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SUPAK KOONTO : ESTIMATING WATER RUNOFF FROM CA-
MARKOV PREDICTING LAND USE USING SWAT MODEL: CASE
STUDY OF HUAY TUNG LUNG WATERSHED IN MUN BASIN.
THESIS ADVISOR : ASST. PROF. SUWIT ONGSOMWANG, Dr. rer. Nat.

139 PP.

WATER RUNOFF ESTIMATION/SWAT MODEL/CA-MARKOV MODEL

Water runoff is counted as an important basic data for water resources
management in various aspects such as agriculture or industry uses. This study uses
the SWAT model to estimate water runoff and the CA-Markov model to predict land
use changes. The objectives are (1) to assess land use in 2000 and 2008 for land use in
2016 and 2024 prediction, (2) to identify optimum parameters for water runoff
estimation using the SWAT model, and (3) to predict water runoff of 3 scenarios in
2016. The main methodology consists of 4 main steps including: (1) data collection
and preparation, (2) land use assessment and prediction, (3) optimum parameters
identification for water runoff estimating by the SWAT model, and (4) water runoff
estimation in 2016 and rainfall and land use changes analysis on water runoff.

Results of assessment of land use based on SWAT code found that the three
main land use categories in 2000 were rice (51.54%), deciduous forest (38.68%) and
range brush (4.57%) and in 2008 rice (46.56%), deciduous forest (23.32%) and range
grasses (9.37%). According to land use change between 2000 and 2008, the most
increasing land use type was range grasses covering an area of 52 sq.km and

increasing as a rate of 6.51 sq.km per year, while the decreasing land use type was



deciduous forest covering an area of 87.05 sq.km and decreasing of a rate of 10.88
sq.km per year. For land use prediction in 2016, the three dominant land use
categories were rice (42.24%), range grasses (16.45%), and deciduous forest
(14.16%). For land use change during 2008 to 2016, the important increasing land use
types were range grasses (7.08%) and rubber (2.50%) while decreasing land use
categories were deciduous forest (9.16%) and rice (4.31%).

To identify optimum parameters for water runoff estimation using the SWAT
model, the most appropriate parameter values for the proportion of land use, soil and
slope in hydrologic response unit were 20%, 10% and 20%, respectively. Meanwhile,
parameters that affect surface runoff and ground water were surface water lag
coefficient and base flow recession content of 20 and 2, respectively. The optimum
slope classification was (1) slope less than 2%, (2) slope between 2 and 5%, and (3)
slope more than 5%.

For water runoff estimation in 2016 of 3 scenarios (dry, normal and wet year),
change of rainfall effected the annual water runoff and monthly rainfall distribution
effected the monthly water runoff pattern. In addition, an analysis of land use change
on water runoff revealed that agricultural and miscellaneous areas were positively
related to water runoff with R? about 0.792 and 0.9018, respectively, while forest
areas were negatively related to water runoff with R? about 0.9018. Forest and
miscellaneous areas played an important role in controlling the quantity of water
runoff in the study area than agricultural areas. Therefore, water management should

pay attention on the change of deciduous forest and grass range.
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Ralefald gmem)
5 o w & ¥ 3t @ am .
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: d’ a 90] ] =1 =y LT o
maef 21 dalsud i ldlunisdiuannimiiadu Teedt SCS CON veeuUSIaeg

SWAT
Variable Name Definition Input File
IEVENT Rainfall, runoff, routing option. .bsn
ICN Daily curve number caleulation method: 0 caleulate daily CN vatue bsn
as a function of soil moisture;  calculate daily CN value as a
function plant evapotranspiration
CNCOEF cneoef: Weighting coefficient used to caleulate the retention bsi

soefficient for daily curve number calculations dependent on plant

evapotranspiration

PRECIPITATION R, : Daily precipitation (mm H,0) Jpop
CN2 CN, . Meisture condition If curve number mgt
CNOP CN, . Moisture condition It curve number gt

#117: Neitschet al. (2005}

2.2.1.3 DIIRIHIMANLN NI IZIHE(Potential Evapotranspiration)
TumsMuINAneN MA1IAI8TNY (Potential Evapotranspiration) 1 us1a99
SWAT 4337 Usznoudau (1)3% Penman-Monteith (2)"3% Priestley-Taylor 118 & (3)3%

Hargreaves
S

= LA g et T =4 w Y
lunisdnwinsesilifenldd Penman-Monteith FeRTandanasnuildlunis
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8
TUNT Penman-Monteith 118 m"lﬁ’ﬁ'qu

