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Comparison of water level forecast between Box Jenkins Method and

Muskingum Method on upper Nan basin
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Abstract

Nan Basin is a river basin in the Northern Region of Thailand where severe
damages, caused by floods, took place almost every year. In this study, the water level
forecasts for the upper part of Nan Basin, estimated by the Box Jenkins Method and the
Muskingum Method, were compared in order to find out the advantages and the
disadvantages of both methods if they had been applied in flood forecasts. 12 hourly
discharge data recorded at Thongchang Meteorological Station and Thawangpha
Meteorological Station since 2003 until 2008 were used to gain relevant parameters of
each test before the comparison was made. Based on the results, it was found that the
water level forecasts achieved from the Box Jenkins Method gave the higher accuracies

than those obtained from the Muskingum Method.
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Validity of the Soil Moisture Index Based on Water Balance

in Khon Kaen Province
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Wirat Waranuchit , Anurat Saringkarnphasit and Manoon Pangprom
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ArPsduluAY (SM) winsasaaingse (SMobs) dfegsenduusanuuasailidnegs msnuil
fosmanaspumsUszanaieesuluAy (SMest) fagtluldvaunuen SMobs Taewann SMest
MnsruvaNnah g sontesinefimldie
Sloth SMest lunBsuiisudu SMobs luudnaminuaniendeingwimss fwia
Youuiy serafousnsIay 2553-fquisu 2550 wenmusyAUATIANYasTLAL 10 20 30 40 60
uae 100 9. WumMVINEgeRTissiutuAuALEn 60 #u. Tnedidn R 0.61 A1 RMSE 5.34 % by
volume Wagen Factor of Two (FT) 89 % setiufsaguldiannsaldan SMest wmuen SMobs 1t
UsgnaunsAnuamel SMI ileldRamuannzudamenisinaslasaneiuasvsiaussannils
Feilszuunniivnszanisuusnnegisesuanadn Tndides 60 o,

[

AEIARY : muduluiu wa

Abstract

Soil Moisture Index (SMI), as a tool of monitoring agricultural drought, responds the
variation of soil moisture (SM). Various methods of direct observation of soil moisture
(SMobs) are certainly difficult in practicable due to their procedure labor and costly aspects.
This study wants to test the validity of SMest, the soil moisture estimated from available
meteorological factors, based on water balance system.

The outputs of SMest are compared correspondingly with the profile of SMobs
(10,20,30,40,60 and 100 cm. soil in depth) observed at Tha Pra distric in Khon Kaen province
during January 2010-June 2011.The value of SMest at the 60 cm. depth is approved to be
the best fit of all layers with R’ , RMSE and Factor of Two (FT) equals to 0.61 A1 5.34 % by
volume 89 % respectively. It means that SMI calculated from such SMest could be used as a
good drought indicator for all main agronomy, according to most of their root system

appears at the depth of 60 cm.
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Fenfun SMobs 41eu Tngldathssmenaunusnsmessvevenir €1 Tuaunmsd (3)
dmfudszanauiautulufiy (SMest) Tasufumausnausziunudnvestuumuaunsi
(@) Sratsudasmielfaenndestu uanduntdi 1

ftueAn FC way WP puamnudiiussevinailofuuasnsduivesiu (sagns was
ARME, 1998; Dingman, 1994 uSauanflanfieadingvimse lnsussinadnndeyadnunsiay
autRvesynAulunany fusenidsaievesussmalngvesnsuimuniiiu (2005)
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ATz vduUsE AV anduuS (RY) sewinemn SMest U SMobs wnaussfuAuEnves
‘f?uau ﬁaawnﬁuﬁwmmaaumwmmmLﬂé"auim Root mean square error (RMSE) Wag Factor
of Two (FT) (Chang, J.C. and Hanna S.R, 2005) LﬁuLauLﬁaﬁué’ummgﬂéfaﬂumﬁﬂﬂm
SMest TUTHunurn SMobs dmsumsmenguinnuduludu (M) sely

0.5x<n=<2x

FT = x100% (5)

ey x 2 ANPIINNISRSIIA (Mmeasurement value)

FUNLENINNTSAIUIN (number of calculate value)

D) Db D)
®©

2 UUNLANNNNTATIIR (total number of measurements)

a 4
NALLASIVNIIEU
1 t&J a 1 dy a dl ¥ o
nan1sUsERnuAANNTUTUAY (SMest) wazA1AuTUluAUAlaa1NN15M5ITA (SMobs)
wandlumsed 1 wagmugun 1 nuiissAuanuanlufiuliiuzo gy, A1 SMest aggandn

'
v a

SMobs @usefufiannia (40-100 @a1) A1 SMest 2znA SMobs

AN9197 1 Wan15UsTUaIAIANLTUlUAY (SMest) kagn15as3aInauTuluAY (SMobs)

audUluAumsERUALEN (% by volume)
10 3. 20 3. 30 . 40 3. 60 1. 100 .

SMest | SMobs | SMest | SMobs | SMest | SMobs | SMest | SMobs | SMest | SMobs | SMest | SMobs
154m. 53 | 14.0 1.2 14.0 7.1 14.0 | 185 | 140 | 226 | 140 | 145 | 14.0 | 26.3
294m. 53 | 140 | 148 | 14.0 | 11.8 | 140 | 204 | 140 | 228 | 14.0 | 14.2 | 140 | 26.3
12aW.53 | 140 | 125 | 140 | 11.3 | 140 | 20.1 | 140 | 224 | 140 | 157 | 140 | 26.5
5iA.53 | 140 | 4.1 140 | 6.0 140 | 148 | 140 | 21.7 | 140 | 145 | 140 | 26.7
198A. 53 | 140 | 3.9 140 | 58 140 | 141 | 140 | 21.1 | 140 | 143 | 14.0 | 26.6
294m. 53 | 140 | 7.9 140 | 8.2 140 | 17.2 | 140 | 225 | 140 | 155 | 140 | 26.3
94y, 53 | 14.0 2.5 14.0 4.2 14.0 4.0 14.0 3.7 14.0 6.2 14.0 | 13.3
21 w8. 53 | 14.0 7.1 14.0 9.3 14.0 7.8 14.0 3.9 14.0 6.2 14.0 | 13.1
6 nA. 53 | 20.3 6.4 17.1 9.6 16.1 9.6 156 | 114 | 150 | 157 | 146 | 165
3 dA. 53 338 | 131 | 344 | 173 | 34.6 | 18.1 | 34.7 | 19.0 | 288 | 23.4 | 229 | 27.1
30n8.53 | 205 | 219 | 27.7 | 26,6 | 30.2 | 25.8 | 314 | 30.7 | 32.6 | 335 | 33.5 | 36.0
26 A. 53 | 21.6 | 230 | 283 | 27.0 | 305 | 283 | 31.7 | 325 | 328 | 36.3 | 33.7 | 359
16 @m. 53 | 140 | 147 | 140 | 194 | 140 | 209 | 140 | 26.5 | 181 | 31.9 | 249 | 35.2
22 5m. 53 | 14.0 55 14.0 8.0 14.0 | 11.1 | 140 | 157 | 140 | 23.1 | 14.0 | 345
14 4a. 54 | 14.0 4.5 14.0 7.6 14.0 8.8 14.0 | 119 | 140 | 19.7 | 140 | 329
2an. 54 | 140 | 4.2 140 | 6.9 140 | 6.4 140 | 8.2 14.0 | 17.0 | 14.0 | 30.6
16 An. 54 | 140 | 44 140 | 6.3 140 | 55 140 | 6.1 14.0 | 13.0 | 140 | 29.6
23n.54 | 140 | 4.0 140 | 58 140 | 4.9 140 | 5.1 140 | 9.2 14.0 | 28.0
19 e, 54 | 15.1 9.8 14.6 53 14.4 4.9 14.3 4.8 14.2 8.4 14.1 | 20.0

