the eastern cost of Sumatra, Malaysia, Thalland

Peninsular and Indo-China. Rainfall due to Southwest monsoon is relatively high in those regions,

3) Southwest wind brings humid air from the Indian Ocean towards Sumatra north-coast,
Malaysia Peninsular and Thailand west-cost Psninsular and -major paths of Thailand and indo-

china,

4) East-Northeast streams arrive from the North-Pacific. The easterly waves may cause into
cyclonic disturbances and reach the Philippines in various stages of development, from tropical
depression to tropical typhoons during July to October and brings heavy rainfall in north Mindanao,
the Philippines, Vietnam, Laos, and the north-sastern part of Thailand.

It is clearly indicated that air streams and locally wind change the direction and strength
month by month. This behavior influences the rainfalt distribution and also varies from month-to-
month. Therefore the monthly rainfall map for the entire region can be composed from various

sources that shall be explained in the following.

In January. the ITCZ is located in the south of Indonesia and the air streams from the

northern hemisphere winter prevail from the north to south direction. it causes extremely dryness in
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the major parts of north and center-of Thailand and the west-coast of the Malaysian Peninsula.
However, most parts of Indonesia are wet and have high precipitation. And, the east roast of the

Philippines islands are relatively wet-due to easterly winds from the Paciﬁr; Ocean.

In February, the Northeast monsoon becomes weaker, The ITCZ is stil located around
Australia. All regions located in the north of the equator become drier except the Luzon's east
coast of the Philippines which is still wet. Thailand and Malaysia Peninsular influsnces of dry wind

from the north and the Sumatra’s east coast are relatively dry.

In March, the ITCZ is just located at the south of Java, As the sun moved towards the
north, the north winds over Thailand are much weaker and increasing temperature on the mainland,

When the ITCZ approach Sumatra, heavy rainfall occurs over the path of Sumatra and Java.

In April, the ITCZ.moves further north and locates over Sumatra and Katimantan istands.
As a result, winds start to change direction. Southeast Indonesia becomes drier and the east of
Java and the north of Java have less rainfall than in March. The southwest coast of Malaysia and
the southwest cost of Thailand Peninsular become wet and have high rainfall. The mainland of
Thalland becomes more humid.

In May, the ITCZ moves rapidly to the north of Indo-China and the climate change is
considerable. The east coast of Kalimantan is relatively dry. At the north of the equator, the wind
changes direction and becomes southwesterly. Therefore, this leads to the increasing rainfall along
the northwest coast of Thailand Peninsular and the northwest coast of Malaysia. Increasing rainfall
over Thailand compared to April appears in the western area of the mountain ranges. Most of the
Midanao island of the Philippines become wet.

In June, the ITCZ moves to the northern of Indo-China. The southeasterly winds have
gained in strength an influence to the most part of Java, south of Sumatra and Malaysia peninsular,
The peninsular of Thaitand obtains heavy rainfali along the west coast, but it is relatively dry on the
reward side of the mountains. The southwest monsoon alsc influsnce the climate of Thailand, the

Philippines,

In July and August, the southeast monsoon develops strength causing more. rainfall in
Thailand, Malaysia and some moderate rain in Sumatra. The southeast air streams at the south of
the equator have become more intense causing dry weather over Java, South and Southeast of
Sulawesi and Kalimantan which are relatively dry. Typhoons are also developed and affect the
northern part of Luzon.
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In September, the southwest monsoon is at a maximum strength in Southeast Asia. Some _
parts of north Sumatra, north Malaysia, Thalland, Kalimantan, Sarawak and the entire Philippines
have heavy rainfall. The typhoon track Is over the I:.uzon and the Vietnam. At the same time the

southeast air stream has maximum strength on the south of equator.

In October, the ITCZ makes toward the central of Thailand to the south. The north

latitude above 10*N becomes cold and dry. Rainfall occurs in the low latitude above Malaysia and
Indonesia. The typhoon track tends lo move to the southwest. The southeast wind brings dry air

towards the southeast of Indonesia

In November, the ITCZ maves towards a position around 5*N. The central-northern part
of Thailand becomes significantly drier. But the east cost of the Philippines is significantly wetter
while the east-coast of Malaysia and Thailand peninsular become wetter, and the entire Java,

" Kalimantan and Sulawesia become wetter.

In December, the ITCZ is located between the equator and the South of equator (0-8°S)
The coastal areas of Java are extremely dry due to orographic liting and cause extremely heavy
rainfall on both northern and southern sizes. All paths of Thailand except the peninsula are
extremely dry and cold. The extremely rainfall occurs on the east-coast of Thailand and Malaysia

Peninsulars.
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APPENDIX B
RAINFALL MEASUREMENT RESULTS
1. Monthly Cumutative Rain Intensity Distributions, 1/Mar/92 - 28/Feb/85, N. Yoothanorm [1997]
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2. Si-Racha, 1/Mar./92 - 28/Feb/05, N. Yoothanorm, et . al., [1997]

Monthy Rainfall Rate Statistic, Siracha, 1982(744 hours), 1994(No Ratnfall), 1995(898 hours)
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th Rete Siracha, 1992(096 hours). 100X Mo Rainfa), 1994(¢06 hours)
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Monthy Rainfail Rate Siatlatic, Siracha, July, 19092(720 houm),