_ Ax (M —G)+ v xK;(0.622 x hx pyi, /) x [eS_ - e,_h
A+ x(1+1,/m,)
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aadsriuni it lunsdadnenmnisateszime Tne3T Penman-Monteith

woquuuiaes SWAT ag1) 13 lumisei 2.2

M50 22020151 19 T A NN WA IAET SIHEYRILLUSIA Y SWAT

Variable Definition Input File
Name
IPET Potentiai evapotranspiration method .bsn
WND_SP U, : Daily wind speed (m/s) wnd
Coz CO, : Carbon dioxide concentration (ppmv) .sub
MAX TEMP T, : Daily maximum temperature (C) tmp
MIN TEMP T 1 Daily minimum temperature (C) mp
GS] €, - Maximum leaf conductance (ms”) Crop.dat
FRGMAX ¥, s : Fraction of maximum leaf conductance achieved at the vapor pressure  Crop.dat
deficit specificd by vdp,,
VIPDER vpdy, : Vapor pressure deficit corresponding to value given for fr,  (kPa) Crop.dat

71301: Neitschet al. (2005)
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2.2.1.3 mIanommueailuay
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LU IRIMIANALYAUMES (Kinematics storage modcl)ﬁﬁmuﬂ% Sloan and More (1984)
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2 Lo,
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22.1.4 msmafSnamislvavenildfu (Groundwater Flow)
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a3 naveshldaumnisodiasemuanyuzuessuiuguiiig UszanAeyy
=3 9 %’ dy \ & g 3 Sg 4 (=" a . %’J F=Y 3 ”.f
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Variable Definition Input File
Name

GW_DELAY Sgw: Delay time for aquifer recharge (days) EW
GWOQMN A, o Threshold water level in shallow aquifer for base flow (mm H,0) EW
ALPHA_BF CX,LN,: Baseflow recession constant -Ew
REVAPMN gy, e 1 N1eshold water level in shailow aquiler for revap (mm H,0) 2w
GW_REVAP  [3_: Revap coefficient BW
RCHG_DrP E) et Aquifer percolation coeflicient -BW
GW_SPYLD [L: Specific yield of the shallow aquiter {m/m) BW

U1: Neitschet al. (2005)
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¥ H ez a{’ = El
aumsrugai1ny lvavosd AU FURUGUIIER (Deep aquifer) Laa

9 ar g
1&aati
aq dp,i = aq dp, i—1 + Wdccp - Wpump, dp (2.12)
4 a ; ? do o ' 2 oa H @ Al
e M Fe WFmanhidndusglutufiudinidnluiun @)
a p A oo [ y a ¥ @ o
Qs o Fanhitdadueglusufugini@alusud -1

A ¥ Ay L o - 1 = ¥ PY
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W g ap A8 UTananhifigngueenansuiiugunidnlusud i o)

222 mEsmoamsaieuiludnnh (Flood Routing)U8a8Uui1a0s SWAT
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vauh ludnh {Channel water balance)

Viarean™ ¥V V-V tloss-E  HdivtV,,, (2.13)
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Vo A8 Smmwsshifigndy dhinvinaosdedni (au)




35
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#uiigniuaynsysygndldau
Geographic Linear cell Watershed arca Region arca Typical
Cell size Size (km”) (km’) Application
1 30m 5 1000 Urban watersheds
3 90m 40 8000 Rural watersheds
157 460m 1000 200,000 River basins
30~ 930m 4000 900,000 Nations
3 5.6km 150,000 30,000,000 Continents
5 9,3km 400,000 90,000,000 Global

n: Tewns 1asigls (2548)

(2) FoyansEImen1n (Bio-physical Data)
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5. ATNSIINADIN N8iU81h (RTE file)
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ﬂg o::;PJ G ar o U] :g
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1 =& ;; g 1 20’
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2.3 UYu19909 Markov

nInduATuguAWmAwIadeuI A LANEAaIAdoNLas N T NeInTAEA T

T
el

ey s = 1 [ o I~ g 4
wiiinndeuitaananiuuuiiasiMarkov Wunguiidenld lunsfnuuionanisel ms
< Y it = cg g ar Y o oa astz) 4 1 -
Wasuudasvesdeyaiazfiaiuluouian TavordedoyafifaiunToniniiud
. 1 - [ a 1 3 e &2 o t
(Frequency) lganarfirunuilugmtumsduiaainieedli (Probability) Gafvuaan
3 3 = w
(i 0 uaz 1 uazlinnninzinld 4 dnuzio PyyPy, Pioitas Py
Z ) I 1 = 1
minduduiiunmsinsiziainziluvesnisulfeunyag (Transition Probability)

] o
Tugaasnusetusn ez laguuuusimsdiun fail

Pog Py I-aa
P= = 0<a,b=<1 (2.14)
P Py b I-b

o
1D a=Py, LAz a=P,,

1 2
Tagg1adaangtuuvesmsnlaeuuilasdail

P(0—>1) = d1uveensilasusilad (Transitions) 910 094 1/
o m‘ g Ay
Tuunsasuudaamanueiisuein o