R2 0.22 0.58 0.33 0.24 0.61 0.28
RMSE 9.09 7.48 7.15 8.29 5.34 11.69
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JUN 1 msifSeulfigua SMest (@uiiv) fium SMobs (duUse) Nseduauaneine fu

slewseudlouAn SMest fu SMobs wenmusERUALANYETuAY WuTiided @y
annzyateyaiszduauan 20 uay 60 @i, mugUTl 2 Aeldr1 RY 0.58 waz 0.61 uaz RMSE
9gfl 7.48 uaz 534 % by volume AwEFU ensr9douMIBONTU SMest feFd FT Augud
3 wuingadoya SMest szfuAudn 60 . dAnnsniseeniugendt SMest AiszdunmEn
20 931 AnliiA 89 uay 53 % AUA1AY

asUludesduldinsnuandenienivevimse Smiaveuudu m SMest anunsald
wnuA1 SMobs eRTisesunudn 60 v, Funmuefuwlasiialsmseiivlsanlngfinnudnues

12



sINfigUsENN 60-150 Tu. wazSevar 70 vesnniunviegnurlutufulundeldesiviunanEn
I usINieiog Usngan3euNYeInuanAInNas AetuA SMest awsarnlulgdunen
SMI dmsuinsuangkaImINIsineslagenziivesygialssianiivls saly
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E(L]ﬁ 2 MTIATIEN R U99N15UTEUIUAT SM ﬂigﬂ‘UﬂjqﬂJaﬂ 20 waE 60 @,

seeiu 20 afu. 56l 60 afu,
60 80
FT=53% 70 | FT=89%
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50 A
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: 30 * $ 40
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30 A
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¢ Miad ¢ 2 . 060 o o 2
101 0.5 SMobs 10 4 0.5 SMobs
0 ‘ 0
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SMobs SMobs

JUN 3 MIATIER FT 909n15Useannel SM seduaiudn 20 uwag 60 v,

= ' - = a a ] v |

WanaaeumAl SMI ewieuly 2553 vasannilgnuing sy JaninveuLiy uana
Tugun 4 wudninneudaguuse (A1 SMIE Ussana -5 Tusendnediasouunsinu-lweu
1 U ¥ A 1 ¥ 1 = 1 1 A
AOUNTEAUANIZUAIAAUNTRABUTIITULSY (A1 SMI Useana -3 B -4)  lusewisiaieu
WOUNAN-NINIAY  wedaunsalusuiudiganzsund (@ SMI Wuuan) Tudewdameu-
AaNAL  gATEANTIBLAISUNGUINULSAINTUENGee  TumsungAiInieusiaiiasdieunay
& Y o ¢ a da & =
Mamunagenndesiumnn1salaseinduluseut 2553
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LeNATLSEIUATNANTEITUAL 10 20 30 40 60 WAy 100 Bal. WUANNMLNEEERTITEAUTUAY
AuAN 60 . Tnedian R 0.61 A1 RMSE 5.34 % by volume waven FT 89 % saiu3sanunse
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mMsmAtauduluRuannwaeadisn MODIS Tagld Thermal Inertia
Model; nsaANEIUIIIUIMINVDULAY

Estimation of Soil Moisture from MODIS Data using Thermal Inertia Model;
Case study in KHON KHEAN Province

1

grisngyal Uaieu
1
Ruthaigarn Buaphean

UNANED

ANMUTUIUAUTUNU AR A DANAANSIUUS IUNURLLaN IneunfinisinAnuaulufy

v q
@ o

< g v & o | Y o o ' & vy
L‘U‘U\ﬁu‘ﬂlsﬁL'Ja’]u’]TJLLaSﬂ’]ﬁLﬂUW']@Sqﬂﬂmqlﬂaﬁqﬂﬂqﬂ@ GUQ{]@/VT']Lwaquuaqﬂqiﬂum%‘l@l@l'}ﬂ

'
a

arufnutidumelulanisiuisseglnafifntulutagiu feildmnsaaeuamtuluiuly
seiugfinadululfesanaiilaglumidedlflduuuiaesanudoudos (Thermal  Inertia
Model) Fapruansnsalunmsiiuanuseulusznitsnainaaiunasnisudsadnnnuiouvesing
Tolutrsnanasduiiensnasuaruduluiu Ineldegamgiinfugganasmaaluusasiiud
ldnmgiaauioudosisanldturnisasiounduveaiiadag (Surface  albedo) was
ArIuANAgaMn IRl Fauandiifuindinisaseunduvasiningiinadernusouiden
snnAAsuANsesgamgiiufaRuTiuandaiy Tnsamzilogamgitufitfuwnnsaty
ffonin 10 sariAaiy waranuuuasseuseudendvinliansnadunuiieudulufn
dnsuiminveuunuld uazeauuandaissenitaudulufuiildandoya MODIS uas
foyaiiliannsnsiata fe 2.05 %