1993(Na Data), 1984(T20 hourn)
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Monthy Rainfall Rake Statistic, Sirscha,Oclober, 1992(720 hours), 1983(720 hours), 1984(720 hours)
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3. Singapore, Monthly Cumulative Distribution, 1/Mar/92 - 28/Feb/95

Rats 3 w. 1093744 hour), 1084744 hours), 1996(744 haura)
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Monthly Reinfall Rale Statistic, Singapore, February 1883(872 hour), 1994(672 hours), 1995(872 hours)
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Monthly Rainfull Rate Statistic, Singapora, Aprial 1992(720 how), 10934720 hours), 19694(898 hours)
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Monthly Rainfad Rale Statistic, Singepors, May 1002{744 hour), 1993(744 hours), 1984{744 houra}
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Monthiy Rainfall Rate Statistic, Singapore, July 1092(744 hour), 1993(744 hours), 1694(?44 hours)
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Manthly Rainfsll Rute Stetiet:, I_lnqtpor-. October 1992(430 howr), 100X 744 hours), 1984({744 hours)

10 —_— ,
R La
3 % v OcHR )
' : e = = e = ooved 3
CH'IIE
.
A ™
Fi S iy
11 —.\_.f \H‘ L N 1 ]
B = S
-~ -
Y W . i
N e !
o0 + v R by, 4 . "';__ - 4 :
‘-s-ﬁ e, Y
Nl )
e —
LN ~ ;
., '\-\ !
[-X- "
L] 0 " [} [ Rain AR ravh) 2o "o oo 180 - 20
Monthiy Rainfall Rete Statistic, Singepors, Novembar 1982(720 hour), 1893(720 hours), 1984{698 hours}
o ————
E
= = = Now@2
1 = £ 4 o, — e - Nov§?
MNov-94
E NS :
1 = Sty 2y 8 S EE—— P —
1 — el
E ~
" \{_
el Y
.__.
o0 I SR 4 — § V. caciman, -
e ™
- ‘-‘
1.001 . \'\
0 20 40 80 80 main K@Peevny 120 140 180 180 200

Monihly Rainfall Rate Statistic, Singapore, Dscember 1962(744 hour), 1993(744 hours), 1994(288 hours)

N ————
K Y

It

= * = Dec-82

! 3= == = o e Decd
Dec-84
—

Punrhg:“’m %)

1001

0 20 a0 8o 80  Rain RIPmmmy 120 140 180 180 200




4, Bundung, Monthly Cumulative Distribution, 1/Mar/92 - 28/Feb/95

Monky Rate [ January, 1003{Loss Diste), 1984({T2D houra), 1995(744 hours)
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Monihy Rainfell Rate Stetetic, Bundung, Aprt, 1992(576 hour), 1993(608 hours), 1984(720 hours)
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Monthy Rainfall Rale Statistic, Bundung, July, 1992(744 hour), 1893(744 hours}), 1994{Loss Data)
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Monthy Raintsk Rete Statistic, Bundung, Qcipbar, 1992(744 hour), 1993{744 hours), 1994(744 hours)
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Cumulative Rain-rate Distribution 161

. Bangkok _ 103432 - 2BI0205  (3-Years) } Unit: mmin
MRy | 1% 0.5% 0.3% 0.2% 0.1% 0.03% | 003% | 002% | 0.09% | 0085% | 0.003% | 0.002% | 0.001%
Mur-92 0 G- a0 i G 4 0 ¢ o] 0 0 G ]
Apr-92 0 0 0 0 G 0 o ¥ 0 0 ¢ 0 0
May-%2 U 0.5 27 4.5 111 20.8 249 2906 59 74 73 84 83
Jun-g2 1.4 3.3 7.9 4.8 31.6 60 72 7a 89 a8 106 110 114
Ju-ezl 45 69 13.9 217 346 53 87 94 75 81 &7 94 100
Aug-32 3 86 s 26.6 48,8 7 50 88 ERoy| 112 118 125 148
Sep-92 3.8 11.8 26.3 37 80 B2 97 108 119 125 133 138 152
Oni-92 3 9.9 i8.7 28 45.5 57 69 81 28 113 123 129 153
Noy-92 0 0 5 0 a Q 0 3 g i} 3 [y 8
Dec-92 0 0.8 04 1.2 2 2.8 29 4.1 4.3 5
Jan-93 Y 0 0 1.6 82 27 40.2 a7 .2 68 73 81 a9z 98
Feb-93 G 0 Q o 0 a a 0 g Q 0 o G
Yearl | L5 b Ba L 70 125
Mar-93) 0.1 3.2 4.3 8.9 6.6 14.9 272 393 133
Apr-93 2.5 1.2 18.4 25.6 35.6 48.6 7 85 71 76 a1 83 BE
May-93 20 3.7 17 238 34.5 46.4 55 [¢5 70 75 30 83 26
Jun-93 1.8 6.8 184 303 48.1 85 78 a3 17 134 150 187 161
Jul-83 0.1 0.6 1.9 3.3 24 . 4.1 50 58 65 7 75 775 78
Aug93| 6.9 184 30 40.3 53 71 B4 30 w3 | 13 120 126 136
Sep-93 7.8 22.2 36.6 477 66 84 59 106 120 133 136 141 144
Oct-83 6.3 18.4 386 141 60 72 30 87 96 108 111 112 116
Npv-93 0 0 0 ] G 1.3 21 35 13.2 414 62 63 3
Dec-93 i o 2.5 - - - -
Jag-94 0 0 g 0 4} 0 8
Feb-94f O 0 &0
© Mear2 g
| Marsd] 05 4 116 129 139 147 153
Apr-24] Loss Data - { g - =
Muy-94] 0.5 1 1.8 2 38 1.1 1332 292 51 v 88 103 m
Jun-94] 42 121 218 324 50 72 94 107 123 134 137 140 148
Jul-94 17 34 5.8 1 25 42.3 52 83 74 79 a3 a8 96
. Aug-94 2.2 5.7 0.8 18.8 378 55 66 75 a8 g8 104 109 111
Sep-94 9.4 225 351 48.1 [¥s 91 106 113 123 138 147 150 167
Oct-94| 2 12.8 314 454 69 93 110 11§ 138 156 168 173 187
Nov-94 o] G 0.5 4.9 & 9.8 it + 2.4 14.5 15 15.1 16.1
Dec-94 o] G 0 o 0 a [} 3 b ] o Y 0
Jan-85 Q 0 0 0.2 03 1.8 4.8 ia 23 30 352 38 45.8
Feb¥s) O 0 o o G 9 0 g 0 0 G 0 0
Year-3 28| 8% 193 | 299 1 s0 | a5
3-Years 136 | 47 97 | %6 | 978 | s6 79

