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Executive summary

Rainfall is an important water source of Thailand and southwestern and southern
China. Water from rainfall is very essential for agricultural activities and hydro-electricity
generation in this region. Information on rainfall over Thailand and southwestern China is
of importance for water resource management for both countries. Thus, information on
rainfall distribution in this region, in the form of climatological rainfall map is an
important tool for efficient water resource management.

In this study, models for calculating rainfall from satellite data for Thailand and
southwestern and southern China were developed. Digital data from the visible and
infrared channels of GMS-4 GMS-5 GOES-9 and MTSAT-1R satellites collected during
a 20-year period (1990-2009) for Thailand and FY-2D satellite during a 5-year period
(2008-2012) for southwestern and southern China were used to calculate climatological
rainfall. The satellite projection images were transformed into cylindrical projection and
navigated. Then, the gray levels of the visible images were converted into the earth-
atmospheric albedo (pg, ) Whereas the gray levels of the infrared images were converted

into the brightness temperatures (T, ) by using calibration tables.

In the development of the models, the rainfall from rain gauge were collected
from 54 stations in Thailand. This data was separated into two groups, 27 stations for the
model formulation and 27 stations for the model validation. In case of southwestern and
southern China, ground-based rainfall were acquired from 68 stations, 36 stations for the
model formulation and 32 stations for the model validation. Then, five parameters were

calculated from satellite data, the maximum earth-atmospheric albedo (p,, .. ). the

average earth-atmospheric albedo (p,,), the minimum brightness temperature (T, ,..), the

min

average brightness temperature in the 25-percentile ( ) and the number of hours with

TB,P25

the brightness temperature less than 235K (N ). For each country, the multiple linear

Tp<235
regressions were used to find the coefficients of the model relating monthly rainfall and

the five parameters from satellite data. For the case of Thailand, rain gauge/satellite ratios

were estimated and used to reduce the error from the model. Results from model
validation show that yearly rainfall obtained from the model reasonably agrees with those

from the measurements, with root mean square difference (RMSD) and mean bias



v

difference (MBD) of 19.3% and 4.2%, respectively for Thailand. In case of southwestern
and southern China, the rainfall calculated from the model also reasonably agrees with the
rainfall from the measurements with RMSD and MBD of 14.4% and -6.0%, respectively.
Furthermore, the rainfall model was used to calculate rainfall over Thailand from GMS-4
GMS-5 GOES-9 and MTSAT-1R satellite for a 20-year-period (1990-2009) and the
model for southwestern and southern China was employed to compute rainfall from FY-
2D satellite during a 5-year-period (2008-2012). The results are presented as monthly
rainfall maps and a total long-term yearly rainfall map for each country. The monthly
rainfall maps show that the variation of rainfall in Thailand was influenced by the
southwest and the northeast monsoons. The yearly rainfall map for Thailand demonstrates
that the areas which have maximum rainfall are in the East and the South of the country,
especially the areas along the coast. These areas have more than 1,800 mm rainfall per
year. The North and the Central regions have the rainfall in the range of 800-1,100
mm/year, while the Northeast region receives the rainfall about 1,100-1,400 mm/year. For
yearly rainfall map over southwestern and southern China, the variation of rainfall in
Southern China was affected by the summer monsoon, the winter monsoon and
intertropical convergence zone (ITCZ). The amounts of rainfall in the areas along the
coast are more than 1,800 mm rainfall per year. The areas over west part of southern
China receive the rainfall in the range of 800-1,200 mm per year.

The rainfall maps from this study are the basic information for water resource
management of both countries. Due to the effect climate change, the climatology rainfall
map should be improved every 5 years to get the updated rainfall maps for efficient water

resource management.
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Abstract

Project code : RDG5530003
Project Title : Rainfall estimation from satellite data over Thailand and southwestern China

Investigators : Janjai S., Masiri |., Buntoung S., Wattan R., Nimnuan P.
Laboratory of Tropical Atmospheric Physics, Department of Physics,
Faculty of Science, Silpakorn University, Nakhon Pathom 73000, Thailand
Tel +66-34-270761 Fax +66-34-271189