(%

AdAeY : AnuTulufiu MODIS Amnudeuides Albedo

Abstract

Soil moisture plays an important role in the energy balance of Earth's surface. The
measurement of soil moisture is time consuming and limited sampling was done. In this
research was to model the thermal inertia (Thermal Inertia Model) to measure the ability to
retain heat during the day and emits heat any object in the night to check the moisture in
the soil. The surface temperature is the highest and lowest values in each area. As well as
analysis of the thermal inertia of the feel and the surface albedo, and differences in surface
temperature. It shows that the surface albedo affects the thermal inertia than the
differences in soil surface temperature difference. Especially when the soil surface
temperature difference less than 10 degrees Kelvin, and the average difference between the

soil moisture derived from MODIS data and data obtained from measurements is 2.05 %.
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Paneautihdmiunmsgulnauilnauasyiininnens dwsulssmalnedunisiinisinunsdau
Iwyjmﬁ'aﬁﬂNumﬂﬁﬁmﬂ&fﬂuwé’ﬂ Lﬁaﬂ%mmf’ﬂajLﬁmwa%ﬁﬂﬁwamammﬂmimﬂzﬂqﬂamaq
AnnsvaunaudufinynswazHanfusiuUsy dwaseiasugionazotaneliiindamiudy
s 1w Tmdnudseuiar Tanusssu Wesnnidlelidenavhnmanuaslémuunafazinng
azisduguluiniludiomans uenanianmernaiiviudanngailnAatamili by
Jaymdaadaudnusenisniadae
audulupuansaduduga@nmsiedoudmietimuly uenanidadududs
ﬁ’]ﬁlf,ye[,umiﬂ%’lﬂLLUUﬁWﬁ@QEﬁ@JﬁE’]GﬁQﬂ Ushamvnneuniovesussinadudoudadutymunse
TnsunAazuszaunzdoudslulurigglulsindiosandvdnavesaumuggnia nInsIaaey
mm%ﬂuauu@iLﬁuﬂw%nméfﬂﬂénLﬁ“flu?%ﬁﬁigmﬂé’m%’u%’gmaizﬁuﬁaaﬁu FEAUVIRA LAy
RN uwin1siaAAnuduiugluuuinienududeu 1ussnuunn dudessulseanm
Fean uazazasataldiameadoddlusiauiin uandumssinflazsimunveuniiug
dnsuiatoyamiutuiuiiuanaeiuld medadunissuiszesing (Remote  Sensing)
wlfufiannsansnaeunuduluiulfedsnniuasaseuaquituiiduuiinun e wmse
Fumstaludeiuil Gutlgiiu teal time) uasidoalddsdaudnai mansaaoumiuduly
fulagldnisiussreslnaiuivaneBildsunsimuuaslilunisinnuanneariu Jackson
et al . 1988, Moran et al . 2004 Wang et al 2004). lun1sidendsifajsfinyvifeaiuns

Uszilluanuduluiuuinadwinveusiuiasiuilndifedaglddayaninaren1iiiied MODIS
wazgenilIsAUsEUUaTAUImMANmanT

guUnIaluazIsNTs

THdoyaidafaauameaieamiiien MODIS (Terra/Aqua) Tunisussidiuaudulufu Ty
Ansziudanuminevesnniagld Thermal  nertia  Model — tufieendeiiugiuain
Auaunsavesinglunisiivanudeulugisiainarsiuazmennuseulugiaiainalsfu
dieFuumen Thermal Inertia wazeduAuduiusiiin A Thermal inertia(Tl) wostdian
wnnnvesiuidnuarui fuuuiumnnutuluduiiudsuwlansduaglia T veshu
Wasuudas lnglowizegrsdailogamgiilutisnansiulaznansduunnsinsiu Tagen TI anunsn
mldandeyanifion Usenaufudeyafiegsfuluiiufidnuuiinudminveunniulufud
prufisutufinaminlinsgduagmanuduiusssninnisasioundunasuasfuiunuiy
v03u wardnvunuiieuduiulagldlusunsussuuansaumag femans
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HauazIansal
miﬁﬂwﬁ%mﬁﬁwmummm%uiuauimﬂ%%’a%amwmmmLﬁau MODIS (Terra/Aqua)
uazmdniiugiurestnglumaivarudouluraanasiuwazasanudeulutiiainansiu
fu wannmsnyinuii a Tl lufufivAsuwdassduaimglisanudulufudSsuuam
Ushe Taslanzegsduilogumgilutisnarsiutaznarsfuuansieiuinn dawalvian T 9
Funnldfiates waramudulufuiildfadesnulde

ANSI9N 1 LARIAIANLTULUAUNRLAINNITNNTIVIALALANANUTURUIINANAEAN LA
MODIS (% by weight)

Sodand $u/deu/ anutuludy anuduluduan LUBL‘%‘TWTWJ’]SJ
AAEUIY MODIS WANM19(%)
UG 27/11/2549 8.20 10.90 -2.7
4/12/2549 7.67 6.70 0.97
11/12/2549 7.23 7.10 0.13
25/12/2549 6.67 6.60 0.07
1/1/2550 6.23 5.00 1.23
8/1/2550 5.93 5.00 0.93
15/1/2550 5.50 6.90 -1.4
22/1/2550 5.17 7.00 -1.83
29/1/2550 13.53 18.90 -5.37
12/2/2550 6.90 5.00 1.9
6/3/2550 12.55 18.50 5.95
19/2/2550 5.67 6.30 -0.63
Vioulley 18/12/49 3.23 5.50 -2.27
Joailos 12/1/2550 3.2 5.0 18
14/2/2550 10.30 5.10 5.20
NUDILLE 19/12/2549 4.10 5.00 -0.9
11/1/2550 3.73 9.00 -5.27
19/1/2550 3.37 8.70 -5.33
ADUANT 10/1/2550 3.57 5.00 -1.43
24/1/2550 3.60 5.00 -1.4
14/2/2550 2.90 6.10 3.2
22/3/2550 8.03 5.00 3.03
hKEE 10/1/2550 7.00 7.20 -0.2
24/1/2550 7.30 5.00 2.3
14/2/2550 6.93 5.90 1.03
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sz 2.05 %
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° ' & a 9] ' a Y a a A '
AsanwaAANNTLluAulaglgn e NeA AR NTUAILUTTIS19E NSRS AN SA LAY
DT FevaaeasiuUsiiinasonsiiasuniasasannnuduaunaiwindls tnenisiesieidnanull
iefnwin1sidguudaswes TD uag SA Nilnasemsivfsuulaseves Tl lagsudn 2 uay 3
wanaAIN1sABULUaYeA TI, TD way SA UShaiuiAnw dmSusuin 4 uansdn SA, TD, T
wazAUluAY Ui 27 furan 2553 TugUuuudeiuiiveausiannuiang

ns1¥luaman Thermal Inertia, DelTa T (taz Surface Albedo

[ TR S E Y ]