P(1—1) = twauveamalaenas (Transitions) 91A 1990/

r 3 oy
uumaasuLlamaveanGun 1

uag P(o—1)

1-P(0—>1)

P(1—>1)

il

1-P(1—>0)

A Pt o o ' ¥ o ' a v A o o3 ad
iﬁJﬂulﬂﬂ'lfo‘Nﬂ?iLﬂﬂﬂuLLﬂﬁﬁﬁﬂﬂﬁT}uﬁ? ’1«1']1!11’?'IﬂW“B@\'FB']‘Lé’JHED"J{IL’Jﬁ"m‘iE)%"I'LA'J'LHJ‘VI
Gsk)ﬂﬂﬂ"liﬂ"lﬂm‘iﬁi‘ {(Expected Duration, E) aAmusalslsiu (Variances, V) LRZAIHIGUDINIIY

@Ae3T (Confidential Interval, CI) A4aUN1S aal1if

i-a
E(ty)= — (2.15)
da
1-b
BO,)=— (2.16)
1b
i
V(T,)= —~ (2.17)
%

V()= = (2.18)
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95% Cl=

1.96x0
(2.19)

Vi
ar a

o 3 ] = o
nnuu s wIufvesa sty s 8sunlas (Transition probability)

o 4 4 g
m@&ﬂlﬂ%ﬂﬂlﬂﬂ‘uuciuﬂu?ﬂﬁ

_ nlu-t) {n-1)
P="Ppy Pyy P4 Pl (2.20)
n_ i) md}
Poy=Pyy Py +Py; "Pyy (2.21)
Ply=Ppy, +2 P, (2.22)
n m]) nl)
Pl = prip pl (2.23)

a

¥ 2/ o ' o ; ] Y
guasuganwizimusnawesioyafioniullldlueunannaumadail

) b a(l —a-b)k
W= ) —t— (2.24)
a+h a+b
k=1
1 k
) a a(l-a-b)
Mo, = T\ (2.25)
ath at+b
k=1 ‘
. K
) b b(l-a-b)
W= ) —p— (2.26)
19 atb at+h

Z b(l-a- b)
R (2.27)
” ath
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. q 9 @ 9 | 4
Cellular Automata 118 % Markov chain 8114 luatanisainis 14l sz Tavdfdu Taoii1nig
o o . o = o v < o s
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w3 padufnsalfsunlawazdeyanvmmnhazilwuuiicen I 4t muagddnuel
a & o A @ 3/ PO PR | a 3 a .
FeRuRvesnuRamamsaidsunnmsladse Torinaunzmeiu lueuine Inenisn sy

Cellular Automata(Eastman, 2003)
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a

v 2 v '
M990 4.1 Wuntazdaaums 15se Tesinau w.a. 2543

e Usznnmslgiszlerinam SHa WU (A5.031.) Sounz
A a 9
1 Wewazdlgnaii U 16.75 2.96
2 NUNPABATATTY A 297.89 52.60
3 Wunth 15 F 219.19 38.69
4 uHasr \ 5.24 0.93
A A <
5 wundiaman M 27.33 4.83
33U 566.40 100.00
d' tg d‘ [ 1 9 a’d‘Q
f1919N 4.2 ‘Wumlaz’dﬂmuﬂﬁi“}fﬂiﬂ&l%uﬂﬂu W.f. 2551
e dUszanmslyszlerinau T WU (A3.030.) Souay
1 dieuazanlgnadhe U 16.99 2.99
2 NUNAYATNTTY A 305.99 54.03
3 Wunth s F 136.22 24.05
4 unae W 6.29 1.11
A A< o
5 Nuidanan M 100.89 17.82

