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Abstract

This thesis applied the hydrological model SWAT to simulate the rainfall — runoff process in
the Upper Ping River Basin which covers the area of about 23,370 sq.km. The purpose of
the simulation was to observe the influences of changes in hydrometeorologic conditions
and in land uses on the occurrence of river runoff. It is expected that the results might be
used to predict the change in river runoff in the future when the land uses pattern change
and that the feasibility and adequacy of the present water usage plans and water

management scheme can be assessed.

In the study, statistical analyses on trends of changes in hydrometeorologic data were done.
The SWAT model was then set up for the river basin. The whole river basin which has
the Bhumibol Dam as the outlet was divided by SWAT into 11 sub — basins. Six sub -
basins out of these 11 sub — basins have the streamflow gaging stations or the streamflow
data at their outlets. They are the P.1, P.14, P.20, P.21 streamflow gaging stations and the

two storage dams, Mae Ngad Dam and Mae Guang Dam.

Model Calibration was done by using the hydrometeorologic data and land uses data of the
years 1990, 2001 and 2006. The computed river runoff values were compared to the

measured data at streamflow gaging stations P.1, P.14, P.20 and P.21 and at Mae Ngad



Dam and Mae Guang Dam. Justification of the model calibration was considered from the

cfficiency coefficient Nash and Sutcliffe (NS) and the correlation coefficients (Rz).

Calibration result of the year 1990 yielded R’ between 0.61 —0.89 and NS between 0.74 —
0.94 while that of the year 2001 vyielded R’ between 0.68 —0.83 and NS between 0.82 —
0.91. The model parameters used for calibration in 2001 were then verified with runoff data
in 2006. Thc verification results that showed R’ ranged between 0.71 —0.93 and NS
between 0.81 —0.95. The values of these two coefficients, as they fell within the acceptable
range. indicated that the values of model parameters as used in the calibration could

produce the values of river runoff closely similar to the observed ones.

The calibrated model was then used to simulate the occurrence of river runoff in Upper
Ping River Basin under three different land use patterns. They are those of 1990, 2001 and
2006. For each type of land use, simulation was done by using the past 20 years of

meteorologic data (1987-2006).

The simulated results showed that land uses pattern affects the river runoff volume but its
cffect was not clear on the distribution pattern of monthly runoff volume. The annual
runoff volume of 2006 land uses was greater than the ones of 1990 and 2001 land uses.
This was in agreement with the trend analysis of the runoff data measured at streamflow
gaging station P.l and at Bhumibol Dam. However, due to the fact that three patterns of
land uses which were used in the study contained just minor differences in the percentages
of land occupied by each type of land use and that the trend of change could not be
clearly identified, the impact of land uses on the rainfall — runoff process in the Upper Ping

River Basin still cannot be clearly concluded from this study.

Keywords : Land Use / Upper Ping River Basin/SWAT Model / Stream Flow
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Enter HRU/Subbasin command loop

l

Read or Generate Precipitation and
Max/Min Temperature

!

Generate Solar Radiation,
Wind Speed and Humidity

l

Computes Soil Tempereture

Rainfall > 0
Compute

Surface Runoff
and Infiltration

No

Surface Runoft > 0

h 4

Compute Peak Rate,
Transmission Losses,
Sediment Yield, Nutrient
and Pesticide Yields

Compute Soil Water Rooting , ET, Crop
Growth, Pond, Wetland Balances, —
Groundwater Flow and Height

l

Exit HRU/Subbasin command loop

d’ o ' =y U 4 :’ T
g‘l.l‘ﬂ 2.3 ﬂi‘:ﬁ‘U’]‘Llﬂ’l‘iﬂTLl’Jm‘HH’Jﬂﬂ’liG\E)‘Uﬁu?N‘V\"lQQ‘V\ﬂ’]V\UﬂULW\ﬁZQNHWE}@ﬂ
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Biodegration
and
Tranformation

Dilution and
Diffusion
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2.2.1 WIMAIAY (Surface Runoff)
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Curve Number 1H89910W1310005U897F Green & Ampt Infiltration A89A13AINALIBADA

@ vy s =2 dyd P} v o a
51092159 uavayanil lunNsAnEINIANVazRsAvIvayalUT 18U

a a

v v
AsmuInimlswazduadse Tl

2.2.1.1 aun13 SCS Curve Number Haail

(Rguy—0:28)

Oy = W,RM >0.28 (2.2)
Opury = 0.0,Ryyy, <028 2.3)
ilo
0, fo USinaniwisedy @)
R, ~f® USieniwusio i ai)
N Ao USurounuAngage (Retention Parameter) (WX.)

@

) P=1 @ S o ' @ [ dy
Tagdauls S TaNUFUNUFOUAT Curve Number (CN) faaunisae 11l

L0%9 j (2.4)

S = 25.4[— -10
CN
(o

CN @0 a1 Curve Number

[ o @ ] a A e a : = é ) A 1 [
a1 N Wudedsuvosnmssurdiuldluau mslenau YSuanihlugu seiledendanasnon

¥
CN ldaaae 11t

. ANAUIANINONNING1YINGUAY (Soil Hydrologic Group)

¥170911 Natural Resource Conservation Service (NRCS) lAutisnaiauiavesduoonilu 4

o o &2 A2 w oy 1 y& Q’ =y A [
nay lasdridsnednonimimaielditen lvvesnigry uazdlnagquAy As nau A, B, C

=

uaz D W30 3 gAqUAN fie A/D, BD uar CD auauiiAauuaaznguinnuniig
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9 v 9/ ¥
nqu A Anen wiivid1 (low runoff potential) AulunquiiidnsIMsFuge Dauditauiuag
¥