Email address : serm.janjai@gmail.com

Project Duration: March 2012 - March 2014

In this work, models for calculating rainfall from satellite data for Thailand and
southwestern and southern China were developed. Digital data from the visible and infrared
channels of GMS-4 GMS-5 GOES-9 and MTSAT-1R satellites collected during a 20-year-
period (1990-2009) for Thailand and FY-2D satellite during a 5-year-period (2008-2012) for
southwestern and southern China were used. The maximum earth-atmospheric albedo
(Peams ) @nd the average earth-atmospheric albedo (p.,) were derived from the visible
images, whereas the minimum brightness temperature (TB’mm), the average brightness

temperature in the 25-percentile (T

5rs) and the number of hours with the brightness

temperature less than 235 K (N ) were calculated from the infrared images. Rainfall

To<235
data collected from 54 rain gauge stations in Thailand were used, 27 stations for the model
formulation and 27 stations for the model validation. In the case of southwestern and
southern China, rainfall data acquired from 68 rain gauge stations were used, 36 stations
for formulating the model and 32 stations for testing the model. To establish models relating

and N the multiple linear regression

Tg<235’
was used to find the coefficients of the model for each country. For the case of Thailand,
rain gauge/satellite ratios were estimated and used to reduce the error from the model. For
yearly rainfall, the results obtained from the model reasonably agree with those from the
measurements, with root mean square difference (RMSD) and mean bias difference (MBD)
of 19.3% and 4.2%, respectively for Thailand. For southwestern and southern China, the

rainfalls calculated from the model also reasonably agree with the rainfall from the

measurements with RMSD and MBD of 14.4% and -6.0%, respectively. Furthermore, the
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models were used to calculate rainfall over Thailand and southwestern and southern China.
The results are presented as monthly rainfall maps and a total long-term yearly rainfall map
for each country. The monthly rainfall maps show that the variation of rainfall in Thailand
was influenced by the southwest monsoon and the northeast monsoon whereas the
variation of rainfall in Southern China was affected by the summer monsoon, the winter
monsoon and inter-tropical convergence zone (ITCZ). The yearly rainfall map demonstrates
that the areas which have maximum rainfall are in the East and the South of Thailand and
eastern part of southwestern and southern China, especially the areas along the coast. The

amount of rainfall for these areas is more than 1,800 mm per year.

Keywords: RAINFALL; RAINFALL MAP; SATELLITE DATA; THAILAND; SOUTHWESTERN
AND SOUTHERN CHINA
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Tumswannuouaesdmsurnlsnadudmsvdszmalnennamatsaruiiou

gavelaiimstamdeyasrufionluresdyamnasainninaidion GMS-4  GMS-5
S ' Y = =) =

GOES-9 11ay MTSAT-1R 1Ju39528210a1v09U03a 20 1 (7.7, 1990-2009) Tasilis1eazioon

{ 1 Y Id o 1 Aaa 1

Youveyanun1s1ed 3.2 foyaarufiouwmariiiulvdneglugidoyadiaea Tuawise
I A o 4 1

uerauiluninld §I9esdoudonTisunsulun1u Interactive Data Language (IDL) 10811

9y Y o P ' Y = 3 ' @ dy
mﬂy‘aua’;mmuﬂaﬂmgﬂuuumuwﬁmamﬂmm ANUIYSIDYAVUADUA WG ANU

9
v A

~ ] ~ Aq Y a
A1TNWNN 3.2 58Elgl,’mvll’fmﬁllﬂuuamjl,ﬂfJiJ”I/]l"]fiUﬂu’Ji]fJLl

A1UNEY FIaYoya
1. GMS-4 WATIAN 1990 — UQUIBY 1995
2. GMS-5 NQUIY 1995 — WOBNIAY 2003
3. GOES-9 NYENIAY 2003 — HYUIBU 2005
4. MTSAT-1R QU 2005 — FUNAV 2009

3.2.1 msuﬂmﬁfl’agaﬂmﬁﬂu GMS-4 GMS-5 GOES-9 uaz MTSAT-1R 210 satellite
Y
projection 11469“11431] cylindrical projection

k4
doyan1niienns 4 a9 lusesdyarundsainuazdoyalusosdayn a5

QU

A a

a { [ [ aa a A o 1 1
surlsusanlasamuniudoyaninea 8 danie 10 Ua FIdedeald ldsunsue1ua gray