Remark: The rgws indicate the monthly names starting from March 1892 o February 1885. The columns show the

measured rain intensity exceeded the threshold at particular percentage time.
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Curnulgteve Ramn-rale Disirbubion

162

3-Racha CumulativeRainrate Distribution I-vears Lnulg: ity
MMYY 1% 0.5% 0.3% 02% 0.1% 005% 0.03% 0.02% 0.01% 0L005% 0.003% 0.002% 0,001 %
Mar-92 o i} a o 1] o 0 0 0 ] 1] & o
Aar-91 o 1] -~ 0 Ga 24 274 aG5 58 BE 104 10 138 147
Maw-91 02 1 2 46 a 15.5 222 0.6 439 5 81 Ba Ta
Jun-92 2 & 15 21 353 491 56 B4 83 106 " 119 125
Jul-31 3.8 6.8 28 383 <54 55 &6 70 81 9 98 e 12
Aug-92 25 58 129 2.7 3.3 50 a1 &7 28 n7 130 144 156
Sep-32 2 4.1 13.4 252 45.3 62 73 ™ a0 a8 a7 118 123
Oer-92 B.7 129 221 363 o4 5] 59 107 115 122 126 123 141
o821 o o L] o o o a 4] o o v} o o
Dec-92 o iR 03 o.r 1.2 18 2.4 54 6.8 8.8 0 1318
Jzn-53 o 1.9 6.4 "7 242 k%1 432 /| a1 103 114 121 134
[ Febe93 a a a 1] ] i ] ] o 4] [+] 1] V] 1]
[Vear-1 11 a7 75 137 w2 45.3 57 sa,' B8 104 114 172 129
Mar-$3 1.3 T4 13 17.4 291 41,51 5 B0 6 80 g2 ar 104
Apr§3 Loss Dala - =
May-93 Loss Data £
Juan-33 Loss Dala 3
Jul-33 Loss Data *
Aug-33 1.2 26 4 104 243 4.8 58 Ta B85 a7 106 1140 132
Seprdd 8.4 2249 398 54 T2 85 93 106 120 129 132 136 137
Der-33 53 7.7 5.2 249 f! 83 "o 108 124 146 158 159 166
ov-33 [4] [4] a o o o o 1] 1] o o o o
Dhes-93 ] ] | 0 ] o 0 4] 0 ] o o 0
Jan-94 a 1] 0 1] 0] i i 0 1] ] 1] o o o
Feb-94 Q 18] 0.3 1.1 an 4.4 251 ne 58 T 84 a7 100
Year-2 08 32 BT 16 336 LT T @D 94 108 122 130 136
Mar-94 13 57 146 211 87 54 70 BO a2 104 108 109 12
| Aprdd ] 1.1 39 10.4 86 8.8 55 63 B3 110 17 123 133
Man-Bd 8.2 16.3 21.4 241 28.8 306 ny 32 332 33.8 k1] 355 358
Jan-94 1.5 43 75 102 278 427 B4 =21 147 172 180 192 208
Jul-#4 2.2 m 176 2T 52 5 a0 99 108 1"r 128 138 143
Aug¥d .2 n B9 1.4 26,5 47 [ 75 a0 Lok} aF g 119
Sepedid 109 ars 55 (1% B3 I 133 143 164 1BE 202 213 230
Der-94 1.1 67 16.1 282 5 3 o2 o2 LK i1g 126 130 144
Soneid 1] ] 06 0.9 28 i@ 23 B 8.8 131 a2 18 21.3
Dec-94 1] [+] 0 V] ) [* (i} a 0 o ] 1] 1]
lan-95 V] o 06 B g3z 9% i a3 o2 93 100 192 106
Feb-95 1] a a o G L5 15 103 157 3.1 0.8 a3 a2
Yewr-} 11 4 1 1849 6.2 5 s BE 108 m 144 162 74
Fhears 1 AT Ba 16.2 a2 52 63 78 a7 114 128 141 151