3N 566.40 100.00
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AU WA, 2543 MUIHAVDWVVIIADI SWAT
SWAT
LDD CODE THAI NAME ENGLISH NAME
CODE
‘ﬁy‘l‘lﬁ TRLTAP) Rice paddy RICE
nbaInITy Ay lswau Mixed field crop AGRL
(A) Wudlznas Cassava AGRR
YNNI Rubber tree RUBR
gmaﬂﬁ‘f o Eucalyptus ORCD
Iefwane Mixed orchard ORCD
NLAUN Mango ORCD
vzl NANNILA Cashew ORCD
FVSA TRV Tamarind ORCD
Tfdudumen Mixed perennial FRST
it dn Teak FRST
ﬂ1wﬁﬂ1uauyitﬁ Dense deciduous forest FRSD
muﬂmuystﬁ Dense forest plantation FRST
thavsod mwﬁyuvj Disturbed evergreen forest RNGB
Thndalusean il i Disturbed deciduous forest RNGB
fufiamda  vondh Grass RNGE
(M) ez Scrub RNGB
‘ﬁuﬁa:u Marsh and Swamp WETL
11Ny Beach WETL
nulna Rock outcrop WETL
‘ﬁuﬁau Landfill WETL
ﬁ:’uﬁ“ymu Fuilpauazaumsm City, Town, Commercial URHD
wazdralgn  wyjihu Village URML
as (9)) amuﬁ'iwmmazﬁmﬁudnq Institutional land UINS
anmmuammﬁﬁu%@mqmimym Agricultural product trading center UINS
ﬁmuﬁﬁﬂﬂiﬂuwdau% Recreation area UINS
fuiih (W) mithdnaes River, Canel WATR
nuod i nemey Natural water resource WATR
5] NLﬁiJﬁH Reservoir WATR
ﬁaﬁﬂu"lém Farm pond WATR
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AU W.A. 2551 MUITHAVDIUUUTIA0I SWAT
LDD CODE THAI NAME ENGLISH NAME SWAT CODE
i IRETAE Rice paddy RICE
nEATATTY Ny lswan Mixed field crop AGRL
(A) Hudlenas Cassava AGRR
Tudsgraveransia Cassava/ Para rubber AGRR
Tudilendvuzainaiumug Cassava/ Cashew AGRR
1loui eonszmn Kenaf, Jute AGRR
'3 Upland rice AGRL
YNNI Para rubber RUBR
QﬂWﬁ‘ﬂﬁﬁ Eucalyptus ORCD
an Teak ORCD
s Acacia ORCD
ﬂis@: Pterocarpus sp. ORCD
NHHUN Agalloch ORCD
Iefamery Mixed orchard ORCD
& Orange ORCD
WENIN Coconut ORCD
2NN Mango ORCD
UANHAUIIUA Cashew ORCD
fUA BN Tamarind ORCD
uraznNo Papaya AGRL
uAians Dragon fruit AGRL
Iafeuduman Mixed perennial FRST
Tsafoudsaln nszile tazth Cattle farm house URML
Ts qﬁau(gmﬁ’ adin Poultry farm house URML
Tsafoudoigns Swine farm house URML
AUNN uammdﬁuﬁ?amnmimym Agricultural product trading centers URML
1 Lotus WETR
aoiimnez@oala Fish farm WATR
Hanghidsadat Pasture PAST
ﬁ’uﬁﬂﬂﬁ’ ﬂmﬁﬂ“luauu“m‘f Dense deciduous forest FRSD
(F) athawysal w%ﬁyuﬁﬂgﬂﬂﬁ'wﬁu

Dense forest plantation FRST

NMINYAT
thavsod mwv‘%luyj Disturbed evergreen forest RNGB
‘1'J1wﬁﬂslmﬂamwﬁuww Disturbed deciduous forest RNGB
muﬂﬁaﬁmwﬁuz\l‘ Disturbed forest plantation RNGB
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LDD CODE THAI NAME ENGLISH NAME SWAT CODE
“ﬁu‘ﬁ ‘Vjﬂ“rifgﬁ Grass PAST
Wawda)  lifazang Scrub RNGB
s Bamboo FRSD
v%uﬁfdu Marsh and Swamp WETL
1Ny Beach WETL
Anulwa Rock outcrop WETL
ﬁﬁ’ﬂﬂlﬁlz Garbage dump WETL
ﬁuﬁﬂu Landfill WETL
ﬁuﬁﬁgwu Fuilpauazmmsm City, Town , Commercial URHD
wazdalgn  wiihu Village URML
7519 (U) anuiinyms LAZHDILUANE Institutional land UINS
Ii\iﬂu’qﬁli’ﬂ‘ﬁﬂiiﬂ Factory URHD
ﬁmuﬁﬁﬂr&@umi@u% Recreation area UINS
auuneai Golf course FESC
ﬁmﬁu?mﬂfﬁu Gassoline Station URML
i (W) mihdnaes River, Canal WATR
MU 14 nemany Natural water resource WATR
fj‘lxilﬁﬂi?‘l Reservoir WATR
verhlulsm Farm pond WATR
aaosralszniu Irrigation canal WATR
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d’ o ) saa o A A A=
M15190 4.5 v a3 19152 Testinauveauudiass SWAT Anu lununfnm

SWAT Code English Name Land Use of LDD

AGRL Agricultural land generic wylsmay 41215 uhiens wzavne

AGRR Agricultural land row crops  3ud1denas duddenaveransis sudevavuzing
Aumud Uoutd Yonszin

FESC Tall fescue ﬁumﬂﬂtﬁ‘l

FRSD Forest deciduous Thwaaluauysel n

FRST Forest mixed Iudunay authauysel wienufilgnihg iy
MINBAT

ORCD Orchard galda imamay g wziesfumud wzanw dn
nszdu Uszg nguan du ugndn

PAST Pasture Hanghideadad

RICE Rice TRLAR

RNGB Range bush ﬂﬁmaﬁmwﬁyuﬁ ﬂmﬁﬂﬁlmeamwﬁmj auseann
iy fazins

RNGE Range grasses ‘vjﬂ‘ﬂi;leliﬁ

RUBR Rubber tree YNNI

UIDU Industrial T39UgAT NI T

UINS Institutional anuissmsuazanniuaen aauivindeundouls

URHD Residential high density Audoaazamnmsm

URML Residential med/low density #3111 Tsadewandaiiln Tsadewdealn nsvile uazsh
Tﬂﬁamfgmqm AUAALAZINA U I NIMIINEAS,
amiizmaiuiy