=1 g 1 I~ po = a a ~ Yt A
Wenguaan drumnniilunssuaznisandanuanonaiauaslinn Snsszueiida §

v ¥
5mmmﬂﬁauﬁwmﬁ1muﬂuqq (transmission)

v o ' dydw = A a ~ ' i (=) = =2 A
nay B aulunguiiidannissuthunarudiedudlongy drulvgiianuanihunaisdedn

b4
A A A a

¥ ¥
110 IMsszulune19n9d tleduduaazdeailunaraudaneruiliunars Uoasa

1 ¥
MImaouvoNIWINANLIUNAIa

' = 1 dydw = 4’! a ~ ' U T 9 q’:’ = d! ~
nau € aulunquilidasimssuihunarudieaudongy dilvgilsznovdrsFuaudnea

b4
)

1 b v ¥
PINMIAADUG a9 TiilpazBeathunandiaziden IN156ATINITIAADUAIVDINIHIY
AUA

}4 EY
a2 ' AA v =2

Ny D (high runoff potential) AulunguiilonIINIIFUVNIIAIgAUMMINIIoANTuNYY

a
E4

] 9 a ~ d’dw LY LY o’) Ya L] A Av a tﬂ‘d
drundsgnou lldeaumisraniidnenmnmsandige seaumhladuedgarselduauni
o =2 1 oy b4 T slo,: a a - o A o :l T a ° o Yt
@mwmi«mmummm"lﬂmﬂag“lﬂawmm UDATINIILANADUAIVDIUTINTUAUAINN ﬂﬂ‘}’m

b4

s = oy ] 1 v (=Y ¥Yq ¥ o Qs o d‘ ~ ] é o
dnomwlumsiiaiviigs drunqugau i lFdmsvsenouaundlengudiciumsoszinei

1dpeaisane

2. a9nagu (Cover)

A A 1 ~ = s [~} ~ a a ) Y
Aodedne q Nlnaguan uazdlestumsnszunnyeuladuianaungiIay Falsznoudae

LT

a

@ ¥ o Y a 4 ¥ o
anvmen1s 19NAu(land  use) MITAYIMINAY (land  treatment) ILNGIVOINVANHULUAL
an ' <3| o <3|

Wnsdgnny mawTeuuilaslasuisesnitlumsiimamizlgnitluund (straight - row) 13
o v o g ~ o o :: o
MMsmizlgnuaIndesaiusgdunui (contoured) uagn1siinmsmizdgmiluduiiulae

(terraced)

a 1 3
3. @IWeNNINe_(Hydrologic Condition) Taviioonilu

A A a 2!’ sy 'y
- poor NW%ﬂﬂﬂQNﬂuwuﬂuﬂﬂﬂ’ﬂ‘iﬂﬂﬁx 50

ke
b

=

- fair  HAvUnaguAuNURTINIdosaz 50 - 75

ke

~

- good UwinaguaniuiuInaiovay 75

o Y Jd’a .
4. ﬂ75ﬂ71!uﬂﬂ75?°)f1/55‘:7€/°1fu71ﬂu (Land Use Classification)

b4 ]
A A

o PPN o = LY ]
Tumsiwunms s Teminauausadwuneonily 4 Uszianndn Ao Auni (forest)
A 4 ) A ds it oa 4 A 4 o . . 4 A4
WUNINBATNITY (agriculture) AU TUAIU/NUNOEDIAY (bare — land/residential) taz WNuAN

@i (water body)
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y 3 ' ’
5. ﬁau'Iﬁvmmé?'u?uﬂmmﬁunaumzmﬂﬁlumn (Antecedent Soil Moisture Condition, AMC)

9 oA zﬂy a v [~ S A
scs launatou lvanususuduoonitlu 3 nsdl Ao
d' . . <3 @ a daao ~ o Y a a
AMC I aifgum (wilting point) Wludnyazaunidnonmiagildnalsuna
:' Y Py [~ a Y o @ - d g ~
ilvasentios Auluaunds muzdmsunislonSevulunuh
mzalgn
zﬂy =y P . I~ @ =y P zﬂy a
AMC T anuFuludumae (average  moisture) tiudnsmzauninnuinluau
1 unaig

'
= Qs )

. o @ PR ° Y a a
AMC I (field capacity) 1Hudnbszaunifnenmnazdilmfalsuianisiva

¥ ]
~

a [ a A v Y o @ =Y ] [ 9 dy
20011 AuluAuBNAIABID W N USUIMHU TR UM

¥
v w R Y A

' { a3 1 o @ 1 A’f a J

M CN ﬁllﬁﬂﬂiuﬂ‘lﬂﬂuﬁﬂ f Lﬂuﬂ'lﬁ'lﬂ'iﬂﬂiiﬁ AMC 11 tmuUu muumm@mmaﬂmuﬁ’m
Y o ~ A A a Y Ao Y o

CN Gl‘ﬁ!.ﬂuﬂiﬂ‘l AMC 1 uag AMC II1 mma’ouVlmmmcvuﬂuﬂ@uﬁummu’smvlﬂ AN

aoluf

20-(100-CN,)

CN, =CN, - 25

‘ 2 [100-CN, +exp(2.533-0.0636-(100— CN, ))] @3
CN, = CN, - exp[0.00673 - (100 — CN, )] (2.6)
i

CN, #o a1 CN TuSeulvnnuduin 1 (AMC 1)
CN, o a1 N luSouluanudun 2 (AMC 1)

CN; #o M CN TuSeulvanudud 3 (AMC 110)

6. M3USUUARIINAMTY_(Slope Adjustiments)

¥
11NM1519A1 CN, Tumawuan n laauudldamnnuaiaduilszumdosas 5 aeiu Williams

b
114] Tdwannmsdsundaanuaiasulaoliagunisane 1

CN, = M [1-2-exp(-13.86-sip)]+ CN, 2.7)
i

1 3 [
slp Av AumdsANumeTUveIRUNguiidoy
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2.2.1.2 U3 Green & Ampt Infiltration LAt

Finf,t + LIwa ) A9\/

17

met = me,_, + K, At + ‘ow -AG, - In (2.8)
Fopio1+ ¥y - A0,
A
130
Fir Ao ORTIMIFNAL AU IMTUFNNATNTAN (VL)
Frio Ap ORI IMIFUATAUEMSVFININNOURIITU (WN.)
o b4 '
K, Ao Uszdntwavesmsinild wu./4Tu)
24 . . .