= o

level 91nlWadeyailduaziihunuaauiuniw Tavamildeglugy satellite  projection

1 A <3 I 1 9 zﬂy a [ A
nanfe szmwuau Idsvesiur Tandagln 3.18
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719 3.18 @983 MDA NG GMS-5 1NFoIFd Y IUaId113 11 satellite projection

u

[ a

iiesnndoyalugi satellite projection laazaanTums e giveszduiumsuilag
o1 gy L LA o -
awaana 1vied 1y cylindrical  projection F95z e TunuIAznlsnwazaya uazszes

a A o Y A v v o [l A
umuauﬂzuﬂimmmﬂyﬂ I@]fJfl'I‘W‘1/]‘V]'lﬂ’lillﬂﬁﬂllﬁi]i]%ﬂﬁﬂ‘klfu%ﬂﬁ@’JEIEI'NGI,‘NE‘]J‘V] 3.19-3.20

317 3.19 anvazamaIe ey GMS-5 MNFodaaaaead191u cylindrical projection
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51U 3.20 anvazamaIe ey GMS-5 Mnvedaaaeunsusalu cylindrical projection

3.2.2 MIMNNAYa YA UNYN GMS-4 GMS-5 GOES-9 1Haz MTSAT-1R

ilosnndoyaninarea1niienlu cylindrical projection &3 linsunnavesiinma Tu

a

o ¥ ' ~ Y o & Y Jya v a a
ﬂTiu]mﬂHaﬂWWﬂWﬂﬂTMﬂﬂllulﬂblc’]fq'lu %1Lﬂu¢16\1§1ﬁlﬂﬂ (agﬁ%ﬂl!agaﬂqfﬂ?jﬂ) VOINNWNLHR

U

ya o .

gaveda ldrhumundszma lnemdouiunimarsarufioniinaawdr uaz14Tdsunsw
a 7 o o v v q 9 Ay v o = Y o
ApNWINBTTIWAUMIdUNadlIemen sy TrunuRdounuiun mned Taslduuiaeils
1 IS 9y a 4 . . . .

HaziMza1e) 1191984 111999109 M T cylindrical projection 58z MIVUNINIZI TR
dy a [ qaj A o 9 v ~ =~ Ja o A A
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i ldeunumdmumnnavesnninaauuninla S1uauniwalgarifionanyouds

[ Y
AINNAMNAANIHUALTIUIY 65,000 NN LAZIINFOIFYAIUTIFOUNTUTATIUIU 175,000
MW A1 NnIgaI NN Turesdyainuasa e FeIdyaIusIaouninsann

=S d‘ ) a o 9 (% d'
ﬂTJmeﬂJVWI']ﬂﬁﬁWWﬂﬂl!ﬁ’)uﬁﬂx‘]ﬂ\‘igﬂﬂ 3.21 g 3.22
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3.2.3 m3uilaa gray level vos¥oyamauianlioglusilvestSanamailanddmiulily

BHITAGEN
JoyanImoiea1 oy GMS-4 GMS-5 GOES-9 1ag MTSAT-1R Tusesdayanamds

1 1 a o [ a J a a ] a
mnﬁmwmué’nmﬂummﬂcn (matrix) VYOINNUFAVUIA 630X1,060 WHLHA Tugreazaoa

QU

1 4 [ 1
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a (] g a Aa 4 ] o
wnaoglugilues gray  level (0-255) Fuiulsuraneaeuiaaes ez el
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. .. £ g a aa  JA 1 [l '
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[ 1 ~ A v o v o a
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Pen = (3.1)
" cos0,
A A [ a 9 dy a A Y
115 pes  noduilszanimsazRouvesussemsaziuid Tanhiud luwanin
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A a v . . a J
o ABYNIANALHTU (declination) U®3IAIIDINANEY (DIA)
o ADazAYA (latitude) YOIADHTA (D9A1)
A ) a J [ Y I
® ﬂﬂuilsﬁjiﬂﬁ (hour angle) Y93IAIIDINAEY (DIA1) ¥ UTULIN

dmfuavesyuanauFuvesaniadezi i Tasldaums

8 =(0.006918 - 0.399912cosI" +0.070257sinI" —0.006758 cos 2I" 5.3)
+0.000907sin 2I" — 0.002697 cos 3" + 0.00148sin 3r')(180/ )

e T Wusvesiu (day angle) Hav'ldan

I =2n(d, —1)/365 (3.4)
A 3| Y 2
we Auyuveiu (5iheu)

d,  fedmuvesiu (FuAuTud 1 uns1au a1 d, =1)
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Visible (GMS5)
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Visible (MTSAT-1R)
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350
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IR (GOES9)
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o dy a dy A o a a & 9 o I
NN UAU ﬂi’l’)‘]_lﬂf;]iJWL!'VWI’J‘].Iigmﬁllﬂﬂﬁﬂﬂﬂih’q&ﬂuﬂllﬁﬂﬂ'] gailuveyasiedwiurnan

