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Abstract

Flood inundation map or flood hazard map is a required tool for flood mitigation and
management. Mitigation measure are able to formulate based on classified target area with different
level of flooding impact. After 2010 flood disaster in Upper Mun river basin, flood mapping by
observation or simulation is unconcerned. The objective of this study is to develop flood mapping
for flood mitigation and management, consist of 2 approaches: (1) applying available software
package such as MIKE and HEC-RAS to construct flood map and (2) developing a specific
hydrologic model fit and appropriate to target catchment. MIKE FLOOD is applied for Lam Ta
Khong river basin. Simulated results show that simulated flood inundation area are consistent with
flood inundation area from satellite image. The model also provides inundation depth of overbank
flow and the size of affected flood area classified by land-use types depending on peak discharges
with 5 10 25 50 and 100 years return periods. HEC-RAS V.5 is applied for Nakhon Ratchasima
municipality. Simulated inundation area with peak discharges at 50 years is identical to observed
inundation area. However, small discrepancy is found at 25 and 100 year. The successful
development of the specific hydrologic model based on both lumped and distributed approaches are
limited to a small catchment with some constraints on input data quality. Further development is

still required.
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Y
A A g

% o ?:l A <3 o 1 o % ) %,’
wunnhaaednihfFina s Ae Usuaununn nndawdavrems lnalugddaunsdnui g,

A Y Y Y 1 = '
o ‘IFJ111’0!ﬂ1’iq1’iﬁﬁl1ﬂ1uﬂﬂ\m®1’i‘LN‘HL!’JEJiszg‘1/IN
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2) AUNT INUAY

6Q 6(VQ)+ A(—+S) 0 (3.11)
ot Ox ot

Taoft g i sasuduiiesnnusalfusveslan s, fie Arwaiaduveansudon
A <3
MU V fle ANWEIWeINs Ina
v
uuuﬁmmquiwu HEC-RAS V.5 d11150uRa@un1514 2D Saint Venant equations W30

Y
2D diffusive wave equations Aqll

a6 0dp Oq
EJ’EJ’W 0
(3.12)
ap 0 (p*\ 0 /pq
e (5) 5 (D)
n? 2y a8 )
=% Ghgo P+ ) + oo (hrxy)
(3-13)
dqg 9 (q*\ 0 /pq
e (5) 5D
n?qg/p? + q? a6
= gh s af o (hryy)+ 0 (i)
(3-14)

A = ¥ A o o a 1 o
Tae 1 AoANANYDIU (m), p 1aZ g Aeoa1M3 Inasumz lufiame x uag y (ms™), § szAy
a a A 1 d’ 9 U . A . s A 1
WIAU (m), g ADAUTBHBIINLTI TUNDI (m.s ), n A® Manning resistance, p ADAIUUUUIUY
2 ; ¢ : B .
YOI (kgm”), Ty Tyy UAZ Ty, AOBIAUTENOUVDA effective shear stress 1Az f o the Coriolis
. A A ) . . & . 4 .
(s)). iWotaen l¥aums diffusive wave INBNANNINADY (inertial terms) U934 momentum equations
Tuaesaumsvaduas lithunasan
v
Tupoumsmuanalaslgiuuiians HEC-RAS

9 9

@ ' Y &I M Y 3 @ 1 19

1) #7989y aN g 1Y (Basic input example) 3¢ 1911l udI0819uaaIn1s lavoyaniun

YPIUVT1AD LA MITUTAINAAIUDDNVINLULTIA0IB6 193181 HD a3 19 ud wAe i ny
9 o Y o o a %’ d‘ :; " A a ..
AlFau Tagmrualiiimssuamms lvaves@iNaIn1Inga (subcritical water surface
Yo ¥4 . . o A 72
profiles) ¥0331da 91nszALINANNANT WA Tasudastoyadns 1N Ina szAUANIITUAY
HAZTZITHIVDIHINAAMS 11 1azA n
v 1

2) NAUIIMIAZ1B0NET Project file (*.prj) YszndUAMTMKUATDIONENS MILABN

NU28TA (unit system) MIA31990AT Geometric file (*.20%) UsznoUAIBNIAIMUATATIVY
T sol o 1 (% 1 %’ ] ] 1 ] a I'd

sruundi msmruamgldavinveattiuaazuis Taems ldadeyauazamisiimes u

HUVTIa0INABINT MIAF1U0Na35 Plan file (*.p0*) Usznoudlremsidentszianvesms lvia
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a ?,’ A '

M3MuaveUAveIUUsIa0d YoyadSuimns Ina szauAnihAnsua1 udaiins
15217aWa (compute)

3) MIUAAHAMIAMUIVYDUVUTIADT HEC-RAS Tasnassuaadseiuiniiuday
wrh@ams 1na (cross-section) M3ad1ansmszaIRihmuIIvN tazmendh uay

1 U a %’ o %’ an
maa%’wmwﬂmszﬂumummumanmmuuumw 3R

3.5 MINaUUUIIaeIaNAaYR I
Tymmsulasuuasanimgle1na (Climate change) 111 11gan12z Tanfou (Global
. ' Y a a o Y o Aaa dy [
warming) aawalnaniwauhemearautanldnin@y dldnesssumnameiutiosnaz junss
g ] 1Y A Y] 9 o Y 1% %’ 1 =3 o k) g
MNTrUgNNAe Nnaurauestlymnianududgou vhlimsdesnuiminiaildeniu
9 A % ] o I J ?,' A 9 a Agll A A [ 9 A
MsadnupuninMINdmIuqui me ldlumsUsaunundeinsuas My g wesanuuuns
A o = Ao w o ¥ = ° Y]
wounslueuinaduilumanuididgylussuutlesnuimin Fimsianudlanszuaums
v 2 ~ . A v Y, 4oy 4
uazfadenaruqumsryuieutaz sugavewinieni liganud lodyunimou Suduinms
@ o a I A A ] = @ o 9
WannuuuiaeanegnnIneuiumsesloriglumsane nuamalumswauuudiaosls
v
% A, [ [ o 4
VUADUAINITIINVUAIA (Downward approach) [R5 %8 AL (%17, 2552; Klemes, 1983;
. A g 2 AR A o Y v Y
Jothityangkoon et al., 2001] Tagi3NINUUVTIABIANAAYDI1 18T FIDANUFUFO U DA
A o o 2 o g o H
muaNuFudeuvenuuiiaeslvuintuaianusuilu awwilunuudiaesauaavesiitse
v 9 Y
Poutaze iy Tashvuapumsimuuusiassaugaii 19uuusiaeaves [Jothityangkoon et
a I'4 o 1 T ! ' o .. .
al., 2013] Wisiiwesvewuuiaesaulnarzgniszunmnineu wazih Calibration 1o
A o Ay v w ) 3 o v 22 g
Nga nuuhaesi Idnnmsnannldmngaunuanmanyugvesguihiimniu
A o 1 1 = % 9 9 é =K A a % 1
(FUINUVVIIADIDE1IUANUFUEO U DY (FINVIBDINNTEUIUNITLAAUIN
s 9 a = A % Y v o = o
ATTUIUNITIAYI ABINITWITINABIINEY 1 3D 2 69) lFnunmsiiuiesigiuaziiwa
= v 9 2 ~ . Y X o ¥
nfSeumeunutayaiMIellszeze19 (Inter-annual water yields) HA33U81HANIIUIGUIN
A . = AR A o
5191A0U (Intra-annual water yields) ¥i1nram ooy 148 ey diviunszuIums
Y A A o a Il o 9 @ Y
ANAAVDIUT HIBNUTIUIUNIT A0 TaIuANUIuIlY waze19deslsuTaseaiaved
° Y 1 49( Ay 1 ' ¥ . . e 9
puuS1a09 i a11T05IWANULANA NN UNA LA Vg (Spatial Variability) 191 11)
o o v o & ° o A .
A lunuudiaesdre avulusuudiasssieiu lao/Seuneunas1n Flow Duration

Curve



3-20

v v
A o 1

3.6 MsaauNuiimay
3.6.1 umuRduaneomimalaglfiusiass HEC-RAS

31 3-10 HARINTZUIUMIFNB AN A2 UATAT 199171199 (Flood hazard map)
Taol3uuusiaes HEC-RAS unuusiansiulmi HEC-RAS V.5 vhinldsiasaanmimonly
[WAMALNAUATUATIIFEN HUUTIa09 HEC-RAS V.5 19I5139dAauunaums 2D Saint Venant
equation %30 2D Diffusion wave equations 11130114 aun1a049 2D iounsians 1D, 2D
Tasdrhudn1duuusiass 1D naziisnimausias iy 20 TasdesrnuannuionTos

FENIUVVTIA9 1D tag 2D TudnyazimuruaNnamMsduaad [Brunner, 2014]

Delineation of study

I
v v

Selection of modeling approach
for flood simulation

l *—I—V

Created Geometrics data Ratting Curve Historical
(HEC-GeoRAS) & flood

'

Simulated flood hazard map
(HEC-RAS)

Observed data

Calibration

Y

Maximum
Discharge

A 4
A

Generated flood map

!

Flood Hazard Map

~ A Y
3‘]]1/] 3-10 Flow chart M3a31aununiiimiuIag HEC-RAS [Brunner, 2014]

o [ a 4 =Y %’ 1 . . .
mmumiamﬁwzwmiﬂizmaﬂsmmmmnqaqﬂw Extreme Value distribution Type I

= %I ' o
¥30 Gumbel distribution [Chow et al., 1988] d 5 udeyal/smanimiugegannsianaznis

[

o b2 s {
$ravargmsal Taeldunnnesaud (frequency factor)

il
K, :_ﬁ 0.5772+1n| In d j (3.15)
T -1
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Xy = X -I-KTS (3.16)

4 { a 3 ¥
T K feulngosanud T Aemumaias X Ao vinavenfsuanimingigagage
1 N a4 d g <99 2
IUNMuMInNaTINg 9 S AsaueuuuinasgiuvesSmaniniugagasell leaunsi

A ¥ A A a ¥ .
Usznalsmnanimgagasietl ienunisnagas o

3.6.2 URUNVDUVMINNINT BTN A3 19INULUTIa0 I TADSHIINA

1 ]
=

iy, . y 2 .
Weshmsad ueuiiminnnuuuiaesaugavesil suaeuae llaensadaunun
EI o 1 A a OF)] A 9 ' ' P ~
UunugIsIanamgdy leveyamgdundimnlugiuiainie Tasadagaveanuin
¥ < @ 1 an o
YDUIUANININT 182 119 281 NN15 Raster based storage cell approach lautadsmsfiuam
< . . . = = o 2
00013y Diffusive model t1ag Inertial Model U518a2108AA91
1) Diffusive model
v . . 3 ] v d ™~ Y '
Wann5Y04 Diffusive model tHumslganuaivsamsnnmnudsuiaiiluua
o = @ o dy . Y o zﬁl ' 1 ) 2
wad lastivannisaai () 1dnanmsiiugiuedinhelumsduiumysunamsva awise
° 1 .. I =1 [ . [ =
aualdlunngaaian (i) iumssindefueanannis grid-based nU tmaTulad remote
. Y v @ [ 3‘; R d’Q 9 o dy zi o =3 ?,’ d' a 49! d' %,’
sensing 119780 U AsUuINTunNenIFLUUTIaes M UInmYS NN TUUUNT IV
N9 [Hunter et al, 2005]
%’ d‘ a ds! 1 o 1 4 d' %,’ 1 ) k)
SuanhnnevussnNuyasudaziyas VNI s ldannaums

Manning equation, aagad luaumsi 2.36

(it _pii
0. = [ Ay (3.17)

n Ax

¥

Taof 4"/ ABAITZAUANUGIVBIAIUIN node (i, /), Ax and Ay Ao vu1avo9

v o

! { d Y H 1 . 1
isadMilugUdnasudgia [L], n AvA1 Manning's friction coefficient [L™T], 4, Ao A1AINEN

q

S ' ' o ¥ @ 4 a I o
M3 Inaveuh m1dnInman 1952 INTEAGIga HagTZAUNUANGITA YoIdoTaaAAnY

j‘ ¢i ?)l 1\
UUNUNIUUINIY

@ J

aaa 1 a %‘ ’o' [
Ufnserszre Ysuanh lvardh Tvasen uazszamiigegaluuaaziaad

Q
1 1 Y

a v Y o ¥ a4 gy T A Aa 2 ' P
ansnesuiela lasldnanmsaugaii wieldaunmsanuasiilesiinadulunaazivad
AR/ At = AQ [(AxAy). Taolduannsnan1aduiiiod (finite difference) Aauaasluaun1sn

2.37

o o i1, i,j-1
t+Atht,/ _ thl"/ _ [Q)l( J _ tQ)l(j + tQ;/ _ tQ;/

(3.18)
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Taeh ‘b and “*h Ao aAnwanms lvana tuaz (+Ar, 'O Av oas 13 lnah

A ' Y .
nan ¢ uaz Ar fe 5299819717 (time step)

]
S A o

a QId' =3 A < a d‘
ﬁNﬂgﬂiﬁﬂﬂ’JﬁJﬁﬂLﬂaﬂﬂ’JHJLi’J"llﬂQﬂWihlﬁa UATIPNN mﬂymzmi"lwaummw

Y o

A ' o &
uazﬁmmueﬂaaﬂwmmms"lwa Gllﬁ/].ﬂc] A1 X TﬂﬂslﬁlsflﬁaﬂﬂTiWan;WuﬁiJﬂ1iﬂﬁqﬁau‘]J‘]J 1D
d v
VBN Saint-Venant equation Uag & UM3 IUUARY Gl‘ug SIGTHILGH ordinary non-linear differential

equation 1ag liAamaNuswazmanaeu luuuiuey asuaasluaumsa 3.19

6h 2.2
S0+—f+"f/’3 ~0 (3.19)
ox  hy

A A o v ¥ ¥y A ¥ 1 A
Iﬂfﬂ’l S, N9 ﬂ?TNﬁTﬂ%uWﬂQuWﬂlﬂﬂﬂWiqﬁﬁ, DIAAUUINIVLNINTZINYUUNI Y

E4
v A

1Y 4 a
s,=0, ldnadniaiemsins1zHAall (Hunter et al, 2005)

~ W

h(x,t) ={% (C—nzuz(x—ut))} (3.20)

o [

A A = A ! A a4 & ¥
Iﬂﬂﬂ A A9 ANUANVYDIUINTZYZ x LLAZHINIAT £, C AD ATANN YUNUITEAUUN

2) Inertial Model
AT UTNNITVDAULVVINA0Y inertial model WINSIUNONAITN (advection term)

! d' ' o a . . a ' %’
niui hithuAe91n 1D Saint-Venant equation. Taeldauyagiums Inalugesniaiigl

=

amaourud aums Tuwudaay Tugilves () IL°T'] waasluaunish 3.18

2.2
6_q+ gho(h+ z) N gn4/3q _0
Ot Ox R™h (3.21)

A A v ¥ A o oA s A o A
Iﬂfﬂﬂ Z A9 AN1TZAUNDIUT [L], R AB SAULSaf1ang [L], g A0 BATUIIUBIIN

Y 1
A

' R A o & ' ' Vo
uselduarvedlan [LT?. @ wSums mavesthauniinnunhawnng a1 R iaumdu b
4 - @y . : v 4
AuMmsn 2.15 enwso@ovaums mulved 1ug1s1939a1017 (time step) At t1ag g, umuia g,
Tumeuus uFeaniu (moun 3 vedaumsn 3.21) saisea lnulieasinis lvalusianardall

19 Y A

Y AN Yo 9 o -
DYNTULIYND [Bates et al.,2010] llﬂl!ﬁﬂ\mﬁ‘ﬂllﬂiﬂfjﬂﬂ"lﬂ ﬂ\mﬁﬂ\ﬂuﬁllﬂ1i‘ﬂ 3.19

_ g, — gh[Al%
1+ gh Atn*q, | h'*° (3.19)

qt+At

winfidoyaniinnuazidoags vouuUT1ae952aUgUFUaY (Digital Elevation
y = Y £ 4 g . v = o =
Model : DEM) 9@ 111350 193 wazidsavesdnyuziunuimu lasvazdoavesdnyus il

< ¥ . o Y, 5 v A
UszmaveansuuInIu mmmmaaﬂﬂiugﬂuummmaamiﬂmﬂugﬂwmﬂmaEm (polygon
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A a 1 4 1 dy a Y- 9
storage cell) AZMI MarIAUszrNuaamall awsoesuieldlasly aumsms lvauuy
ANAD 1Y TUMT Manning's equation 4@ Chezy's equation
UHUAVB LIV INANNNA a3 191U a0 s TN a0 in

{ ¥ \ G'J %’ ! ! - o %’
ﬂ1§ﬁ%1\1llwuﬁﬂlﬂﬂl"uG]UWVI’HJTIEJ“])”JI?N "lJ’E)‘]JL"IW]HWVI’Jlli%Ti’JNE“IJG]WU’JNa"IHW

1 1 %’ 1 % o %I
ana31991nM5 Y52 A U (interpolation) VBV ULYALINIY mwﬁ’agagﬂmmwmm

QU
v

@ 1 I 1 o 14 o 4 { 4 g
muﬁ@u%@qﬂlﬂl‘!ﬂ15ﬂﬂﬁ@ﬂ'ﬂ UUVNDIUTTADITINITD maaQmimﬁauﬁmmﬂﬁuumm

aa a a d‘ ?,’ 1 Y A 1 A o tg d' Aaa
lugesialuanmgiidszimasssvesisivimanlanse lu iwesiassanmiunluaeiia

