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Porrameth Nitayavardhana 2008: Topography-Hydrological Model in Geoinfomatics Public
Domain System GRASS Appraised on Steep Slope Prototype River Basin. Master of Engineering
(Water Resources Engineering), Major Field: Water Resources Engineering, Department of Water
Resources Engineering. Thesis Advisor: Associate Professor Hansa Vathananukij, D.Eng.

93 pages.

River basins in northern part of Thailand are situated on steep slope area and in monsoon region that
produced flood almost every year.This study selected Mae Waang basin, Amphoe Mae Waang, Chiangmai
province as a study area. The 518 square-kilometers river basin area have two discharge-observed stations;
P.82 (Ban Sop Win, Tambon Mae Win) and P.84 (Ban pan Ton, Tambon Tungpi). There are four rainfall
gauging stations; 07801 (Ban Sop Win, Tambon Mae Win), 074C1 (Ban pan Ton, Tambon Tungpi), 07811

(Ban Toong Laung, Tambon Mae Win) and 071B1 (Ban Khung Waang, Tambon Mae Win)

According to the study, Topography-Hydrological Model in Geoinfomatics Public Domain System
GRASS could model the characteristic of Mae Waang basin through 1:50,000 geoinformatic data. The
comparison among daily and monthly discharge outputs gave goods results. Efficiency was studied on Sum of
absolute error (SAE), Sum of squared residuals (SSE), Percent error in peak (PEP), Peak-weighted root mean
square error objection function (PSE), Sum of squared log residuals (SLE) and The Nash and Sutcliff
Efficiency (EFF). The Nash and Sutcliff Efficiency (EFF) gave the best result. Relation between simulated
data and recorded data of discharge (Rz) were 0.771/0.949 for P.82 station and 0.786/0.937 for P.84

respectively.

The Topography-Hydrological Model in Geoinfomatics Public Domain System GRASS could mend
problem on software licenses of the geoinfomatics Hydrological Model. This potentiality could be used as a
tool for river basin planning/management. Especially on flood warning system that often occurred in the

northern river basins of Thailand.

Student’s signature Thesis Advisor’s signature
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FrH (2543) Anplununguimieaonii v.Feelni TasfnydanannsnazIsms
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GRASS GIS ¥iagilszasn manidumasiainunvesquiininase laglyvayadusiemon
~ Ao o Ao ' 1o ' o ~ g AyY A 4
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1. MIANY

=2 aw aa A 9 o a 09: qu

1.1 ANHT LAZNUNIUITUINY ‘]/]’L]‘lelQﬂlﬂﬂ’]ﬂlﬁ]\‘lﬂ’]Jﬂ'liG]ﬂG]\iIﬂﬁuﬂﬂJ JIUM

° N A = = o ] /q ¥ A
HUUITa0IYU-gNN TOPMODEL L‘WE]ﬁﬂHHﬂfJ’Jﬂ‘Uﬂ1i(1“]f\1'l‘u!!,a$ﬂ15ﬂi$f§ﬂ@]‘1“]ﬁ$°ﬂﬂ§‘n
Aa a dy ~ 9 = an ) Y 9 1T @ a q(
AITTUNATITITUANDT GRASS Gluwummm‘u ﬁﬂHTJ‘ﬁﬂ'li“lﬂleUFUﬂqu,ﬁ ﬂ'li?ﬂﬂWﬁiJ‘]Ji%’ﬁ‘Vl‘ﬁ

o 1 a da 1 v J o
GU’E'NLL'U'Ui]'Iﬁ@ﬁlmgﬂ'lﬁhﬂigﬁﬂ‘ﬁﬁﬁ\?Wﬁﬂig‘l/]‘]JTﬂﬂ@]i\‘l@]'ﬁ]ﬂﬁﬁW‘ﬁﬂJ@\HlUUﬂTﬁ@\‘l

1.2 ANH15ZUVANETAUNATITITUANT GRASS
Yo @ 9 =K g ) Y o 1 o
GRASS lasumsanniasldniu ¢ adunailiansaimauswsuszuy
UFiansneuiunes 1dMa1052 UL 019U Sun Solaris, HP, SCO, SGI Irix, DEC Alpha,

Linux 59409 Ms Windows %3 GRASS gniau10819¢0110391n1in398M2 Tan danni 2

5.7
51.X “5.0/5.1code mix” CVS HEAD '5-7.x “6.0.x" "6.1.x"  Eng. KU.
- =
cvs 2003 Ug‘:” 2005
8§ 6.0.1,
2001 '5.3.x" g “5.5.x" (?)
5.0.x 2 Z — A 6.0.2

%\ ”?\ 2003 |
CVS HEAD g B . ’ | 2004

5.0.x 5.4 NN N,
CVS release branch CVSrel. br.
5.0.2 5.0.3 “Hs54.0

MNA 2 M3 T1siunsy GRASS GIS

1.2.1 ﬂ’ﬂiJG?]}’ENﬂ1§6U’ENi$‘U‘U
7 < sy A a o o v
GRASS IBIYU 6.1.cvs L“]J“L!L’Jf]i‘]fu‘l/]ﬁ1h15ﬂ§lﬂ@lﬁ!tﬁ%“l/ﬂinuvlﬂﬂu
a wva . Yy A a A A ] 1 A
5$‘U‘]J1J§]°Uﬁfﬂi Ms Windows LL@Zﬂ’JiGl,‘]f!,ﬂiﬁNﬂﬁliJ‘W’Jmﬂi‘ﬂll’ﬂuﬂlilﬂigNﬁawﬁiﬂﬂﬂ’ﬂﬁiﬁl