WATR Water wihh dnass wues il nzmay erfuh erhiuls
wnasasallszmy aaufinz@sala 1h

WETL Wetland mixed ﬁuﬁﬁju wiansw AiuTng fufion Aneves
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[ [
~ = =3

Y v . & 2 v A o w
UIAN (Dew pOlnt) %Qﬁ?ﬂllﬁﬂ\‘llﬂum@yjﬂi’lﬂm’E]”LJGL‘L!G]'I?NV] 4.6 DN ANTNNN 4.13 109U

d' 9 gol A = a
M113191 4.6 mﬂyaﬂ?mmmﬂuﬁwmau U ADIUYNNINGT M. 110

ﬂ%mmﬁwluﬂmﬁau (W)

WA A AN WA 13 WA 1.8, n.A. a.n. .8 f.f. W.el. 5., 33U

254 216. 127. 155. 241.  201. 117. 1,228.
1 00 584 00 660 9 2 4 4 0 423 1 26 3
254 95. 116.  305. 179.  261. 165.  201. 1,447.
2 02 231 8 4 0 0 4 925 5 0 6.3 13 5
245 242, 356.  199. 295.  313.  193. 1,673.
3 00 42 08 3 1 5 6 1 5 682 03 00 6
254 95. 227.  253.  260. 351.  269. 1,628.
4 07 154 3 13.0 445 6 5 8 2 7 9.5 02 4
254 166. 336. 317. 346. 112. 12.  1,443.
5 00 00 09 564 863 8 2 3 1 5 8.6 2 3
254 41.  125. 342, 204. 139. 292, 305. 1,497.
6 00 58 2 6 5 0 0 9 2 40.8 0.4 00 4
254 112. 332, 334. 190. 261. 1,327.
7 7.7 188 26 650 2 1 9 8 5 1.1 0.4 00 1
254 216.  127.  155.  241. 201. 117. 1,228.
8 00 584 00 660 9 2 4 4 0 423 1 26 3
254 151. 157.  298. 344. 198. 105. 1,391.
9 0.0 6.8 1.7 1 85.0 8 5 8 4 2 424 00 7
255 85. 310.  152.  388. 498. 316. 213. 1,999.
0 00 27 4 200 1 1 6 1 4 5 126 00 5
255 40. 294.  231. 196.  267. 1,243.

1 00 11 9 153 7 8 88.7 4 5 756 311 00 1
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qamgisEfou (°C)

.4, uA. AW dA BLg. WA, fe. pA. @A ng. A, WY ba.  Rag
2541 34.04 3451 3527 3567 3585 3565 3544 3516 3482 3458 3427 3393 3493
2542 33775 3373 33.84 33.86 33.78 3371 33.62 33.54 3347 3339 3329 33.07 33.59
2453 33.03 33.02 33.13 33.17 33.18 33.15 33.10 33.08 33.03 3298 3295 3291 33.06
2544 3292 3296 33.00 33.12 33.16 33.16 33.16 33.13 33.11 33.11 33.04 3299 33.07
2545 3297 3299 33.06 33.14 33.17 33.18 33.18 33.15 33.12 33.12 33.11 33.11 33.11
2546 33.08 33.10 33.14 33.18 3322 3323 3323 3322 33.19 33.18 33.19 33.16 33.18
2547 33.14 33.13 33.17 3323 3325 3325 3324 3323 3322 3322 3322 3320 33.21
2548 33.20 3323 3326 3330 3334 3334 3334 3332 3330 3328 3329 3326 33.29
2549 33.26 3327 3330 3332 3334 3335 3334 3332 3332 3331 3331 3330 3331
2550 33.28 3330 3332 3334 3335 3335 33.17 3334 3334 3332 3329 3329 3331
2551 32.17 3326 3328 3330 3330 33.30 3330 3330 3328 33.28 3327 3325 33.19
A 33.17 3332 3343 33.51 33.54 33.52 3347 33.43 3338 3334 3329 3322
M31971 4.8 Toyaguunlagamassenou a a01tignninel M.110
gamgiinefou (°C)