9 o A I P 4 S v o w o o <3|
DEM mmu*ﬁimm1/1311Qﬂ’dmm‘uuﬁ18u1maﬂgﬂ@ﬂa1ﬂuﬁ1ﬂ@fﬂ wamsassdtaueilunwn

k4

aa A a 9 | a ¥ J zg a g J I a o ¥ @ A Z
300 WuAIA UL UAIYe9 daunumIUa 1 uHIvesa AN tazNswININ



unn 4

A v
Wan133v8

o A=
NUINAN TN

oD

4.1

Y
A

A= A
NWUNANHIAD

E4 ' Sol
whyaneuuuluadiniaunssasdu uaFsud Usznoudie 14 quin

q ]
£ o ¥ : ) o a a L 4
A1V VHIANWUNTUUIVDIUUAQS QN U LTAIAINITINN 4-1 Llﬁggﬂﬂ 4-1 UFAANUDULUAVDINUN
= £

' [}
dl%’

= Yo a a & o X A4 A X 3
ANEAN llﬂﬂ“uuﬂ’liﬁﬂlﬂQiﬂ-qwﬂjﬂﬂqwuﬂﬁﬂu'lwvaﬂu 5'Jllﬂ\iwu‘ﬂlﬂﬂjluﬂ\j%Qﬂ'mlﬂuwu‘ﬂ

q

b

b k4
s o 1

9 o o ¥ Y A Y (% Y [ A A
ﬁTﬂiUﬂ1iW@lu11ﬂi\iﬂ1‘§Wuu’l‘U1ﬂq3Ju11ﬂﬁLﬂﬂﬂ !Wﬂ!&ﬂﬂﬂ]uﬁ1ﬂﬂllaﬂllaz‘ﬂ‘Ji!‘l/nqmﬂﬂﬂiu‘W“Llﬂ

' ¥ 9 3 A = o =2 dy Aw 3 a
AUUIYAADUUU IADDNNIYUINDADIU MOA DUNBFEAN WUNTUUT 28,275 A5 lawas vn

U a

g -d' U ’o‘ ! -d' IS) a o J ’o‘ ) a’l &’ -d'
FIUNUNQUUIYATIUN 2 VVYUIATIN 30,844 A15190 latuas URUNTWITADIQUUIYBYNINUN

§ a g g '
A naasdaaglin 42 Idihimssasaudeyaanimgionma Uswaniwu Suanimi Y
¥ a a a a
ma1n narmsanszilsuaazneu 1Innsugaienane uaznsuyallsemu nAnIew
a 1 %’ 1 1 9o’
LAZM3IANYIYY-ENNINGIWBIGUINEIVIAIN 9 vesquilyauy

101°20'0°E 101°40'0'E 102°0'0°E 102°20'0°E 102°40'0°E 103°0'0°E 103°20'0°E 103°40'0°E 104°0'0°E
1 1 1 1 1 1 1 L L

16°0'0"N-1 N [F16°0'0°N

annildminvin M.6A
uqmean (Outlat)

‘” d‘
YasNUNANEN

15°40'0"N+ [F15°40'0'N

15°20'0"N+ [F15°20'0'N

15°0'0"N+

[F15°0'0"N

14°40'0"N+ [~14°40'0'N

FAoyanwoi

& d
FuiAnm
14°200'N 14°200N
seuRguten
y Wuain
0 20 40 80 120 160 200
14°00'N 14°00N
T T T T T T T T T
101°200° 101°40'0° 102°00° 102°200°E 102°400°E 103°00°E 103°200° 103°40'0° 104°00°

v
IS %’

a & 3 d & A=
gﬂ‘ﬂ 4-1 NUNYUUITIVUBIRNUIYAADUD U MINUNANYI

q



k4 v

{ 1, 3 v 3
M31N 4-1 Nunguihenvesguiyanou

e tjuﬁw uiznh (013.03.) ZouazuoIiuf (%)
1 ﬁwﬁwyamauuu 2,300.96 7.46
2 GRIEE 1,115.84 3.62
3 MNTZINAS 2,323.62 7.53
4 MAADY 3,317.59 10.76
5 d1u¥eelng 2,957.60 9.59
6 GARIEREY 1,698.62 5.51
7 U509 1,300.38 422
8 Mlszing 664.29 2.15
9 aareuna 3,940.64 12.78
10 ﬁwﬁwyadauﬁ 2 4,094.53 13.27
11 Waeien 1,174.69 3.81
12 aazuna 3,192.17 10.35
13 a1y 1,202.11 3.90
14 RLEEAGN 1,561.04 5.06

32U 30,844.08 100.00

a

4.2 HAN5ANTHTVOYARATENIN 9NN HAZENBAZNIINBNINYBIGNI

U
k4 a a a
4.2.1 YalaanHaNINeUasaNNINeN

U

A A X da A ' A o a VoA
anuggleuIngIveInunany1 Warsaanauaasanlsgieimaluyiail 2527-
a a a a A& 1 A’ A ° =
2556 593 30 1) voalnI 19 IMAYINI MY HeuIMeNateg luiiunIasams 91wy 5 aoiil

18un a911a32991MAUATIIFT L aotins1901Malnse an1tiasrvernialsate 1.

A o

UATTHFNT Hazan1Ting21901MAUITEY A01HATIN0IMAYSTNE 2.15508 Yoyaglo1niah

= Y a A v oo 2 £ ]
Any1lsznouniy PUNYN ANNFUANNANT ANUATUINHN AIINEIAY UTumsszvenna

U

HAZAUNADIMA FNNAYUBIA U TSI IBIROUIAZ AN AT BTV IA M 59 T01MAA1Y) VB4

a =

UARZADHILAAINT A1319N 4-2 T1BazReavoranioMaATIeaauaadluaIs 19N 4-3 D4 4-7

LA
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M.145 M.172
M.171
A
M.180
anhyaneuuu
v s
M.50
o 2 .9 T . o T
auvealng 19N
aazuna anihggaaaui 2| S
5 ) dlaena S1119509
Teen
Y. | i [
s Nl e
alsziie
o W Vv
aniay #henzlng
YV e ol G "
M.6A

19 ]

H [ [ I ] Y
JU7 42 uwunmdransInssegquinges (eazdeasiddiliatimg lunianuan n)
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d‘ ] a o 1 d' % a = =3
MINN 4-2 ¥RNdovenunasdmlsgiomaluniu 301 (we. 2527 D w.a. 2556) V04

4-4

(M) A0HAIINVINA BUADILBI T IAUATI BTN

aulsgieme 112y Frfidevesnundeaion Aundos el
1. quwngl DI ATy 23.8 (5.1.) —29.9 (11.8.) 27.4
2 AN wosidud 62 (N.N.) — 80 (1.8.) 70.0
3. ANNGEa uoa 1.5 (n.9.) - 24 (3.9) 20
4. wanlnagu (0-10) 4(un)-8(a.n.) 6
5. dSunumssemennoa Hadwng 123 (n.9.) - 176 (1.9.) 1,758
6. AUNABINS wn lndhaaia 1,005.8 (31.8.) - 1,014 (5.9.) 1,009.3
(V) @9119352991M17 9 1N01U1NYBI IINIAUATINFAIN
aulsgieme M1 Frifidevesnundenaifon Aundos el
1. gungl I BT 23.5 (5.91.) —29.5 (131.9.) 27
2 AN wesidud 66 (N.N.) — 84 (1.8.) 75
3. ANNGEa uon 1.3 (n.0.) — 2.5 (1.89.) 1.7
4. wanlnaqu (0-10) 2(1.0) -8 (a.n) 5
5. YSinamssmeninoia Taauns 107 (n.8.) — 160 (3.9 1,563
6. ANUNADINA anIaldnia 1,006.4 (1.8.) - 1,013 (11.91.) 1,009.4
(M) A91UNTIVNDINIA DUND LFAFY IIHIAUATTIF TN
dulsgiierme 11498 Frfidevesnundenaion Aundos el
1. gungl I BT 23.6 (5.91.) - 29.6 (111..) 27.1
2 AN wosidud 65 (N.N.) — 82 (n.8.) 73
3. ANNGEa uon 1.2(n.9.) - 2.3 (1.9 1.7
4. wanlnagu (0-10) 3(0.A.) -8 (a.0.) 6
5. YSinamssemennoia Haans 119 (n.8.) — 174 (3.0.) 1,701
6. ANNNADINA wnlatheaaa 1,006.4 (11.8.) - 1,013.9 (1.9.) 1,009.7




4-5

= o A o o Ao I
(1) A01UATIVVINIA DUNDLNDI WHIAYITTNY
aunlsgliome ety FNNTIV0IAURAYTWIADY GRDYNERLH
QUNYL NRTEIE L 23.1(5.0.) - 29.6 (131.8.) 26.8
A o o ¢ 3 <
ANUFUTWING nlosidua 62 (N.N.) - 86 (n.8.) 73.9
<
ANULITIAN 106 2.0 (n.8.) —3.2(5.7) 2.9
walnaqu (0-10) 1.5 (1.A.) - 9.5 (a.9.) 6
YsmnumssziveaInoa uaawns 101.3 (N.8.) — 174.6 (11.H.) 1,596
. ANUNADINA 1an Iaihana 1,006.5 (¢0.n.) - 1,013.4 (5.9.) 1,009.7
IS o (2 [ Aw o
(3) A0 ATIDIMA DUNDUNTOI WHIAYT TN
dulsgiierme M1y FNNTV0IAUN YT 0RO AUNDY3 181
QUNYL NRTETIE L 23.5(5.0.) - 29.5 (13.8.) 27.0
F -
ANNAFUFUNT lofidusd 66 (N.N.) — 84 (n.8.) 75
<3
AWG YA UoA 1.3 (10.8.) - 2.5 (W.9.) 1.7
) nagu (0-10) 0.1 (n.A.) 6.8 (a.0.) 4
Ysmnumssziveanoa uaawns 107 (N.8.) — 160 (3.9.) 1,563.4
. AUNABINA nlnania 1,005.9 (n.A.) - 1,013.5 (5.9.) 1,009.2




d‘ aa A d‘ = A = 1 =)
ATNN 4-3 ADAJUDINMANTDIUATIVDINIA 9.LUDI V. UATIIFTUN ¥NUN.M.2527-2556

anilgfienma uATIYEN anugeasanimiessdumsaliunans 186.6 s
SViaenil 48431 Augees Barometer wilosviudmuatiunms  187.02 wns
G 1458 N ATIgewas Themometer wiasssuthiaiu 1.25 wns
g 1025 E ANNFIRI Wind Vane wilseuthinnu 112 wns
ANUEIVDY RainGuage 0.87 was
e, A . ne. an. ne. .. ne. 5.0. un. N, fa | 980
A27uNABINA (1aAlaUIEAT)
Wiy 1,008.0 | 1,006.8 | 1,005.8 | 1,006.0 | 1,006.1 [ 1,007.7 | 1,010.4 | 1,012.4 | 1,0140 | 1,013.2| 1,011.2 | 1,009.6 | 1,009.3
Lagﬂéd 19 1,020.4 | 1,017.9 | 1,0125| 1,0128| 1,012.7 [ 1,016.3 | 1,020.1 | 1,022.9 | 1,026.5 | 1,0255| 1,024.5| 1,028.0 | 1,028.0
Lﬂgﬂaﬂ?jﬂ 997.4 998.3 997.8 997.7 998.3 998.8 | 1,000.1 | 1,002.2 | 1,001.8 | 1,003.6 | 1,000.7 999.5 997.4
Fdoeuade 5.50 4.70 4.20 4.10 4.30 4.70 4.80 5.00 5.50 5.80 6.10 6.00 5.06
guugii(esAanyaltien)
Wiy 299 29.1 29.1 28.6 282 275 26.8 256 238 245 27.0 288 274
Lagﬂ?‘jﬂ?jv’l 36.5 350 34.4 339 333 322 31.0 30.4 295 30.8 336 354 33.0
Lagﬂﬁﬂsjﬂ 249 251 252 248 24.6 24.1 233 212 18.5 18.8 211 232 229
G0 422 414 392 392 372 36.7 35.1 36.3 36.0 377 39.4 40.8 422
fnan 19.0 215 220 213 217 20.8 16.6 13.7 83 9.6 124 13.0 8.3
armduduiins(Uaiidud)
wde 66.0 73.0 720 73.0 76.0 80.0 78.0 710 66.0 65.0 62.0 62.0 704
La?ﬂ@dq@ 85.0 88.0 87.0 88.0 90.0 93.0 92.0 88.0 85.0 85.0 83.0 82.0 87.2
Lﬂgﬂaﬂ?jﬂ 44.0 53.0 53.0 54.0 57.0 61.0 60.0 53.0 46.0 43.0 40.0 40.0 50.3
ﬁ?ﬁ'ﬂ 19.0 28.0 320 33.0 37.0 36.0 32.0 26.0 19.0 20.0 15.0 15.0 15.0
ymhére@readen)
Wiy 222 234 232 23.0 231 235 224 19.6 16.6 16.9 18.4 20.0 21.0
Y3NUN15MENAIA (L.
wde-0n 1743 162.0 1558 158.0 1455 1229 124.2 1321 136.2 136.5 1353 1756 | 1,758.4
LugiUnAgu(0-10)
iy 57 71 7 8.0 83 8.0 6.5 4.9 38 37 39 49 6.0
duluaiifiussunn(ea.)
wiy - - - - - - - - - - - - -
vinuAde(na.)
1a107.00u. 72 8.6 9.5 9.4 94 8.6 71 7.0 6.3 52 51 6.0 75
wiy 8.2 9.6 103 10.3 10.2 9.7 8.7 85 78 6.9 6.6 7.1 8.7
au(uan)
AnudiauiRdy 18 19 24 24 23 15 20 24 23 17 1.6 18 20
AN S S SW SwW SW W NE NE NE NE NE NE -
mwuﬁmuqaqa 49.0 50.0 30.0 30.0 270 270 26.0 24.0 28.0 210 20.0 28.0 50.0
Auu.)
wde 80.0 1545 1023 124.1 158.4 2254 152.2 20.9 21 9.7 129 40.1| 1,082.6
dnnutuiirunn 89 148 134 14.5 17.5 18.8 12.0 38 09 15 2.3 58 114.2
Nugaﬁq&ﬂu 24 1. 920 107.3 68.7 116.3 1213 129.7 116.3 613 237 712 51.2 69.3 129.7
Suauiuiiin
waviyen 18.8 39 19 12 11 21 10.2 14.6 22.1 265 259 263 154.6
nyan - - - - - 0.1 0.2 0.1 - - - - 0.4
anifiu - - - - - - - - - - - - -
Fpzues 8.1 10.2 6.1 6.3 74 9.0 53 0.6 - 0.6 1.2 38 58.6
WYY - - - - 0.1 - - - - - - 0.1 0.2




M3 NN 4-4 ADAYUDIMANADITATIIINA 0.11NFD9 9. UATIIFFN FIUN.H.2527-2556

anilgliome U1nees mmgwmamimiaixﬁuﬁwmamuﬂaw 386.12 wns
sWaannil 48435 AR Barometer wilsviudmeiatiunns 387.92 wns
g 14 38N ATLIge9ea Themometer flassduthiafu 1.25 wns
[GTEN 101 19 E A Wind Vane wileseduthinhu 11 wng
ANUGVRY RainGuage 0.9 o0
1.8, wa b n.A. a.n. .8, .. .. 5.0. WA, AN, ia. el
AnunAaINA (laalauraaia)
LQ%EJ 1,0088 | 1,007.2 | 1,006.4 | 1,006.6 | 1,006.8 | 1,007.9 | 1,010.2 | 1,011.8 | 1,0128 | 1,013.1| 1,011.1 | 1,010.0| 1,009.4
wivgean 10165 | 1,0144 | 1,0152| 10123 | 1,0147 | 1,0139 | 1,017.9 | 1,020.1 | 1,0204 | 1,0248 | 1,021.8 | 1,0200 | 1,024.8
La?ﬂﬂ%?jﬂ 1,000.4 | 1,000.3 999.3 998.7 999.7 997.2 | 1,001.9 | 1,003.7 | 1,002.8 [ 1,004.3 | 1,002.5 | 1,001.2 997.2
ﬂé’aiwﬁutaﬁa 4.90 4.40 3.90 3.70 4.00 4.40 4.40 4.50 5.10 5.30 5.30 5.50 4.62
gruugii(asrivaides)
LQ%EJ 273 272 272 26.6 26.2 255 252 243 230 235 256 26.6 257
LQ%H@Q?‘IW 336 322 317 30.9 30.4 30.0 299 295 29.0 29.7 322 329 31.0
Lagﬂﬂ#"]?jﬂ 227 236 239 235 233 226 220 203 18.0 178 20.0 213 216
gagn 38.5 36.7 356 35.0 33.7 33.0 339 34.0 34.0 345 36.1 379 385
ﬁ"\ﬁ‘ﬂ 194 204 20.7 205 20.6 208 18.0 122 115 10.5 129 14.5 10.5
AuTUFTME(Wasiud)
LQ%EJ 73.0 77.0 76.0 76.0 79.0 85.0 82.0 72.0 67.0 64.0 66.0 67.0 736
LQ%HQN?‘IW 90.0 91.0 89.0 89.0 90.0 96.0 94.0 87.0 84.0 82.0 86.0 87.0 88.7
Lagﬂﬂ#"]?jﬂ 52.0 59.0 60.0 62.0 65.0 69.0 66.0 54.0 47.0 44.0 43.0 46.0 55.7
ﬁ"\ﬁ‘ﬂ 17.0 36.0 42.0 47.0 50.0 48.0 40.0 30.0 250 220 20.0 17.0 17.0
yotha(eernaaides)
LQ%EJ 216 224 223 219 22.1 226 216 18.6 16.1 15.6 18.0 19.4 20.2
YINuUn1552A89 a0 (Na.)
La?%a-mm 183.9 178.7 194.4 1929 173.2 1448 1324 159.6 178.2 184.7 178.4 203.6 | 2,104.8
LusUnAgu(0-10)
Laﬁa 55 6.6 73 7.8 8.1 8.0 6.6 49 35 4.1 4.3 5.0 6.0
dalusfifiudanan(va.)
Laﬁa 201.2 181.7 172.7 1416 126.9 129.8 156.0 205.5 232.0 226.5 204.8 199.4 | 2,178.1
UGIRLETGHD)
1a107.00u. 9.0 10.6 116 118 11.6 9.9 77 9.7 85 8.6 6.6 8.0 9.5
LQ%EJ 10.0 109 113 115 11.4 10.7 9.5 10.5 10.0 10.1 9.1 9.5 10.4
au(uan)
mmﬁaamaﬁa 4.0 4.2 6.1 6.6 6.4 3.8 4.9 71 73 6.7 4.5 5.4 5.6
AANIg E E E W W W w W W E E E -
mw&aauqaqw 34.0 40.0 46.0 40.0 38.0 34.0 28.0 38.0 42.0 40.0 36.0 42.0 46.0
Auua.)
LQ%EJ 118.6 165.3 88.6 1074 134.9 242.3 1722 24.8 78 143 28.7 63.2 | 1,168.1
ﬁﬂmﬁuﬁﬂumn 11.8 16.4 14.0 154 173 20.1 141 45 1.0 21 35 7.7 127.9
Nu@aﬁqm‘lu 24 . 716 81.2 722 752 110.5 145.9 116.4 419 254 515 81.0 62.2 1459
Suautuiliia
Lemuen 6.5 1.8 1.1 0.5 0.1 0.4 6.5 6.5 10.8 11.0 114 135 70.1
wun - 0.1 - - 0.3 0.4 0.5 0.5 - 0.1 0.6 0.3 28
qniitu 03 0.1 0.1 - - - - - - - - - 05
nzun 10.9 8.4 5.6 4.1 6.0 8.6 4.6 26 0.1 0.6 33 6.0 60.8
WWE‘JN‘LJ 0.3 0.3 0.1 1.0 0.8 - - - - - 0.3 0.3 3.1