1w 1 ) 1 -2 4 { 1
Ny 1 GHz wuwmwmmmmm?ammu 512 MB mﬁmmmwaﬁﬁwmaﬂizmawa 3

aa dy A J a J
1@ waziden luasaadu1nni1 600 MB
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'
o o

1.2.2 gaf1da1u GRASS

v
o o

YARIAIU09 GRASS 12152NOUAIAIDNYT 2-3 YAFIAUAILIATOINUIEYA
=

lusnusyausnazudasnalszinnvesgamds dausnusyase lazuaastaiadedes uaz lu

SNHIYATAMIEITUAAIDNT1082108R000 YAMITa U GRASS HARIAIA15197 1

319N 1 gamdalu GRASS

Prefix Function class Meaning of the commands Examples

d.* Display For graphical display and visual d.erase, d.histogram, d.nviz

query at the monitor

db.* Database Database management modules  db.columns, db.copy, db.select
g.* General General file operation commands g.copy, g.manual, g.region

iL.* Imagery For image processing i.group, i.rectify, i.spectral

p.* Paint Map design commands p.out.vrml

ps.* Postscript Map design commands for ps.map

postscript size

r3.* Voxel raster For 3D raster data processing r3.in.ascii, r3.info, r3.mask
r.* Raster For raster data processing r.contour, r.slope.aspect, r.sun
v.* Rector For vector data processing v.buffer, v.to.rast, v.univar

31: Hannover (2005)

=

1.2.3 gUnuvudeyanldlu GrRASS

sduuuvesdoya GRASS  seefudmiumaiudwazdeesndoya ¥
4 d

o I = o @ 9 a ~ o
uﬂlﬂuliﬂﬂ‘ﬂllﬂ')’]llﬁ"lﬂflluﬂJWﬂ"Uf’NT‘]J5LlﬂﬁNWTQ@WU?%UUQNﬁTﬁﬁHW]ﬁ Tﬂﬂugﬂlmumu

Dy e

n. VoAU Raster
E4
1) juuvudoyarind §@si ARC/INFO ASCII/Binary GRID, BIL,

ERDAS (LAN, IMG), USGS DOQ, JPEG, SAR CEOS, EOSAT, GeoTIFF, PPM/PNM, SDTS
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DEM, GIF, PNG, ASCII-GRID, (Geo)TIFF, ERDAS/IMG, BIL, GMT binary files lag
LANDSAT TM5
2) yUnuudeyadeonn Ifail ARC/INFO, ASCII GRID, ASCII, MPEG,

PNG, POV, PPM/PNM, TIFF/TFW, Binary Array t{a¢ GRIDATB.FOR

¥, YoYU Vector
1) Juudeyaindh 84l SHAPE file, UK.NTE, SDTS, TIGER, S57,
Maplnfo-File, GRASS ASCII tta¢ Arcinfo-E00-format
2) jUuuudeyadiven fifsil GRASS ASCIL SHAPE, TIGER, S57,

MaplInfo, DGN, Memory, CSV, GML, ODBC, PostgreSQL 1i8i¢ Povray
1.3 ANy uU$1aeqil - g1n TOPMODEL

1.3.1 NYUPUeWVUTIABY

F4 H
Beven (2001a) Nd17791 NYBRV0MUVT 000G UNTUNAFIUNI 117 118

v
A a o 9

g' £ z 3) 9 1 dy A o 1
VBIUTBINTUTUAUD m@a&m1gﬂﬂ‘i$mmmammﬂwaawmmwuw (a) M guriela

Y 9 Y
. 4 o

1 Y
dunrvar i Tunuguih (grid) tazannuadndvoairluau (hydraulic gradient) Y93
a Q' v 9 3‘ d! 9 1 1Y zﬂy d' ) a % !
AUDNAIAGTITIYTLUIUAIAIANVAIATUVDINUN (tan B) T@ﬂmammgmmﬂanm

v o 1 4 a 1 { o A o oy
ﬂ’?ﬂl]ﬁiJW“L!‘ﬁ381’?’JNﬂ’JHJi]"UENﬂ’JTJJ‘;]ﬂ)'ucluﬂuﬁ’JL!ﬁLﬁﬁﬂﬂ"lﬂﬁﬁﬁﬁﬂ'lﬂ%’ﬂmﬁ’lﬁ’wu"l (storage

deficit below saturation) AuARsTd quﬁﬂﬁ 2nf (TL In (a/ tan B))

v A a . v A a = 1T o
AN 32INA (Topographic Index) A¥HaMNANYsZMA (TI) HRIEDI AR
¥ v 9
dauanuduiusszniiunsuhagauanniauuaigniaaeaemszezn1ems luamy
. o & 4 P T T —
AANVANTFUVRINUN & A (grid) N9 9 &3 Quinn et al. (1991, 1995) 85118 13 Tug1lveq

YoyaiBansa Asaumah 1 uazniwi 3

a
T :In(tanﬂj (1)
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Y v
A A

[ Y
e  a Ao NuNSNAZANINNTAUUAIGNTAAN (total upslope area accumulated, A)
ADAT FLELNIIMT 1@ (contour length, b)
A 1 % a oij PR 1 1 Y4 2’
anf} Ao MAnwamduvensatiu q suilum laglszanavesnnuandndvei

Tuau (hydraulic gradient) maldaniiznadin (steady - state condition)

] v

= g & do J da 2 S R
MNAN 3 MITETUVYUINIUWUNTUUINUANUDIAMN D @ﬂquﬂwﬂiuwquuuw

9
U

3 fau1agnn Beven (2001a)

1.3.2 N3ZUIUNMINKGNAING
Y
NILUIUNMIYNNING1VOLLUVI 1099 TOPMODEL Nanvmezaail Tag P unu
9 9
Usmamsanvesrlu E; unumsliiwesiy waz R unudFinaini dmQ, Q,uas Q,