1 - - 2 &

e e e e e
a

1 2 2 4 s & 7 ] o 10 11 12 12 14 1= 18 17

sl Theemal Tnertia/INN| 1,313 (2.0179 [4,1491 [3.1199 [1,7783| 982 |1.7014| 23637 [1,1739 |1,3002 |A.3163 |2, 1013 | 2. 7275 | 25417 | 3,806 | L6342 2.0356

== Delta T 1.09 1.232 | 0,932 | 1.02 1.164 | 0.836 | 0.524 | 1.342 | 1.692 | 1.902 | 1.254 | 1,738 1.26 2,13 1.79 1.65 1.674

=== Surface Albedo 0.692 | 0.672 | 0.724 | 0.773 | 0.268 | 0.23%8 | 0.94 | 0.698 | 0.89 | 0.242 | 0.652 | 0,729 | 0.643 | 0.665 | 0.6235 | 0.707 | 0.658

UM 2 ununiuansel Thermal Inertia, Delta T wag Surface Albedo UShiauuwUasuntmy
RV IR TGII Y

a5 1¥lamaA1 Thermal Inertia, DelTa T t4a% Surface Albedo

5
6 M
s A ﬁ\w_—‘A?Af
; A\V’\N
3
p 4

2
1 = = = & G -0 & & — & = — — —= = r
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Study of Rain Cells Behavior in Bangkok by Using Weather Radar
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ABSTRACT

The weather is affected significantly to human beings daily life. Rain forecast is
expectation of people. High accuracy of forecasting rainfall, as the requirement of the
public, meteorologists need to understand the characteristics of rain behavior. The
development and movement of the cluster of rainfall in Bangkok area was tracked by
radar imageries. Programs were created for pursuing all of them. The characteristics of
rain behavior during rainy season could be divided into four categories. In April, most of
the rain cells initiated at the Southeast of Bangkok and moves northwestwards. From
May to August, most of the rain cells initiated at the West of Bangkok and move
northeastwards. In September, most of the rain cells initiated at the Southwest of
Bangkok and move northeastwards or southeastwards. In October, most of the rain cells

initiated at the Northeast of Bangkok and move southwestwards.
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Evaporation in Thailand period 10 year (2001-2010)
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Abstract

The paper presents the analysis of evaporation data carried out on the meteorological
station for the 10 year period 2001 - 2010 to determine the variation of evaporation rate
and trends. The results showed in form of monthly evaporation map by using Surfer
program with kriging interpolation technique. It is indicated that the evaporation of water
is different in each area. In most areas of upper Thailand which consist of northern,
northeastern, central and eastern parts have higher evaporation rate than southern
part. In addition, the study also shows that March till May is the period of the maximum
evaporation rate and April is the highest monthly evaporation of the year.

These results of this study can be used as a preliminary tool for water
management planning to be suitable for the climate of Thailand.
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Global Solar Radiation Estimation Model for Thailand using Meteorological Data
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Abstract

The purpose of this study was to obtain the global solar radiation model for each
region of Thailand from equations expressing the relations among associated parameters:
daily global solar radiation, relative humidity, averaged daily temperature, maximum and
minimum temperatures, and sunshine duration by using both linear and multiple regression
analyses to obtained sets of analyzed from the input data taken from 5 meteorological
stations, each of which are situated in different meteorological regions: Chiang Mai, Ubon
Ratchathani, Songkla and Phuket (using data since 2003 until 2008) as well as Bangkok (using
data since 1995 until 2008). Once Root Mean Square Error (RMSE), Mean Bias Error (MBE) and

1o s = PRV s a
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Mean Percentage Error (MPE) were applied to test the accuracy of each model, compared
with real data observed at each representative station since 2009 until 2010, it was found to
be in the acceptable levels. Afterwards, each regional global solar radiation model was used
to calculate the values of global solar radiation at other meteorological stations in the same
region. It was discovered that its accuracies were 90.5-98 %. Therefore, the acquired models

are suitable to be applied in observed meteorological data in all regions of Thailand.
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Updating Framework for Site-Specific Attenuation Relation of Seismic
Ground Motion in Thailand
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uAteiiausaunsasmouwsiufulmdmiuaausswesiuiugega (Peak  Ground
Acceleration, PGA) Wag AUNASUNARDUALBIUDIANMULITAILMIN S % (5 % damped
spectral acceleration, Sa) @ msuanfinsiaiaununulnudedlud (CMMT) ?fﬂ@igﬁayjuu%’juﬁu
idesantufindeyarnusasiuiulmeessemalnefidesuazdiulvgfivuiadosndin 1 gal
Fatulueidedldussendadfudidousnldmuaunisaamounduusuiulmmangauiu
Usinelnelaeiaunaunisiiauelag driss 1l we. 2545 uagliiuen site effect term uag
eror term  asluauns MnnslTeufisunam A mduiuvessaaouveIndy
wsinAlmiauslag Idrss Auteyaiingiataliass nuinudusiusueanisasmouses PGA
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Abstract

We propose the attenuation relations for peak ground acceleration (PGA) and 5 %
damped spectral acceleration (Sa) applicable to the CMMT site which is located on rock.
From the ground motion records, Thailand has only a few ground motion data and most
of peak ground acceleration smaller than 1 gal. By this reason, Bayesian updated
technique was used for construct the attenuation relation for Thailand base on past
attenuation relation proposed by Idriss in 2002. In this study, we added a site effect term
and error term to the Idriss attenuation relation using the Bayesian update technique.
From the comparison of the prediction by The Idriss attenuation relation and the
observed data, we found that the Idriss attenuation relation overestimates PGA but
underestimates Sa. The prediction from the updated attenuation relation for PGA and Sa
proposed by this study is much closer to the observations than those by the Idriss

attenuation relation.
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Sﬁagaﬁ'ﬁuﬁﬂmﬂ Harvard Central Moment Tensor (CMT) catalog 521390 2549 £14 2552 tag 910
United States Geological Survey (USGS) ﬁuﬁmﬂumiﬁﬂmagjizwjm azﬁg@ﬁl -8° 014 320 N lag
aesdgafl 90 fv 110 wuewsiuAubnsewing 4.5 8 9.5 Sumes TumAdedarlitoyarmmuss
wiuAubmituiinldanand cMMT deiseguuBaanaosamm Torfadedml deyarimun 37
win1sed 111 auHuAUlnTuTing e sampling rate 100 Hz (g‘dﬁ 1)
TumAfedimunaunsiiiiausing lriss (2002) Tneldaan
WU NTIasEn