Remark: The rows indicale the monthly names starting from March 1992 lo February 1995, The columns show the

measured rain intensily exceeded the threshold at particular percentage time,
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Cumulative Rain-rate Distribution,

163
Cumulative Rain-rate Distribution
Singapore W02 - 2840285 Umit:meruty
MMAY 1%| o050%| o030%| o020 o10x| o0sw| oosx| ooem| oo%| ooosk| ooosm| oooa| oot
Mar-g2 21 9.9 9.7 a4 60 B2 94 103 126 151 159/ 167 M
Apr-a2 25 13 28.8 45.4 8 B7 98 108 122 133 141 145 155
May-u2 38 17.8 39.9 54 70 82 a3 102 121 138 160 170 177
Jun-592 €.1 16.8 255 k- 489 68 B a4 m 120 130 133 134
Jukg2 58 17 26.2 359 56 75 B B3 10 13 122 127 133
Aug-92 2.2 4.8 11.4 18.1 3.8 43.4 53 &1 B4 a7 108 113 126
Sep-u2 06 52 26.4 445 58 T B8, m 135 147 155 182 166
Oclkg2 3 6.5 12 17.7 29.6 3na 45.3 50, 56, B1 B4 86 69
Now-92 14 w7 42.4 52 70, a8 aa| 108/ 118 125 129 134 139
Dec-92 12.4 e a5 55 73f a3 {li] 113 129 151 161 166 17
Jan-a3) 52 10.8] 173 245 7.3 52 72 84 119 140 151 158 161
Feb-93 0.2 1 3.6 51 ED 67 79 40 a7 106 109
Year-1 se| 145 o . . 5| el o] ais] 2] 154 10
Mar-83| B 15.4 25.1 sas| 481 62 ! 79| 94 105 m 113 114
Ape-a3| a2  1a9] 284 360 55 nf 78 84 a5 109 1a] 124 124
Hw'ﬂl 5.4 16 263 9.4 &5 a7 96 104 13 127 140 1486, 151
Jmal 32 121 207 04 53 B9 B3 95 126 153 177 193 201
Jui-g3 7.2 20.4 336 51 72 91 101 107 114 127 126 132 134
Aug-a3 22 6.6 135 202 a2 @3 52 &1 72 78 74 83 B4
Sep-93 1 5.5 16.3] 28.3 48.9 o8 73 &9 100 133 120 125 124
Ocka3) 106 233 36 45 61 83 94 108 126 155 184 200 224
Mov-93) 58| 16 2B.1 8.7 58 az @ a7 m 123 134 139 142
Dec-83 8.5 17.3 252 328 361 61 72 T8 85 a5 107 13 115
Jan-04 06 26 9.8 w7 a3l s 89| 79 96 109 122 125
Feb-04 6.1 178 325 447 36 B2 92 98 131 143 152 158] 160
Year-2 sa) 148] 254k | es| ml quJ 121 [ET] IRY BT
Mar-94 18 14.6 23 295 452 59 59| 79| 114 105 T 113 114
m—aﬂ ] 278 43.3 55 71 85 a7 105 16 132 145 166 174
my-sq| 7.1 174 304 4.5 60 78 a2 102 17 139 148 155 158
-lun-Nl 2 4.6 9.4 15.4 41.8{ 65 81 9 107 123 130 140 145
sl 03 16 96| 14a]  ze8] 398 53 | 70 83 a5 104 108
Aug-94 4.4 14.3 24.1 36.9 56 70 &g 113 134] 153 162 172 176
Sap-84 o 05 16 34 8.4 193 738 438 67 76, 74 8a B9
Oct-04 21 8 14.3 20.4 375 50, 58 it} 79 a7 106/ 14 "7
How-84 B 216 353 45.1 &0 73 80 90 105 122 135 140 145
Denc-94 0.7 34 74 14.9] 36.1 61 T2 78| B4 a5 o7 113 115
Jan-35 6.5 11.6 18.4 242 39.6 57, 74 N 118 136 150 159 161
Feb-05 14.8 26.9 T 47.8| 63 79 a7 107 131 143 152 158 160
Year-3 B.1 143 24 a5 53 | B0, oy 10 130 140 150 157
3 Yaars 5.6 14.5 252 3&21 55 72 85 o4 m 127 138 150 157