A15199 4-5 A0ANNDINMANANUATIVOINA ©. [YATY . UATIIFTN BT/ W./.2527-2556

U
amilglienia Tunde f-mqumamﬂmﬁaixﬁuﬁwmaihunmﬁ 19034 wns
sWaand 48434 ANIGIYeI Barometer milosdutmziauunate 19332 wns
LT 14 43N Amsgavas Themometer ilassiuthiiaiu 144 wms
LU 102 10 E ANNGEYBY Wind Vane wilosyifuthiniu 1234 wns

AUEIVBY RainGuage 1.08 ns
g, WA hi| n.A an ne. n.A. .o, 5.0, A M. i kil

ANUNAaINA (walathana)
LQ?%EJ 1,008.2 | 1,007.0 | 1,006.2 | 1,006.1 | 1,006.4 | 1,007.9 | 1,0105 | 1,012.4 | 1,0139 | 1,013.1 | 1,011.5| 1,009.8 | 1,009.4
whogeEn 10199 | 10143 | 1,0155| 1,0129 | 1,012.6 | 1,0164 | 1,0205 | 1,022.6 | 1,0254 | 1,0255 | 1,023.9 | 10277 | 1,027.7
LQ;UWE’WQ 999.6 998.6 998.3 998.7 998.5 999.8 999.6 | 1,002.1 | 1,002.2 | 1,003.5| 1,002.3 999.7 998.3
W w{li?ﬂiul,ﬂﬁil 5.40 4.60 4.20 4.00 4.20 4.60 4.80 5.10 5.60 5.90 6.10 5.90 5.03
guugli(esAangaLded)
LQE.EJ 29.6 288 28.8 283 279 273 26.6 253 236 24.4 26.6 28.4 27.1
La?%agaqm 36.0 34.5 339 334 329 32.0 31.0 30.4 296 31.1 335 35.0 328
LQE.EJG\;"IEW 245 248 249 245 24.3 239 23.0 20.6 17.6 179 203 226 224
Gl 41.1 40.2 385 385 37.0 355 357 36.1 358 37.1 39.0 40.5 41.1
G‘W;W’t]ﬂ 18.6 209 216 204 21.1 20.2 16.1 13.5 6.5 8.7 115 11.7 6.5
anuBuFTms (Wefidud)
La?a 68.0 75.0 75.0 75.0 77.0 82.0 81.0 75.0 70.0 67.0 65.0 65.0 729
LQ?UQQQ@ 86.0 90.0 89.0 89.0 91.0 94.0 94.0 91.0 89.0 89.0 86.0 86.0 89.4
Lagwﬁ;ﬂq&‘l 46.0 55.0 55.0 56.0 58.0 63.0 62.0 54.0 a7.0 43.0 40.0 42.0 51.8
é’l?jﬂ 21.0 31.0 28.0 33.0 40.0 43.0 37.0 29.0 28.0 22.0 18.0 18.0 18.0
yathEna(esmeaides)
LQ?%EJ 225 236 234 231 232 237 227 20.0 17.2 174 18.7 205 213
YINNTITREIINIn(u.)
LQ?U—GW@ 173.5 160.4 153.0 150.6 1418 122.7 121.9 119.1 1239 126.9 134.9 172.3 | 1,701.0
uaUnAgu(0-10)
LQ?U 4.9 6.4 7.1 76 8.0 76 58 4.1 34 33 34 44 55
FulueRiTuasunn(ou.)
wie - - - - - - - - - - - - -
fieude(na.)
1a107.00U. 7.0 9.5 10.2 10.1 10.1 9.1 6.6 56 50 3.4 33 5.0 7.1
LQE.EJ 8.5 10.3 10.8 10.8 10.6 10.2 8.5 79 74 6.4 6.1 7.0 8.7
au(uan)
Anudraunds 18 15 22 23 2.1 12 15 18 18 13 15 18 1.7
AN SW SW w w 4 W NE NE NE NE NE NE,SW -
mwﬁdauqqqm 40.0 40.0 33.0 30.0 34.0 32.0 35.0 25.0 250 25.0 35.0 33.0 40.0
wuua.)
LQE.EJ 81.9 153.2 109.0 1179 146.2 2108 165.4 25.2 33 7.8 153 35.6 | 1,071.6
ﬁ'IU’JuiuVIINqu 8.7 154 139 15.8 16.9 19.9 139 43 0.7 13 29 54 119.1
Nuqaﬁqm‘lu 24 3. 98.4 1475 107.9 78.0 81.6 122.8 116.2 50.8 31.8 47.0 35.6 100.3 147.5
Fruautuiiiia
wavuen 17.7 1.6 - - 0.1 1.2 9.7 16.4 231 29.0 271 26.6 152.5
nuan - 0.2 - - - 05 22 1.7 1.0 3.0 32 0.5 123
qnuitu - 01 0.1 - 0.1 - - - - 0.1 - - 0.4
Aazues 78 9.6 6.6 6.4 6.9 9.5 5.0 0.7 0.1 0.1 1.6 44 58.7
WYY 0.2 - - - 03 - 0.1 0.1 - - 0.1 - 0.8




A aa A A S A Aw d ~
ATNN 4-6 ADAYUDINIANTDIUATIVOINIA 9.10UD3 9.1J3TN8Y ¥I9UN.F.2527-2556
anilglionme y3sud amnugeesamimiesziuthnziauunas 182 wns
si¥eanil 48437 ANGITDY Barometer milesziudmeiaiunans 184 wns
g 1513 N ANLIGeYe3 Themometer wdlosziuthiafu 2 wns
LIV 103 14 E AUEYDI Wind Vane wilesziuthindu 113 wns
ANUFIVDY RainGuage 0.9 ok
w.e. wA. fe. n.A. an. n.g. n.A. ne. 5., ua. N, ia 518U
ANUNABINTA (1BRAlAUIEATE)
LQ?I.EJ 1,008.8 | 1,007.2 | 1,006.4 | 1,006.6 | 1,006.5| 1,008.0 | 1,010.8 | 1,012.2| 1,013.7| 1,013.9 | 1,011.6 | 1,010.3 | 1,009.7
wwivgean 1,017.5| 10144 | 1,0126 | 1,0144 | 1,0129 | 1,016.1 | 1,0185| 1,021.1 | 1,0233 | 1,025.7 | 1,022.4 | 1,0282 | 1,0282
wiesnan 9994 | 9980 | 9987 | 999.2| 9986 | 999.4| 1,000.3| 9992 | 1,002.9| 1,005.1 | 1,002.6 | 1,001.0 | 9980
FdoeTuade 5.30 4.70 3.90 3.80 3.90 4.50 4.40 4.70 4.80 5.20 5.50 5.70 4.70
guvgii(asmieaiden)
LQ?I.EJ 296 288 28.4 278 274 269 263 25.1 23.1 234 26.6 284 26.8
Laﬁaqaqm 36.3 34.7 339 33.1 324 318 314 31.4 30.1 30.7 338 354 329
La?\’aﬁi?@ﬂ 244 24.6 245 24.0 24.0 237 224 20.3 173 173 20.2 225 22.1
dedn 417 422 385 36.8 36.0 355 355 36.5 359 373 39.2 412 422
sgn 195 20.7 20.7 212 217 16.7 16.0 125 10.1 10.0 105 130 100
amutuding(odidud)
wde 66.0 770 78.0 80.0 83.0 86.0 820 74.0 70.0 67.0 62.0 62.0 739
1wiogean 86.0 920 92.0 94.0 94.0 96.0 94.0 90.0 88.0 86.0 83.0 82.0 89.6
La?\’aﬁi?@ﬂ 43.0 55.0 59.0 61.0 65.0 68.0 63.0 53.0 48.0 44.0 39.0 40.0 533
méﬁqm 19.0 28.0 36.0 36.0 48.0 42.0 40.0 34.0 18.0 19.0 17.0 14.0 14.0
yahéaeernwaien)
LQ?I.EJ 222 237 24.0 239 24.0 24.1 225 19.8 16.6 16.2 18.0 19.5 212
UINUN5IMEINaA(aL.)
wde-0nn 1746 | 1555| 1347| 1305 1199| 101.3| 1138 1175| 1219 1243| 1323| 1699 1,596.2
LuaUnAga(0-10)
wde a5 59 6.5 7.0 7.7 71 4.7 30 24 2.1 27 36 48
Fuluefifiusounn(aa,)
Wiy - - - - - - - - - - - - -
fiAudda(nu.)
1a107.00u. 9.1 9.8 10.2 10.1 10.1 9.0 7.7 85 8.0 83 77 8.2 89
Wiy 10.2 11.0 113 113 11.2 106 9.5 9.8 9.6 9.8 9.1 93 102
au(uan)
AEIAaEY 28 27 3.1 3.1 3.0 20 24 29 32 32 3.0 3.1 29
AAna S S S S S SW S NE NE NE NE NE S -
ANUEIANGIEn 33.0 40.0 34.0 37.0 270 260 28.0 25.0 33.0 28.0 25.0 310 40.0
)
LQ?I.EJ 775 168.4 148.3 2226 275.6 2495 1215 225 6.0 11.8 155 40.2 | 1,359.4
ﬁﬁmm"ij]umn 72 145 14.3 16.9 18.2 185 9.8 29 1.0 1.4 22 4.9 1118
Nuq&ﬁqmiu 24 3. 573 103.9 103.9 115.1 166.8 124.2 100.6 66.6 194 358 57.1 787 166.8
Sruruiuiiin
Waen 10.0 16 0.5 15 03 12 8.0 95 15.1 144 20.5 224 1050
Ayon - - - - 02 0.3 0.6 0.2 - - - 0.2 15
aniiu 02 - - - - - - - - - 0.1 - 03
Apzuss 56 11.0 8.6 77 10.1 9.0 34 0.7 - 0.3 1.1 3.2 60.7
WIYHU 0.1 - - - - - - - - - - - 0.1




A aa _a A a Awv J 1A
AT NN 4-7 &9 Quaqﬂqﬁwaﬂ1uﬁijr‘ﬂ@1ﬂ1ﬁ RRINFGN il.uiiZJEJ "]f']\ﬁ_h/\lﬁ2527'2556

anilgliona U mmqwaqamﬁmﬁasxﬁuﬁmxLmhuﬂma 179 wns
S¥ianil 48436 Auigees Barometer wifossiuthuzatunas 1817 w@s
LT 1435N Amsgaves Themometer wiloseiuiiiofiu 15 uns
EITES 102 48 E ANUGITOY Wind Vane wileseduthinnu 11 RS
A214E4U83 RainGuage 1 wes
BLE. nA. fe. n.A. an n.g. 0.0 ne. 5.. . AN hE 5187
aNuNAaINA (aaladiaana)
LQ?{U 1,008.0 | 1,006.8 | 1,006.0 | 1,0059| 1,006.2| 1,007.6 | 1,010.2 | 1,012.0| 1,013.5| 1,0128| 1,011.2 | 1,009.6 | 1,009.2
Laﬁuqaqm 1,020.1 | 1,014.2 | 1,0121 | 1,0125| 1,013.0| 1,016.1 | 1,019.9 | 1,0223 | 1,0253| 1,025.0| 1,023.3 [ 1,027.4 | 1,027.4
LQ%U‘;'N@W 999.2 998.7 998.6 998.4 998.2 999.7 999.5| 1,001.1 | 1,001.9 | 1,003.6 | 1,001.9 999.1 998.2
W ”aiwi”ul,aﬁa 5.50 4.70 4.20 4.10 4.30 4.60 4.70 5.00 5.40 5.70 6.00 5.90 5.01
guugili(ernsaied)
Laﬁa 295 28.8 28.6 28.1 278 272 265 25.2 235 24.2 26.5 28.4 27.0
Laﬁaqqqm 36.4 34.8 34.2 335 33.0 32.1 30.9 30.4 29.7 313 339 35.6 33.0
LQ?]‘U‘;’WE'IW 24.2 245 24.6 24.2 24.1 238 23.0 20.6 17.8 178 20.1 224 223
G 41.8 40.7 393 38.6 36.8 36.6 37.2 36.4 36.0 37.8 40.4 41.4 41.8
W;'Wﬁ;ﬂ 18.8 19.8 216 212 211 20.0 16.3 12.6 85 9.4 10.7 11.6 8.5
P AT A I RIEEIE )
Laﬁa 70.0 77.0 77.0 79.0 80.0 84.0 82.0 76.0 72.0 69.0 66.0 67.0 75.0
Laﬁaqqaﬂ 90.0 93.0 92.0 93.0 94.0 96.0 95.0 91.0 90.0 90.0 89.0 88.0 91.7
Laﬁa@%wa‘m 46.0 56.0 57.0 59.0 61.0 66.0 65.0 55.0 48.0 44.0 41.0 43.0 53.5
G\;WQW 220 30.0 37.0 33.0 36.0 45.0 41.0 23.0 28.0 18.0 20.0 21.0 18.0
yathne(@srneadon)
LQ%U 228 24.0 239 237 238 24.1 23.0 20.1 175 176 18.9 20.8 21.7
U3UIUNTTTNEIINDA(NA.)
LQ?]‘U—Q‘IG] 158.2 144.8 133.6 132.4 126.2 107.0 109.9 116.8 1213 1239 129.1 160.2 | 1,563.4
tuaUnAgu(0-10)
Laﬁa 4.4 59 6.7 73 76 72 52 3.4 2.6 23 27 3.6 4.9
dalueiifiuauan(vu.)
wde - - E - - - E - - - - - -
UGIRLETGHD)
1a107.00u. 7.7 8.8 9.5 9.5 9.5 8.8 77 7.2 6.5 56 56 6.7 7.8
LQ%U 9.2 10.0 104 104 10.4 10.0 9.2 8.8 85 8.0 79 85 9.3
au(uan)
m‘mﬁaaum?a 1.3 13 1.6 1.7 1.7 1.3 1.9 25 25 1.6 14 14 1.7
AAN19 Vary SW SW SW SW SW NE NE NE NE NE NE -
mwﬁdau@ﬁaﬂ 30.0 31.0 28.0 27.0 27.0 25.0 25.0 31.0 27.0 26.0 27.0 28.0 31.0
W)
Laﬁa 84.5 169.7 127.0 146.6 181.4 2438 136.4 34.7 3.2 49 19.1 46.5 | 1,197.8
ﬁﬂmuiuﬁwumﬂ 8.8 15.6 142 16.5 16.7 18.9 11.6 39 0.9 1.0 24 53 1158
ﬂugaﬁqmlu 24 . 82.0 120.5 122.8 94.6 130.1 127.6 130.5 92.7 13.9 352 61.9 1155 130.5
Furutuiiia
wemuan 14.2 21 0.4 0.1 - 1.2 6.8 14.9 19.2 239 243 229 130.0
nuon - - - - - - 0.2 0.2 0.8 1.5 0.5 0.1 33
gniftu 01 - - - - - - . . : - - 01
nzueg 53 85 5.7 5.4 6.5 7.0 3.0 0.4 0.1 0.1 1.0 29 459
Weel 0.1 0.1 0.1 - - - - - - 0.1 - - 0.4