‘{’“f I Wetting front matric potential (134.)
AB, Ao Change in volumetric moisture content across the wetting front

A kY ISR T ~ a ~ oy 3 dy (Y] ]
WonNuuAULAYoen oA IMITUAIAL msmuﬂummvlummm%ﬂmegﬂumqmm’am

9
uazlSnamssuasazaud s urenIunal Saunisaail
F/q[,t = Finf,t—/ + Ry,
A
1o

b4 v
R, o Fmanhdunanlugrsnaiiaisan ()

k4
M K, sualdnndumsaseo i

K, - 56.82 - K %286
1+0.051-exp(0.062 - CN) ™2
il
K., o s IdsuddmiuRuRY WA Tu
CN  #®o Curve Number

(2.9)

(2.10)

' o 7 o kY kY a = s
M P, Awaluiandussnnunguveiosazvonsiouasiovazussaumien Jaums

b4
=1
U

Be

[6.5309-7.32561- g, ; +0.001583 m? +3.809479- 4, ,*

2 2
b = 10-exp +0.000344- m - m, —0.049837- m, - ¢, ;s +0.001608-m.* - 4,

+0.001602-m,” - g, ;> —0.0000136- m, - m, —0.00347%m, - §,, ;>
|~ 0.000799-m” - ¢

soil

J

(2.11)
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P
o
by 0D AIANNUNWTUVDIAY
= by =y =y =1
m, o JovazvestSumaumiion

[4

A b o =
m,  f0 sevazvodlTIuAUNIIY

v
nagel A0, MulmInaumsane 11l

SwW
A, =|1———|-(0.95 ¢ 2.12
v ( FCJ ( ¢sozl) ( )

A
o

~

= a :’ = 3 2 :1’ A [ a :’ = 3 2o
Sw o fe YSmahludnvestuauimuanswnulsanihnme luduauinga

=
WMeun1 (W)

FC  fe YSumanhludunawiy (field capacity) (W3.)

2.2.1.3 nadnasInavesimgega (Peak Runoff Rate)
msfwmdasms lvagagavesuuudiass SWAT Yszanamaindnsinig Inagegadimsy

' L4 . g
dunsazmemsol Tagld Modified Rational Method A4e1uN13

7% 'Qsm_‘[ -4
qpeak = (2.13)
3.6-¢
* cone
A
1io
A a :’ ' ~ =
G 00 UTmaniwngege (@u.u./3uh)
v 1 F4
a, Ao dadwvoniwusioiufifelusznianvesns lnasiud
(Time of Concentration)
=l o :’ 1A A
Oy A0 Usinaniwiiiau (uw)
¥ | v
A fo Wuhgmidey (nw.)

¥ T v 3
naweans lnasiuddmiviunguiides (11u9)

jno)
o]

t

cone

o ]
36 a0 unwesuilairiae

14 14
[ 128109M3 IMasaud 28 wWiuguil (Time of concentration)

Hq ¥ A @ :’ ' ' :’ A L4 dy A :’ ' Ao o LY
nanlylumsindeudiveniwiuguihisunnmansaduan lununguihbdeshiidiui v

H v
=Bl )

¥
Ta'ly) e gansesnvesiiuiiguites Tasamsadnaldsinwasauvesnaims lvavuia

Q

a o oy = [ g dy
ﬂuuaznmms"lﬁa“lumm HFUMTAIU

t('onc = t()v + tC/l (2.14)
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t,. Ao naweans maswdadmsums lnavurian (32 1u9)

v '
Ao nawaIns maswdrdmsums naludnir @ Tug)

& o ' N 3 1 dy
Famsamoua ¢, uazal 7z, Wanaumseae Ui

L2 - n0
Loy = ——55— (2.15)
18-sip™
. 0.62-L-n"%
ch =" 0125 0.375
A 'Slpch
A
ilo
¥ [l ¥
2 % A ) '
Ly, fo szuzamuaiaduvesiuiiquihdes (i)
v [l ¥ [l v
L o AUL1IW0IANNTINATNNIITAINIPANI100N (outlet)  YDINUTGUIN
(M)
= Qs =Y QJ Q' ' d' 3 o @ a a
n Ao dudszA@nBanuaguszuuis  Tasd o Alddmsuns Ivavudiauy

v v v
uazn g aludniuaadluaistan 2-1 uazmsen 2-2 audey
A % td' dy d' ' :’ 1
slp Ao anuandumdslununguibes

14

slp., A9 ANVAIRFUVRIAIN

Y =Y n’ n' a Qs a oa
ManN 2.1 dulsz@nianuugussuudill (n) dwmfums lnauuriay [14]

Characteristics of Land Surface Median Range
Fallow, no residue 0.010 0.008-0.012ﬁ
Conventional tillage, no residue 0.090 0.60-0.120
Conventional tillage, residue 0.190 0.160-0.220
Chisel plow, no residue 0.090 0.060-0.120
Chisel plow, residue 0.130 0.100-0.160
Fall disking, residue 0.400 0.300-0.500
No til], no residue 0.070 0.040-0.100
No till, 0.5-1 t/ha residue 0.120 0.070-0.170
No till, 2-9 t/ha residue 0.300 0.170-0.470
Rangeland, 20 cover 0.600

Fall disking, residue 0.400 0.300-0.500
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31N 2.1 Fuilszansanuuguszuuuils () dmsums mauuiiau (o) [14]

Characteristics of Land Surface Median Range

No till, no residue 0.070 0.040-0.100
Bermuda grass 0410 0.300-0.480
Short grass prairie 0.150 0.100-0.200
Dense grass 0.240 0.170-0.300

v o ' v
M13190 2.2 duilsga@nsanuuzvIsuuuiia (n) dmsumslnaludui [14)