Y ' Y Y v
unuSnanin lmavinuaanusuvesauFUa1e q daaasluaing 4

Overland Flow (surface runoff)

f * \

I Root . Gravity | Saturated n
P Zone Q" Zone Q" Zone Q, R
r
Steady State
Soil Moisture
Deficit

MNN 4 AINTLVIUMINNGNNING VDIV VT1089 TOPMODEL

#31: Romanowicz (1997); Merwade (2001)
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Y
ms Inaluduiwesuusiaes TOPMODEL 19anns lvauuy Kinematic Wave
v Y 1
Routing Iagimuald anuataduiesdnii () Iawmnuanuamduvesdanii (S,) ¥

M3 mailuiy Steady — Uniform Flow
S, =S )

Y 1
mMsmratsnanhmaunsomiuin Idnaunsaeriiag (Continuity equation) U84

St. Venant equations
0 O0A
_Q +—=0

3
ox ot )

A W a < 3’ 3| v o
TﬂElllﬂ"lﬁll‘]Jigﬁvl‘ﬁﬂﬁ"llllﬁﬁoluﬂ"lillﬂaﬂl@ﬂu’]!ﬂu@'Jﬂ?‘]Jf’]ﬂJIﬂflLL‘]J‘]Jﬁ]"Iﬁ@Q’ﬂS

o Y < 1w o g’
ﬂ11411@1114?1211113??1’Jmti’Jmmu‘ﬂﬂi}@]ﬂJmmui

4
ﬂiz‘U’mﬂh‘“l/lNQ‘I/lﬂ’J“I/IEJWENﬂﬁ]l‘lfiaclull,u’JﬁQ(Vertical storage elements) lunsdl
Aa A o 9 3 = S 3 qua 2 o o & A
muaumawuﬂug‘ﬂu‘uummaﬂmawuuﬂmu wamsnunni lugsusinny (Root zone
U 091 . . 3| @ f
storage) N133118 (Evaporation) 111@%1!1 U$ non - active moisture Wudunuvesnnusuluy

a

Y Y Y Y Y
AUFIEA (Field capacity) M3 Tvalunuiasningusiniy ldsruiladu Tusumslvaves

Y
o

1 4 a < [ 1

ansa T (Gravity drainage zone) Lﬁﬁ)ﬁﬁﬂﬂ field capacity Tagdsuamsinunnszn?
A 1 H

19%WU saturation U@ field capacity lilasuuaslumuanudnvesdn dwanasluani s

4
LLﬁ%ﬁTiJTimLﬁﬂWS{’JEJﬁNﬂﬁ Al

S =0, -0 )Z —w,) =A0(Z —y,) 4)

dy a 1 d' = d! [ g’
S| = ﬂ?WNﬂﬂ?TN%uﬂluﬂuﬁjuﬂlﬁaﬂ U ﬂﬂiﬂﬂﬂﬁuﬂﬁaﬂ‘mﬂﬁ%ﬂTﬂUT
R PUTERRLA PTG BR (Local gravity drainage storage deficit: m)
dy a Q' v 9 oy
6. = anusuluauynzduaIfnlei (Soil moisture at saturation)
Y
= mm%u“luﬁuq 39 (Soil moisture at Field Capacity, FC)

9
Z, = anugevesszainildau (m)
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: v . v

AB, = Fosiludui Rudahdwfinunhanuiuludumazu
(Effective drained porosity: m)

AG, = mmﬁ%u“luﬁuwmmﬁcv (Root zone storage)

Vo = mmqwmumﬁﬁmmmq capillary (Effective depth of

Capillary fringe) 1HoAUDINAD

water content

e
-
wilting point ~ field capacity (eﬁJl saturation (6)
|
S=10
AD. AD T
y = b1 -
LY Fd
gravity
oot zone storage
drainage
(SRZ)
i storage S (5D)
(lezi)
non-active moisture q, {UZ)
wﬂ
saturation zone
Z
——-"""'/ \If

M 4 Y
NN 5 fﬂiUh/iEWINLLl!’:]ﬁ\‘i61]fNﬁﬂ,uauGHNLLH’JEW’U@QLLUU%WQ@Q TOPMODEL

An: ‘]J'%J‘U‘]J’:;Q%m Beven et al. (1995); Pinol et al. (1997)

Beven et al. (1995) TOPMODEL #onNduil5u8dnszuIUNTNIgNNINeInso

<3 Y] oy ] (Y] a 09/' 1 [ ng; <3 % {
manunnieuiumasiamugilszme Tagsuvoan TI TuugazFumsinuinaInnIum

& 1 U cy tﬂy A oy . IQSJ’ A A Ao £ J
6 11!141!\1141!'3‘(’16%1!1 NWUN (a1) fﬂ%izﬂWﬂuTﬁ%ﬁuﬁluﬁ)‘ﬂ 1 ANGgFUAUN 5SVYAAN 911l u

q

o dy d'd'z:l a Q' o Y oy o'/ 9}09/’ d‘d 1
AWNUYDINUNNUNTADUTUBDIVDIAUBDUAIAIYUN ﬁ]uﬂigﬂ\iulﬂ“]fu TI nuMGIga ﬂ"l'illﬁﬁ

U q
Y

9
v [ o
Tunaduiailu 3 wa Taofiiuasniies (root zone store, S,,) AMITzDw TauTa Ty

v Y
04 (vertical drainage store, S,) uazms"lwamqmmﬂu@umﬁmm (saturated zone, ()
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v v v 4
NN 6 ﬂismuﬂﬁmmﬂfﬁ‘ﬂﬂmnﬂéfﬁﬁvﬁﬁmwgﬁﬂﬁzmﬁ In(a/tan B) AnuTu