Y = = g’l = U d' N
nnmMsamseRlSmaniwusiel) aaea 30 1 Awall wr25252555 degilii 4-3 sile
Ay 3 % ~ g = g =y Z a 4 I @ a 4
woninazudaumu velihun thindes uazihinnd e l93udldaumulums Jnsizrims
éf AR = = Y Y 3 a3 Y ~
AYTLNIVDINUNANE FINU U W.#.2543 11 w3 1hann w.e.2540 11uilindes wazdl w.e.2549
I ?:’ a I~ a Jd
Auihihn)nd Tael¥35v09 Penman—Monteith J1M5IATILHAINTAN05LIME (Evapotranspiration)
Y
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1 02110 druneses yuawihlan(Tnk.5) 0.u19504 F5ud 5538 1| 909141 | 1624857
2 02120 Hen1Ae Tevita1a(Tnk.35) a.dled U3sud 5638 IV| 938359 | 1650103
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17 25300 gredgan ane. fang upsTIYdIN | 5439 11| 875713 | 1685481
18 25310 GREFGER An0.1Y AN uATTIYEN | 5438 IV| 824154 | 1657022
19 25320 GREFGER analanusn uATTIYEN | 5338 1| 818796 | 1655100
20 25330 AmgAad 9. DND upsTIvEN 5439 1I| 836536 | 1664571
21 25340 BUIEZRN ano. Tnie upsIIEN | 5439 IIl| 825825 | 1660733
22 25350 GREFGER ane. lauu uATTIYEIN | 5438 IV| 827706 | 1657071
23 25360 GREFGEN ane. W uATTIYEIN | 5439 1l 829459 | 1662633
24 25370 GREFGEN ana. tujs uATTIVEIN  |5438 IV| 825851 | 1658884
25 25380 BREFLEN ane. finunsma uAsTIYEN | 5439 Il 847325 | 1662888
26 25390 amzAed dn9. NADLNU upsIIvEN 5438 IV| 836640 | 1657195
27 25401 BRLEERIGN e84 (TNK.15) a.Unsedy uATTIYEN | 5438 IV| 834021 | 1636535
28 25420 anzAd Tetuens (TNK.43)e.dloeunssnvdn uATIINEN1 | 5338 1| 821172 | 1646583
29 25430 ddalns Tenuuvin (TNK44) a.luuge uAsTIEIN | 5439 NI 843612 | 1673911
30 25440 heien Tanszyu (TNK45) 8.07lngy uAsTIEIN | 5540 IIlf 901201 | 1723456
31 25450 Aasunn aetiuda (TNK.46) 2.0 uATIENY | 5440 Il | 862187 | 1724843
32 25460 BREFGEN a.floauATTYEI (TNK.50) uATTIVEN | 5438 IV| 827757 | 1653372
33 25480 335 A1030n (TNK.87) a.iauaas uAsIIEN [ 5539 Il 877075 | 1667641
34 25490 ez Uns.dnasuna upsIIEN  |5539 V| 884379 | 1707962
35 25500 gridgan MuBsUY (TNK.108) uATTIYEIN | 5438 IV| 840975 | 1647720
36 25511 BRLEERIGN Amsenas (M.33) a.0nsedy uATTIYEIN | 5338 1| 805848 | 1614946
37 25521 Srbyaneuuy wsithaauu (M.49A) 8 Asyd uAsTIYEN | 5438 Il 841187 | 1609687
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1 02110 | 440 | 1223 | 1278 | 1449 | 159.6 | 241.6 | 1439 | 23.0 0.6 15 113 | 273 1078.0

2 | 02120 | 780 | 1779 [ 186.6 | 173.7 | 2123 | 3419 | 1545 | 353 1.8 4.0 16.6 | 42.7 1428.3

3 02130 | 78.4 | 185.4 | 184.7 | 159.1 | 177.6 | 316.0 | 134.2 | 29.7 1.6 0.5 7.2 31.8 1286.5

4 02140 | 64.6 | 146.2 | 158.6 | 154.6 | 181.6 | 269.2 | 1168 | 27.3 20 1.7 9.7 39.7 1169.3

5 02150 | 71.2 | 153.7 | 157.2 | 1729 | 179.4 | 260.9 | 110.5 | 29.8 1.7 0.5 8.9 33.2 11748

6 02160 | 30.9 | 159.9 | 107.6 | 143.7 | 163.3 | 2714 | 122.7 | 20.9 1.2 28 12.3 19.7 1095.0

7 02170 | 80.7 | 1838 | 178.4 | 171.5 | 1853 | 303.0 | 127.0 | 333 2.0 22 17.3 36.6 1321.0

8 | 02191 | 59.1 | 152.0 | 152.8 | 1743 | 196.3 | 231.6 | 107.8 | 20.7 0.5 5.1 118 | 276 1123.6

9 | 02201 | 628 | 2093 | 183.0 | 171.4 | 163.6 | 230.2 | 983 | 23.0 0.8 23 183 | 3438 1194.6

10 | 02220 | 329 | 142.7 | 162.7 | 151.7 | 199.9 | 269.5 | 118.6 | 29.9 0.9 0.8 55 26.0 1128.4

11 ] 02271 | 633 | 1595 | 91.0 | 164.9 | 146.6 | 3103 | 1463 | 143 0.1 2.6 10.6 114 982.7

12 ] 02290 | 478 | 1265 | 1353 | 1275 | 127.1 | 253.6 | 160.0 | 29.2 4.6 2.4 8.7 389 1047.6

13 | 02310 | 26.6 | 1215 | 130.0 | 89.5 40.8 964 | 827 53.6 0.0 0.0 0.0 0.0 425.7

14 | 02350 | 75.7 | 1745 [ 1059 | 33.0 655 | 3173 | 46.9 66.7 0.0 0.0 0.0 0.0 885.5

15 | 25231 | 50.7 | 1532 | 96,5 | 116.6 | 109.1 | 243 | 1524 ( 23.2 2.2 a7 125 319 997.6

16 | 25291 | 569 | 142.6 | 104.4 | 112.1 | 1229 | 250.2 | 137.7 | 26.5 1.8 5.2 157 | 29.6 1013.1

17 | 25300 | 75.6 | 168.5 | 133.6 | 174.7 | 163.7 | 2649 | 1229 | 221 0.9 6.1 147 | 404 1214.9

18 | 25310 | 50.7 | 1532 | 965 | 116.6 | 109.1 | 2429 | 1524 | 23.2 2.2 a. 125 32 997.6

19 | 25320 59 1875 | 116.2 | 122.8 | 1335 | 295.2 | 183.6 | 283 2.9 33 189 | 352 1190.8

20 | 25330 | 61.6 | 1462 | 972 | 1263 | 146.4 | 254 | 136.2 | 18.85 1.9 2.3 104 | 304 1043.9

21 | 25340 | 57.6 | 1457 | 104.2 | 109.1 | 131 | 2423 | 1509 | 21.5 2.6 a.r 136 | 298 1018.2

22 | 25350 55 145.5 96 105.4 | 1293 | 239.9 | 174.2 20 2.4 4.6 139 31 989.9

23 | 25360 | 605 | 1563 [ 1094 | 119.2 | 149 | 259.7 | 1489 [ 265 14 5 10.1 338 1092.1

24 | 25370 | 61.9 | 158.7 | 1133 | 129.6 | 139.6 | 268.1 | 1619 | 25.6 25 5.2 16.9 37.7 1118.7

25 | 25380 | 82.7 | 155.7 | 1326 | 144 | 170.7 | 321.8 | 166.8 | 27.9 24 3 142 37.6 1262.2
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26 | 25390 50.8 125.7 | 955 | 1142 | 1255 226 130.7 19 2.6 4.2 13.2 34.4 946.7
27 | 25401 435 | 141.2 96 105 1224 | 2353 | 168.6 | 25.2 1.2 3.1 10.2 21.7 9719
28 | 25410 | 66.1 | 152.7 | 110.2 | 146.2 | 154.4 | 250.3 | 137.5 | 18.46 0.8 1.6 6.6 29.8 1081.6
29 | 25420 43 1345 | 96.4 96.6 | 1142 | 219 137.7 | 24.5 7 4.1 9.9 27.3 923.6
30 | 25430 | 378 | 1433 | 79.6 | 1196 | 1148 | 190.8 | 99.7 17.7 0.3 0.2 0.1 20 905.2
31 | 25440 | 573 | 139.8 | 129.3 | 114.6 | 151.7 | 2655 | 104.8 | 20.8 0.5 2.2 10.9 225 1047.2
32 | 25450 | 77.6 | 150.6 | 148.2 | 127.7 | 141.6 | 288.1 | 123.7 | 199 29 3.8 5.4 29.1 1118.1
33 | 25460 51 161.2 | 915 83.6 919 | 236.7 | 156.1 | 28.4 1.7 0 0 18.9 868.5
34 | 25480 675 | 177.2 124 164.6 | 178.26| 2599 | 137.6 | 56.7 1.5 1 12.1 44.2 1201.3
35 | 25490 58.9 134.8 | 1329 | 1294 | 1344 | 2655 | 97.7 20.5 0.8 0.9 7.3 20.7 1017.7
36 | 25500 32.1 100 71.8 89.1 117.1 | 210.6 110 26.6 1.4 2 1.3 16.7 799.5
37 | 25511 85 140.8 | 94.7 108 117.6 | 2415 | 2025 | 34.6 4 6.6 18.3 44.3 1137.3
38 | 25521 78.1 | 1232 | 984 99.2 | 1283 | 2335 | 166.0 | 39.5 5.1 13.9 13.1 38.4 1077.1
39 | 25530 | 805 | 136.1 | 90.9 99.2 | 108.9 | 2228 | 154.1 | 39.6 3.7 6.1 17.8 68.9 1043.2
40 | 25541 84 1269 | 66.6 757 | 1114 | 2184 | 1589 | 31.3 33 8.14 21.6 48 929.9

41 | 25550 | 69.8 | 131.8 | 67.9 94 108.4 | 221.8 | 1478 | 284 1.4 6.6 11.5 29.5 952
42 | 25560 | 39.4 | 150.1 | 89.8 | 1119 | 984 | 2209 | 1114 | 186 14 1.1 5.3 22.6 916.6
43 | 25580 64.4 | 1272 | 90.6 | 1222 | 138.1 208 1443 | 195 3.6 3.9 18 32.2 9458
44 (431002 | 81.8 | 163.2 | 147.7 | 1358 | 158.1 | 261.8 | 119.2 [ 16.2 2.8 4.8 17.3 a41.7 1154.8
45 | 431007 | 67.6 1454 | 129.1 | 136.9 | 157.5 | 2449 134 23 1.7 3.6 16.7 37 1097.7
46 | 431401 | 69.6 | 131.7 | 103.4 | 1145 | 130.3 | 220.8 | 165.7 30 2.6 6.6 14.8 31.7 1044.8
47 | 431010 64 143 130.8 | 124.2 | 138.1 | 220.1 | 93.7 22.3 2.2 2.9 11.9 26.4 1005.1
48 | 431003 | 754 | 152.8 85 87.7 | 104.7 | 203.3 | 119.8 18 1.7 5.7 18.6 35.1 877.1
49 1431009 81 1554 | 1445 | 151.1 | 189.3 | 260.4 | 122.6 | 22.3 2.8 2.6 11.5 31 1165.5
50 | 431012 54 1274 | 103 | 115.6 | 146.2 | 2209 | 999 14.7 3.2 7.2 13 20.2 945.3
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51 [ 431006 | 74.1 | 1118 | 83.8 955 | 110.6 | 202.1 | 137.1 | 31.3 2.8 4 12.6 49.1 914.3
52 1431008 | 81.7 | 1724 | 1348 | 146.4 | 164.4 | 255.9 139 20.7 3.5 7.1 14.7 41.9 1186.1
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77 | 431019 | 75.0 | 169.2 | 127.1 | 1524 | 161.6 | 231.7 | 116.7 | 20.6 2.1 8.3 155 38.8 1104.6
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3 M.119 Sdosen  [ulenazunsiy mazuns1y ednsede UASIIVANN 5438lll agp 179112 1616620 327
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11 | miss | uwidya  [Swaewne it o suaneune y3sud 5538 | 48P 265289 1659385 4,880
12 | M.186 Mgy |uluunes avueens 0.3n51Y UATIIVANN 5439l agp 220750 1667279 1,337
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ATTNNN 4-15 ADIUFITIVUTVIUAENDULUIUADY “LJW‘H“I/IZ]MHRQJ_QG]EIH‘]JH
R L _ Longitude Latitude | fuftsusuly dudeya
anv | INEdU a1 PR WHIN ITIN
(95.001.) @)
1 M.6A mjﬁwya vadin adeu o.dfn y3¥ud 56391 | 103°-17-32"E | 15°-17-59'N 28,458 2509-2557
2 M89 | dmzaes 8. Uindes UATIIEN | 523811 | 101°-25'-07"E | 14°-41-46'N 713 2524-2534,
2540-2557
3 | mioa | withya |uSesn adhuun e gdles YiTud | 56391V | 103°-00-44'E | 15°-2608'N | 24,841 2556-2557
a M.145 [dmszmds|udmsiAeunes alangne edinves | uassadun | 53371V | 101°-41-00"E | 14°-29'-33"N 335 2534, 2538-2544
2554-2557
5 | M171 |dmseadeuluuand o 3wl oSuhidn UATIIEN | 5337V | 101°-46-07"E | 14°-30-05'N 553 2544, 2546-2557
6 M.183 | Weftudu |umaesiiudu adilvs  euindes uAIIENN | 533811 | 101°-34-19"E | 14°-43'26'N 250 2551-2557
7 M.185 Lmﬁwa duanvuna uledides a.dumeund y3¥ud 5538] | 102°-49'-02"E | 14°-59-57"N 4,879 2553-2557
8 | M191 | dwmzaes [ulannsan alannsan  oudles UATIIENT | 53381 | 101°-57-07"E | 14°-44'57'N 2,854 2556-2557
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a

AUUN

v
°

yanouuY (0) a1l M.6A

. YInanznay (fu)
v 1.8, W.A fly n.a. a.0. n.8. 0.0 W.g. 5.0. a.A N A 518U
2549 756 0 0 0 206 | 53,647 | 286,364 | 177,269 | 20,473 0 0 0| 538715
2550 0| 5941| 8728 675 228 | 8584 | 57,056 | 53533| 7,916| 1,083 130 4| 143876
2551 0| 5082 1359 | 12266| 6660| 26525| 71,689 | 72,006 | 23570| 1,943 463 297 | 234,097
2552 | 4,643 | 10069 | 12,700 | 7,675| 7731| 19,982 | 48343| 29276 | 5404 1,625 618 149 | 148216
2553 0 0 89 34| 12,794 | 34291 | 55936 | 97,691 | 16,097 729 130 0| 217,790
2554 372 4897| 9960| 4799 | 16303 | 40075| 97,735 | 57,057 | 11,074 | 1,663 | 2384| 2221| 248542
2555 | 4714 | 4956 | 7,196 659 293 | 18,178 | 24,769 | 9810| 3,490 262 2 0| 70329
2556 0 0 0 0| 4700| 13637 62789 | 54,426| 16,106| 3231 | 1,142 602 | 156,633
2557 30| 2449 a8 327 365 | 21,272 | 28361 | 37,907 991 aa 0 0| 92234
gegn | 4714 | 10069 | 13596 | 12266 | 16,303 | 53,647 | 286,364 | 177,269 | 23570 | 3,231 | 2384 | 2221| 538715
fea 0 0 0 0 206 | 8584 | 24769 | 9,810 991 0 0 o 70329
wis | 2,103 5566 7,537 3776| 5475| 25799 | 81449 | 65442 11680 | 1323 696 655 | 205,604
A15197 4-16 (AD) (V) AT M.104
" Vunaunznay (fu)
baL.8. WA iy n.a a.a n.g. 6.0, .8, 5.0. A, . i.a 318U
2556 0 0 0 0 7,257 19,476 | 143,630 98,760 17,917 6,415 107 0 293,562
2557 676 11,063 3,519 604 1,181 19,130 27,458 29,803 274 0 0 0 93,707
gegn 676 11,063 3,519 604 7,257 19,476 | 143,630 98,760 17,917 6,415 107 0 293,562
ﬁ’lijﬂ 0 0 0 0 1,181 19,130 27,458 29,803 274 0 0 0 93,707
LQ?;EI 338 5,531 1,759 302 4,219 19,303 85,544 64,282 9,096 3,207 54 0 193,634
MINN 4-16 (A0) (A) T M.145
. Vuaunznay (fiu)
! L.y, A fi.0. n.a. a.0. n.8. 0.0, 8. 5.A. .. .. i.a 18l
2534 10 995 1,107 335 1,056 4,991 2,785 75 14 13 4 48 11,433
2535 0 0 0 0 0 0 0 0 0 0 0 0 0
2536 0 0 0 0 0 0 0 0 0 0 0 0 0
2537 0 0 0 0 0 0 0 0 0 0 0 0 0
2538 100 328 152 617| 1818| 8829| 3594 290 128 58 78 41| 16,033
2539 26 142 82 60 19| 1424|1386 175 35 24 15 16 3,502
2540 | 3,005| 4574 | 2592| 2,788 | 5529 | 20,789 | 11,679 | 2110| 1,058 906 106 0| 55536
2541 467 28,633 1,274 925 27,594 40,971 60,025 1,503 1,232 687 495 0 163,807
2542 3,544 45,256 4,429 2,538 4,893 31,410 95,855 16,426 2,086 1,207 2,164 898 | 210,704
2543 | 14,345| 20,173 | 10,796 | 10095| 19,775| 33239 | 33263 | 4761 | 2341 1,750 | 1293| 1915| 153745
2544 666 1,889 732 1,907 3,706 3972 4,279 1,593 440 223 129 318 19,853