Characteristics of Channel Median Range
Excavated r dredged
Earth, straight and uniform 0.025 0.016-0.033
Earth, winding and sluggish 0.035 0.023-0.050
Not maintained, weeds and brush 0.075 0.040-0.140

Nature streams

Few tree, stones and brush 0.050 0.025-0.065

Heavy timber and brush 0.100 0.050-0.150

2.2.1.4 MINYILNGVBINY (Evapotranspiration)
A g o S e I ) =
amsmeszmpuesiilunissaunszuiumsnanuavenihida Tannamedulet desnllde
3 ' 3 e
msszonndiymn 1l msmed msndawhldusqns uazmsszmennay 9a3INI5A1Y
v
zmﬂmmﬁmqaqﬂ (potential evapotranspiration) ULV @RI SWAT WuIITMsAuIMeY
Y- 9 \
3 35 laun

¥
=t =) =

a Ta a o
I. 3% Penman — Monteith _Avlgdoyamsunsidaieeiing guugivesoimd anuiu

a

ﬁ%ﬁﬂ'ﬁ{ uazmmﬁaau AUMIAIUIN ﬁﬂ

0
AE, = A(H,, ~G)+yK -(0.622-/1'pﬂi,/P)'(€z —ez)/rn (2.16)

’ A+y-(L+r. /7))

net

oot (=) a d =)
2. 3% Priestley ~ Taylor #o31ddeyanisuiiidarserfinduazguugiveseima aums

[ =
MUY AD

A
AE. =a - (H -
0 Aty (H,,-G) (2.17)
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v
3. 9% Hargreaves 19tosdoyagungiomeiniy aumsfuow fe

>

net

N N QT

mn

U pey

Dk Dk Db
o o)) o

o)
o))

Py
o]

o))
[«0]

O Dp D2 Dk D D D D I
o s3] o o s3] o] [a3] o s3] 3]

o))
=3}

AE, =0.0023- Hy (T, =T, )" (T +17.8) (2.18)
] s = a

ﬂ'J'llJ‘WLl'ILL‘LIu‘U'ENﬂ'J'IiJ'i'E)‘I-JLLP]Q (Lﬂﬂggﬁ/ﬂiﬁﬂ'iil)

[ I~ @

gasimanamotlulogaga (wu/3)

ANONINUDINITAWISIVIY (UN./IN)

Dimension coefficient needed to ensure the two terms in the numerator

have the same units (for u, in m/s, 8.64 x 104)

b4
AUUUTU Atmospheric (ﬂiﬁﬂWﬁﬂm)

Y ¥ ¥ t Q a LYR:Y) = a
anumaduvouduInsznianuau lodudnuguvgl @ lathana/
DaryaIFYd)

[ a d = @
wmamumammaqm (Luﬂzga/m.u. IU)
Heat flux density to constant pressure to the ground (UNZAD/AT.U. )

QUNANOINIAIAA (DIFIHALTYE)

'
= (3

QN IMeARIga (D3R IHaTYH)
ANUHUUIHUDIMA (A lansu/av.a.)
Specific heat at constant pressure (Lilﬂzgﬁ/ﬁiﬁﬂ%ﬂ mmmm%a)
anuiuledudvesomeananuge z (Mlalhania)
Q d‘ =y
anuan lovesomananugs z (lathana)
Psychometric constant (1 lathania/eeuaatod)
Plant canopy resistance (s/m)

Diffusion resistance of the air layer (aerodynamic resistance) (s/m)

duszAns luaun15ue9 Priestley - Taylor

2.2.1.5 anuruludy (Soil Water)

¥

o ot ¥ a A o Y A @ a a
u’l‘l’]ul‘ﬁﬁl‘lﬂﬂuﬁ'liﬂ'iﬂLﬂﬁﬂuﬂ’J"lﬂ“lﬂﬁﬁ'lUﬂ'N 'E)'lﬂﬂﬁflﬂﬁﬁ)uﬂﬁlﬂ'ﬁ)ﬂﬂ'lﬂﬂuIﬂUﬂ'liﬁﬂﬂ'ﬂll‘ll'fN

= =) A =) -3 Ya [ a oy ya 3/
Weriomsszive niemusoduad hlgruladuuaztlunmaauildau gadioeslnasen

v 3 v F'4
NMamuaasdas Ui Ui FINTTUIUNTG 9 el JuegiuANANYMzYDIAY Taun

U q

' ) T e v w o a t N a oW = 1
A1 bulk density (HumnvenaNudURIUTvelTIaresluAusyTnssad ey A

3
Y o = ' . ' ) e ' °
1 vosauLANY (Available Water Content) Ll f1 hydraulic conductivities Lﬂummﬁm

:’ a A& dy o o o o o 4 Py
W luay gemaeq 4 sudulumsiiuiseeanuusiass SWAT anbauzanuduluaul

¥
famo il
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1. Insaaseay (Soil Structure)

=N 3/ ] A ' I~ ] ] o [ o
Aulszneulildie 3 ¥29 Ao FIVDIAUI FIVDUNAD LAZFIIMY FI9vaImrlsenou 1y
Y 1 A a o o Y a ] <} I~ a4
AWNTUOL/MIOATOUNTINTU IATIAT19U0IAY 581 I190YNIAVDIVOLITUFVOIAUT
3 ] 1 44 o w 4 J o [} ]
U998 3V8 UM AMATTIMS  TasA T RRUTIZTRINEIUIUTFEIN waz Inssad1aves

¥
AUILISENI “Soil’s bulk density” HANNIIAIT

_Ms

(2.19)
Vr

Pp
A
iilo
p, 79 Bulk density (MNZNTN/A1LY.)

I
Mg 9 ¥aU99V0ILAI (UA.)