Remark: The rows indicate the monthly names starting from March 1992 to February 1995, The columns show the

measured rain intensity exceeded the threshold at particular percentage time.
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Cumulative Rain-rate Distribution, Bundung
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6.4 307 6 458 &7 g4 &5 ilirg 17 v28 135 1739 147
2 a8 a1 187 38 53 68 L 9% 10 17 132 143
0z 1.8 54 1.7 28 50 57 B3 i 7 a2 &6 &7
0z 23 6.3 14.1 51 e 84 a2 104 17 175 13 136
2 73 13.3 10.4 357 55 67 73 a8 115 123 127 128
1 2.3 4 7.8 17.5 w 8.4 458 B4 72 a1 &7 a9
14 26 6.8 471 69 a3 L (k3] 1486 150 155 158
0 223 6.5 46,5 61 7 86| 3 105 121 134 142 148
28 52 1.2 9.6 15.8 a4 354 a0.7 56 70 79 a7 a3

Jan-93| Equipment Mattunclion
Fe-93| 03 1 2.5 34 48 aa 20.1 éﬂ.n a7 46.1 50 52 53
et ot 3al 84 152). 25 a 78 : tasf 3Rl sl s
ua-aa 76 5.7 272 19,4 130 151 164 160
Apr-ua 53 14 223 kTN 48.3 B2 7 95 114 126 132 136 139
MEy-3| 16 33 g 128 187 331 40,5 50 5 75 B1 a5 an
Jun-83 22 57 11.1 15.7 26 4'1.3| 52 56 B85 B3 a4 115 125
Jul93 ] 0.2 1 24 7 17.6| 253 336 40.3 14,1 59 62 B9
Aug-a3 o3 27 56 114 16 212 287 38.5) 67 73 749 87 103
Eap-03 07 34 2.3 194 36.1 57 i3 T2 83 ] | 93 a9 106
Oct-93 or 2.9 7.5 144 285 40,8 7 82 100 12 115 118 120
Now-83 58 ) 6.8 47.3 B4 B3 a4 "7 143 170 190 1493 205
Dec-83| 7.8 194 333 446 59 T4 a5 a8 3] 131 140 142 148
dan-ad 1.9 77 6.7 N B4 88 = 127 134 138 152
l-',ab-ud 5.5 a8 148 19.4 L 104 110 122 132
Waard 43l 10 1l 268l A | | T T
Mard 54 13.3 2648 407 57 17 N 105 129 142 150 159 m
Ape-a| 11 225 ny 412 58] 73 83 92 0 122 135 152 206
B2 13.7 251 76 &1 57 A2 &7 70 73 77
35 54 21.2 48.3 60 72 103 155 141 155 163
o 0 [ 0.8 2 a5 153 20.2 233 218 244
a2 LT 20 123 39.3 44 ar.t 53 55 ) 59
Oct-84 2 11 1.9 4.5 13.3 336 47,3 55 67 TR a1 a7 a9
N4 10 24 ar a6.5 (4] 74 BT 94| 108 118 124 137 143
Dec-04 28 & 10:3 16.2 3z 52 &6 74 a2 83| 96 100] 104
Jan-95 43 i 127 i 26.3 aL7 A8 52 4 75 88 a0 94
i-'ﬂ_:a!i:i 2.8 4.3 55 6.7 1 256 408 52 72 a6 105 124 133
e Bl es| et zoa] s sl el psl  doa] omo) o Tassl a2
|3 Years 39 g8l 88 254 439 T 61 3l e 120 1l 4z T

Remark: Tha mws indicate the monthly nameas starding from March 1992 to February 1995, The columns show the
measured rain intensity exceeded the threshold at particular percentage time,
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Estimation of Parameters for the Best fit Probability Distribution

After a candidate of distribution e.g., an exponential distribution, have been hypothesized.
We must selected the approximated value of their parameters to be the best fit to the measured.
distribution. There are many methods to evaluate the quality of the estimators such as: the
maximum-likelihoed estimators (MLE), the lease-squares estimators {LSE), the moment method.
The MLE has good potential to justify the chi-square goodness-of-fit test. In our analysis, the MLE
was selected to evaluate the quality of estimation.

Estimation of parameters (}1,0) of point-rain intensity distribution

The exponential distribution of the measured rain-intensity is given In equation (4.4) as
P(R > ) = (pip)exp(-R/HL) mmemmnnnneenee{A1)

where: [ is a constant that scales the curves and [L is a constant that modifies the shape

and the slope of the curve.
The MLE is defined as: L(J, P) = Py (R, ) Pyp (Ry)... Pyp (R} -——-reme(A2)
= (P/Wexp(-R,/H) (PILexp(-RM)... (P/MWexp(-R /M) —(A3)
= (PIW)" exp(-1/{h, ZTR) ———(A4)
Take the Logarithm function
In(L(K, P)) = n In(P/RL) - 1L Z""R, -————(AS)

Maximizing L(JL,P) is equivalent to maximizing n(fL,0) and |i, P maximized L{}L,D} if and only if
{t, 0 maximized In(JL,P). The standard differential calculus can be used to maximized in(Li,P) by

setting its derivative to zero and solving for L andp.

d(n()LP)} = npIpt + HU? LR = 0~ (AB)
dp

and

d{in(lL,P)) = nippL + =0 (AT}

dp
To make sure that LL0 is maximized of In{ll,P}, the second derivative of In(JL,0) must be
negative. The correlation coefficient is used to evaluate to fit parameters,