U

v R o

= I 1 = v 9 = oaj Y
209 (M.71.1990-2009) u,azuJ‘wmqnmmmnmegamamﬂu NUUAIVYIININITATIVADU
v

9 = ~
VIYAATNITIYASLIDYAAIU

' '
A gy =1

k4
1) dWenamilniidoyarusieTuasuig 20 7 () a.4. 1990-2009) nazdoyain laded
l Y J 3 4 Y Qﬂll
deon 80 losiFudvetoyanivua
o ¥ A = v Y o 9 sa a v
2) hdeyadunadeuulsuniiunawdidadeyanialnason Tasdoyany
A A o I 9 A Aa v & a

udoundaoen iudeyadusis@euniisminni R, Flomwamaums 3.5

Rout = R0.75 +f IQR

out

(3.5)

¢ P ) a o '
Tas Ry, Ao losidulndgn 75 vesdoyalSunadusedounimuauaazaniil
1 1 ' J 3 A @ J < 7
IQR Ao Awaansznudosidnlnan 75 Aulesidu 1nai 25 (Ryzs —Roas)
A g o = DA ' W
f ap urlamosmsilsua Nawmii 2

o o Ay A Y Y Y Yaw R o Y =
namnmsaadendoyanulou ludesduuds Aseruihwoyadunaiuguamnin
Y 4 o ~ ] < o 2q Y o o 9
PYoyanad 11U 54 ao1il vwluily 2 ga Taggausndiuiu 27 aailydmivasig
uuusiaes uazdoyaganaossiuau 27 aoil dAmsunadeuuuuIae Fouazdwnuues
adq 9 4 o
aminlgnanuanaadluasien 3.3 wazgiln 3.31

4
%

d' =9 dy a d'w A o [ 9 a =
A1519% 3.3 aotdadumanuaunaaaend s lgluaulten

staao# ‘f oo latitude | longitude
1 | TMD331401 | ¥1139K1 (Tha Wang Pha)* 19.1167 | 100.8000
2 | TMD351201 | §A5AAD (Uttaradit)* 17.6167 | 100.1000
3 | TMD376203 ﬁ‘]augﬁwa (Bhumibol Dam)* 17.2333 | 99.0500
4 | TMD379402 | %8513 (Wichian Buri)* 15.6500 | 101.1167
5 | TMD380201 | SWWYS (Kamphang Phet)* 16.8000 |  99.8833
6 | TMD353201 | 1a® (Loei)* 17.4500 | 101.7333
7 | TMD356201 | @nauas (Sakon Nakhon)* 17.1500 | 104.1333
8 | TMD432401 | 9191 (Tha Tum)* 153167 | 103.6833
9 | TMD407501 | @Ua31¥513! (Ubon Ratchathani)* 15.2500 | 104.8667
10 | TMD431201 | UASTI¥EN (Nakhon Ratchasima)* 14.9667 102.0833
11 | TMD459201 | %a1j3 (Chon Buri)* 13.3667 | 100.9833
12 | TMD500201 | U55990A59UF (Prachuap Khiri Khan)* 11.8333 | 99.8333
13 | TMD517201 | %uW3 (Chumphon)* 10.4833 | 99.1833
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A =
BoaDIU