31: Beven et al. (1995); Pinol et al. (1997)

a I 1 a 1 [T 4 g} a
Durand et al. (1992) 83v1eawH TI NHawuagulvanuaedndvenirluau

9
(hydraulic gradient) ¥u1u lAuANUMIRMYDY THa eansasulugilvosnnugaiudu

9 1
1 o A 1

a ] d' A [ = Q' v 9 : ti! dy d' Q' LY
hluﬂuﬁ'luﬂlﬁa@ﬂﬂuﬂﬂi]ﬂﬂll@]'!ﬂ?leT ] ﬂﬂiﬂﬂﬂﬂuﬂm@ﬂWHﬂﬁﬂJuTﬂ@stll!ﬁﬂWTJgi’JlJ@]'J

Q U

(local saturated zone deficits, S ) faid
S =S+mA-In(@/tan )] (5)

A ~ A dy a 1 A A = :fl di’ A 3’ ]
o S Ao AnuyaNuFuluAudIUNdoALTIINUNGNIN (M8 : 1uaT) tag A

=) 1 oA a P~ ! g’ o dy A Y a dy
1o ﬂmﬂmﬁmwguﬂizmﬁmaﬂmmmuﬂwum aums (5) 1%1uﬂ1iﬂﬁzmummgmwwu

v Y
1 A o =

A ~ A [ [ 1 1 dy dy a d? 9 2
°luﬂumuwmaaimmasmmm 1 S| AADILTAININUNUU 9 ‘JJﬂ’JHJ“]ﬂ!LWlIﬂJ‘L!LLﬁ%Hﬂiﬂﬁ

Y
=

2 oy 2 A, A 4F " A A &
YADNAINITUN Mmmwmmmumemwummmwaﬂm

o <] @ 1

Huang and Jiang (2002) M3fuiasl¥msinuin 2 @31 A9 SUR tiag SRZ 1ag SRZ
I~ @ =) A = J A d? A a 9 1 I~
[WUANUUDY root zone storage U1 0 1UDDINYA FC UASAUNNUYULINDAULYY @IU SUZ 1Wu
% 1 A 1A 4 4 < @
fILNU unsaturated zone storage (gravity drainage) 1M 0 nya FC IAunuAuionsunD
A 3 [ IS o 1 o . .
MY vaziuganuingegavesnl SD MIfWIN g, (Vertical drainage flux) 30 UZ

Y
aMTaLand lagaunsaall
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q, =—— (6)

9 A d? = o Y [ 3’ ya A dg} A I 1 A .
M St, nIusziam Inszavihlaquiuvuy o t, HuaA1AINveIal (Time
tﬂy A J dy a ' [ = ' . .
constant) wumwamﬂizﬂamueﬂummuuazugwqumumﬁlmg (soil heterogeneity and
a I usJ‘ g} 3 3 Aa {
macroporosity) aXuA Whilums Inaaslundaaziilvasenvindudl laeldauniisngu

L1l a

2819@NUAVD (homogeneous soil)

Y
uuvs1aes TOPMODEL lagwasinis191iwesiiy (Evapotranspiration, E,) Taold
[ I 1% oy 09/’
ANININNITILINIYIFA (Potential evaporation, Ep) tazmsnuini lugusinies (root zone)

fualdfiwia E, dsaums (5)

Srz
E.=E, x(l— s J (7)

A A J & A . A
tyo SrZ ﬂammi}mmuﬂu%mmww (Root zone storage deficit) LD Ssmax FIDNITNY
< @ 2’ a . . 3 £ aq ¢
IgA¥eIN TN UNNIIUAY (maximum allowable storage deficit) 114U root zone FIAUUA 174
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(a) Eight-direction Pour Point Model (b) Grid of Terrain Elevation
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1 0.0 00 140 04 60 95 00 15 00 00 00 00
2 00 46 23 00 00 40 00 00 00 00 00 00
3 180 04 105 39 00 104 385 00 00 00 00 00
4 27 00 546 142 00 00 64 00 00 00 00 00
5 00 00 00 318 00 00 00 00 00 00 00 00
6 00 40 32 150 00 417 00 00 41 00 00 00
7 00 231 04 265 02 363 00 00 20 00 00 00
8 00 204 176 00 03 12 00 320 00 00 00 00
9 00 00 50 00 22 00 00 395 00 00 00 00
10 00 00 245 00 12 00 00 30 00 00 00 00
1 00 00 31 0.9 125 00 33 00 00 00 00 00
12 00 00 56 702 306 690 00 263 00 00 00 00
13 132 45 64 180 150 10 00 00 00 00 00 00
14 00 04 23 157 100 262 00 00 00 00 00 00
15 00 00 01 42 00 504 00 00 00 00 00 00
16 00 70 04 150 07 56 00 00 00 00 00 00
17 00 00 38 268 28 340 00 00 00 00 00 00
18 0.0 197 50 00 50 240 00 00 00 00 00 00
19 00 20 00 00 22 232 15 00 00 00 00 00
20 00 05 36 105 0.0 174 00 00 00 00 00 00
21 00 75 220 07 53 00 00 00 00 00 00 00
2 00 00 60 260 00 68 00 00 00 00 00 00
23 00 00 00 02 08 507 00 00 00 00 00 00
24 0.0 00 10 20 00 00 00 00 00 00 00 00
25 00 25 00 81 00 00 00 00 00 00 00 00
26 0.0 14 25 1.1 00 22 22 00 00 00 00 00
27 00 57 00 00 20 00 00 00 00 00 00 00
28 00 00 60 00 00 00 00 00 00 00 00 00
29 0.0 122 00 00 00 00 350 00 00 00 00 00
30 0.0 15 00 00 80 00 340 00 00 00 - 316
31 - 00 - 03 407 - 120 - 00 00 - 0.0
I 339 1274 1999 2915 1455 4136 1329 1023 6.1 00 00 316