By solving equation (A6} and (A7), result of the parameters |, P and correlation
coefficient for the exponential fit to the measured vaiue is shown in table 4.2.
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Monthly Cumulative Attenuation Distributions

1. Bangkok ;‘ttéhuation Distribution 1/March/92 - 28/Feb./95, N. Yoothanorm et ai.,[1997]
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2. Si-racha, Attenuation Distribution 1/Mar/92 - 28/Feb./95, N. Yoothanorm et. al., [1997]
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Monthy Cumulative Distribution of Atlenuation at Siracha Ociwober, 1992(719 hours), 1903 712 hours), 1994(707 hours)
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3. Singapore, Attenuation Distribution, 1/Mar/92- 28/Feb/95
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4. Bundung; Attenuation Distribution, 1/Mar/92 - 28/Feb/95
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10 - Monthy Curmnmuletive Distribution of Attenuation st Bundung Aprial 1 578 houra), 1993(720 hol.ll'lh 1%‘ 718 houul
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Monthy Cumulative Distribution of Attenuation at Bundung October 1892(738 hours), 198!?24 hours}, 1884{744 hours)
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TableL-1. Cumulative Statistic of Rain Attennation at Bangkok, Thailand (1992-1995)

MMYY 0% S0 1.0% 20% 1.0% 0.50% 030% 0.20% 0.10% 0.050% 0.030% 0.020% 0.010%
Mur2| O a o o 0 0.08 a1 0.12 015 0.18 027 03 0.33
Apr-92| O o 0 0 0.:2 0.21 0.3 0.39 0,88 154 233 38 azr
May-92| 007 028 079 1.3 364 5.95 7.54 86 10,26 1.07 11,42 11.54
Jun-91| 032 07 1.49 2.35 4.15 6.98 9,13 10.75 13 -

Jul-52| 053 1.43 295 an 677 9.06 10.36 10.96 11.93 -

Aug-91] 043 i 2.74 417 721 0 12,21

Sep-92] 0.8 1 235 387 T.18 10.65 . = =

oan| 01 043 | 15¢ | 258 | saa | 798 | ese | 075 | 1207 = :

Mev-s2| O o 0 o 022 03 0.36 042 0.74 113 1.23 1.33 1.42

Dee-912 a 4] 025 0.4 0.8 1.00 1.33 147 0.1 2.56 344 415 8.35

Jan-93) 0 o 0 0.2 052 092 141 1.84 267 as7 478 5.31 57

Fees3| O 0 0 o o 0.12 0.15 0.15 02 0.25 027 0.34
Year-] 0.12 0.37 I:I;.“f B z i, - *

Mar-93] 006 0.14 033 122

Apr-93| D05 0.13 029

May-93 0,13 046 121 232 494 T.74 .58 11.54 - - -

Jun93| 02 0.56 1.47 25 458 | 61| ara | w0z 12 -

Jul-23 01 021 032 0.5 1. 33 [ 5.08 6.61 11.07 - =

Aug-¥3| 064 207 a1 6.2 10.96 - - .

Sep-93| 051 196 354 4.86 806 WAF | 11.42 s 2

Oct-93] 031 0.96 218 T4 E.VIB 935 1267 S -

Nov83| O o 0 ] 0.3 048 086 072 1.12 142 162 223 337

Du‘-’!‘!l 0 o o [i] 023 0.3z 0.39 0.45 0.53 061 0,76 0.74 orr

sansd| 0 0 0 0 0 0 0 0 012 | 022 | oz | 025 | oz

Feb-d4| 0 D o o 0.21 0.34 0.42 047 6.67 0.79 0.8 1.06 122
varz | o1 | 0w | o | el a4 | rer | e el F Sel e L =

Mar-84| O 0.13 023 | 048 188 458 677 866 10.86 .

Apr-#4| Loss Data - o -

May-84) 015 0.87 2.35’ 3.95 5% 3 B =

Jun-34] 034 1.02 2 3 562 B.79 11.67

Ju.ll-JHI 0.25 0.51 0.81 107 1.7 28 4.53 B.a2 823 274 1065 10,96 1207

Auﬂdl 0.41 083 197 22 45 685 |\ 459 | 83s| | ~sa 10.8 J

sep94| 061 1.75 320 | 53 928 | - . .

Det-04 0.0a 0.36 1.23 203 7.38 1207 - -

Mov-34 0 [4] 4] 0.19 0.7 1.57 2.56 385 5.43 657 5.9 T3 773

Decdd| O o ] o 0 D o 0 0 o i 0 0

Jan-8s| 0 0 0 o 0.47 0.88 203 318 5.25 649 | 702 754 8

Feb-95 o ] 0 [+] 01 034 0.65 1.06 1.24 1.67 227 241 26
vears | 015 | o043 [ o@r | 184 | ass | 744 | 1055 e R B R
bvears | 015 043 | 12 | w3 | 43| 72 9.57 f‘1.af_Jr | r 'I' .