WA aa. . GA. me. WA e, nA. @n. ne. A, e, B eae
2541 19.51 2047 2128 22.04 22.69 23.03 2322 2333 2338 2328 23.07 2273 2234
2542 2243 2223 2228 2235 2245 2254 2266 2275 2281 2282 2276 2251 22.55
2453 2239 2226 2228 2234 2241 2247 2253 2260 22.64 2266 2258 2251 2247
2544 2245 2239 2239 2247 2252 2256 22.61 22.65 22.68 2269 2262 2254 2255
2545 2244 2240 2242 2246 2251 2255 2259 2261 2264 2265 2263 2260 2254
2546 2251 2249 2249 2253 2257 22.61 22.65 2268 2270 2270 22.68 22.61 22.60
2547 22,55 2251 2253 2256 2259 22.61 22.63 2266 2267 2266 22.63 2257 22.60
2548 22.52 2251 2249 2251 2253 2255 2255 2256 2257 2252 2255 2250 22.53
2549 2245 2243 2244 2246 2248 2251 2253 2254 2255 2255 2255 2251 2250
2550 2246 2245 2246 2247 2248 2249 2342 2250 2251 2251 2248 2248 2256
2551  17.89 2237 2236 2237 2238 2240 2242 2243 2244 2245 2244 2241 22.03
W88 2178 2223 2231 2241 2251 2257 2271 2267 2269 22.68 22.63 2254
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a A
uUHNNTEADY (°C)

WA A AW @A W WA . nA. @A neg. aA. We.  5a. 9ag
2541 26.15 26.82 27.80 28.40 28.73 28.81 28.83 28.76 28.64 2848 2824 2790 28.13
2542 2790 27.55 27.65 27770 27.68 27.69 27.70 27.71 27.69 27.66 27.57 2732 27.65
2453 2724 2717 2723 2729 2732 2733 2734 2736 2736 2735 2728 2722 2729
2544 2722 27.18 2720 2730 2733 2734 2736 2736 2737 2738 2731 2724 2730
2545 27.18 27.17 2721 2727 2730 2732 2734 2734 2733 2734 2732 2731 2729
2546 2725 2724 2726 2731 2734 2736 2738 2739 2738 2738 2737 2732 2733
2547 2728 2726 2729 2733 2735 2736 2737 2737 2737 2737 2736 2732 2734
2548 2729 2731 2731 2734 2737 2738 2739 2739 2739 2738 2738 2734 2736
2549 27.32 2732 2734 2736 2737 2739 2740 2740 2740 2740 2740 2737 2737
2550  27.34 2734 2736 2738 2739 2741 2830 2741 2742 2741 2738 2738 2746
2551 2443 2731 2732 2734 2734 2735 2736 2736 2736 2736 2735 2732 27.10
!ﬂéﬂ 2696 27.24 2736 2745 27,50 27.52 27.61 2753 2752 2750 2745 2737
M1 4.10 ToyaudwaunaIufow & daiignnIner M.110
Panauauaanenon (mnsga/m.u.-%’u)

WA aa. . dA. M. WA Ne. nA. @a. neg. ana. We. 5 9ae
2541 9225 8.965 9.137 8.797 8.607 8293 8220 7.885 7.520 7.404 7295 7318 8222
2542 7331 7481 7454 7373 7373 7234 7.101 6957 6.828 6.743 6.729 6.729 7.111
2453 6.754 6.790 6.823 6.788 6.759 6.682 6.627 6.581 6.581 6.545 6.597 6.597 6.677
2544 6.635 6.674 6.655 6.707 6.687 6.621 6.576 6.516 6.477 6.492 6.517 6.540 6.591
2545 6.597 6.656 6.666 6.692 6.688 6.660 6.625 6.571 6.514 6.526 6.564 6.592 6.613
2546  6.638 6.662 6.662 6.683 6.702 6.666 6.641 6.620 6.569 6.574 6.603 6.600 6.635
2547  6.620 6.630 6.635 6.662 6.665 6.648 6.606 6.588 6.566 6.592 6.623 6.635 6.622
2548 6.661 6.686 6.685 6.688 6.693 6.672 6.640 6.605 6.579 6.612 6.574 6.580 6.640
2549 6.610 6.626 6.624 6.629 6.634 6.639 6.613 6.585 6.576 6.578 6.602 6.623 6.612
2550 6.648 6.669 6.680 6.693 6.689 6.688 5800 6.654 6.645 6.629 6.631 6.631 6.588
2551 9.019 6.675 6.689 6.698 6.683 6.678 6.679 6.665 6.641 6.637 6.624 6.612 6.858
!ﬂéﬂ 7.158 6.956 6.974 6.946 6.925 6.862 6.739 6.748 6.682 6.667 6.669 6.678
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<
ANULIIAN (DU./FN.)