mag 1.1 4.1 6.7 9.4 4.7 13.8 43 3.4 0.2 0.0 0.0 1.0
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3 180 0.0 5.5 0.0 127 9.0 117 00 0.0 0.0 0.0 0.0
4 2.7 0.0 1.4 2.2 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0
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17 0.0 0.0 0.5 35 4.5 548 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 0.4 1.6 0.8 326 02 0.0 0.0 0.0 0.0 0.0
19 0.0 0.0 237 02 1.1 382 0.0 0.0 0.0 0.0 0.0 0.0
20 0.0 0.0 15.1 11.0 08 5.7 0.0 0.0 0.0 0.0 0.0 0.0
21 0.0 5.9 365 0.7 2.8 0.6 0.0 0.0 0.0 0.0 0.0 0.0
22 0.0 1.9 0.4 293 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 0.0 0.0 8.5 0.5 5.9 342 1.3 0.0 0.0 0.0 0.0 0.0
24 0.0 3.0 0.0 6.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0.0 0.0 0.1 8.3 6.6 0.0 0.0 0.0 3.7 0.0 0.0 0.0
26 0.0 31.6 1.0 0.3 2.9 0.0 0.0 0.0 12 0.0 0.0 0.0
27 0.0 2.7 3.1 0.0 14.8 18.3 10.1 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 159 102 1.5 174 0.0 0.0 0.0 0.0 0.0 0.0
29 0.0 337 00 0.5 0.0 7.4 3.2 0.0 0.0 0.0 - 24.1
30 0.0 219 05 0.0 0.4 0.5 824 0.0 0.0 0.0 - 18.1
31 - 0.0 - 0.0 7.6 - 32.0 - 0.0 0.0 - 0.0
NN 339 189.9 1881 1299 1283 4304 1483 386 276 0.0 0.0 422
wmag 6.1 6.3 4.2 4.1 143 4.8 1.3 0.9 0.0 0.0 1.4
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8 0.0 377 00 175 3.0 16.3 19.3 152 0.0 0.0 0.0 0.0
9 0.0 374 92 0.0 12 287 7.1 134 00 0.0 0.0 0.0
10 0.0 0.0 19.6 1.8 123 56 2.2 3.9 0.0 0.0 0.0 0.0
11 0.0 0.0 279 22 8.8 328 00 4.1 0.0 0.0 0.0 0.0
12 0.0 9.5 9.6 0.0 9.5 484 0.0 8.9 0.0 0.0 0.0 0.0
13 0.0 2.0 8.4 511 284 324 00 0.0 0.0 0.0 0.0 0.0
14 2.6 0.0 132 76 3.7 00 0.5 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 5.6 2.5 133 638 06 0.0 0.0 0.0 0.0 2.3
16 0.0 0.0 3.6 374 36 973 0.0 0.0 0.0 0.0 0.0 0.0
17 0.0 0.0 3.9 00 3.2 75 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.0 2.8 0.0 8.7 8.9 0.0 0.0 0.0 0.0 0.0 0.0
19 0.0 0.0 2.4 125 88 322 00 1.3 0.0 0.0 0.0 182
20 0.0 119 97 2.9 7.7 180 0.0 0.0 0.0 0.0 0.0 17.1
21 2.7 144 44 9.7 3.2 9.1 0.0 0.0 0.0 0.0 0.0 0.0
22 0.0 5.4 2.7 2.2 5.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 0.0 53 209 280 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 252 69 2.4 402 00 0.0 0.0 0.0 0.0 0.0
25 0.0 6.6 44 170 0.0 442 46 0.0 0.0 0.0 0.0 0.0
26 0.0 6.4 0.0 238 0.0 49 1.1 0.0 0.0 0.0 0.0 0.0
27 0.0 15.1 5.1 5.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 102 60 0.0 15.1 6.8 2.8 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 3.0 5.4 0.0 253 0.0 0.0 0.0 0.0 - 0.0
30 0.0 228 0.0 0.7 0.0 7.7 185 0.0 0.0 0.0 - 0.0
31 - 27.6 - 0.0 0.0 - 58.4 - 0.0 0.0 - 0.0
NN 414 2242 4046 2656 197.6 5942 1403 1041 6.1 0.0 0.0 39.6