Remark: The rows indica.s the monthly names staring from March 1982 to February 1985, The columns show the

measured rain attenuation exceeded the threshold at particular percentage time
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Table € -2, Cumulative Attenuation Distributions, Si-racha

182

Unit: dB
MMAY | 1% | S0% | 30% | 2o% | 1ow | 05o% | oonow |
= 0.15 02 027 |.048 | o062 | 086 10.96
| apeszl 018 | o2 028 | o042 13 546 | 074 | 1006 | 167 .
Mlay-92 023 0.56 1.33 2.13 446 T4 B.492 10 12.67 -
| uns2] 034 0.8 179 | 315 550 13 853 | g8 | 122 : :
Jul-92 D 1.51 2497 aar T.16 10 = ] =
Aug92| 042 1 1.72 285 60 10,05 - % -
Sep-92 0.4 0.49 1.06 1.58 218 T4 O 28 11,42 - - .
Der-92 0.28 1.4 L2309 35 546 5.9 823 843 12.07 -
Novs2] O 0 0 0 013 0.42 0.64 0.75 129 3.91 525 568 595
Dec=91 o [iR} 022 0.34 0.56 0.9 1.13 1.4 29 4. 36 52 6.5 8.3
Jan-93 o 015 026 033 .97 23 3,37 3093 5,14 T.03 906 10.45
Febs3| D 0 0 016 | 038 | 082 287 | a3 | a4 37
o RRER et z i L : - R
T R B N TR W oW
Mar-53 0.16 0.51 1.42 279 548 1097 -
Apr-93jLoss Data - - - - - -
May-93|Loss Data g 3 L . -
Jun-93|Loss Data - - - - - -
Jul-%3 ] 0 [i] 011 o2 D57 224 341 466 575 6.12 6.23 661
Aug93| 03 0.94 173 | 238 | @43 | 754 | w026 | ner Y < .
Sep9| 057 167 302 | 448 7,86 e 7 - =
oas| 034 | o0g2 | 226 42 125 [ liwo2e | mes | - T -
Mowv-%3 1] o o ] 0.33 059 1.27 24 4.15 10.96 12.51
Dec93| O 0 0.1 04 | 025 | 036 | o046 | o0s2 | os 0.8 0.92 1.0 12
Jan-94 [1] ] o 0 015 02 0.39 0.42 0.54 0.74
Feb-54 : 0.84 221
Vear- i3k 5 . 354 | 64z | 048 | 2 L TR g
Mar-9d| 016 | 050 126 | 009 497 | 835 2 %
Ap!'“’“i 4] 0.3 0.m 1.46 365 B.77 8.789 10.96 -
m.,mi 02 0.83 1,88 3 13 7.5 g6 || Gzas -
Jun—'Hl 028 | 069 147 257 413 Ti25 as 1.3
MI 0.2 0.3 0.43 0.55 08 1.12 1.28 1.64 2.07 2.56 _3\.1ﬁ A5 4. 86
u.-u| 024 0.44 0,77 138 | 287 481 1.12 10 | ]
Seprﬂl 0.36 1.28 232 354 B 162 :
Dﬂ'ﬁil 0.1 0.49 1.36 b i 6.81 a9 11.67 -
N-m| 0 0 0 013 | o034 11 261 | 595 | 1154 ;
Dn‘-ﬂl 0 0 0 01 0.2 141 175 285
Jﬂ-iﬁl 1] 1] 0,32 053 1.83 6.4 853 10.86
FIH'SI li] o 0.3 o2 0585 1.12 1.66 247 4.65 9.35 112 11.42 12
Veir-3 015 04 | 085 | 156 3.66 708 9.74 11.83 - - - -
+¥ears o5 | 0.74 153 355 652 9,15 o | - : . A
t o

Remark: The rows indicate the monthly names starting from March 1992 to February 1995. The columns show the

measured rain altenuation exceeded the threshold at particular percentage time



Table £-3, Cumulative Altenuation Distributions, Singapore

e R cas| 088 2 4 sm 7 83 10.4
of o8] 028 oan o8| 183 a2s]  ase] 7| asa 118 1285
Sep92| 0.8 02| c28 3 0.7 8.2 84 10
| |Lm=Dall
of om 1 167 287 42 54 7| sas 12
of U4 o8| 128 3 B 84 10 121
o n2 0.36 0.56] 1 1.73 2.57 354 5.37 T34 10 '
; i} 0.1 014 0.24 0.52 1.18 212 5.1 1.8 12.25
: i TP .
0.1 0.33) 0735 118) o 227) s28] ear] w18l mm|  1s
of o] om] ovas 25| sg2l  8m| 1138 }
0 0.7 d42 0.74 2 48] are| 1138 1
] D v2|  oas| - 178] | 43| - 72s|  ced]  ies| 7
_ 0| oo om| o2 a2 A | 10
93 [} of 012 oz om e 16 48]  7a8| 1083 12
sep-03)| 0 of o138 ozes| oms| 22 a2 cs| 1045 )
Dotag| o] o138 23 07 2 45 71 9aer
o 5.2
o
0
0

Remark: The rows indicate the monthly names starting from March 18392 to Feoruary 1885, The columns show the
measured rain attenuation exceeded the threshold at particular percesitage time.
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Table ¢ -4. Cumulative Attenu;dion Distributions of Bundung