A15199 4-16 (AB) () a0 M.89

4-34

Baununznau (fiu)

v WL n.A fL.g n.a. a.a. n.e. 0.0. .. 5.0. w.A. AN, i.a 518U
2524 361 875 2,120 1,811 2,630 3,347 2,008 1,054 476 295 196 232 15,405
2525 24 104 144 757 967 8,003 2,041 169 65 28 12 9 12,323
2526 51 104 493 294 13,735 10,304 69,835 4,119 754 412 466 282 100,849
2527 156 160 339 5,686 4,466 7,130 48,452 1,496 412 173 83 66 68,619
2528 604 1,882 4,966 2,572 4,767 6,040 3,680 1,302 564 233 104 88 26,802
2529 213 2,366 672 1,355 496 2,787 24,217 621 222 87 40 75 33,151
2530 167 164 191 155 905 12,746 4,203 625 253 97 119 91 19,716
2531 463 2,565 2,216 1,558 4,556 28,552 39,631 2,006 811 520 351 386 83,615
2532 85 518 192 140 679 1,177 2,519 169 87 67 36 49 5,718
2533 86 207 213 204 260 365 28,078 626 228 162 118 127 30,674
2534 389 562 1,515 3,326 11,113 5,837 6,900 742 486 429 292 240 31,831
2535 0 0 0 0 0 0 0 0 0 0 0 0 0
2536 0 0 0 0 0 0 0 0 0 0 0 0 0
2537 0 0 0 0 0 0 0 0 0 0 0 0 0
2538 0 0 0 0 0 0 0 0 0 0 0 0 0
2539 0 0 0 0 0 0 0 0 0 0 0 0 0
2540 294 311 252 491 1,599 6,342 1,863 369 231 169 134 131 12,186
2541 138 650 282 598 771 1,792 2,424 356 308 200 155 136 7,810
2542 594 10,115 3,724 2,541 2,527 7,307 24,392 5,445 512 344 298 250 58,049
2543 1,515 4,101 2,404 3,626 10,827 13,471 21,562 2,179 609 472 370 a27 61,563
2544 327 641 698 4,157 3,092 1,506 2,238 712 314 236 173 195 14,288
2545 243 2,459 1,150 1,473 2,107 19,319 5,698 1,287 699 502 429 546 35913
2546 492 498 318 1,174 2,763 5,481 15,674 291 136 88 72 38 27,024
2547 301 1,202 10,931 1,278 3,565 6,163 546 76 55 a5 30 29 24,221
2548 145 161 869 570 1,518 19,363 3,641 8,801 990 575 481 531 37,645
2549 1,055 3,268 2,044 15,278 2,875 6,557 20,342 1,233 767 540 190 151 54,300
2550 185 6,317 1,026 1,717 2,687 7,057 10,881 602 178 128 101 70 30,951
2551 251 1,647 2,236 260 728 25,709 6,390 3,858 382 263 144 168 42,035
2552 216 330 506 1,072 1,584 5,258 9,833 745 132 102 32 11 19,820
2553 388 1,209 231 584 4,836 15,714 | 210,679 6,099 814 463 461 442 241,919
2554 713 1,713 3,015 4,307 4,533 17,008 10,274 1,377 700 513 381 349 44,884
2555 121 147 127 296 434 7,033 4,777 216 138 75 75 150 13,588
2556 18 41 631 500 2,071 21,758 25,414 998 268 107 66 64 51,936
2557 61 78 111 174 224 211 421 129 59 a3 35 52 1,598
BALL] 1,515 10,115 10,931 15,278 13,735 28,552 | 210,679 8,801 990 575 481 546 241,919
E%WE‘IG] 18 41 111 140 224 211 421 76 55 28 12 9 1,598
Lﬂgﬂ 333 1,531 1,504 1,998 3,218 9,425 20,987 1,645 402 254 188 186 41,670




A15199 4-16 (A®) () @01 M.183
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Vanaunznay (fu)

Y 1.8, W.A. g n.a. a.a n.g. 6.0, .8, 5.0. a.A . A 518U
2550 97 2,955 284 113 630 553 2,026 185 37 28 26 a0 6,973
2551 603 225 265 13 281 12,733 4,558 417 12 9 7 122 19,245
2552 185 127 9 7 710 1,558 8,044 126 56 12 8 5 10,847
2553 18 21 38 567 3,966 6,373 | 202,907 486 335 127 156 43 215,037
2554 1,335 2,185 762 130 428 10,138 3,415 154 5 18 6 92 18,669
2555 4 a4 257 303 qa 5,141 754 10 3 5 3 5 6,533
2556 58 a3 300 196 37 26,075 14,717 304 14 9 5 3 41,761
2557 22 50 85 7 359 3,432 8,024 27 7 7 2 6 12,026
gegn 1,335 2,955 762 567 3,966 26,075 | 202,907 486 335 127 156 122 215,037
ﬁl’léjﬂ 4 21 9 7 a4 553 754 10 3 5 2 3 6,533
Lﬂ?iEJ 290 706 250 167 802 8,250 30,556 213 59 27 27 a0 41,386

A15199 4-16 (AD) () A01H M.171

. Panunznay (fiu)

Y 1.8, WA dle n.a. . n.g. 0.0, W8, 5.0. a.A . A kAt
2544 345 2,023 539 1,194 2,562 7,167 6,912 1,320 129 49 8 93 22,342
2545 0 0 0 0 0 0 0 0 0 0 0 0 0
2546 4,182 4,853 2,791 8,598 3,993 22,835 57,749 1,699 410 200 117 38 107,463
2547 723 3913 50,064 3,482 7,655 13,614 1,179 69 - - - - 80,699
2548 12 549 86 222 41 25,896 5,621 14,581 878 309 130 372 48,697
2549 693 1,399 395 4618 2,694 19,450 60,220 806 348 44 2 6 90,672
2550 741 67,346 10,754 2,886 16,235 18,838 | 101,334 2,307 704 182 32 84 221,442
2551 1,285 14,696 1,122 279 867 74,145 21,161 12,626 340 107 20 248 126,897
2552 14,004 11,293 317 150 12,079 50,144 84,298 506 37 36 32 144 173,040
2553 219 670 153 3,785 28,749 37,167 | 237,941 281 5 2 1 113 309,086
2554 1,193 2,073 8,389 2,789 9,920 39,150 34,295 1,523 89 88 - 137 99,647
2555 603 2,419 1,594 924 750 34,245 9,542 1,289 a27 131 65 171 52,160
2556 622 779 9,449 1,788 8,468 | 141,018 | 277,828 3,748 1,768 958 628 557 447,611
2557 1,228 1,738 281 836 2,057 15,907 17,806 2,390 322 233 179 204 43,180
gdegn 14,004 67,346 50,064 8,598 28,749 | 141,018 | 277,828 14,581 1,768 958 628 557 447,611
ﬁl’lijﬂ 12 549 86 150 41 7,167 1,179 69 0 0 0 0 22,342
Lﬂ?it] 1,988 8,750 6,610 2,427 7,390 38,429 70,453 3,319 420 180 93 167 140,226




A15199 4-16 (MD) (¥) @913 M.185
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Vuaunznay (fiu)

Y 1.8, w.A .0, n.a. a.0. n.e. n.a. WY, 5.0. a.a. AN, f.a. 518U
2553 0 0 0 0 2,069 1,483 15,485 5,322 270 85 0 0 24,714
2554 0 2,489 8,157 1,825 1,014 12,313 22,853 6,535 786 153 0 0 56,126
2555 284 677 1,599 845 302 4,059 7,692 733 879 215 0 0 17,286
2556 0 0 0 a3 556 4857 25,347 6,352 828 74 10 0 38,066
2557 0 1,526 2,595 846 697 6,274 6,758 6,570 231 0 0 0 25,498
LRG0 284 2,489 8,157 1,825 2,069 12,313 25,347 6,570 879 215 10 0 56,126
Eoi’lfjﬂ 0 0 0 0 302 1,483 6,758 733 231 0 0 0 17,286
Lifﬁ‘ﬂ 57 938 2,470 712 928 5,797 15,627 5,103 599 105 2 0 32,338

d’ \ =
ATNN 4-16 (19) (¥) 91U M.191

. Vununznay (fu)

v 1.8, WA e n.a. a.0. n.g. 0.0, W.g. 5.0. a.A . f.a. 516
2556 169 207 416 236 253 1,585 3,900 224 211 283 342 467 8,293
2557 94 113 87 303 271 73 124 a0 23 2 5 6 1,141
degn 169 207 416 303 271 1,585 3,900 224 211 283 342 467 8,293
Eoi’lfjﬂ 94 113 87 236 253 73 124 a0 23 2 5 6 1,141
Lifﬁ‘ﬂ 131 160 252 269 262 829 2,012 132 117 143 173 237 4,717
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v o Jdo 1 =
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Qs = 13847A 7" (R* =0.6225) 4.1)
o Qy, =  Smueznousiihnge, auAil
A = wuhsuihdy, ars1en lawas

9 = [ 1 Y = d' J j’ d'u/
nndoyalsnauaznousinan a3l Pinweznounvyiuase s16tlmae aeunTuve

= 1 A A o ~ = v X Ao % ' ¥
aOIUAN 9 GIuQMuan,auu Yy 1nde Usinuaznouuvivasss1elinge aenun VUIVDIQUUN

oe

A19 9] QUUIYAVUBYTEN I 4,717 — 205,60481/)



4-38

4.2.5 YoyamamwauidInzne
[ % [
quihdey
) &I y 1 T 1 so’ o o a o a
1) msutsiunghgesvesguindiaznesdniinainmstoyadnyuzgiilszina

&)

oe

aov 2o 42 o A 4. ¥ . P2 g gad dd
uazgamiintim Nased luiunguindmzase Tagsiinisuiquides THununMmzay

v
IS

I 1 %’ ] [
panilu 8 quidey uaasnzili 4-16

740000 750000 760000 770000 780000 790000 800000 810000 820000 830000 840000 850000
N N N L L I L N N L L )

1670000
1
T
1670000

1650000 1660000
L I
T

1660000

T
1650000

1640000
1

T
1640000

£ v ox k

¢ nanyu ‘
-

< —— wuaduuih <

g g ¥ L2

g [ dmnhdwzaes g

iuFuAImga

1610000
1610000

1600000
i

=
T
1600000

0 6,000 12,000 24,000 36,000 48,000 -

[ — Meter

1580000
i
1690000

T T T T T T T T T T T T
740000 750000 760000 770000 780000 790000 800000 810000 820000 830000 840000 850000

Pl

A A R )
4-16 W“LJWUOULﬂJ@quu1Uﬂﬂiuquu1a1ﬁ$ﬂEN

caN
=
=h.

¥ 9

9 Y o Ay v ) =] v 3 @ 1
2) mayjaummumum'lﬂmﬂmagamﬁﬁumﬁgumﬁm HFULHIagvian oy

o A C4 o_ 9

1 VY, ] 4 o @ 1
awene laun wihdwzaes dwsysel wezdwine i diohunFeuiieuny Jeyanmoienis

U

]
9 v o A

= = Y 1 3 Aa
ANUNYUULUUIVDUT WUV UINUNITHEOUNUNUA

¥ A

9 ¥ o o Y o ) A Ao ¥ o0,
3) "’Uﬂgﬁ?‘ﬂﬁﬂa1u1 T]Ulﬂﬂ1ﬂ'l§ﬁ'liﬁzﬂiﬂUﬂiNﬂfaﬂﬁg'ﬂ'lu‘ﬂﬁﬂ']u?ﬂunﬂ’m’lu?u

5 guaaludl we. 2553 B wat. 2555 Tagshmsiden l4gidadnilugl we. 2555 diudoyagiaa

3 o a a [ ° a [ J o

a11919M30Ud1599 TagaInIAINTIUNTNEINTU UNIINGIGY INBATAIAAT TIUIY 50

[ ~ < ) = o = o
gilda TuT w.et. 2549 nazninmanudisavesdanudn 12 guda Tuil 2557 il lununsiaes

. ' v o ¥ ' <
TaglavhmsnfSeuiion msnlasunilas sUdadnihlunates Inmensusadsznunudiiig
= = Y o ¥ v A = ) A X
unmsulasulasmindamainissnin wsemalasuulasmaiiesunnluniseail #ai

o ' Y o o ¥ v A
mwuwumﬂmmmmﬂﬂugﬂw 4-17



4-39

770000 780000 790000 800000 810000 820000 830000 840000 850000
L L N 1 N L 1 I N

1660000 1670000

1 I

T T T
1650000 1660000 1670000

1650000
I

1640000
1
T
1640000

aQ

dyanual

] dmidnznea

g
A goiliim

1630000
n
T
1630000

l
* iithdadni +

1620000
L
1620000

¥ ' 8
—  UWATULYU

0 4300 8600 17,200 25,800 34,400

1610000
I
T
1610000

T T T T T T T T T
770000 780000 790000 800000 210000 820000 830000 840000 850000

;
¥ Ao v

519 4-17 sumdamhdad i luroudiasa

U

Yoyaoimsvamans

Y 1
1

A A ¥ o 9 s Y o < 9 ! !
Tuiiuiquihdiazaes Jeyaoimsvasmaasnlaiimsinusiusindoya drulug
I ¥ a 2 { 0 a a H (%
Huilszgszuerhidatlaluuuaas alimsiuiindeyamsta-talszgszuieit szavvoans
o ¥ A Y y 3 9 o ' ¥
sniuulszgszauinnilodszquazmeiszg nieuns Yeyaonsimslua miulszgszuiei
1aun Uas.uzindelni, Uas.naiiu, das.azanmile, Uas.ugvimai, Uas.augy, Uas. vesau
o {2 1 Y, 1 ' £ e
uaz Uas.nuny Naseglumiihdazaos dau das. Tanudn, dasahune, das. Inside, das.un
4 ? A3 1o o a k4 o = =
au ez Uas.sone Wulsegizmennaslumnihdusysal uaaanigln 4-18 uazluasen

4-17



4-40

770000 780000 790000 800000 810000 820000 830000 840000 850000
N L N N i N N i N

1670000

L

4

+

+

=t

g

)

4

1660000
1

day.augs
ez

T T T T
1640000 1660000 1660000 1670000

T
1630000

a
g +
i +
&
e
1 «
-
TIO'WO 790:'"1@ lUD:!lNI 81 D'OOD |ZDIDW IJDIGW I‘D'QW 'WIDW
v o ¢
wanyw

¥
2] umuaﬂi:qmu 19Ul

*
:I VBUAGUUINAZADA

0 500010,000 20,000 30,000 40,000 . o
e — s | e ters LT UL
= o ' ¥
319 4-18 s g szanei
d‘ a ed‘ul Y o < 9
ANTNN 4-17 319ASDIABIATFARITATN LANINITNUIIVIINUBYA
i WA YUAUIUTEUY FEAU (W.3N0.)
dey e o
4 Tasams g v U7
i . A | e - ..
U Mua 910 E N U JiEL] NUNN
@) | @)
VU
SIEERTENGT) B - .
1 Tl P wzindelui guuu 797212 1646879 | a1mzn0Y 4.5 1.75 5 217.75 219.5
v
2 as.gaiu naAu Tnsnas gy 804230 | 1650921 | dwgned 4.5 1.75 5 206.7 208.4
3 Uns.azauvife - Tilauaa VIIniaae 816829 | 1653123 | dnzAed 6 3 6 191.74 | 194.44
4 Was. Tanudn NUBIYU Ve VunIaae 818735 | 1654774 | dwiysal 4 6.5 2 188.5 192.8
5 dasuzvein | wzve | ol o 823389 | 1657054 | dmzaeq 4 3 4 185.5 188.7
6 das.thue fanszlau | @y e 824823 | 1659091 | dwiSysal 4 4 3 181.8 186.3
7 Ans. wiime AU Uylng iiiea 827300 | 1660187 | dSysel 4 3 3 179.5 182.5
8 Uas.auau AU Uylngy LN 828564 | 1658830 | dwgned 4 5.2 3 176.8 182
9 SIERTRTEY wau nueansEn | e 830029 | 1663028 | dwSysel 4 3 3 177.5 179.7
10 | das.vesam Yoo Wanzia o 836673 | 1658858 | dwnzaed 4 4 3 171 174.2
11 1las.aeve 90110 9040 iiiea 837741 | 1663587 | éwysal 4 1.8 3 171.4 173.4
. . maunsy .
12 IR U NIZWND " A 847802 1662436 | a1MzADY 2.5 4 5 163 167.3
1ne3h




4-41

v v
S o I

4.3 IAUMNMNINMIAITIVMAAUIN
= dcg A a2 ° YR o Z
L‘Vlﬁ‘]_ﬂﬁuﬂZiuﬂ‘351515’(5(111MW’LJ“I/I‘JT]J‘EMﬁleﬂE]\ﬂﬂ“]N‘i‘]JNﬁﬂ‘i$Vlﬂi]1ﬂﬂﬂluﬁ1u11fl’lhﬂ1
A A v a ¢ ¥ E 3
Iﬂﬂﬁﬁ@ﬂ IﬂﬂmW1$E]EJNEN °lumou¢;mm N.F.2553 "l,ﬂmﬂmsﬂmimmmuguuiwu 1HQNU1
o = X A = = 1 ¥, Yo '
AIASADY FINOINUN INAVIAUATUATINYTUN “JNFJQTHQM‘LH@T@%?]@Q Ulﬂi‘UNaﬂiﬁ/l‘U YN

i 9
THLTN mﬁ’mﬁ'auﬂswwu FTUVYUAIAIHITUE  IAURNIZ081984 15anenu1any 2 Llﬁﬂﬁ’ﬂ

]
= o

4 a g’/ a [ I [
Tsanennaumis ey vazlsanennamsuans iliinaanudens 19330 taznindau do

zg d‘ 1 d‘ ?,’ 1 d' 9 o w o =S a
Yszmrulunun uauwunihmiunade Tasdninauianma TuTagemeazglansaume

1Y

s & ' o
(GISTDA) taadlu iUy WUNWAMALIANAT UATIIFAN JASUNA AIZTNVIN

@

v 9 = ' o J a A v &= o A =
Tymagnnieioeun aeliasanumgmsaiass aegUd 4-19 aniudauives msanw

U
v

a ¥ { Y ) o
ﬁﬂ1W1jﬂJu‘VH‘UEN NMINAMANITUUINIY uazﬁ%’mmuﬁmmn AT UNAVIAUATUATT BTN

A a A dd o y & & o :
me“l%’sluﬂﬁﬂizmuwumﬁmnﬂ taz M3 1NeoonIUY mimaunﬂsluamﬂmallﬂ

X7
Legend
@ Uszgssunain
- :
T A SONMUIAUI
[ ] anwdatny

ANWMAN

v a s ¥ = ] 1
wasnmamamssiinanaell we.2ss3 mibenunazlszyyuratenadiu 18
o = Y X Yno = £ 4 = A o
aszmindadgyunuimiuuniiu negivevs wh ldluiun meviauasuasiadu mod13a
o ¥ o k3 L A o qumy v < ¥ I
szauinangega Taemsdunwailszryuluiun 11714 deyannu@mimauieiiun
y & a2 o A & o v 3
a9 uunuN NN waangln 4-21 umsdvaue lugduumausuaugs (contour)
=® sol 1 ci' a 3 ~ é o Y o = %’ 1 1
veenNuanimvmnavu iyl wa. 2553 FuhliniussauaNuaniIMIY Yo wAAS YWY
Tuwammnaunsuasswdun meldlsziliuszauanuguuswesgnne
a3 A ' ° o
vinuruihnaun s wnungususumilednzassldsunansgnoyunse Taomme guwn