GM =g(M,R,..)+s+¢ (1)

GM  aunsasmeuukufulyniiannnquiadfud Fou

§ aunsanveukuRulmiinauelng idriss Tl w.e. 2545

s fusifentestuiiui (Fauusdy)

& FuUsduifian mean Widuaug uagAmNLIUsUTIN o2
e Unuddsudmsunamnan anuinsdumenas avazviou

@ =2 Y 1Ay v [ a v
Windsteyalviiilaanmsnsaiamudily

F(@1y)=cL@]y)p©®) (2)
Ul 1 s usifivln 37 6 msUszanauendilsivsiu (Fudswuugy)
winmsainlgluemAdel y deyannsivinle

C Normalizing factor
p(6) Prior distribution MAEndesiv 6 Aeufisdeyayslval
L(@]y) et Likelihood
f(0]y) posterior distribution AAendestu @ ndudfisdeyayalvsl
a7



Prior distribution ¥83 &

Prior distribution 4lunseSuiednunsvesaumsanneuiilegieuiiolsdeyaiingain
Tl Wil prior distribution enfunsldaunsasmeuvewhessmaiivauelag Idrss Tuil
we. 2545 esonluaumsfivnzaniuussmdlvennniian (93agws, 2550) TunsdlvesUszine
Inedulssmeilaildfoguuiiuiidesfousuiulmuusudulssmadiu Sulaiide wavansy
o1andns Miliideyadnsususiuiulminnainliiosinn uazdrannaziivuntosnit 1 al
villimuteyanefusuiulmannin TudedfudiBoudaindunsdiifmmfodestv 6
Wowan (non-informative case) wazA1Y9Y s Law o WUdATEADY

Tunisldngues Jeffrey wamsfisrn non-informative prior dmsumsdiwes S Wuuuy

locally uniform iag p(c?) a Lz amsu o’ AIUUAIUNTOREAIAT non-informative prior I

&

AIAUNTN 3

2
£

pGs, o)) a € (3)
(o2

Wenu Likelihood
dm3UA inexact model Tuaunsi 4, wmenwes y, (random correction term) gLy

Wl
Yo =S+ f (M,r,.)+7, k=1,2,..,n (4)

Ay, ABAIANAINALARBUIINLUUTIABILAYINNNIATIVIA YINAINAMIALARBLIN
mansiagnusznamiiiesnnlufitasfinsandnsetadudiigndes  dsnaldsudud
gipaUmEnmAmNAAIRAEDUT @ UULA Iz sz adlfdu normal with zero mean wa
variance , o Tagileritu likelihood azuansfsaun1si 5

502 o (o02) erpy | 3 0Tl ) o) ©

2
i=1 O,

&

[\

ualiA logarithmic deviation LuAANKANEITERINeAT log vesdayaiingiainle
fudayaanmsiwelasaunisanneuaduwsuaulnilusds (g: y— f(m, r)) ez

s? +m? :lZE &, A1 likelihood anansaBeulsissaunisi 6
= 2

_ 22
a0t o (a7) " exp| ) 2 o

= < ! 2 . ! . . .
We m,_ 1wWuA1 sample mean wag s; 1WuA1 sample variance U84 logarithmic

deviations &,
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Posterior Distribution
A1 marginal density ¥84 o2, f (02) lnanuagauasilandu likelihood fuen prior

density p(s,o?) hazusiagai conditional PDF f (s/o>
p(s,o;) :

f(aj)z f(s,aj) . L(s,oj)p(s,aj) -
f(s/af,) f(s/of,)

UNUANENNISN 3 way 6 asluannish 7 WeuAaun13azleal marginal density 193 o?
UAAIAIANNITN 8

2
f(of)oc(o;) ()2 exp(—% nS;J (8)
A1 inverse chi-squared distribution laglean n-1 degrees of freedom, et
E[02]= ns, (9)
n-3

91N&@UN159 5 A1 conditional distribution 484 s @150 o Tunsdl normal conditional wa

unconditional moments U84 s A

'us/of:'uS:mg (10)
2 E| o} 2

o2, =% = o= 2] (11)

Joi n n—3

A1 marginal PDF v84 s 14e1 the student’s t distribution @ nSunsitgallaaafenis
19A1 point estimates vaIM151ineT 60 ALARLYDY mean estimates VaIN151iwaT lagn

¥ (%
N v o

Uszgynaldluauddedl dsduen point estimators 484 s kag o Ao

§=E[s]=m, (12)
_ 2
2 — E 2 — nsé (13)
ol =E[o’] p—
NawazlIasel

sun1saanauLsiuAulnIveIPGA dmsuiuiideslnsi

aunsanveuusuAulnyes PA Mimulasaifudeulideyanunssingainlédan
wnnsaiuHuAulyn 37 wgnisal 9anaanil CMMT e prior distribution Tusuideioglunsdli
linrudeyadesiuiefuaunisaameuusufiulantin (non-informative prior) Iésnas
fadl

InY = [C1 +exp(C, +C,M )] —[exp(C4 +CM )] In(r  +20)+02F +S +& (14)

up

a9



Tned
Y PGA Tuwnszunuade (o)
M auauEuAulnlng Ms< 6 uag Ms > 6 %39 Mw
Fup  T88EAMNAUINANUNUALLIYGE rupture plane Asanndniadnunudulnikm);
wsodwmsukuRulmvuaEn (M<6), 19A1 hypocenter distance
F &nwaizaessesideu (fault mechanism) Wy F=0 dwsu strike slip, 0.5 dwsu
oblique tag 1 d1115U reverse
£ mAaIaAReu (FruUsuwuugw); Adesunaie (Mean of Deviation), Ele] = 1.12
AndsveaneniiEIiuaningiuseme (mean of site factor term) ,Ima%uaejﬁ’u
wansaiusuAuln 37 wmnsaifinsiedaldainani CMMT, meuiRgrtuni-
Usuinel (site effect term ,s) AATININNO B UNVBAULTEY, Elo] = -2.78
-0.150, C, = 2.261, C; = -0.083, C; = 1.602 Uae Cs = -0.142 dm3u M <6.0
-0.050, C, = 3.477, C; = -0.284, C, = 2.475 Lay Cs= -0.286 dmSUM > 6.0