Mar-9: 0.44 1 1.7 257 435 8.51 824 6.45 116

Apes 028  o77| 134|221 a8  ror|  ses| w38 _
Jﬁi ol o 04| o082 25| &Sz o] 136 -

Jun-a2] o o018] o0a38] ors| 17| aea| ass| 73 6.9 e8|  os2| 1028

Juhg2| o] ote]l  u2s]  v3a]  oze]  1e2]  am|  aazp s T 7|

avg92|  012|  o028] ca3| oe2] 119 288 5 r7l  ars| a2

Sep-92 0.144 2.3 (haa 0.57 0.9 1.38 2.06 am 468 |, 554 6.3 u:!l 6.85
octa2] o028 cer 1 162] 328 5.4 7 1,86 8.8 oo] 10e3] w083 12n
Now-82 ol o032 02| 1es]l 276]  wna| szl o mes 93| 1188

Dec82| 028) 063 i vss|  2sef  ame]  e02 849 78| 838 aas 10

Jm-mhl Loss Data

Febg| 0.4

o |

Tmargs| 043

aprg3| o2

May-93) of oz 25 08| A6 28] < az|  ams as| sy B

mw% 01| o028 o047 oS w7 o as| 43| a2 72 83 86| 88

Jul-93 of o1 o021 o029 049} 088 04 .27 22 3 38| a2

Aug-a o n2] o033] oas|  oss] 17| es sz:| ez sa2 57 64| 743
Sep83| 0127|025 04| os4f o7e] 118 2 27|  3ss| am| s28 se7| 725
octes] 012 n2l o3l  oses| o3l 12 14 25 5 83| 1083 128

Now-g3| 02| o086 18] vre| 36 5.3 7 ta|  oas] w0a7]  0m3] s 12
pecod| 028 0.74

Jangd| 043 1

Fab-84 0.27 0.74

O |

ih:-u 0.37 0.88

Aprsd| 033] 02

May-g4 of o7

Jun-94 0 0 01| 025 05 08 14 42 4|  ams] sar| s3] as
Juk-84 0 of o of on| ol o01s 04| n4a| o0ss| 058 0.6

Aug-04 n 0 o\ ton| ear] 28| o) nar " a3 73| sma| 1026
Bep-o4 o o2 " um| os7| oes| 1232] 208] s a8 529 58 ) 63
- Dct84 of omaf sl 032 os| oss| 13 2| 07|  ser 64 89| 846
Wovsal  oas| 0| are|  (wzel 2es| | ss] | mz] nes[ esl ] razs|l v2ms| s
‘ecos| 098]  0ar]  ome 13| 248 4| sa3]  ans 52| 8.4 8.9

Tengs|  oz| o057 0@ 1al 217 ara a7l sar 6.6 8l  ar7| o038 1007
FM'! 1017

Remark: The rows indicate the monthly names starting from March 1332 to Fubruary 1995, The columns show the
measured rain attenuation exceeded the threshold al particular percen:age time.
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Estimation of Log-normal Distribution Parameters of Rain Attenuation Distribution

The fitted log-normal distribution of the measured rain attenuation is given in equation (5.3)

P(A 2 O} = F(QL) (B1)
= F{In(a)) {B2)
= o210 ., FPexpl-(xm) 7207 dx e (B3)

where m (mean) and O (standard deviation) are unknown parameters that we need to find

P(A = (1) = Q({in(a) - m)/C) {B4)

o0

= 1270), . oy €XD( X/2)dX  ————(B5)
(ina) - myO)

so that _
Q'(F(Q) = (In(a) - M)/ —————(B6)

If the random variable "a" was log-normal, the the iinear relation can be expressed as:
Q"(F(QL)) = X in(a) + ¥ ' (87)

The slope X and intercept Y can be obtained by linear regression analysis of data pair.
Equation (B8) and {B7) are combined as:

{iIn(@) -m}T =XIn(a)+yY ———seeererr—mm(B8)
From equation (B8), we can obtain the mean (m) and standard deviation (G) from

m=-YIX, G=1/X e et - 1))

Result of the parameters (m, ) for the log-normal that is reasonable fit to the measursed

value in Bangkok, Si-racha, Singapore, and Bundung are shown blows:

Site Name mean (dB) Standard Deviation (G)

Bangkok -3.7 2.2
Si-racha -3.7 2.15
Singapore -4.2 2.2

Bundung -4.0 2.0




APPENDIX - D
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Diumal Variation of 12 GHz 'Rdnkﬂmﬁmhﬂﬂand
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Diurnal Variation of 12 GHz Rain Attanuation in Tharand
Sirache  1Marf02 - 20/FabS3 (Year -1)
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Diumal Vasiaton o 12 GHz Ran Atiswaton n Thaland
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Diurnal Variaion of 12 GHz Rain Atierwation in Singapom
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Diumal Variation of 12 GHz Rain Attenuation in Singapore
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Diumal Variation of 12 GHz Raln Atienwation in Bundung, Indonesia
M52 - 28FebB3 (Year <1}  Data Availabie
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