1Y A

~ Yy A =2 A o =
‘HiﬂJ"Iu’Jul@WLLa%“]ﬁJﬁ]fuﬁ"liJﬂuu“]ﬂ\HN@ﬂ (Ii\‘l‘WfJT]JWﬁ?JWTiV])’) FINTSAUANNANGIFA 190

U

Y v 1 1
IFUAAT (NTZAVNY) NUFHM Fueni Tsaneuia sy awkggusudumilodias

Yo o A v A Ao A SR I o 3 v o =
[IGN] ﬂ,ﬂiuwammuwuﬂ FHBNTNATULYUBNATUT T “]NL‘]JL!QTLH?HGUYUuWumJﬁWlZﬂ@Q QN

- Uﬁﬂl}"-ﬂuﬂ?uﬂf:\ﬁgu"\
ivien T w.a.2553



Y

o A s 9 Y ' A A Yo Yo ) 2
'Ii]'lﬂa'lﬂiyiﬂ!&‘ll'liﬂﬁ%ﬁi]ﬂ’)ﬂ ﬂ'su‘wu‘nmuslﬁ e ADN ulﬂi’UNaﬂiZ‘V]‘]Juf]fl LUBDNN

Y
[ v

< i‘ A =~ a I A ¥
Lﬂuwuﬂwmm‘uqq e VaUUNATN W WugiouAUN U

ﬁo&
-—
Ze
=y
Zoe

Y o

A% 4 A v ° X A4y vo a o
Lmuﬂmmim"lﬂ Tl'lbl‘l’iﬂ"lll'Iifﬁ]'l!luﬂwuﬂﬂulﬂﬁﬂPJﬂﬂigﬂU uazmmiﬂﬂi:mu EA2NI

z:' a %’ ] 1 d” z:' Y ' d' ’o’ 1 d' 9 g d” 2
ANVFUUIIVDINANTENY NNATNUINIY 6lulmﬂ3&511C‘l‘l/‘l‘L!‘Vlul,@] LA LAUNUINIY NEITNUVUU 8
Y 1

] a a ’o’ 1 1 z ,_-4' a o 1 [ Y é =4 1
llll’d'liﬂiE]‘]J’E]ﬂiulﬂfﬂl’)ﬁ1ﬂl@ﬂﬂ15mﬂu1ﬂ’)u’Zﬂ wunlanaiimiunou 'Hﬁ\ivlﬂ C]S\iﬂ1iﬁﬂ’leﬂ¢l’f]hl‘ll

¥ 4% 4 4 = L 42, 2 A Ao
aduwuniIN Nensauaas madasundasvinanuniinag anuan iemeunua

E4 9
' °o_ o v

= A A4 v
tag ANYINUNOU 1'”?]5@11?]@]11 ANUIAINCADY NMINUA

q

oyaamaarion ALOS iiufindoynriio i 20 awnn 2553 a1 2239 1,
w9 00 e s R i naza3ing

i

{ .&’ {3 a 4
310 420 Humihna InmsAasizddoyasnaiion ALOS 5301 PALSAR

(111 : GISTDA)



4-43

A I =
gﬂﬂ 4-21 UAUNUININ INADIAUATUATITIBTNN

4.4 NANUUVDI1A09 MIKE
4.4.1 auAaVEIIINNUVVI 109 MIKE11-NAM Model

wamsdraesamnguinges Twanufignidinzaes

]
%’ 1 IS %’ o 2

4 '
namstiaesannguinges luvaiunguihdinznes naanagili 4-22 Tagll

a

v ¥ V3 12

o o j’ y \ y

an ‘]Jll,agﬂﬁﬂNﬂﬁ“I,’ViﬁGIIENW'L!‘?IQNNRJ@UﬁlulmﬁZQMUWﬂ@ﬂ uﬁmmgﬂ‘ﬁ 4-23 LaZVYUINUDY
4&’ d' 1 %’ ] 9 1 d %’ @ as . d’ 9 o ?,’ 1
NUNQUUI80Y niouANMAMO S0 19U IMUNYDIIT Thiessen LW@i%ﬂWH’JmﬁWﬂ%NWmUWJHiu@M

E4
' o o v

9 ' P ] I
deslumaiiunauiindinzaesnanandlunisian 4-18

a




3

ean

4-44

£-3 720000 730000 740000 750000 760000 770000 780000 790000 800000 810000 820000 830000 840000 850000 860000 8700000
fr4+—+—+——F—+—+—+—+———+—+—+t———+—t—————h ¥
€ e
g4 + } 4 + g
2 =
g g
g1 + + + + +rg
g g
g1 + % + B e
- +  Hi
g g
g1 + =0 + + +8
g g
g4 + + + + +F2
g1 + o+ o+ +  +8
A TN .| A T W A T T Y V-
2 720000 730000 740000 750000 760000 770000 780000 790000 800000 810000 820000 830000 840000 850000 860000 870000%
[ o 4
Yyanyu
° ' Ao 3o
A AUHUIADIUIAUIM
y
:l "llmlmmthsmrl
0 875017,500 35,000 52,500 70,000 " .2
e e e — | te 5 AT U
' 9 H 4 g
= ' o 1 A o v o Ao o [ :1 ] 9 o
1 4-22 VOULUVAYNUIIDY NANNUDTNUFADIUIAUIN LURUUIAINEAD

=h.

quigosh 1 (LTK1)

'
v

quigooh 4 (LTK4)

5 (LTKS)

v

oA

18987 2 (LTK2)

qu

\ 4

SR
QuuYvY

A '

N 7 (LTK7) qu

R
QuuYDY

11gooh 6 (LTKG)

v

oA

898N 8 (LTKS)

2
qui

Y

a J LI 4 ¥ o
4-23 drauuazianams lnavesquihdos luiunguihdnzaes




4-45

F 1
=

a = = Y o 1 A A0 ¥y &
1l 4-22 uazgd 4-23 lumsanw ldimsudsveuvaiuiguiges luvaium

' o g ' SN {0 o o o ¥ Y a ¥
AUUIAASADI ooy 8 ’qumﬂaﬂﬁanwuﬁﬂuﬁmﬁmmm Tﬂﬂaﬂymzmﬁmﬂmﬂwammm

Y
A A3

2 a EI ¥ A0 ¥ . ' o ¥ '
GuanfFuanimiluiuiguihdes LTKI Wiudnniiiaiiim M.89 uaziuiiquiigos LTK2
1 o ¥ v o I 4. . v A < ¥ o
W”lu’ﬁﬂ"lﬁ:]ﬂu1ﬂnl M.183 hlﬁaﬁﬂﬂWi?iJﬂuﬂUﬁu‘ﬂq@JuWﬂ@ﬂ LTK3 ﬁ@qtsﬁﬂulﬂuuwajﬂgﬂﬂ\i

]
A3 o ¥

v g/J Z c@’ 1 4 < ¥ . 1
nasnndudsnanihmlununguiiiges LTK4 ‘v’ﬁaz%um‘uummzﬂm"lwamuﬁmﬁmmm

q

Y A ¥ ¥

M.177 Tnaasunsauduiiunauiinges LTKS 4agLTK 7 f1uan1iiiniinng M.191 awaiau

e

a

°

@ 2 A ' A < . 1 PRI T
Usenouny ’]Jilﬂﬁ‘!uﬂ/llIﬂWfiﬂﬁ@EJ"lﬁa%Wﬂ [UOULNUUIATIAEADI NIUTDIUIAUTINT M.38c

H 1 ESNE ]

a 4 o %I ! J { v ?)l 1
mnmﬁ’wz%mzmam tazdSuaiim 1uwuﬁquu #98 LTK6 Wuan1fiiniing M.192

P
§ 1 30’ )

[ d‘tg d' 1 %’ 1 a 1 Yy AN A 1 A o
‘lﬁﬁNWi’JMﬂHW‘WHVIQN‘HWﬂﬂﬂ LTK 7 LlﬁglﬂﬂﬂWSIIHﬂGI’E]L"IHWMVIQZJUWEJ@EJ LTK 8 H1UaDIUIN

Y 1 1 90’ LY ) %)l ! ! ! 2'/ £ o Q/ o
1 Mi64 ponglszgizuietinuny Inaasnithyaae 1 sraraimiindmsosuaudu

4 & & 4 a
MASNINUN teaasluasen 4-18

d' 1 Ll %‘ o a c&‘ d’ 9 as .
A1519% 4-18 Auame 01 M INVeIHUBINUAA 1875 Thiessen Polygon

quihdon uvlainos Thiessen
saannil fuismh@now) 431301 431201 431401 M38 431003 431004
LTKI 645 1 0 0 0 0 0
LTK2 257 0.592 0 0 0.398 0 0.011
LTK3 386 0.744 0 0 0.256 0 0
LTK4 176 0 0 0 1 0 0
LTKS 441 0 0 0 0.499 0 0.501
LTK6 612 0 0 0 0472 0090 0438
LTK7 286 0 0.034 0 0 0 0.966
LTKS 507 0 0.983 0 0 0 0.017

a d
NaNIINIITHINNNBOU 11 (Sensitivity Analysis)

]
A 1 ?,’ J 9

ﬂl1W151ﬁm®5°ﬂllﬂ’NNE)E]ullﬂﬁﬁi@ﬂ1ilﬁﬂuﬂmﬁ?ﬁ%ﬂﬂ15ﬁ1’ﬁ@ﬂﬂ‘i$ﬂ’3uﬂ15

Y

= I Z 1w o ' J o 1 1 Y a 1y @
nlasuuasduihnihmasnuuiiass NAM Tutdazquingasuaiguiidinznod Yodadeny

E1)

a I o A = A A A ' a ° A
9 N3N DT @Qllﬁﬂ31uﬁji1\jﬂ 4-19 “ﬁqw15‘]“!’9’]@51’]uwaiﬂﬂﬁi\jﬁ@ﬂ1iﬁﬂulﬂﬂulluuﬁ]1aﬂ\TV]

¥ a a

1 1 a ¥ 1 9 [ a ? A Y 1 Y A a a 1
denanolsuaiim %uﬂ ﬂ1ﬂiﬁ1mu1ﬂ§lﬂﬂ1\1’0§§]13Jﬁl‘UllllW‘§ElN’Jﬂu UAZUNIUINIA

'd
a a

1 < o 3 R 1 o a
(Umax) AMANEI8150 UM sinunnd1 luuvasingsual (Lmax) tazmaulseansnigin
¥ \
1M1 (CQOF)
1 a (r:id 1 1 %’ T A 1 d' d' (3 %’ a
ﬂWWTEWJJLGIE]iﬂuﬂﬁﬂ@gﬂ‘iN"U@\iﬂiTﬂl1ﬂ°lm ADATANNUDINITIAAD UAIVDIUIND

a % a Aa 1 a o J a =3 %’ ]
AU LaFUAIAY (CKI1 uazCK2) luaruveamsiimes nimasiinanenisinalsuiaiiin



4-46

Y} = ° 3 A A 1 Ayy A o wa . . Aa
Uy %Qgﬂﬂ1ﬁuﬂlﬂuﬂ1ﬂqw Wj@ﬂﬂrﬂ‘lﬂfﬂWﬂﬂqiﬁﬂulﬂﬂuaﬂqu@] (Auto Calibration) ‘mJiJﬂu

LUVI1AD9 NAM

{ ' A P ' ° ' 3
M15199 4-19 M5 dees N ldnnmsdeufieunwuuiiaes NAM vouuaazquiiigos

A 4.2
Ly, WUNGUIU Umax Lmax CKIF CK1,2 CKBF
AUy CQOF TOF TIF TG
AT.NY.
. . FU. BU. BU.
LTKI1 645 17.5 150 0.550 300.0 42.0 0.100 0.2 0.2 4000
LTK2 257 12.5 195 0.450 883.7 254 0.008 0.414 0.594 3060
LTK3 386 15 172.5 0.500 592 33.7 0.055 0.3 0.4 3530
LTK4 176 14 156 0.157 256.1 49.2 0.340 0.164 0.408 1498.5
LTKS 441 14 156 0.157 256.1 49.2 0.340 0.164 0.408 1498.5
LTK6 612 17.8 259 0.153 304.5 49.4 0.634 0.116 0.807 1056
LTK7 286 14 156 0.157 256.1 49.2 0.340 0.164 0.408 1498.5
LTKS 507 10.2 53.1 0.161 207.7 48.9 0.045 0.211 0.009 1941

2N TP T . T .
wnamg : Annsiiimesdnsugunibesii W Idihinsseuisuuuuiiae winndundeveguirdesii Idhmsasuiisuuunsiaes NAM

WamMsaeUINgUNLUI1a09 (Model Calibration)

msdeufounuusiaes MIKEL1-NAM ieniamisifimes miudaunuvesguii
f1iium s luailfatiimy 4 a1il Ao @01l M.89, M. 183, M.192 1Az M.164 W1 1
Fulszansmsdaduls () fiA1egszndng 0.434 9 0.826 uazmaugavea Ay (WBL)

S 1 1 = 2 A =~ =2
UN19YITHIN 0.50% 83 11.80 % ANAIT NN 4-20 Llﬁg‘gﬂ‘ﬂ 4-24 99 4-27

A13199 4-20 HANMTABUNYULVUI A0 MIKE1 1-NAM

L . <. MIaeUNyY
quihdes  @ell %31
Correlation Coefﬁcient,R2 Water balance (%)
LTK1 M.89 2553 0.826 -9.9
LTK3 M.183 2552 0.618 5.2
LTK6 M.192 2553 0.799 11.8

LTKS M.164 2550-2551 0.434 0.5




Time Series Discharge sta. M89 Year 2010 (Water Year)
300.00

250.00

--Sim
-+Obs

Discharge [m3/s]
B oBoN
o w o
(=] (=] o
(=3 [=} o
o o o

50.00

0.00 )
13/3/2010  2/5/2010  21/6/2010 10/8/2010  29/9/2010 18/11/2010  7/1/2011  26/2/2011  17/4/2011  6/6/2011
Time [Day]

Time Series Accumulated Discharge sta. M89 Year 2010 (Water Year)
3500.00

3000.00
2500.00
2000.00
1500.00 ~Sim

1000.00 -+Qbs
500.00

Accumulated Discharge [m3]

0.00 .
13/3/2010 2/5/2010 21/6/2010 10/8/2010 29/9/2010 18/11/2010 7/1/2011 26/2/2011 17/4/2011 6/6/2011
Time [Day]

31U 4-24 mamsap UMV MNMNTI M.89

Time Series Discharge sta. M183 Year 2009 (Water Year)
70.00

60.00
50.00
40.00
30.00 —Sim

20.00 -+QObs
10.00

Discharge [m3/s]

0.00
6/2/2009  28/3/2009  17/5/2009  6/7/2009  25/8/2009 14/10/2009 3/12/2009  22/1/2010  13/3/2010  2/5/2010
Time [Day]

Time Series Accumulated Discharge sta. M183 Year 2009 (Water Year)
500.00 -
450.00
400.00 B——
350.00
300.00

250.00 Y SI m
200.00

150.00 -+—Q0bs
100.00

50.00 - ﬁ
000 — T T
6/2/2009 28/3/2009  17/5/2009 6/7/2009 25/8/2009 14/10/2009 3/12/2009  22/1/2010 13/3/2010 2/5/2010
Time [Day]

Accumulated Discharge [m3]

< ~ ¥ A a
31]1/] 4-25 pamsdoUeulsinaihmnanit M.183




4-48

Discharge [m3/s]

25.00

20.00

15.00

10.00

5.00

0.00

Time Series Discharge sta. M192 Year 2010 (Water Year)

13/3/2010

2/5/2010

21/6/2010 10/8/2010 29/9/2010 18/11/2010 7/1/2011 26/2/2011 17/4/2011
Time [Day]

—Sim
—-QObs

6/6/2011

Accumulated Discharge [m3]

350.00
300.00
250.00
200.00
150.00
100.00

50.00

0.00

Time Series Accumulated Discharge sta. M192 Year 2010 (Water Year)

13/3/2010

2/5/2010

21/6/2010 10/8/2010 29/9/2010 18/11/2010 7/1/2011 26/2/2011 17/4/2011
Time [Day]

—Sim
—-+Qbs

6/6/2011

Discharge [m3/s]

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00
18/1/2007

< ~ ¥ oA a
gﬂ“ﬂ 4-26 HaMsdoUNeULT NN INaI N M.192

28/4/2007

Time Series Discharge sta. M164 Year 2007-2008 (Water Year)

6/8/2007  14/11/2007 22/2/2008 1/6/2008 9/9/2008  18/12/2008 28/3/2009

Time [Day]

—Sim
-Qbs

6/7/2009

Accumulated Discharge [m3]

6000.00
5000.00
4000.00
3000.00
2000.00
1000.00

0.00
18/1/2007

Time Series Accumulated Discharge sta. M164 Year 2007-2008 (Water Year)

28/4/2007

6/8/2007  14/11/2007 22/2/2008 1/6/2008 9/9/2008  18/12/2008 28/3/2009
Time [Day]

—Sim
-+Qbs

6/7/2009

3

1

A
N

Y ' H
4-27 wamsaoumevlsaihmnaniil M.164




4-49

HamMsn3Iafigetinus1aes (Model Validation)
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Time Series Discharge sta. M183 Year 2011 (Water Year)
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Time Series Discharge sta. M164 Year 2011 (Water Year)
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31 4-69 MIOTINOFUUIAAVBINTEVIUMINGNNING I hillslope pixels [Li et al, 2014].
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(4) N3 1maR18u (overland flow) tAan131a1n 11§ downstream pixels #28A2131159013 Tna
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a

0(Z)= ¢[M ¥ 1j (4.12)

9
Tay 0(2) Ao aAnuruluunsduanuan Z 1nsgauiIng i, A018AAIINAY bubbling
2 4
pressure head L0 A Ao pore-size distribution index [Brooks and Corey, 1966]. ANUFUINAYUD
a 1A % H v J
auluTau lududdrerindszana Idnnmsmalsiusaums (4-12)
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= v ¥ 2 A
USnamsnnnuinauane

S..=D,0+D.g¢ (4.14)

total
; R A
Tag D, Aeanwaniulsiuldvesrsuliduda81e1in (variable depth of the unsaturated zone)
; A A
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A v . L Y A

flow, SSF) Lag e ADDAITINITANYTLINY (evapotranspiration rate) UNTUNITN (4.13) (4.15) (4.16)

A' 1 1 B é 9 (% d' %’ a 4 1

omagaluives S D D 6 Fedeandesnuioulymsaugaveail mslmoiyalv
o Y o 1% 1 Y 3 . A [ =< a

i lgdmsurananIne 11 (next time step) 1io1/5LanumMmMIFN MITLHEY LATMSIIAA

FY 1

Hm

N1INILLTiEY (Evapotranspiration)

'
o w a

1 =S a S g A %I {
i%‘Vi’JNUl‘JJiJPJ’L!G]ﬂ msmeszvenatuly 3 anyue AaaUaAs FUNTMITIHMENNf

A a y a 1A e ¥ VY [ & o w
VIVUAIAY AOUTLHINNTUAY 1UDNAIAIBUT HAZFUAUDUAIABNNEIAY MIILIMEDIN
Y Ao Aa a 3 o
WNTIuuRIAWwaliauauns
e ifd,>e,At

P

evs‘ T
Yold, /A ifd, <eAt

4.17)
A = Ao A a 5 A o o .