=
nag 14 72 135 8.6 6.4 19.8 45 3.5 0.2 0.0 0.0 13
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LY. Wefle  Nfe  Nfle B DB AR Wl ol Mf. NN ..
1 085 060 424 167 244 827 1042 1567 564 370 212 149
2 085 056 292 167 316 892 999 956 564 350 198 138
3 085 078 827 167 316 707 1107 806 551 096 198 149
4 115 130 376 160 292 538 1085 7.63 538 296 198 149
5 145 115 642 190 256 376 1064 7.07 551 282 198 149
6 145 115 244 328 244 340 870 694 577 282 198 138
7 138 123 707 292 232 304 827 681 629 28 198 138
8 115 182 205 244 220 1836 827 892 590 28 198 138
9 100 205 499 205 220 3220 7.84 935 590 28 198 138
10 093 152 304 197 232 2860 741 956 551 28 198 138
11 085 138 499 182 244 4660 7.07 827 551 28 198 138
12 085 160 268 18 256 2116 694 827 538 28 198 138
13 448 138 292 892 1272 2320 668 741 538 268 198 128
14 412 145 220 538 1199 1174 668 694 525 254 198 128
15 123 130 205 352 603 3995 655 668 525 254 184 128
16 108 138 304 1836 460 3960 655 642 512 254 184 128
17 093 123 197 590 376 1976 629 629 512 240 184 128
18 085 123 190 603 436 6200 616 629 512 240 184 128
19 070 160 197 436 436 3280 616 629 499 240 184 128
20 067 167 473 352 424 3130 616 616 499 240 170 128
21 070 167 364 448 364 1976 603 603 48 240 170 128
2 070 182 577 412 388 1668 603 616 499 226 170 128
23070 167 499 1322 316 2060 603 603 499 226 159 117
24 070 152 316 486 352 3220 603 590 499 226 170 117
25 070 175 212 564 316 1518 603 577 48 226 170 117
26 070 190 197 616 280 1223 603 577 499 226 170 117
27 067 175 197 460 280 1199 629 577 551 226 159 117
28 063 190 197 424 280 1371 629 564 390 226 149 117
20 063 145 190 388 256 1864 629 564 390 226 - 1.07
30 060 205 182 316 292 1248 681 564 370 226 - 170
3 - 182 - 268 268 - 1948 - 370 212 - 159
W 3355 4568 10296 137.84 11670 62058 240.04 21694 15955 7844 5193 4118
lﬂé@l 1.12 1.47 343 4.45 3.76 20.69 7.74 7.23 5.15 2.53 1.85 1.33
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1 052 030 057 057 105 515 643 1392 149 081 057 035
2 109 032 123 060 105 336 608 594 185 081 037 098
3 109 030 133 060 123 240 594 489 176 088 060 091
4 068 020 137 052 105 167 678 456 176 088 070 042
5 032 030 300 052 105 057 615 408 185 055 081 040
6 022 022 119 070 08 055 548 378 207 091 037 030
7 030 035 063 098 08 050 508  3.66 390 052 052 027
8 025 063 194 091 070 1164 463 554 336 088 047 020
9 027 102 167 102 074 1908 444 548 325 084 045 035
10 022 052 126 081 074 974 438 629 280 084 052 032
11 025 037 123 070 070 3975 432 554 260 081 055 057
12 035 042 109 068 126 1230 402 528 207 084 050  0.60
13 032 047 063 144 225 1221 384 420 130 081 050 057
14 084 063 095 149 534 728 384 384 119 081 055 057
15 040 040 095 105 194 1183 366 372 098 081 050  0.70
16 027 045 102 360 149 3170 3.66  3.54 091 088 055 116
17 022 037 098 414 130 1297 348 336 074 065 055 098
18 019 037 08 207 098 3487 270 230 081 050 063 116
19 019 040 070 275 077 2748 194 290 077 050 070 042
20 027 057 081 130 042 2900 149 221 081 047 063 030
21 030 057 133 126 045 1411 130 212 081 047 042 025
2 032 052 084 133 037 940 158 212 077 047 042 022
23 037 065 112 325 042 840 153 203 074 047 045 025
24 045 074 105 240 057 1644 155 194 077 042 037 025
25 032 055 077 290 050 1268 158 194 074 063 027 025
26 030 050 077 348 045 744 158 189 074 063 027 022
27 032 052 081 235 042 643 144 189 077 070  0.63 020
22 032 063 074 207 060 678 140 180 162 070 030  0.20
20 030 057 060 194 037 1098 203 180 088 070 - 0.20
30 030 137 055 153 037 744 265 180 084 060 - 0.52
3 - 084 - L2 037 - 1516 - 081 050 - 0.19
W 1156 1607 3201 5008 3071 37425 11859 11436 4576 2129 1417 1428
WAy 039 052 107 162 099 1248 395 381 148 069 051 046
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A = 1
o .o uree vy

WU : Uaaluns

2
o

USanamsliivesns ey

T U
M. Wefle  Telle  Dufle 8. DB A Wl Bofle  Mefle NN Wl

1 9.5 689 687 396 088 - 226 162 185 318 331 428
2 9.4 768 417 399 491 539 498 528 484 314 400 493
3 9.4 775 215 427 341 131 444 240 264 301 395 4586
4 7.5 576 443 465 212 432 355 232 399 472 332 5.68
5 0.0 503 320 647 377 169 476 189 314 317 393 498
6 9.4 397 267 643 363 003 356 425 135 245 370 485
7 8.9 134 472 693 037 354 460 409 244 320 302 570
8 6.9 036 266 490 359 339 535 438 145 324 297 544
9 9.3 371 415 348 240 322 338 154 237 316 312 575
10 84 599 497 489 257 310 353 279 248 318 321 470
193 619 360 423 318 3.00 445 289 267 287 442 421
12 88 338 301 - 052 459 310 348 278 290 457 557
13 77 452 234 285 039 533 263 508 178 332 277 578
14 57 462 463 445 023 458 393 444 413 358 124 533
15 35 672 172 407 396 048 394 440 326 345 413 483
16 86 626 440 321 308 294 364 385 446 373 481 542
17 98 596 386 639 002 377 459 278 420 393 450 576
18 89 674 544 448 051 758 422 434 266 348 521 538
19 78 739 356 3.69 299 364 710 338 306 288 416  2.69
20 89 420 310 285 467 195 310 487 287 429 579  3.67
21 95 634 532 199 173 164 284 208 227 312 511 584