2]

C
C

Updated kdriss, its armar and chsenved PGA

Crigmal Mriss and obsered PGA

Prediction of onginal ldiss Prediction of updated Idnes

I Observed PGA

+  Obsered PGA

R (k) R {km}

Ul 2 iWSsudisuiamavinunevesamsasmouaduNuALlA MU PGA Tiauelne Idriss
(Udneite) uaz Mnamideil (surmile) futeyaiismataldainanid CMMT (yaduns)
Tummnsaiusiufulmuinamsuuaulne-win Tuiuil 17 Gsnew 2550 Dan 11:17:02 1,
(UTQ), 211 4 Snimas rupture distance 117 km ke Horizontal PGA 0.2 gal

AUN15aANOUEUAUINIYBY Sa dnsSununLdelns
AUNTAANDULAUAULNIVDY Sa duSuiuRTmIadeln LansaauniIsyn 15

In(Y)=[a, +exp(e, +a,M)]+[ B, —exp(B, + B,M)]In(r,, +20)+0.2F +S+¢&  (15)

Tneil
Y  NanouauessgnIleg, Sa
M auauauiulnilng M<6 and Ms > 6 %58 Mw
Fup  T¥8ENAINAUINAUNUALINIYTE rupture plane feantinsiadnunudulng (km);
sodwmsukuRulmvuaan (M< 6), 1A hypocenter distance
F &nwnizvessesideu (fault mechanism) 1y F=0 dwsu strike slip, 0.5 dwsu

oblique waz 1 @15 reverse
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§  Auaduveweuiifglivan ngiiuseme Site effect term) suusiuudu wanaly
MITNA 1 Uag 2
| i o | oA PN A

£ APAIAREOU (MuUshugw); Andesuuade, Elo] wanslumsnd 1 wag 2
Tngaueg fuwmanmsaiwiufulm 37 manisalinsiaialaainannil CMMT, e
Neafugiusena (site effect term, s) IATIERIINNUHUNVBLUEITEY

ANVBY @,.B, @MU peak horizontal acceleration wardm3u pseudo absolute
horizontal spectral acceleration @1%3U 22 periods % 5% spectral damping tanslua15199
1 @MU M < 6 uaga1399 2 dusu M > 6

[y

AN5197 1 W51TLMBSVRIEUNNTANNDUATULAEUAUAIYDY Sa N dualnguITel
dmsU M<6 e B = 1.602 waz B, = -0.142

Period (s) a, a a, B S Elo,]
0.03 -0.050 | 2.261 | -0.083 0 3.03 1.94
0.05 -0.278 | 2.365 | -0.092 0.066 3.63 1.53
0.075 -0.308 | 2.334 | -0.081 0.070 3.48 1.84
0.10 -0.318 | 2.319 | -0.075 0.072 3.34 1.98
0.11 -0.328 | 2.294 | -0.070 0.073 3.30 2.07
0.13 -0.338 | 2.255 | -0.062 0.075 3.25 2.19
0.15 -0.348 | 2.219 | -0.055 0.076 3.25 2.24
0.20 -0.358 | 2.146 | -0.042 0.078 3.16 2.26
0.25 -0.429 | 2.073 | -0.030 0.080 3.22 2.51
0.30 -0.486 | 2.010 | -0.020 0.082 3.23 2.65
0.35 -0.535 1.977 | -0.016 0.087 3.27 2.61
0.40 -0.577 | 1.921 | -0.009 0.092 3.37 2.59
0.50 -0.648 1.818 0.003 0.099 3.46 2.66
0.60 -0.705 1.704 0.017 0.105 3.62 2.61
0.70 -0.754 1.644 0.022 0.111 3.75 2.60
0.80 -0.796 | 1.593 0.025 0.115 3.89 2.49
0.90 -0.834 1.482 0.039 0.119 4.04 2.54
1.00 -0.867 1.432 0.043 0.123 4.16 2.63
1.50 -0.970 | 1.072 0.084 0.136 4.62 2.48
2.00 -1.046 | 0.762 0.121 0.146 4.80 2.56
3.00 -1.143 | 0.194 0.191 0.160 4.62 2.50
4.00 -1.177 | -0.466 0.280 0.169 4.09 2.59
5.00 -1.214 | -1.361 0.410 0.177 3.95 2.96
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ANSI9N 2 W51TLMDIVRENNITAANDUARULAUAUAIYDY Sa N aualnguITel
d15U M>6 e B = 2.475 uay B, = -0.286

Period (s) a, a a, B S Efo,]
0.03 -0.050 3.477 -0.284 0 3.03 1.94
0.05 -0.278 3.426 -0.269 0.066 3.63 1.53
0.075 -0.308 3.359 -0.252 0.070 3.48 1.84
0.10 -0.318 3.327 -0.243 0.072 3.34 1.98
0.11 -0.328 3.289 -0.236 0.073 3.30 2.07
0.13 -0.338 3.233 -0.225 0.075 3.25 2.19
0.15 -0.348 3.185 -0.216 0.076 3.25 2.24
0.20 -0.358 3.100 -0.201 0.078 3.16 2.26
0.25 -0.429 3.034 -0.190 0.080 3.22 2.51
0.30 -0.486 2.982 -0.182 0.082 3.23 2.65
0.35 -0.535 2.943 -0.177 0.087 3.27 2.61
0.40 -0.577 2.906 -0.173 0.092 3.37 2.59
0.50 -0.648 2.850 -0.169 0.099 3.46 2.66
0.60 -0.705 2.803 -0.166 0.105 3.62 2.61
0.70 -0.754 2.765 -0.165 0.111 3.75 2.60
0.80 -0.796 2.728 -0.164 0.115 3.89 2.49
0.90 -0.834 2.694 -0.163 0.119 4.04 2.54
1.00 -0.867 2.662 -0.162 0.123 4.16 2.63
1.50 -0.970 2.536 -0.160 0.136 4.62 2.48
2.00 -1.046 2.447 -0.160 0.146 4.80 2.56
3.00 -1.143 2.295 -0.159 0.160 4.62 2.50
4.00 -1.177 2.169 -0.159 0.169 4.09 2.59
5.00 -1.214 2.042 -0.157 0.177 3.95 2.96
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Observed No.17, magnitude = 4.0000, distance =112.000
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Ul 3 iWSsudisumsiuneaumsaneunauusiuAulmd M3y Sa nenAdell (Fuuszdd)
wazann Idriss (FuusyAtni) (U Sa finsnialdanani OMMT (Fufuag) Tuwmnisal
wsiuALlmusamsuuaulne-wi Tuduil 17 Gsnes 2550 nan 11:17:02 U (UTC), 1un
4 509195 , rupture distance 117 km uay Horizontal PGA 0.2 gal