WA g, . SA. mE. WA e, nA. @a. ne. A, e, B eag
2541 20.67 1453 12.69 11.78 10.08 1197 11.25 5.89 8.64 2206 24.14 3794 1597
2542 1539 12.28 15.89 9.58 9.78 9.86 12.08 10.28 897 1142 18.81 18.14 12.71
2453 16.25 12.78 13.42 8.72 7.50 8.03 7.44 10.33 7.72 15.08 20.64 29.81 13.14
2544 1456 2339 11.83 1175 7.83  7.92 10.08 9.08 894 16.00 20.64 2431 13.86
2545 1336 1544 11.86 994 956 10.19 939 10.14 833 11.17 8.69 1569 11.15
2546 11.14 11.08 1047 1050 9.53 11.83 10.14 744 961 1267 2211 2600 1271
2547 20.81 20.14 10.25 9.64 6.64 8.92 9.97 7.64 725 1144 2144 36.17 14.19
2548 17.92 17.06 1478 11.47 9.06 9.44 11.83 12.11 8.89 14.06 25.17 2536 14.76
2549 13.75 16.81 13.58 11.03 1225 1042 11.50 10.06 744 1242 23.11 21.83 13.68
2550  16.08 13.03 13.53 1097 1142 1142 1258 1011  7.78 12.00 22.00 1531 13.02
2551 1736 1294 1325 867 11.17 883 869 9.14 625 1747 1839 2411 13.02
wae 16,12 1541 1287 1037 953 989 1045 929 817 1416 2047 2497
maedi 4.12 ﬁagaﬂamsﬁyuﬁ’uﬁmﬁmﬁﬂﬁmﬁau W A01HgNAINGT M.110
AMuFaning (Gewaz)

WA aa. . dA. o mE. WA N, nA. @A ne. an. Wl 5. l9ae
2541  69.02 68.67 67.05 67.44 6811 6930 7024 7141 7256 7294 73.02 72.62 70.20
2542 7218 7159 7134 7150 7215 7250 72.89 7324 73.63 73.86 73.90 73.60 72.70
2453 7338 73.15 7279 72.79 73.01 7322 7342 73.62 73.85 7396 7379 73.66 73.39
2544 73.47 7326 73.14 7294 7298 73.14 7332 7353 73.69 73.79 73.73 73.61 73.38
2545 73.44 7321 7297 72.80 72.82 7290 73.00 73.16 73.33 7336 7331 7327 73.13
2546 73.14 73.04 7293 72.88 72.89 7299 73.08 73.19 7335 7336 7327 73.15 73.11
2547 73.06 7297 72.80 72.68 72.67 7273 72.81 7290 7298 7292 72.84 7273 72.84
2548  72.64 7251 7238 7234 7234 7239 7249 72,60 7271 7287 7273 72.66 72.56
2549 7257 7249 7239 7237 7236 7237 7246 7256 72.62 7267 7266 72.61 7251
2550 7253 7243 7237 7230 7234 7238 7826 7252 7258 72.64 7262 72.62 7297
2551 6529 7245 7236 7231 7237 7242 7243 7249 7257 7261 7262 7259 7188
méﬂ 71.88 7234 72.05 72.03 72.18 72.40 73.13 72.84 73.08 73.18 73.14 73.01
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. Y] a ¥y v ! 2
M3199 4.13 FoyagungiiyainAundeseRey o d01iignnInegl M.110

a o v a A
UHRHYUYAMIN RSN U (°C)

o]

WA, .. IRV TR Y. WA, e, n.fA. a.n. n.&l. f.9. n.e. 5.0, nae

2541 1829 17.86 20.71 23.25 23.84 23.73 23.62 24.10 2349 2245 18.03 18.63 21.50
2542 18.86 18.62 21.03 23.22 2334 24.00 2427 2413 24.13 2322 1798 17.22 21.67
2453 1646 17.64 2036 21.95 2335 2397 23.86 23.85 2393 2236 20.24 20.15 21.51
2544 15.84 19.50 20.88 23.51 2399 2473 2399 24.04 2403 21.88 19.24 1592 21.46
2545 17.56 17.76 20.14 2225 2345 2346 23.69 2392 2337 20.07 19.28 16.03 20.92
2546 16.86 19.55 19.24 23.03 23.87 2392 2423 2392 2415 22.16 20.83 1627 21.50
2547 16.72 19.19 21.43 23.05 22.69 2395 23.87 24.15 2348 22.85 21.55 17.05 21.67
2548 16.19 18.19 22.09 21.88 2379 2458 24.02 2422 2383 22.38 17.83 18.66 21.48
2549  16.73 1541 1895 2246 23.63 2399 2334 2372 2390 2343 19.79 16.57 2099
2550 1436 19.68 21.08 22.68 2320 23.70 24.00 24.66 24.05 22.87 19.35 18.15 21.48