22 10.0 6.01 1.60 3.45 3.09 3.41 5.27 3.14 3.68 3.45 5.41 5.99

23 9.3 4.97 3.35 2.17 1.49 7.25 3.96 3.21 1.32 2.65 3.28 4.74
24 9.2 7.71 2.92 1.18 3.54 4.21 5.00 2.86 3.24 3.29 7.79 4.04
25 8.3 6.04 3.79 0.67 491 4.21 2.63 2.53 2.19 3.09 6.47 6.92
26 8.8 6.52 4.56 2.60 3.11 422 2.41 332 0.95 3.20 6.71 5.95
27 9.9 7.62 3.03 2.95 1.75 3.42 2.94 3.94 3.48 3.54 5.87 5.75
28 9.7 2.05 3.61 4.46 3.45 1.60 5.14 3.71 2.68 3.43 4.42 4.25
29 9.7 6.02 3.72 5.66 3.25 3.57 - 4.45 3.60 2.82 - 2.34
30 10.1 3.28 4.93 2.34 3.16 2.94 1.41 4.00 2.97 4.77 - 3.11
31 10.3 3.20 - 4.30 2.10 - - - 3.00 3.77 - 1.75

W 26250 1642 1125 1180 787 1004 1127 1033 878 104.01  121.19  150.5

A
nag g 47 5.30 3.75 3.93 2.54 3.46 3.89 3.44 2.83 3.36 433 4.85
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msaanaazmaisuaulyullsunsu GRASS
M3fAanaldsunsu GRASS

Y
M3aadallsunsy GRASS  @1u135091% 11aa 18 1 URL: http:/www.grass.itc.it,

http://www.gcog.uni-hanover.de/grass/ , http://geni.atx.cx/grass.html L@ http://cygwin.com

M3iBuAulFNulsunIN GRASS

Weicome to GRASS GIS Version 6.1.cvs

Please select location and mapset

L oF define a new location
Database : [haome/Paranit Browse...
& 1
Location (Accessible) Mapsets Create new mapset :

= 1 e

Enter GRASS | Creale New Location | Create Location From EPSG | Help | Exit

MWHUINA 1 wihweviandn1a5iniy GRASS

TER> TO CONTINUE

d' Y 9y 1 dy A=
MNAUINN 2 fﬂiﬁiNﬂﬂlﬂl@y”dﬁlﬁiﬁlﬂ\iwuﬂﬁﬂHW



GRASS 6.1.cys GIS Manager - Maewaang DEX

map

———— vectormap
Manage maps and volumes ¢ e
Map type conversions 2

~ Varlous fomals using OGR

Eile Confiy Raster Vector Image GrigdD Databases Help

R=%[ 0|z @ &)
ol olnl sl 2

Groups >

Save display o Inage fle
Save map to Postscript e

Import old GRASS vector format

ASCII polns fle or GRASS ASCI vector fle

ESRI 200 format
Garmin GPS Waypoints/Routes/Tracks

Printto defaut printer ctri-p GEOnet Name server country files (US-NGA GNS)
i e Matlab and MapGen fles
vinogr

MEYWINT 3 ihvendasdiedumsiudideyasiia Vector

o| oy Bostr Vecor image Giaap Datavsses Help
o0 ﬂzm%[ NI
i | e T 3
Vector map - Multple fomts using GDAL

Manage maps sndvolumes - quono |
Map type conversions L ASCII GRID (ncludes GRASS ASCI)

Polygons and nes o ASCIlle
aroups > .

iy fle (ncludes GTORO30 formey
Save display to image flle - ESRI Arc/info ASCHl grid
Save map to Postscript fle GRIDATBFOR map file (TOPMODEL)
Print to default printer cw-P MAT-File (v.4) array (Matiab or Octave)
o e SATM natles

Torra ASTER HOF fles
ingeal

Develop map
Manage map colors

MHWINT 4 ivendadiedamsiudndeyawiia Raster

mMs1szgnaly GRASS ied1aesdnbamagiinemn

pl=E s

‘pls] ]

Query by cooralinate(s)
Guery with mouse

Create raster buffers
Create raster MASK.

Locate closest points hetween areas in 2 raster maps
Wap calculator

Melghborhaad analysis

Ovelay maps

Solar radiance and shadows

Terain analysis

Transform features

~ Calculate cumulative movement costs hetween lacales

Hydrologic modeling
Landscape structure modeling
wildfite rodeling

Cost surface
Least cost raute or flow
< Proflle analysis

* Shaded relief map

Change category valugs and labels

Slope and aspect

Generate concentic circles around points
Generate random raster cells

Generate surfaces

Generate vector contour lines

Interpolate surfaces

Overlay slope arrows on aspect raster map
Tetain paraeters

- Textural features

. Visibilityrine of sight

Reports and stafistics

MU 5 nihvonaasiiedemsisendidunodsedoya Slope 11az Aspect
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r.slope.aspect

i e 13 35 Of SIS0, SEDEC, CUNVSLS 3 Tl GanVaIVEs 1o 3 e 1
] e ievaon vlies. spect s Ceculted coursiciociwse fom et

Options | Oufput

Raster elevaion fle name: (elevaton. sting, requred)

Zdenzon

Output slope filename: (slope: string, optional)
ope

Fom fo reporting th slape fomat: sting, aptional)

degrees 3

Type of oufput aspect and siape maps; (orec: sting, opional)

oat £

Output aspect filename: (aspect. string, optional)

[repect ]

Cuiput profle curvalurs flename: (peur. siing, oplanal)

Ouiput tangental curvature flename: (tcurv: sting, apiona)

Output first order partial derivative dx (E-W slope) filename: (dx: string, optional)

S siope=Siope prec=foat 0
min_sip_sllowed=0.0

Run Help Clear Close

MWHUIT 6 Mivemdensaiedoya Slope 1Az Aspect

GRASS 6.1

vs GIS Manager - Maewaang_Project DE\@

Eile Config Raster | Vector Image Grid3D Datahases Help

D= als

B

Guery by coordinate(s)
Guiry with mouse

Create raster huffers
Create raster MASK

Locate closest paints between areas in 2 raster maps
Map calculator

Neighborhood analysis -
5 Ovetlay maps -
- Solar radiance and shadows -
Terain analysis -
Transform features -