GFLY
a o ng Y o 1 a o U dgj lﬂIQJ U = 1

MAjeillddnaueaunsanveulHuAulYes PGA way Sa dmsuiundwingeddn
Inglddayadnsusausuaulmduiu 111 Aduanwgnsalusiudulm 37 wgnisaliduiinle

a Y Aa 1 a A v 1Y) a ¢ . '
naall CMMT lagassaunmsaanauiilammineidesivanimnegiimans (site effect), A7
correction term (site effect) wazArmNAaIARaBUAsiUTUaNNSannausuAUlIves Idriss
Tngldmadaimuiwuueideu (Bayesian updated technique) Amnsfimesluaunsidusn
wlsdu (random variables) aun1sillddwiuamznundmingedvndwingy Tuvaeiaunisi
wuelae  Idriss  lglafunniunlulsemelng  ladfimeniieidesiuanimmagivssme (site
effect term), ArAUAAIAAARUTULUU point estimators ANANLABIALARBUDIANATTN
auelunideiar iy liviuounifinananuianainves model wag AURANAIN
INNTATIVIN HanuITeiaziivsgleniograunnlunsuszgnddmneiununidssiouayly
Tumadenssuaug

aa A Y - ] ) g Y Poa v v Yy

annudideumuzauiulssmalneiloniniUsswealneiiveyadnsisainsainlades
waztayadiulvgindesndt 1 gal afiflaemilvamamaunsanveulagizinseiiuy
regression Inglddayainuiuniniiesiianugnapawiugunyu (@ung Idriss A5189AN 572
adulukusznuInan1lnginwiuiubmfieguuiunfuude) uadfudidouaunsainm,
aunsnaunsilannaaundulaglddeyadasnswiufulniiisndnieswazaaningg

= Y v P o o X

WaguwUadlamniiteyanngia sy

e residual FldarnArmuLANARTEIITeyanTIainlakarA1RINENNTTaANEU
wruALlg Aresidual vad PGA wesaunTsfiauelae Idrss Tuwilduluefnay feuusids
annsaasuladnaunisves Idriss viweAl PGA lagendiA1ase aunmsmiiauelageuidel
et PGA lalndifgaiuteyainsiainliaunnninaunisves Idriss wanssansiuseuiieulu
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AruMuIvasUAanlanwazauisvasndulniaziiaulutuiudanlanusiacnu
Uszwndlne

Crustal Thickness and Crustal Seismic Velocity in Thailand

1
Ufjeusyn welafiay
1
Patinya Pornsopin

%4 1
Unanga

AnunvatUionianazanusivesrdulmaziioulutuiUionlanuiiindsvnealng
& v o o o ° 4 a = vy v I o aa e I3
JuteyaddgildlunisAuumaudnatsunuiulniielilianugndesusiugt 3501533083
lartuvesunuiulmszaglnagniunldlinsgivnanununveswnuUionlan 5uMIr1AU57
vasrdulmaziioulutuden  vsnaldaadinuduiulmvesnsugaieuinen lnglddyya
;:4' I a . . Y aa s sy Y aa a v a
AauwiuAulmTselng  (tele-seismic) wai1as@viesileidusieisnisineuligduidaia
(time-domain) s5@nnesilendunlaviaun gniuniwieivianunuivewiuianian waz
anusvesndubmaziteulutudenlan Tunisuszananadugnving sedsnsauasdnies
ardunnidu (inversion receiver function) wan1sAnwanslifiuidenlanuiianlszme
Inefinisnsgaeanuvuain 32 G 42 Alawns luwiwdenlangasatu-lng waz 44 fs 46
Alawwns Tuwiuldonlandesdulaloun wazludmanusivesndulmazfioulutudentan
(Pfiu S) AN13NTEANYRYTENIN 4.217 9 4.834 AlansiaIui

o o % ' o
ANENALY : AumuvesUdentan anusIrdubmaziiou lassasiwesddanian
aa I3 6 o
eIty

Abstract

The crustal thickness and crustal seismic velocity in Thailand are important data
using to calculate earthquake hypocenter in order to accurate. The tele-seismic receiver
function method has been applied to determine the crustal thicknesses and crustal
seismic velocity underneath the seismic stations of the TMD. Using tele-seismic
waveform data to generate the receiver functions via the time-domain iterative
deconvolution. All receiver functions have been investigated and estimated the crustal
thickness and crustal seismic velocity by using inversion of receiver function in the final
processing. Results of the study show that the average crustal thickness varies from 32 to
42 km in Shan-Thai block and 44 to 46 km in Indochina block. The crustal seismic
velocity (S-wave) vary from 4.217 to 4.834 km/s.

1 o a a RY) w 1A
dngglisaiven drdnihsyTunufulm nsammamuns



AN

wiudvlndudesssumamintuinlan sudefniundlauisaadisrnudemese
FAnwaznngaulaun lunisdnwussiussiudunsouasanudssanuruiulm awnsasi
Tevanauuy nsvhusuiidsaseuduiulm (seismic hazard map) Wudsnisanafiduiivensu
Aueg19n 11909 lUA1SANYI9UNTI8ANLEUALLAY ?fqai’wLﬂué'faﬂ%’%’ayja‘l,umsﬁﬂmmﬂ%mm
199 NAN8BEN9 LYY %’a;{gaé’mmiwmﬁuﬁu %’ayjamammjmiuﬁulmﬁﬁmﬁu (AU vun
wazAudnvoswiuRulng) aunisanveurdunduiuln Wudy Tun1sAruIumIganiiLia
wuRnlmty Sududemstuanumnunvestdenian (crustal thickness) wazAAEIVBIAAY
Tmasioufiiumsiutusneg veuudenlan (crustal  velocity) Wiunfinnsanyszneuse
uinsfuesdaukuiulnluuinuysandlnelutiagsuiu difeyanumunves
Waenlanuazarudiwesadulmaziiteulududenlaniifudadonmsguesislaney g
laileldteyanauusiufulndifumasiuussmalneannidn wlina CRUST 2.0 (Bassin way
AQL, 2000), CRUST 5.1 (Mooney uazan, 1998) iudu dnfudslinsiueumuniiufiaswes
Wasnlanuaglinsuamanudwesnaulmazfioulutudenlanusnalssmelne vilvina