Ve fe dsmassw (@)

J o ~ ' 4 = a ~ @ 1

dodmsulSoufieuanuuendsesnilssnouvesdn aumilelszneudisdadiuvesgunig
v 1 RPN 9 < ] 4 Y o

aanaazgua luginnna luvashdaunsvlsznovdiegunadnni dedsnglddann

b4
m3nfSeuieuain1sini 1Avesan (hydraulic conductivity) UDIRMHMTHEUDLAUNT Y

’ 4 £2
2. PISAARUAa9YedL IUFUAY (Percolation)

0 ¥ ¥ r ¥ v ¥
msnaousatve iz nuluuaazsudy Taeniizndsudlasdrdsuianirdrunui
v

¥ ¥ Fa ) [}
winalsuaanuiulusudu uazsuaunegaiuuuiu liduda

U

] by ¥
ANumsavoIN sndeudIad ld lusuauamnsafun ldanaunisaeil

— At
Woerc,ly = SVVly,excess ) l—eXp T (2.20)
perc
2
1o
=t =y :‘ d‘ﬁ y;’f a [ @
W erely Ao Yswanimauasluladuan Tuumasiu (uw.)

¥ i3
SWiyexcess 710 UTnasveamaszinoi ldluduan lunaosin @)

At 0 AUIIIVDIFITIAANTU (42 1349)
A d' Qs o r d’! Qs 1 q’z’ =
TT pere Ao NAVDINMTMNADUAITMTUNITIAADUA A LA AT FUAY
(¥ 119)

& o Y @ dy
BV TT,,,. BUNIOM N IANINauNIIAsi]
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o _SAT, - FC,

perc — K (2.21)

sal
&
11J®
P a g O oa A A o o
SAT;, 7o Usuanhluduauuedudauysol (uu.)

FCy o smanivestud@uianm (field capacity) (13.)

A

¥ a ¥ v oa

A o o g ya &
K fo mmsinhldoudrdmsuruau (U./573139)

sat

I b4 9/ Ya a
3. m3 Inannmui N I8aIaY (Lateral Flow)
b4 ' b4 ¥
M3 Inamedutnaiuezed luusnanduiininmsthtivesdy (hydraulic conductivities) 1
a A A o 4 , d o & 4 ° yq ¥
N’Jﬂl!’q\'i LLﬁ%ﬁﬂTﬂiJ?ﬂiﬂiﬁﬂTi%NNWH%@QHWWQQiH‘UUﬂHG]‘Ll PAILVUDIADY SWAT ‘lﬂcl‘lf
¥ v
Kinematic Storage Model fusuns Inaduldmdunwmunlay Sloan and Moore 1l .9,
Y N A . 3 & c;y o

1984 [14] loaunisnnuasiiiod (Mass Continuity) #3® e19ai1 (Water Balance) 1)1
& Y e qy . . . & -

V\l‘U,jjju‘WSE)iJﬂUCl‘If Entire Hillslope Segment 984 Soil Profile 1l ﬂsmmm‘usﬁ]m (Control

Vv
=Y

Volume) Auaaalugili 2.6 uazaunsidsil

v
Dperm
A mmmmmm |mpermeable soil layer
< o _
3UN 2.6 UAAIANBMLVD hillslope segment
2-SwW, ... K. -slp
le — 0024[ Iy excess sar (222)
¢d .L/II'”
-
(SY)
0., Ao Usmams lnadudeldmduingeeen /i)
& a S 4 Y. ¢ a 2 o . ) 4
SW,.. ecess Ao Usinesthneinsoszuwlaluduausudives hillslope AOMTI

' d’l d’
HUIWHUN (L)

¥ 0 v
Ao AN5HNNONAD (W /F 1)

sat
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slp Ao ANUMIATY

Vv
@, Ao anuwgnlumsszuisivesau
L, A9 Hill Slope Length (3.)

2.2.1.6 Hlaau (Groundwater)

l. 53117_/157?(5’51J (Groundwater Systems)

v
)

v ¥ '
molulsududweshldaummsamguaniaveswenwamsiniiginiea 14 vouvaves

o ;j 9 o ' a da A:’ =) L= ' & 9
msuni ladudmveseymaauniifioroy Javszinlosuvesgvuialveggivvonn

:I R ¥ ' ' o 31 < ! a aa y =
dundoudmiu g amvouavosmsini lddosdudiuveseymaauniiiionzidea

Vv
o  a

~ = ' 2R o @ : @ o
Tavsziidovazuoaguinamnuazvnanaseggedsi lionsimanioudivenilidiia

¥ ' ¥ £ Vv 3
v a [~ a @ P! a

A 1 Fa d' Y o a o
Tunassaiane lduuelassadevessuaunneitesduinldawmily 2 ¥undn do suliin
Ya o :;’ o A g @ Z’ g :: 91:’
1#auderss (Unconfined aquifer) Fuauiiluvsuwavuuvosszaviirldan uazduliiiiea
:;’ a = g 1 4 a g’ a o
(Confined aquifer) Fuaumiuveumavuazalsveemsnaousrvesirldan dwanslugl

2.7

Area contributing recharge to
confined aquifer Area contrbuting recharge to unconfined aquifer
A

¢ Unsaturated flow

—> Saturated flow

Confining layer

¥

[ 14 14 v
s 2.7 uliihlddudaszuazduldhuiaia [14]

b4 v
v o

o oy @ 1 ) [ a o 1 o :’ =
ms maludnitesvzdangnld lasanuduiusvesszuuildau duwnmisdnirvesiuing
v 1 v

[l b ¥ i
Tnansuihanildauuda lnaseninludninaaaluglf 2.8-a iWnlszinnvesdniniises

—

I Q' 43‘ 1 Y oy o [ ) oy d’, dl = :’ ar 4 Oy Ya d' :’ o
A5 ImamnIu e durdavesdnihlunuiwudinduiildau dszwnnniinlugs
7 b

L‘: = Yo oA 1T w @ :’ Y — s N Ya
igadvatladunrendenuszavinldaunmaslugli 2.8-6 uazdsznnasopauthlddu
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v ¥ v
o ~ o