staao# latitude | longitude
14 | TMD450201 | Mayau1y3(Kanchanaburi)* 14.0167 | 99.5333
15 | TMD567201 | a@uuiua3e (Trang Airport)* 75167 | 99.5333
16 | TMD581301 | aind.8za1 (Yala Agromet)* 6.5167 | 101.2833
17 | TMD303301 | @n¥.1%89318 (Chiang Rai Agromet)* 19.8667 | 99.7833
18 | TMD327301 | @nu.ui1d (Mae Jo Agromet)* 18.9167 | 99.0000
19 | TMD328301 | anu.a1119 (Lampang Agromet)* 18.3167 99.2833
20 | TMD402301 | @n¥.%eUIN (Chai Nat Agromet)* 15.1500 | 100.1833
21 | TMD405201 | $o@1da (Roi EO* 16.0500 | 103.6833
22 | TMD429201 | Pilot Station * 13.3667 | 100.6000
23 | TMD430201 | 1319115 (Prachin Buri)* 14.0500 | 101.3667
24 | TMD455201 | nsNgaHenINgINgANW(Bangkok Metropolis)* | 13.7333 |  100.5667
25 | TMD478201 | 52804 (Rayong)* 12.6333 | 101.3500
26 | TMD568501 | gudgeiloninenasual (Songkhla)* 7.2000 | 100.6000
27 | TMD570201 | @¢)@ (Satun)* 6.6500 | 100.0833
28 | TMD400201 | UAT@A255A (Nakhon Sawan)’ 15.8000 | 100.1667
29 | TMD400301 | any.a1n¥1 (Tak Fa Agromet) 15.3500 | 100.5000
30 | TMD426201 | aW1j3 (Lop Buri)’ 14.8000 | 100.6167
31 | TMD425201 | gW35941)5 (Suphan Buri) 14.4667 | 100.1333
32 | TMD451301 | any.funwauay (Kamphaeng Saen Agromet) 14.0167 99.9667
33 | TMD430401 | niuN%13 (Kabin Buri)~ 13.9833 | 101.7000
34 | TMD431301 | any.1n%e9 (Pak Chong Agromet) 14.7000 | 101.4167
35 | TMD455301 | @/n®.119U1 (Bang Na Agromet) 13.6667 | 100.6167
36 | TMD455601 | aumiiuaouLiiod (Don Muang Airport) 13.9167 |  100.6000
37 | TMD459202 | tmMz@%59 (Ko Sichang) 13.1667 | 100.8000
38 | TMD465201 | IW¥31J3 (Phetchaburi) 13.1500 | 100.0667
39 | TMD459204 | datiu (Sattahip) 12.6800 | 100.0167
40 | TMDA478301 | ¥2874)4 (Huai Pong) 12.7333 | 101.1333
41 | TMD560301 ﬁﬂ’lel.ﬁmjﬂ (Phatthalung Agromet) " 7.5833 | 100.1667
42 | TMD568301 | atny.aeviad (Kho Hong Agromet) 7.0167 | 100.5000
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staaoil "1? oaoH latitude | longitude
43 | TMD568502 | auniiunialng (Hat Yai Airport) 6.9167 | 100.6000
44 | TMD580201 | auwiiuilaaiil (Pattani Airport) 6.7833 | 100.1500
45 | TMD327501 | 1%e91¥4i (Chiang Mai) 18.7833 |  98.9833
46 | TMD328201 | 81119 (Lampang) 18.2833 |  99.5167
47 | TMD329201 | @194 (Lamphun) " 18.5667 | 99.0333
48 | TMD303201 | 1%84518 (Chiang Rai) " 19.9167 | 99.8333
49 | TMD310201 | W2te1 (Phayao) 19.1333 | 99.9000
50 | TMD330201 | 49 (Phrae) 18.1667 | 100.1667
51 | TMD331201 | 11U (Nan)” 18.7833 | 100.7833
52 | TMD331301 | @n¥.UIU (Nan Agromet) 18.8667 | 100.7500
53 | TMD387401 | Ingquid® (Kosum Phisai) 16.2500 | 103.0667
54 | TMD405301 | and.$e819a (Roi Et Agromet) 16.0667 | 103.6167
* gafinlFaaudiees
+ a0 1%‘1’Iﬂﬁi’JULL‘U‘Ui‘]’1ﬁE’N

0 100 107, 10t 1060 7]
W A7 R e Taos & g
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4l o7 Sap i \
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i IR A B, & "
i T o 0.5
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14 hin Ao f Ao e
Andaman 1415 € g & ' (‘-.}_m‘hodia
Sea ; 4! @A-',,_‘-:\_ h= ¥ P
120 o 2
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& "'.‘*_;\‘ a A Stations used to ¥
b e 7Y formulate the model
Y 2 o Stations used to
. S8 T s test the model 2
6 \ 0N 6
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H Y v H
319 3.31 Awmsvesamiifadumanuaunldlumsadunoiiaes (a) nazamiinly

o v J a { 1
NAFDULUVINADY (0) (Lfcgfuﬂamn’Jmﬁmmnmﬁﬁmmqamﬂmw 500 LUNT)
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