AomUiugveIN S rdsAudnaasmsiausuAulnluuTnUssmalnglagnse
WhsAnwImAANNBUIURIUden
Direct P Tan wazausivesadulmaziiiouluy
Ps PpPhS wWaenlandeis Receiver Function 1Ju
PsPhs () Bmsinaleglideyaudiuiulmsseying
(tele-seismic)  tUudoyanantunisuszana
WA Mﬁﬂﬂ’]i‘lﬁuﬁ’]usﬂaﬁ Receiver Function

Suauannlonduwiufuluiszeslnaiy
NYAAUINaNIsIiaLEuAulINfEnd

M37997A  AAUIZLAUNIIHIURINATIIAI9
()  Mmelulan wu wWienlan vie elandusuy
Tuvaefinduuiudulnifunisiusesse

fFFd ] | ¥elosisyEowtresth i ' - &
7777 seninaukuiUientan (crust)  waziilelan
Fyfles Folhe Fp Pe duuen (upper  mantle)  ARUUFUN

ansd . N
JUN 1 (n) AAY receiver function , (v) N13ANNNYBIATULKLANLIY (P-wave) UNﬂ'JTJ?JgLUﬁEJULﬂUﬂaUWMEJQM

snwmusnasesseswinadelansudenlanldaaning et (S-wave) I@Uﬂ%ﬁﬁﬂﬂmzLﬂUﬂﬂiLﬂgEJ‘LJL‘W?!
Y09AAU P 130 converted phase (Ps) ﬁﬁg‘dﬁl (1) wazsreznaTinduwazydniunnanis
anfinrairastusgiuaudnuazanuuanisssiauiivessessessarisusudonlan
waziielanduuen Tnsrduwduivlmiinsiainldiae Receiver function dulunaneuaues
(response) MduusTulAsiaswwadlandrdldfsunduwsiuiulm (receiver) t LLamTugUﬁ 1
(n) Iﬂaé’n‘muzmm@qLLazmmﬂf’iwwaaﬂﬁu receiver  function azsﬁuagjﬁugmmﬁwu
(incidence ancle) v83pAw P uazauiavesndu Ps fidunisnduiavesiiues Usnasosse
sywhausiudenlanuazielantuuen
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MIMAEIMLYBRURBNANLAY IS T
raulmazieulutuFentanuina smelved iy
sodlidesanauusufulm (seismogram) vesamiingiain
AAULEUALIIM (seismic station) Tuszmelnesiausume
Fdlutlaqdudingise Sausiufiulw nsugeiesinen 3
anfing19in unuAdluUURSRea 41 wis Andanszans
ogviUszmA fagui 2 wasvhmstiuiindeyausiufln
naen 24 il

TaifsandnsiaksuRulmLuufInea
MY 41 @011

ea
(=t
=D.
N

Do Bo

dayauazIsnis

foyausiuiulmiiuildazfinnsanannsedeuiivesndu P nelulan wuinluga
103° —143° nYAEuSnaawsiuAuln xliannsansiatandu P 1f (shadow zone) @i
Tuts 145° —180° MnguEnanausuiln wasainedu P Iddadurduiinanmsinise
Fusnaq vedlandsfiarududeuvesnduuin wazdmivlugag o —s0° 21ngaquinan
wiuAulganTinnduiiinannsasiiounasinmuinusesdessrinsduidenlanuasde
Tandsfiaududouvesndu P wn feguif 3 deduiadonlddoyausiuaulmlugig 50 —o0°
MnnguinaawsiuAulm Taglideyauiufiulmszeslng (tele-seismic) nsaialshoanii
CMMT, MHIT, SRDT, PBKT, UBPT, CHBT Wag SKLT @enszaeogiUsene  1nimennsa]
wHuAulIARIW 6.0 TUlU Aun19197 1

a & 1 a '
P19°99 1 mgnisaliuiulmszeglnasuinuinnii 6.0
PledmSum receiver function

nmﬁuﬁmmm‘mi Latitude | Longitude| &n )
uriudulm e | (esm) | (eamn) | (na) vimiiin
YYYY-MM-DD  HH:mm:ss
2009-08-12 22:48:52 6.6 32.70 140.50 66  [Southeast of Honshu, Japan
2009-08-17 00:05:51 6.5 23.40 123.60 | 40  [Southwestern Ryukyu
slands, Japan
2009-10-08 08:28:50 66 | -13.20 166.10 | 60 anuatu Islands
2009-10-24 14:40:45 70 | -6.20 130.30 | 147 [Banda Sea
2009-11-09 10:44:54 6.7 | -17.20 178.40 | 579 fFiji Islands
2010-01-05 12:15:33 67 | -9.10 157.46 | 26  [Solomon Islands
2010-02-18 01:13:17 6.5 42.59 130.62 | 566 [Russia-China Border Region
":__ MW"’“ 2011-07-19 19:35:44 6.0 | 40.04 71.45 27 [Tajikistan
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a ' & < A a & a a %) v a )
A15197 2 AAurvesldenlantarainuisivesrdubimasiieulutudenlanusnadiddaadnsain
wruAul 7 @ondl

a0l ﬁiwu?u iy vV, Vq %FIT | Std. Error
;j;:oer: waenlan ()| (kmvs) | (km/s) (mv/s)

CMMT 27 38 8.016 4.471 93.2 0.463
(agawmn, Wedlnl)
MHIT 15 42 7.685 4.287 88.6 0.940
(9.141p4, wigasdan)
SRDT 9 32 8147 |4544 |820 |0.790
(WeuATuATUNS, NYIUY3)
PBKT 24 46 8.512 4.748 94.6 0.536
(101FD, LNYTYT0I)
UBPT 24 44 8.667 4.834 59.3 2.061
(L%aumﬂaga, quaiwmﬁ)
CHBT 12 46 8.222 4.586 96.3 0.246
(WoudTsns, Jum3)
SKLT 18 28 7.559 4.217 87.5 0.598
(a99@1)
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