. VYoo
venaaalugili 2.8-¢ duhnsuihanihldduuas gadniaddaulunarderduuaaddugil

33

7 2.8-d

v
HUUD1A09 SWAT ‘ﬁ']ﬂ'l‘i‘ﬁ']aﬂx‘lﬁﬂ'IWﬂ'liulﬂﬁ‘U@Qﬁﬂé{ﬂu Tﬂmmwam‘ﬂu 2 4IUUBNLADY

¥ '
e 1t ~ °

A u’; : 9 dy [~ ug 2‘ g o
duiides Ao waduii11AAuAY (Shallow Aquifers) (uduiihldauiaiuise lvalusudud

q

14 14 14 ¥ v
o v o 9

@ °o_ o ' t ° : a . o 3
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gﬂﬁ 2.8 Stream-groundwater relationships : a) gaining stream receiving water from groundwater
flow ; b) losing stream connected to groundwater system ; c¢) losing stream perched
above groundwater system ; d) flow-through stream [14]
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2.2.2 MSINABUAIVOIIHIUNIT (Water Routing)

o . ° a d ¥ @
HUVU$1ADY SWAT 19aun15 Manning lumsimuadas natazanusrlunismaeudives
b 1 b
11 Tasmsiuanaoud e 1nsa1081111 1935 Variable  Storage  Routing 48 31
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Muskingum Routing FINIa0II5TUNITIQ0WUY Kinematic Wave Routing

2.2.2.1 anyMzYRIaI (Channel Characteristics)
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2.2.2.3 MSMUIUNIAAOUAIVONIWIUMIIALIT Variable Storage Routing
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2.2.2.5 MIGYABVLIMIAIWNIUVBINI (Transmission Losses)
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Aa1s1an 2.3 anlszansealumsinih ldvosdu (hydraulic conductivity) F1HIVITANDIUN

Q

a9 9 [14]
Hydraulic conductivity
Bed material group Bed material characteristics
(mm/hr)
1 Very clean gravel and sand
> 127
Very high loss rate D50 >2 mm
2 Clean sand and gravel,
51-127
High loss rate field conditions
3 Sand and gravel mixture with
25-76
Moderately high loss rate low silt - clay content
4 Sand and gravel mixture with
6-25
Moderate loss rate high silt - clay content
5 Consolidated bed material,
0.025-2.5
Insignificant to low loss rate High silt — clay content
2.2.2.6 MAYYITEVDINIIIZIHeY (Evaporation Losses)
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2.2.2.7 UHAUNUNNIIVOIIUNDS (Bank Storage)
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2.2.28 ﬁllﬁ]ﬁ‘llﬂdﬂﬂﬂﬁ]ﬁ] (Channel Water Balance)
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2.2.3 MSINDOUAIVBIIFIUNIINNTIHY (Impoundment Water Routing)
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Embankment
Emergency flood control

Flood control Emergency

spillway

Principal
M\ spillway

gﬂﬁ 2.12 Component of a reservoir with flood water detention features [14]
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4. PMISIIHY _(Seepage)
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2.2.3.3 aznoulUNUNMIIADYY (Sediment in Water Bodies)

[ aunayda (Mass Balance)

sed,,y, = sed,,, ; + sed g, +sedg; —sed g0 (2.62)
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A
e
A v 9 3 ' :’ @
concgy ¢ A0 ANUUTNYRIAzRRUgamslunrani (unznsu/an.)
3 ' 3‘
concyy o, A0 Anududuluanzaugavosvewaviuney uumash
(wngniu/av.y.)
k, An M3UBYAAEAIN (Decay constant) (AR5/U)
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2.3.2.2 MlBUUINIATE I (Standard Deviation)
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Cover

Hydrologic Soil Group

Hydrologic
Land Use Treatment or practice B A B C D
condition
Fallow Bare soil 77 86 91 94
Crop residue cover Poor 76 85 90 93
Good 74 83 88 90
Row crops Straight row Poor 72 81 88 91
Good 67 78 85 89
Straight row w/ residue Poor 71 80 87 90
Good 64 75 82 85
Contoured Poor 70 79 84 88
Good 65 75 82 86
Contoured w/ residue Poor 69 78 83 87
Good 64 74 81 85
Contoured & terraced Poor 66 74 80 82
Good 62 71 78 81
Contoured & terraced Poor 65 73 79 81
w/ residue Good 61 70 77 80
Small grains Straight row Poor 65 76 84 88
Good 63 75 83 87
Straight row w/ residue Poor 64 75 83 86
Good 60 72 80 84
Contoured Poor 63 74 82 85
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Cover

Hydrologic Soil Group

Hydrologic

Land Use Treatment or practice - A B C D
condition

Contoured & terraced Good 60 72 80 83
Poor 61 72 79 82
Good 59 70 78 g1
Contoured & terraced Poor 60 71 78 81
w/ residue Good 58 69 77 80
Close-seeded or Straight row Poor 66 77 85 89
broadcast Good 58 72 81 85
legumesor Contoured Poor 64 75 83 85
rotation Good 55 69 78 83
Contoured & terraced Poor 63 73 80 83
Good 51 67 76 80




A15190 0.2 A1 Curve Numbers (CN2) §M5UNUNNBAINITUMDVDY o [14]