Iﬂﬂ dw ADAITNNANUDIUTINUIUUHNIAUAIIUU ep ADDATINITILLNYIATUANININ (potent1a1

4 v

v 9

. Y a A A ¥ a A ¥ <
evaporation rate) o1auIANNAsU luFUAN T NAIA I Msmeszmai]uldany

- (e,,—ess)ﬁ% if D02 (e, ~e At (4.18)

us

D, 0/At if D0 <(e, —e, At

A @ 1 =3 A 3’, a ad v d 9 j’ [ =1 1o [
Iﬂﬂ F ﬂﬂﬁ'ﬂﬁﬂuﬂ’ﬂMaﬂﬂlﬂ\iﬂﬂ‘w%iu%uﬂu ﬁili}!ﬁilﬂ%ﬂu I MANUBUINAINDYT IV TUNIT

E1}

24, Y g
meszislusududIaeimanasll mymeszeaduldamaums

0 if D0 2e,—e, (4.19)
e = — —
o (ep —e, )— Du‘ﬂ/At if D6 < (ep —e, )At
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ANVADINTMI TLHEAUANENN (potential evaporation demand) IASUMIADUAUDUNDTEAD

9
9

% a 1l ya Aa A a a A o Y sol 1 ] %I % dy
1 ludY (water table) 08 1NAHIAUNTDHIAUDUAIAIBUITENI1IFIIUIVI (ponding period) NI

v
MIMYILNGIANG 3 L5 ﬂzﬁ'm'lumnmmmwmiizmﬂmu (potential evaporation rate)

i
Bafis Bas
N A
Qee v 4
E——=ba3=d-2—— ==y (;
dus unsaturated f
70ne
v
LA R
¥
Ay S —1>%
saturated zone

517 4-70 Tn59519 (Schematic diagram) Y94 1A39831911UDT104 pixel-based model YDILNIAL

=
U

v
o \l

NSTVIUMSNATIM (runoff generation process)

1T a A J o 1 a A 1 a
M3 1vau1RIAUYeI05A Y (Horton overland flow ,HOF) M3 1%a1lA2@una AU

7

auAIM3 M3 11a11AIAUVD Y (saturation excess or Dunne overland flow (DOF)) M3 Inaldfia

'
A o

a I Y] a ’o' 1 a 3 $

AU ( subsurface stormflow, SSF) 11U 3 nalnuanvesnszuaumsiinlfinaim HOF Mavuh
1 4

pixel 1o tonnuwueumnnninanuasalumsdy (infiltration capacity) WatR3V0IANNAHY
a 1A v Y %’ =\ ' [ = J 9 .

TuauluTesulidudidein Inanesnsimsdy Uszanum ldnaums Green-Ampt equation

@

a X | A " a A v ¥ Y a g
[Green and Ampt, 1911] DOF na¥u 1y pixel 1 Wounsauauainleiinnaiuanuazinaiiy
A dq 9 ¥ . L 8 . A2 o oy ¥, & Yo
Wun v (variable contributing area) 31NV1UIU pixels NOUAIAIYUIIUIUNUY m3 valdin
a a 3 A % % . a 'Q' v o
ﬂumﬂﬁmmimuaumﬁ'ﬂﬂuwaa pixels Qﬂﬂ’)ﬂﬂlliﬂﬂﬂiﬂllﬁﬂ"l]@Qﬂuﬁ@uﬁ’)uﬁ%ﬂ’ﬂﬂﬁ?ﬂﬂfu

J ¥ J . (% 1 a o ¥ 1

nMasarmansmein (downstream hydraulic gradient) Tuna@ednu swnsausuinnnnims

= a % " A a d%’ ] Aa a o Y a 3‘/ dSI <
gy Taududd luuneduorvmuyuruiian Mliinae DOF Wall DOF uay SSF 1ifu

Aa 2 9 @ Y
ﬂ‘ig‘]J'JUﬂ'liVlLﬂﬂ‘UHWfi’ﬂllﬂullﬂ

NITVIUMIHAINNINATIEIN pixel (routing processes at the pixel scale)
1T A 1 1Y %I g’l a A A
UNIAUVDULARL pixel TUHIINNYUBN 3mmmi"lwam@mmﬁﬁmﬁ’nuazmiTﬁasl@s]}m
a . d‘ 1 A %’ 9 = ?,’ a A ya a d%’ 9 a A
AUVN pixel NOYHUDUIVNUAYY miwmﬂﬁumummmmﬂmmﬂmu"lﬂmﬂ 2 ﬁ'iqul@I§1uﬂ’€]

: o e y . 2
(1) M3 lnasennnuaag pixel 32 1115 unansznuanmi vamh lusianandu 9 2) ms'lua
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. aa = v A A Y <3 ~ Aa
PONIIN pixel PNAMAUALY MUANVAATUNMINNTA A20ANVITI (1) AN VULNNANIINT
{2 g’; a { ] ¥ {
Trarndluli 185anua 7 figme 910 pixel Nogmiiorhdafios g1 3 uaasms lvadhain
Y
pixel A B G 191g pixel E uaziin13 lnaoonain pixel E ianiafen 1183 pixel I Yuogniumanis
4
VDITTAVNUAIA
) [ 1 g’; . A .
FMSuBIaTH 9 (A7) 150185m3 11ia00n91n pixel H30 grid 1a 9 USasvesms lua
LA o a a o d R
20NN grid A9 u - Az-Ax-h mnumsiasuutlaslsunasonnulu grid Hufe Ak-Ax-Ax
I { { o S .
Tag Ax fAevinaved grid (Hugidmaensgia n Aearwanvenilu grid Ar Aoms
{ %’ A 1 . .
wasuuasnnuanveath USWus luy93a1 (integrating over Az) 1/311@5Y04M3 800NN

4
orid 11éa grid e Ao

At
AV =h1- —u-— ||Ax? 4.20
[ exp( u AXD ( )

)
o ¥ a 2

dy 70 Y o a ya A v 9 ¥ <3 Aa
uuanmsnanilsegna lgnunuimauraziinldaauluTeuaudadiein anuiims lvain
Y
au Uszana Taeldaums (Manning ‘s equation) Adil

1 2
u, =—SEh (4.21)
n

< 1 a a 1 o a £ A
Tao u, AoA1M5IM 3 Ina11d@IAY (overland flow) 7 AoArdNUTzANFUMUTI (Manning ‘s

'
3 A

coefficient), S, ABANVUAIATUAIAY 2, AOANVANVOIUINAIAY A1 Manning 7 115D
hillslope pixels 9a1 0.1 d s grass/pasture range 1ag A1 0.06 61151 channel pixels

< A ya a ° D] g sl i
ﬂ’JHJLi’J‘U’EN‘HW]Ul‘I’iﬁGl@lW’Jﬂu ﬂTWL!ﬂTﬂﬂi“ﬁﬁuﬂﬁﬂ’ﬂﬂli’ﬂlﬂﬂﬂ15“11 (Darcy ‘s VClOClty)

=le

N
uss = ksSl (422)

@ y a 1 ) sa @
Tag S, ABANUAIAFUVDIFUTY (local bedrock slope) k, ABAINITUINNFAFMIAATINA?

a 1

= =) 1 a g
(saturated hydraulic conductivity) HauyAg1UI1M5 Iaveeri IAAIAUAIY pixels (Aavu 11 Tau

a g9

A o Y ™y a o o ¥ o 1Y) Y a
audmmsi Iz inuanFuszA (water table slope) VMIUALANUAATUVDITUHY
2
( bedrock slope) fail
qss — ussA I ksSISs (t)dX/dx2 (423)
' I 4 a A o
Tag ¢ Ao SSF intauilu LT, s, (r) Aoanuduludy (soil-water moisture) TuTududanie
2 A . = 1 <3|
1 1ag drv ABVUIAYDA pixel BHeTluimns
9 3 = oo Y =
Mega 11911910 HOF DOF wag SSF 1va lasTasanadnin (stream network) #d19anann

S . Aa & ' v 3 . ' ] v ¥ a
Mk channel pixels MAaTuTAT910130107 (river network) 1519 Ta5 180N ANYA

= Y

I A { o ¥ [ v Jda
TAidumaindagdmuden anundhevesdnidszua ldvinanuduiusiFegdnsg

E4
(2

(hydraulic geometry relationship) [Menabde and Sivapalan, 2001] A4
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W =ad’

A

AU 045 uaz a AemaNils

BILAAE river pixel

o
o

v
= 1
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b |
~
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| 1
]
D ~.,! E|F
NS
m 100 102
/7" \\\
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(4.24)

4
U1 (catchment outlet) b

ans nenwnsadsuldme vinaniw

{ a ?:‘ v . a
g1 4-71 fiemems lnamaremennutieonnnda pixel B inms nasonfiemaudernin

g 1 o U dy a
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Qﬁﬂizmﬂ (Topography)

v
= o

a 1 y g @ @ 1 a FO =< ::3’ 9
gﬂmaguﬂizmﬁsumquuuﬂuﬂwamuqumm mﬂ@ﬂaqﬂﬂ15lﬂﬂu1ﬂ1 ﬂ15ﬁﬂ‘]eﬂu616]5
ﬂ??ﬂﬁ?ﬂﬂ?ﬂiﬂﬂ1?‘l‘i’3ﬂ‘ﬂ@ﬁ hillslope ﬂﬂllﬂugﬂllﬂﬂﬂ15ﬂ5$ﬂ1ﬂﬂjﬂﬂ hillslope °lu’£fﬂymz
. . . v ¥ a Ao 9 Y = A A v
convergence/divergence and convexity/concavity qummmmmayauﬂﬂu MIANYIUWDE TN

¥ A

a 2 9 v ' %’
ANUUFNDUDIY (virtual catchment) VYU 30 x 30 LWAT DEM ﬁmﬁuqummmmﬁﬂiﬂ 9 (4,019

q

4
o o v v

Y
pixels, 3.62 kmz) magﬂu’quu A1AZA0Y WHIAUATTIFANT MUUANITATLIEVOIAINAIATY

]
ISy o

g o o 3
T 3 uuuanuaedu Aefs 1w FuLuna1e uazFu(flat, medium, steep) 319U TaogmAIN
v a o . Y 4 A a ) 1% 1 % cg’ A
MAFUANUDINNNAIATY pixel AdreuNNees uHuNgidssmadimsuquihtuanslugl 4-
72
U a
paaNTAYRIAY
e a { o 1 o 1 o s (Y
auauiAvesaundesmidmiuuuuTaswagaIMItmayamansoudd  (saturated
hydraulic conductivity) AWANUBIAY ANUNT U5 ANTWA (effective porosity) 1FANITAAVDIAU
(wetting front soil suction head) AINAY (bubbling pressure) 11ae ATHNITNTZIBVDIFDIIN U
- o .- & 4 o & g _
@AY (pore-size distribution index) AMANLAVRIAMM AW s1lasuTuFsnuntazaIaIu &9
= . e J =2 o J a
ANuLAl511/a8u (variability) A9WADINITADUAUDA (response) AMAVVANIFARTASUDIAULA)S
9 P
AU YYD UL DAY (texture classes) 3 HUUAD AUNIIEY (sand) Aunaonil (silt loam) e AU
% a a I U a @
wTle) (clay loam) ANulsAuvesaNuAnveaY (Z )auya lhiluilandudaduvesdaiing
) ﬂﬂﬂlm{]ﬁﬂizmﬁ (topographic wetness index (In (a / tan ﬁ))) [Stieglitz et al, 2003]
Z,=Z -1/ f)|in(a/tan g), - 1] (4-25)
2 4 ¥, 2 , ,
Tag a ﬁawuﬁizmﬂumammsmmam?f’u%ummqq (area drained per unit contour length) £
= N, ¥ !
ABYUAMUAIATU (local slope angle) Z ADTZALVAIINANYDIUUNAY (mean water table depth,
A A 1 ?,’ = [ v o 4
WTD) A AomasquiIved In(a/tan B) Hag f ABEAIINITAAAIVBIAINTUINYAM AT

o 1 a a 4 o
(rate of decline of saturated hydraulic conductivity) AuANan luuneAY mslimesnuaIATuY

oY A

o ] = o a ¥ A g A o = a a X
gnisulvianuanvdnvesaunsguiniauaaaiy 3 nsaidumuanuanvesaune au 1u

a

nA Lazan (shallow, medium and deep) 1A 1.0, 2.5 (1A 4.0 1NT ANEIAY
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[N]
]

— : Rainfall
———— : Patential infiltration

m
g W

m
Tl
L

Rainfall / Infiltration rate (cméh)
=
-

[=]

Time (min}

w

)
I

| 1
225) [ : ———— Hortonian averland flow
= "
g : [ » Actual infiltration
= 2r | !
= 1 |
=] I
= 15F : | p
= —=
= | I
g 1r [ T
@ 'l !
noost -y 1
b} 1
b m
0 | L b, =51 L
0 50 100 150 200 250
Time (min}

511 4-73 Yszmmams Inatdddu (Hortonian overland flow, HOF) Tagl% Green-Ampt

equation

wamsanyazedilsiena

gﬂﬁ 4-73 LAAIHANS $190991NLUTIA0INTTY VURANUYDIANMS Green-Ampt 19
Us21nTNLNIVOINUEIUAY (excess rainfall hyetograph or HOF) S1ANNanHuazauiin
11.37 t5udtuns anlu@u sandy loam soil (K =1.09 cm/h, ¥ =11.01 cm and &,=0.412) LAY

auMszanina 40 %.

A a A A

pannuuusaeaugavesi luumaA e pixel naasluglii 6 Aufinadevfodunsed
mmwguﬂizﬁw%wa (effective porosity) = 0.417, AIUAY bubbling pressure = 0.0726 m pore-size
distribution index = 0.694, hydraulic conductivity = 10 °m/s, AUANVDIAY = 1 m HAZANNAATY
AaAY = 0.10. 3UuDVNOIMA (climate regime) #31991AHUT16T) = 1,000 mm MIszmenay
Anen1ms161) (annual potential evaporation) = 500 mm ii'mauwqulu number = 90 m@mmf/ﬂ
ANuduHLInAY (average rainfall intensity) A9 0.673 mm/hr. wamiﬁi’mmuﬁﬂﬂugﬂﬁ 4-74(a)

s q. 4 4 a4 v & Za a
uaaaruan 4 igmssl Tuleulvn1zasi (steady state condition) Aeriemsnnnuluau

v Y H
DU (saturation soil-water storages) %Nuﬁnﬁ’ummummu’cjﬂmﬁ‘ham 3‘]]17‘] 4-74(b) LLTA

= 1 a { < '
YSnamsvamas Ivasenazaunnunadnuves pixel walugaa 4-74(b) uaaalfifiui HOF
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39781 10 h ANNANMAGVPIAN =2.5m, K =10 m/s, Ar=10min, Z =2m, f=land A1=5
ci ! o %’ [J a

38 (dmsuaumsh 4-21) mavan lawnaglugin (hillslope and channel routing) AUHUANS

o w ' v d%' [ ' [ j’ a Y ¥ ' ¥ Y1 Y 2 '

audRunounasIUNUmsEAUNUAY nauihasgdaien Tiaims lvasenitetihnnuaaz

. ) [ o 3 a o A A A
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Y .
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2
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9 A o 2

‘UENﬂiW‘IQT]ﬂ‘I/?ﬁEJﬁW (attenuation of downstream hydrographs) uaaeNanlanyaioussaly

FITUHIA
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Abstract

The municipality of Nakorn Ratchasima experienced
severe flood in year 2010. This flooding problem is captured
The analysis of daily
rainfall time series and water balance of runoff shows that
accumulated depth of rainfall and volume of surface water
in this year are higher than the other years. Spatial data of

in the form of inundation map.

flooding area from GISTDA combined with on site surveying
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are utilized to generate the 2010 flood map, The contour
lines of the map can represent inundation area and flood
depth. This map can be developed further to include
space-time variability of the depth and area and can be
used to evaluate the hazard area and mitigation measures.
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Abstract

The objective of this study is to develop a hydrological model for
long-term water balance with a systematic approach. The formulation of
hydrological models starts with a systematic “downward approach”.
Complexity is added in steps from a simple model with minimum
number of physical parameters based on an examination of the climate,
and soil controls on water balance. This development is carried out using
observed daily data from Lam Ta Kong catchment of Mun River. The
results show that annual model using inter-annual variability of water
yield as a comparing signature including the process of saturation excess
overland flow and evaporation is good enough when spatial variability of
soil depths and rainfall are introduced through multiple buckets. In
addition, at the monthly time scale, additional processes are required. The
key processes are subsurface runoff followed by separated total
evapotranspiration into bare soil evaporation and transpiration. However,
the monthly model is used to predict the daily runoff which is too simple.
And runoff processes is not enough. Therefore, further development at
the daily time scales, inclusions of non-linearity in the storage-discharge
relationship for subsurface flows and stream routing are important. Both
spatial variability of soil depth and climate appear to be the most

important control on this catchment water balance.