Hydralogic modeling
Landscape structure modeling ~ Depressionlass elevation map and flowline map
wilbfre modeling - Flow accurulation for massive grids

Generate flow lines for raster fiap

Topographic index map

TOPMODEL simulation

Watershed subhasins

Change category values and labels

Generate concentric circles arund poins

Generate random raster cells -
Watershed analysis

Watershed basin creation

Generate surfaces
Generate vectar contour lines

Interpolate surfaces o

MHWINT 7 vivendaiiiedumssendidauiioas1adeya Accumulation, Drainage,

Subbasin Q% Stream

GRASS 6.1.cvs GIS Manager - Maewaang_Project
Bestor | Veolor Inage GiddD Datahases Help

Quety by coordinate(s)
Query with mouse

Create raster buffers
Create raster MASK

Locate closest points between areas in 2 raster maps
Map calculatar

Neighbarhood analysis .
Overlay maps =
Solar ratiance and shadows .
Terain analysis -
Transform features -

Hydralogic modeling =
Landscape structure modeling ~ Depressioness elevation map and flowline fiap
Wildfire modeling ~ Flow accumulation for massive grids
Generate flow lines for raster fiap
* Topographic index map

TORMODEL simulation

Watershed subbasins
" Watershed analysis

— Change category values and labels

Generate concentrc circles around points
Generate random raster cells

Generate surfaces .
Generate vector contour lines
e 1 I

MHWINT 8 v vendaiIedumssenddauioas1adeya Flow Direction Hag Risk

Flood Area



mMs1szgnald GRASS ied1aesdnbasmagii-gnn

X\ GRASS 6.1.cvs GIS Manager - Maewaang_Project |-

Eile Config Raster | Vector Image GriddD Databases Help

Develop map
Manage map colors

REACIC]

ble]d ] £

Query by coordinate(s)
Query with mouse

Create raster buflers
Create raster MASK

Locate closest points between areas in 2 faster maps
Map calculator

Neighborhood analysis

Overlay maps

Solar raiance and shadows

Terrain analysis

Transform features

Hydrologic madeling

Landscape structure madeling
Widifire madeling

~ Depressionless elevation map and flowline map
- Flow accunulation for massive grids

Change category values and labels

Generate flow lines for raster map
~ Topographic index map

Generate concentric ircles around points
Generate randam raster cells

Generate surfaces

Generate vector contour lines

Interpolate surfaces

TOPMODEL sinulation
| Watershed subbasins

" Watershed analysis

" Watershed basin creation

MEWINT 9 ihvendasdiedumssondiduioassdeyaganitvdou (Yoya Outler)

Reports and statistics

GRASS 6.1.cvs GIS Manager - Maewaang_Project [2][E)X]

Eile Config

ster | Yector Image GridaD Databases Help

Develap map
Manage rap colors

pl=ael

Query by coorinate(s)
Query with mouse

plmle] 2]

Create raster buffers
Create raster MASK.

Locate closest points between areas in 2 raster maps
Map calculator

Neighbothood anialysis

Overlay maps

Solar radiance and shadows

Tertain analysis

Transform features

Hydrologic modeling

Landscape stucture modeling
Wildfre modeling

~ Depressionless eleyation map and flowline map
- Flow accumulation for massive grids

Change categary values and lahels

Generate flow lines for raster map
* Topagraphic index map

Generate concentrc circles around points
Generate random raster cells
Generate surfaces

_ Generate vector contour lines
Interpolate surfaces

TOPMODEL simulation

| Watershed subbasins
Watershed analysis

" Watershed basin creation

v v ' Y
MWHUINT 10 HIRLAAIDININIEsnmdunodasslsnanimidlenuuiiass

TOPMODEL

Reports and statistics
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B parameter - Notepad
File Edit Format View Help

i3

Fcamhmmt name 1

Mae Wang Basin

# Area(m2)

3.89E+08

# g0 biTe m S0 Smuaxwd véh v

0.0000075 -4. 0.125 002 0.15 60. 2500. 2500,

#infex KO psi deheta

0 2,002 01

# Number of channels

v 4
mvwuni 11 3uuudeyamidulszansvewuuiiaea

B input P82 - Notepad

File Edit Format View Help
qumb« oftimesteps  time siep (hr)

365 24 I
#Rainfall (m/dr)  Potenial evapotranspiration (m/dr)
0.00000 0.00468
000000 000630
0.01800 0.00400
0.00270 0.00436
0.00000 0.00138
0.00000 000477
0.00000 0.00595
0.00000 0.00477
0.00000 0.00770
0.00000 0.00520
000000 000724
0.00000 000512
001320 0.00547
0.00000 000452

=)

v Y Y
mveuInd 12 uuudeyalsinanidusazmsldiwe iy

B qobs P82xx - Notepad
File Edit Format View Help

%ob;med flow (m*3/timestep) I
73440 =
73440
73440
99360
125280
125280
119232
99360
86400
80352
73440
73440
387072
355968
106272
93312

50352

q’ 9 a 3} 1 AAQ Y
MUEING 13 Juvvdeyailsmaniviminasiiinleasvaen



1 QQQ - WordPad =13

File Edit View Dnsert Format Help

DEE SR # LR
[Gratow S [0 ] [woserl
timestep £

T
0.000e400

s
36

For tielp, press FI

o 7 o o
ﬂTWN‘M'Jﬂﬁ 14 E‘]JLL‘]J‘]JWaﬁW‘ﬁﬂ']i%?ﬁ@\iig]}'llﬂ!!,ﬂﬂ%']ﬁﬂﬂ TOPMODEL
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