168

Cover Hydrologic Soil Group
Hydrologic
Cover Type - A B C D
condition
Pasture, grassland, or range-continuous Poor 68 79 86 89
forage for grazing Fair 49 69 79 84
Good 39 61 74 80
Meadow-continuous grass, protected
- 30 58 71 78
from and generally mowed for hay
Brush-brush-weed-grass mixture Poor 48 67 77 83
with brush the major element Fair 35 56 70 77
Good 30 48 65 73
Woods-grass combination Poor 57 73 82 86
(orchard or farm) Fair 43 65 76 82
Good 32 58 72 79
Woods Poor 45 66 77 83
Fair 36 60 73 79
Good 30 55 70 77
Farmsteads-buildings, lanes, driveways,
- 59 74 82 86

and surrounding lots
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Cover Hydrologic Soil Group
Hydrologic Average %
Cover Type A B C D
condition impervious area
Fully developed urban areas:
Open spaces (lawns, parks, golf course, Poor 68 79 86 89
cemeteries, etc.) Fair 49 69 79 84
Good 39 61 74 80
Paved parking lots, roots, driveways, etc. - 98 98 98 98
(excel. Right-of-way)
Paved streets and roads; open ditches - 83 89 92 93
(incl. right-of-way)
Gravel streets and roads - 76 85 89 91
(including right-ot-way)
Dirt streets and roads - 72 82 87 89
(including right-of-way)
Commercial and business 85% 89 92 94 95
Industrial 72% 81 88 91 93
Residential Districts by average lot size:
1/8 acre (0.05 ha) or less (town houses) 65% 77 85 90 92
1/4 acre (0.10 ha) 38% 61 75 83 87
1/3 acre (0.13 ha) 30% 57 72 81 86
1/2 acre (0.20 ha) 25% 54 70 80 85
I acrc (0.40 ha) 20% 51 68 79 84
2 acre (0.81 ha) 12% 46 65 77 82
Developing urban areas:
Newly graded areas (pervious areas only, 77 86 91 94

no vegetation)
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M351an .1 MIswundnynens19se Teinay (Land Use Classification)

200

21 /Level 1

32011 /Level 2

5201 /Level 3

U

A A a
WUNYUBUUAZE

Ugnaire

Urban and Built-

up land

Ul

U2

u3

U4

uUs

@ M T V.
ANUDILDSYIUNITAN

City, Town , Commercial

AOUNTIFMS 1
AONIUMLE
Institutional land

aotANUIAN

Transportation ,

Communication and

Utility

GAUGAAIMNTTL

Industrial land

U200

U201

U202

U401

U402

U403

U404

U405

*U406

U500

U501

Us02

vy L k4
’I’ill“‘ll']uﬁ‘lﬂﬁii‘i']fl

Y
NyUIU

e

[

miithue Inegan

Ay

aatisa W

dotlyuds
A
M50
AU
nesn I
T3911UgAaIMNI 33
v
$19

IANgATIMNT Y

1591UgAA NI 53

Abandon
Village
Village
Hill tribe

village

Airport

Railway
station

Bus station
Harbour
Road
Railway
Abandon
Factory
Industrial
estate

Factory
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M 1 msdwundnyuenis 19lsy Towifiay (Land Use Classification) (79)

201

520 /Level 1

YA /Level 2

L0 /Level 3

U503 AUMNUBZUNDS  {Agricultural
ANFeInanyns product
trading
centers
Us  [oun U600 A0 Abandoned
arca
Other U601 anufiiaNoy  (Recreation
neoule area
U602 AUIUND ﬁ W Golf course
U603 qeu,thdn Cemetery
U604 U GONN Refugee
camp
*U605 aonfiSmaiy [Gassoline
Station
A Al [udn A100 TREAN Abandoned
ﬁuﬁ!ﬂﬂﬂiﬂﬁu paddy field
Agricultural land Paddy field A101 U1l Rice paddy
A2 o 15 A200 15519 Abandoned
field crop
Field crop A201 W lswery Mixed field
crop
A202 111 T Corn
A203 day Sugarcane
A204 Tud1dznas Cassava
A205 duilzsa Pineapple
A206 g Tobacco
A207 the Cotton
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MIN 4.1 MIsmundnuaem s l¥ilse TowiiNAyu (Land Use Classification) (#9)

202

5201 /Level 1

5201 /Level 2

£A /Level 3

A208

A209

A210

A211

A212

A213

A214

A215

A216

A217

A218

A219

A220

A221

A222

A223

A224

A225

A226

A227

A228

A229

A230

o A
DY

v A
DAUNDD

NPGLE

Youda Yonszian

v
ar

D291 DAY

F1e

azyna

37

41215

1upl59

LN

ne

uaa Ty

=y
QnIABY

a

U

nzvidla

=l
USIINHA

MUK

] 4
UIUAT U0

1od

NIUAZIU

5N

17813

Mungbean
Soybean
Peanut
Kenaf, Jute

Black bean ,
Red bean

Sorghum
Castor bean
Sesame
Upland rice
Potato

Jam potato

Sweet
potato

Watermelon
Millet
Ginger
Cabbage
Tomato
Aloevera
Agave
Paper
mulberry
Sunflower
Chili

‘Wheat
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M51an 4.1 mMssuundnyazmsl4lss Teninau (Land Use Classification) (#19)

203

5201 /Level 1

261 /Level 2

2RV /Level 3

A3

ulyr_u Y
UYUAU

Perennial

A231

A232

A233

A234

A235

A236

A301

A302

A303

A304

A305

A306

A307

A308

A309

A310

A311

A312

A313

A314

A315

A316

A317

A318

9 4 o

917115188
L4

11159

B

h!

N5z

P}

Hon

YN kY
108udumer

PIINI5

o 3 LY
thawiiu
gaalde
an

s

AulseAwng

I enay

NN

HuIn

=
1093

Barley

Rye

Opium
Marihuana
Roselle
Taro
Mixed
perennial
Para rubber
Oil palm
Eucalyptus
Teak
Magosa
Casuarina
Acacia
Pterocarpus
sp.

Gmelwa sp.
Mangrove
Coffee

Tea
Mulberry
Bamboo
Kapok
Betel palm

Rain tree
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MINN 91 MIsuundnyazmsldlse Towinau (Land Use Classification) (919)

204

20U /Level 1

52611 /Level 2

3261 /Level 3

A4

Iiwa

Orchard

A319

A320

A321

A322

A401

A402

A403

A404

A405

A406

A407

A408

A409

A410

Ad11

A412

A413

A414

A415

A416

A417

A418
A419

fudla
11l&n

gurioy

YU

Ioinasay

' = «
UZURNHUNTUA
Wns

Y 1
HUBYTTUN

ndY
ERTRIY
#'ly
AEQ
ULALND

VYU

Cerlera sp.
Croton sp.