Keywords: Mun river, Downward approach, water balance model
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(a) Annual water yield : 713 krA

(b) Intra-annual water yield
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Development of a simple distributed hydrological model based on up-scaling from pixel to

catchment scale
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Abstract

Spatial units used in the modeling are rectangular grids with 30m-resolution grouped into
hillslope and channel pixels. For each hillslope pixel, a simple two-layer soil model is used to
simulate the dynamics of soil-water between unsaturated and saturated zones. A soil column of
each pixel receives water in form of infiltration into unsaturated zone from precipitation, lateral
overland and subsurface discharge from neighboring upstream pixels. It loss water through
evapotranspiration and lateral overland and subsurface discharge to downstream pixels. Water
column moves out of the grid in only one direction, depending to the steepest slope. Runoff
generation is estimated at every pixels including Horton overland flow (HOF), Dunne overland flow
(DOF), subsurface flow (SSF) and infiltration excess runoff or HOF estimated by the Green-Ampt
method. The upstream-downstream aggregated interaction of hydrological processes is operated
through the catchment scale forming of DOF, SSF and partial saturation area which occurs in the
river network. Advantage of this approach is simple, tractable and computationally efficiency that
we can carry out for multiple realization of climate- soil- topography combination. This model will
be used to simulate the effects of different combination of climate, soil, and topography on the

runoff generation processes through hypothetical catchment and climate combination.

Keywords: Runoff generation mechanisms, Dunne overland flow, Horton overland flow, subsurface

flow.
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1. INTRODUCTION

Infiltration excess runoff ( or Hortonian
overland flow, HOF) , saturation excess runoff
(or Dunne overland flow, DOF) and subsurface
storm flow (SSF) are the three main and well
known runoff generation processes occurring
in headwater catchments [1], [2]. Dunne [2]
explained that the relative dominance of given
runoff generation mechanisms is controlled by
the combination of climate, soil, vegetation and
topography. However, this holistic conceptual
illustration of climate and landscape controls
on runoff generation processes is still
explained in a qualitative way. A quasi-
distributed model based on TOPMODEL
concepts [3] is used to investigate the relative
dominance of Hortonian and Dunne overland
flow mechanisms [4], [5], [6]. Their work was
limited to two mechanisms and operated at
event scales, and could not include the effect
of antecedent condition and the effect of all

conditions of catchments ( steep

e. g.

topography or complex subsurface as

assumed in TOPMODEL) . Several studies
applied semi or fully distributed catchment
model in actual catchments that includes all
three mechanisms of runoff generation. Mirus
and Loague [7] used a physics-based coupled
surface and subsurface model, InHM, to
investigate climatic and landscape controls on
runoff generation. Carrillo et al. [8] also used a
hsB, to

physics-based model, perform

regressions of  calibrated parameters
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associated with vegetation cover,
demonstrating the role of vegetation in the co-
evolution of catchment properties with climate.
Torch et al. [9] extended this model to show
the response and adaptation of vegetation to
climate difference reflected in the long-term
water balance exhibited by catchment in
respected to Budyko curve. Li et al. [ 10]
developed a simple distributed hydrologic
model to simulate the effects of different
combinations of climate, soil, and topography
on the runoff generation processes. Limitation
of available observed data from highly
instrumented catchments and most parameters
are obtained by calibration. This prevented the
ability of these models to apply to a large
population of sites and catchments to obtain
general knowledge on what are underlying
physical controls on the runoff generation
processes. Inspired by the work of [10], the
aim of this study is to further develop the
simple distributed model that could investigate
the combined effect of climate, soil, vegetation
and topography on the runoff generation
processes at the catchment scale in a

quantitative way.

2. METHODOLOGY

A schematic illustration of the model is
shown in Figure 1. Brief description of the
procedure for runoff generation simulation are

as follows:
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Figure 1 Conceptual description of the

hydrological processes in hillslope pixels [10].

(1) The spatial units are DEM pixels grouped
into hillslope pixels and channel pixels. Soil
depth and soil hydraulic properties (hydraulic
conductivity, porosity etc.) are assigned to
each pixel.

(2) For every pixel and every time step, HOF is
estimated based on local infiltration capacity
given by Green-Ampt method [11]. Later on
soil moisture content is changed and the other
two runoff generation mechanisms are
possible: DOF and SSF.

(3) A simple two-layer soil model is used to
simulate  soil-water processes both in
unsaturated and saturated layers.

(4) Overland flow is routed to downstream
pixels at open channel velocity estimated by
Manning’'s equation and subsurface is routed
downstream at a subsurface velocity given by
Darcy’ s law. Apart from river network
geometry and soil depth, heterogeneity of
other parameters is ignored such as soil
properties,

vegetation pattern, preferential

pathways on the surface and in the

Watcr table

from unsaturated arca:

subsurface. The details of the model and
description of procedure and underlying
equation and concepts are provided as

following.

2.1 Soil-water moisture and water balance

To represent the dynamics of soil-water
moisture in the pixel, a water balance equation
can be applied at the pixel scale. In this study,
the soil-water moisture in the soil column is
divided into a ponding, unsaturated and
saturated zone. Saturated soil-water moisture
in the saturated zone is below the water table
in the soil column. There are exchanges
between the saturated zone and above
unsaturated zone through capillary action and
allow the retention of water in the unsaturated
zone. Given the depth of unsaturated zone,
the steady-state soil moisture profile in the

unsaturated zone can be estimated by,

0(Z)=¢[M+1J | )

a

where 6(Z)is soil moisture in the soil column
with a depth Z from the ground surface, v,
is bubbling pressure head, and A is the pore-
size distribution index [12]. The average soill
moisture in the unsaturated zone can be
estimated by integrating Equation (1),

1-2
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The total soil water storage is given by,
Statal =D150_+Ds¢ (3)

where D, _is variable depth of the unsaturated

zone, D_ is variable depth of the saturated



zone and summation of D and D_ is the
local soil depth ( D) ,6_? is the average soil
moisture in unsaturated zone, and ¢ is the
effective porosity of the soil. Water balance

equation for a soil column is given by (Figure

2)

das, .

7:’_qf_qse_q::_e 4)
D,=(D-D,)/6 5)

where SS is soil-water moisture in saturated

zone (= D, /¢), i is precipitation rate, g, is

infiltration excess runoff ( HOF) , ¢, is
saturation excess runoff ( DOF) , g¢is
subsurface storm flow ( SSF) and e is

evapotranspiration rate. Equation (2) (4) (5)
are solved for a new set of S, D D, g,
which satisfy the water balance condition. The
new set of these parameters will be used for
the next time step to estimate infiltration,

evaporation and runoff generation.

2.2. Evapotranspiration

During inter-storm period,
evapotranspiration is assumed to occur in
three types with sequential order from surface
unsaturated and saturated zone of the soil.
Evaporation from water on the soil surface (if

exists) is given by,

e, if d, ze,At
b~ d, /At

if d,<e,At i
where d is the local depth of surface water
and e, is the potential evaporation rate. If soil
moisture is available for evaporation in the
zone of the soil

unsaturated column,

evapotranspiration is given by,
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] _
e, —eM— D0 =\e,—e, i\l
emj(,, JES 1D@e-e v |
ID,B 6/At ifD,B§<(ep —e, At
where F_ is the fraction of roots zone in the

”

soil column, assumed to be unity. If soil
moisture is still available for evapotranspiration
in deeper saturated zone of the soil column.

This evapotranspiration is given by,

. _{O iwagz(ep—en)Ar}(s)
“ " |le, ~e.)-D,8/At if DB <(e, e, At
Potential evaporation demand is fully satisfied
when the water table is close to the ground
surface or soil surface is saturated during
ponding period. Total evapotranspiration from
all three zones will not exceed the potential

evaporation rate.

i
€5etfus Cus
AN A
y v
—— . — —:——————— qf
unsaturated f
Zohe
v
V\‘.‘ _—_F__Z-__t__-
Ss —> G
saturated zone

Figure 2 Schematic diagram of the pixel-based

model structure of single soil column.

2.3. Runoff generation process
Horton overland flow ( HOF) , saturation
excess or Dunne overland flow ( DOF) ,

subsurface stormflow ( SSF) are three
mechanisms of runoff generation processes.

HOF occurs in a pixel when rainfall intensity

4



exceeds the infiltration capacity. The
dynamics of soil moisture in the unsaturated
zone influence infiltration rate are estimated by
using the Green-Ampt equation. DOF occurs
in any pixel when the soil column is completely
saturated from bottom, and forming the
variable contributing area from a number of
saturated pixels. Subsurface storm flow is
generated from saturated zone of the pixels
saturated  soil

governed by depth and

downstream hydraulic gradient. At the same

ime, if th
than lost it, saturated zone in the soil column
may increase through the ground surface to

generate DOF. In this situation, DOF and SSF

are co-exist processes.

2.4 Routing processes at the pixel scale

The soil column of each pixel receives
external water including lateral overland flow
and subsurface discharge from neighboring
upstream pixels. Routing of both surface and
subsurface runoff is carried out based on two
assumptions (1) outflow from each pixel will not
be affected by inflow water over a short time
step, (2) there is only one direction for outflow
from each pixel, corresponding to the steepest
slope with constant velocity (u ), whereas there
are 7 possible directions for inflow from its
neighboring upstream pixels. Figure 3 presents
outflow of pixel A, B, G into pixel E and only
one outflow of pixel E into pixel | according to

the difference of soil surface elevations.
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Over a short time interval ( Ar) , the
volume of outflow from a grid is - Af-Ax-h
equal the change of storage volume in the grid,
Ah-Ax-Ax, where Ax is grid size in square
shape, 7 is the water depth in the grid, A is
the change of water depth. Integrating over

At, the volume of outflow of the grid to

downstream grid is,

AV:h(l—exp(—u-%)Jsz 9)

X
This routing scheme is applied to both ground
surface and saturated zone. Overland flow
velocity is estimated based on Manning ‘s

equation as follows:
1 2

u, =—SPn? (10)
n

where u _is local velocity of overland flow, n is
Manning ‘s coefficient, Sis the local surface
slope and hs is the surface water depth.
Manning n for hillslope pixels is 0. 1 for
grass/ pasture range and is 0.06 for channel
pixels.

Surface velocity is given by Darcy ‘s
velocity as follows:
u, =k.S, (n
where S1 is local bedrock slope, ks is
saturated hydraulic conductivity. We assume
that subsurface water flows across pixels in
only the saturated zone with water table slope
parallel to the bedrock slope.
q,=u ,A=k.Ss, (t)dx / dx? (12)
where ¢ is SSF with the unit in UT, s (7)is
soil-water moisture in saturated zone and dx

is pixel size in m.



Finally, runoff from HOF, DOF and SSF
reach the stream network and then is routed
downstream through the channel pixels
forming river network. The river network is
assumed to be rectangular, width of the
channel is estimated based on the hydraulic
geometry relationship [13]:
W =ad® (13)
where A is the upstream catchment area
corresponding to each river pixel at the
catchment outlet, 5 is a constant parameter,
which is 0.45, and a is a coefficient which can

be adjusted to provide appropriate channel

widths.
A B c
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Figure 3 Multi inflow directions upstream of
pixel E and only one outflow direction from
pixel E depending on its elevation (100).

2.5 Topography

The topographic structure of a catchment
is an important control on the dominance of
runoff generation mechanisms. Overall
steepness of the hillslope is chosen for this
study which is the most dominant control
compare to the other distribution of hillslope
divergence and

including  convergence/
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convexity/ concavity. A single realistic
catchment is used to create new virtual
catchment based on the 30 x 30 m DEM for a
small catchment ( 4,019 pixels, 3. 62 kmz)
located in Lam Ta Klong River Basin, Nakhon
Ratchasima province, Thailand. Three types of
slope distribution ( flat, medium, steep) are
generated by multiplying the original pixel
slope by a factor. Topographic map of the

catchment is presented in Figure 4.

T840 784400 Teds 788300 Tsesm0 758000
1 ' f ' L f
A
3.
3
=
; 4
-
i -
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8 DEM ( m. MSL)
31 840
- 670
- 570
§ 470
H
o 245 490 980 1,470 1,980
Meters

Figure 4 Topographic map of selected
DEM.

2.6 Soil properties

Required soil properties for the model
including saturated hydraulic conductivity, soil
depth, effective porosity, wetting front soil
suction head, bubbling pressure and pore-size
distribution index.

These properties vary in

space and in multiple scales, and its variability



can control the response. Only the first-order
control of soil texture is chosen to investigate
and leave the other effects to be considered in
future research. Soil hydraulic properties are
varied according to three texture classes:
sand, silt loam and clay loam. Variation of sail

depth ( Z.) is assumed to be a linear function

X

of the topographic wetness index (
In(a /tan 3)) [14].
Z,=Z-/ lmla/tan p), - 2] (14

where ais area drained per unit contour
length, fis local slope angle, Z is mean
water table depth (WTD), A is mean watershed
value of In(a/tan £), and f is rate of decline
of saturated hydraulic conductivity with depth
in the soil column. The slope parameter of this
function is adjusted to keep the main soil depth
catchment  under three

over entire

representative cases of soil depth: shallow,
medium and deep with 1.0, 2.5 and 4.0 meters,

respectively.
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Figure 5 Estimation of Hortonian overland flow

(HOF) based on Green-Ampt equation.
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3. RESULTS AND DISCUSSION

Figure 5 presents simulated results from
an infiltration model based on Green-Ampt
equation to estimate excess rainfall hyetograph
or HOF if the total rainfall of 11.37 cm. falls on a
sandy loam soil (X =1.09 cm/h, ¥ =11.01 cm
and 6,=0.412) of initial effective saturation 40
%.
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Figure 6 Water balance of input and
output water from a pixel.

Model results of water balance in a soil
column of pixel show in Figure 6. Testing soil
is sand with effective porosity = 0.417,
bubbling pressure = 0.0726 m, pore-size

distribution index = 0.694, hydraulic

conductivity = 10® m/s, soil depth = 1 m and

surface slope = 0.10. Climate regime is
generated with annual rainfall = 1,000 mm,
annual potential evaporation = 500 mm,

number of storm = 90 events/year, average
rainfall intensity is 0.673 mm/hr.  Simulated
results in Figure 6(a) shows only 4 input storm

events in steady state condition when initial
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and final saturation soil-water storages are
equal. Figure 6(b) presents accumulated input
and output from soil column of the pixel.
Model results in Figure 6(b) indicated that HOF
hardly coexist with DOF and SSF, very little

HOF is generated under condition that
supports DOF and SSF.
12 T g T ™ s
grid 1
10 gnd 1652 [
- ———grid 3104
E 8 = == grid 3806 |1
® i ——gnd 4019
8 I
2
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’ . ,tf‘w
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Figure 7 Output hydrograph form pixels based on
combination of pixel and channel routing
processes

Figure 4 shows topographic map of
original DEM from Lam Ta Klong River Basin,
the range of soil surface elevation is between
370 to 842 m. If combined overland flow from
each pixel is 10 mm/h with duration 10 h,
average soil depth = 2.5 m, K = 10 m/s, At
=10min, Z=2m, f=1and A= 5.38 (for
Equation 10). Hillslope and channel routing
are carried out with the sequence of its
elevation from upstream to downstream,
providing downstream discharge at each pixel.
For channel geometry, parameters in Equation
(13) a =25 and b =0.45. Figure 7 presents
discharge hydrograph (in mm) from pixel No.1
the most upstream pixel, pixel No. 1652 (344
grids, 0.31 kmz), pixel No.3104 (1814 grids,
1.63 km?), pixel No. 3806 (3590 grids, 3.23

kmz) and the outlet of the basin, pixel No.4019

( 4018 grids, 3. 62 kmz) . Attenuation of

downstream  hydrographs show realistic
manner.

4. CONCLUSIONS

A simple distributed hydraulic model is
developed at the pixel/ soil column scale and
upscale to implement at the catchment scale.
Applied water balance concept within the pixel
and downstream interactions between each
pixel allow the runoff generation by three
mechanisms: HOF, DOF and SSF. Based on an
actual building block of selected DEM, the
model can be parameterized for a large set of
hypothetical catchments and input climate
events. Simulation results are received when all
processes are driven to reach a periodic
steady state by a sequence of identical climate
events.

In the next step, this model will be

used to investigate the climate, soil and
topographic controls on annual water balance
in a qualitative way to define dimensionless

functional relationships.
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ABSTRACT

Flooding location and boundary defined from satellite data normally shows low accuracy for a small
urban flooded area and lacking of flood depth and flood duration. To draw a snap shot of past urban

flood map, observed impact of historical flood event are required based on ground and onsite surveying.

The observed flood map is used to develop a flood hazard map for possible future scenarios by using
HEC-RAS V.5. This method is applied for the municipality of Nakhon Ratchasima, Thailand. The HEC-

RAS V.5 was used to perform 1D steady flow and 2D capabilities for simulating flood depth and flood
extent, respectively. The flow and geometric data (.e., the bank stations, cross sections and flow-path
lines)used as an input parameter for the simulation and they were generated by HEC-GeoRAS in ArcGIS
based on DEM (5x5 m2). Land-use map was used to estimate the manning's n in floodplain depending
upon the type of land cover. Simulated results were exported to ArcGIS to delineate water surface on
floodplain. Then, the maximum discharge value at the observed station (M.164) for return periods of 5,
10, 15, 25, 50, and 100 years were used as input flood to simulate flood map. It was found that, for 2010

flooding event in the concerning area, the simulated flood hazard map subjected to the discharge of 50
years return period is almost identical with the observed flood map from ground surveying.

Keywords: Return period, Rating curve, Historical flood map, Flood simulation, Land-use
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