Indian
Mahogany

Agalloch
Mixed
orchard
Orange
Durian
Rambutan
Coconut
Linchi
Mango
Cashew
Jujube
Custard

apple

Banana
Tamarind
Longan
Guava
Papaya
Jack fruit
Santol

Rose apple

Mangosteen
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M0 9.1 Mssuundnvazms s Tominau (Land Use Classification) (919)

205

526U /Level 1

sza1l /Level 2

52611 /Level 3

Horticulture

A420

A42]

A422

A423

Ad424

A425

A426

A427

A428

A501

AS502

AS503

A504

AS505

A506

AS07

A508

A509

A510

AS511

AN AN

FEM

UEUN

9 =1
Imaiioanunn
LUNNA

¥
YENDNU
£ a
HANNINS

#ule

NBAIUNT

A
NHEn
9/
Iiaon
G
wsn'lney
A

ANIDILDI
s

~
UITLOS

=)
Wararayu lns

Y
UM

1Y

Langsat

aag

Rakum, Sala
Lime
Sub-tropical
fruit

Manila

Tamarind
Olive
Dragon fruit
Pomelo
Sapodilla
Mixed
horticulture
Truck crop
Floricultural
Vine
Pepper
Strawberry
Passion fruit
Raspberry
Herbs

Grass
plantation

Rattan
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MmN .1 Maswunanymzms1Flse Tosinay (Land Use Classification) (#19)

206

5201 /Level 1

5201 /Level 2

L0 /Level 3

A7

rA7

A8

' a
Tsvyuidon

Swidden cultivation

' 9 dy o
NI UDVITR NDE

¥
w o
TsaSouauada)

Pasture and farm house

Aquatic plant

A600

A700

A701

A702

A703

A704

A801

A802

A303

A804

A805

A806

AZ07

15814

T5a5ouda

N kY dy o o
Yanguaoedad

v
T5aSeudnaln
nseiio tazin
Cattle farm house

v

[V 4

Tsa5Sowandn?
Gln

I4
I5u5ouAnagns

¥

A o
NWEHINTY

nn
5291

Y
15700

ANNZINA

Bush fallow
SHAILAL 3
[BURYITY
A2
Abandoned
farm house
Pasture
Cattle farm

house

Poultry farm
house
Swine farm
house
Mixed
Aquatic
plant

Reed

Lotus
Water
chestnut
Water
chestnut
Water
spinach

Watercress
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M5 4.1 Msuunans s 1915y lowdNau (Land Use Classification) (A18)

207

£0U /Level 1

5Y0U /Level 2

5£A1U /Level 3

4

i S o ga
TOTUHNWIZIAUITAIUN

. E'S
ADIUNNIZIAY

A9 A900 Abandoned
v o 2’ Y
aAIUITN Aqua
cultural
land
] 2
Aqua cultural land A901 AOIUNWISIDYY Mixed
by
Fahiwery Aqua
cultural
land
= g
A902 ao1uNNIziaeea|Fish farm
T ¥
A903 aouimizidesds [Shrimp
farm
< g
A904 aounmIziay  [Crab/
1oy Shellfish
farm
A905 Wisuaszd Crocodile
farm
A0 [nuaswauwau/lsun
TIUNTUN Integrated
farm/ Diversified farm
3/
F Fi [thau F100 Phauseamwiuy |Disturbed
wunh s Evergreen forest evergreen
Forest land ﬂwﬁuﬁugm‘f forest
F101 Dense
evergreen

forest
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15190 .1 mssuundnyazms1¥lse TesiRay (Land Use Classification) (819)

208

5201 /Level 1

5201 /Level 2

5¢0U /Level 3

F2

F3

F4

F5

F6

1) waaly

Deciduous forest

SIRIERY

Mangrove forest

1mg

Swamp forest

aih

Forest Plantation

FUINHAT

Agro - forestry

F200

F201

F300

F301

F400

F401

F500

F501

waaluseaniwv

9

Wuy

U

ihildaluauysal

3/
Pauseaniwiuy

U L4
Yauanysal

3/
Thwgseaniwiuy

U L4
thwyauysol

authseanw
¥
Hu

1 4
auheuysal

& o Hodos
Wunilgnihiwny

NIILNYAT

Disturbed
deciduous
forest
Dense
deciduous
forest
Disturbed
mangrove
forest
Dense
mangrove
forest
Disturbed
swamp
forest
Dense
swamp
forest
Disturbed
forest
Plantation
Dense forest

Plantation
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A1 1 Asnunansaents alsy Tesinau {(Land Use Classification) ($19)

209

5S¢0 /Level 1

ke

32011 /Level 2

52611 /Level 3

2

Vv
w W1l [unashisssumna W101 Wwiid1naog River, Canal
WU Natural water body W102 ETRLTRIE Lake
v v ¥ v
Water Body W2 unaniaievu w201 CARTLIT e Reservoir
v
Reservoir (Built-up) w202 Yot lulsu Farm pond
W203 nasyadsemiu [Irrigation
canal
' 9 3/ ' £
M Ml |Vanghues Idazwn: (Mol UM Grass
&’ ‘ﬂ' 3 =3 3
Nundaaan Rangeland M102 Idazune Scrub
Miscellaneous M103 1w Bamboo
land
4 A
M2 [Wungu
Marsh and Swamp
M3 |milows 1ieyn M300 wiiloun Yeyan1 |Abandoned
mine, pit
Mine, pit M301 milnaus Mine
M302 1ognsa Laterite pit
M303 UonIY Sand pit
M304 voau Soil pit
U M401 YUNAD Salt flat
Other M402 HIANI Y Beach
M403 Anulna Rock out
M4 Py
M404 Nnvnvye crop
Garbage
dump
¥ [l
M405 WuADY Landfill

2 pswdanniay (Yoya o uf 30 fla. 2550)
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