2551 18.88 21.48 1930 23.09 24.17 2425 2376 24.14 2434 21.89 1877 17.79 21.82

may 1698 18.63 2047 22.76 23.57 24.03 23.88 24.08 23.89 2232 19.35 17.49
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413  HAMSIAUAITENNAUNN (Scenario)
o [y 1 [ a 1w [
TUMI MU UANAUAINNIFINT AATIZH AR T IAANLH A 9U0 361 (SPI)
- y o
Tunu 12 180w (SPI-12) Mindeyatsuianiudoundas 45 3 (w.a. 2506-2551) v a1l
a a Y] [ =1 ~ 9 A o 9 o @
gaHonIN1InIaguaIwsIi (M 4.3) Idgnidemiwnlsmuuanaunin 3 nungilam
4 v A o Y Y d' [ [ =
mmmm@5;@mmmmmﬂmmumuawmdu (SPI) (115197 3.3) W1 A1 SPT vo91/Tua
4 1 1 1 1 U {
s wRonlusznang wa. 2506-2551 AwEgIznane -2.27 uaz 2.11 aeigaziden lunmi
4.4 1aza15199 4.14
VINMNA 4.4 11AzM15199 4.14 WU 11 WA 2536 A1 SPI HAdga Ap -2.27 39
o a % < Y] { { a %’ a a
Mviua s uanidulu wa. 2536 Wunauamuuun 1 nNUSuaniwWulserailnd

(Extremely dry) lunisassnudiu Tu w.e. 2509 f1 SPI iagega miny +2.11 Jeimuald

=

4 = dSI (% H =) % =) =)
YSuaniduludidusieuaimuuui 3 ANdSnaniduunialnd (Extremely wet) T
= ] 1 A T W 2 o Y A ?:' = dy I ]
VULAYINY 11 WA, 2543 A1 SPI AN 0 1amrualidsuianineuludlidlu faunin

v v Y
uuy 9 2 AUYTaihHuln@ (Normal year)



3000 Annual Rain
2000 A A\ /\
NV \ /AN \*\/\\/\/\N

0 T T T T T T T T T T T T T T T T T T T T T T 1

1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 IQS%EA&Q(S? 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

mm

v 9 ' a a 4 v
M 4.3 a3 hfSunanielusetszrane we. 2506-2551v09a01Tiga e NG TN IAgUATIFHIT

Standardized Precipitation Index (SPI)

YEAR

a % 3 IS}

H 1 H 1 a
7NA 4.4 n51luaasnat SPT veslSuaniusietlsenine we. 2506-2551‘U'ﬂ\iﬁﬂ'lﬁQﬂuﬂu’lﬂﬂ’lﬂﬂﬁ’mquaﬂ‘ﬁﬁ'lu




a

i ' g i a v (3
M131391 4.14 A1 SPL vou/31aniWuseT)senang w.a. 2506-2551 ¥0Id011galeNINeITINIAgUAITIFHIT

N.A. 2506 2507 2508 2509 2510 2511 2512 2513 2514 2515 2516 2517
SPI -0.35 0.06 -1.25 2.11 -1.21 -1.93 0.04 0.53 -0.43 0.85 -0.58 0.53
N.A. 2518 2519 2520 2521 2522 2523 2524 2525 2526 2527 2528 2529
SPI 0.01 0.31 -0.93 0.58 -0.11 1.15 -1.15 0.2 0.17 2.07 0.33 -0.15
N.A. 2530 2531 2532 2533 2534 2535 2536 2537 2538 2539 2540 2541
SPI 0 -1.01 -0.14 0.77 -0.81 -0.09 -2.27 0.77 -1.51 -0.7 0.21 -0.56
N.fl. 2542 2543 2544 2545 2546 2547 2548 2549 2550 2551

SPI -0.68 1.5 1.13 1.54 0 -0.18 -0.47 0.75 1.81 -0.9
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2
e

4.14  vYoyagNNINEN

]
=1

a ° v =Y 90} 1 [
agnnane1n Iaiinissusiy laun Psnanimisedon o aoiiinsiaia M.110

e
&2

3]

{ ? =

Y 9 Jd o 1 o A A 1w [ ~ dy A o = dy
NIYAIN L]J’luf]ﬂﬁllujm ﬁ1ﬂaﬂ0u11fiﬂlu mm’aﬁim’aﬂ‘ﬂn WHIAYUATIFTIU WUNTUUINIUDN

] 1 [ v ] [
Uszum 570 a5.00. 18ZANNFINNTZAUNZIAIUNA1NTANNINY 120.7 1. (MSL) Faiuiinanilu

"y s =
HUIAURNUIANINAT (A5 4.15)

d‘ %’ 1 A = (%
M99 4.15 5nahmseden o d911a32990 M.110

P S

PSnanihmeden @v av.u.) hm W
i s nde
wLe, WA, A .. a.n. .. a.a. Wy, BA. WA AW da. 4w aw.a./

a =
av.u. IUIMN

2539 1.71 8.59 35.50 50.49 64.78 183.21 34.44 1437 327 197 1.09 0.83 400.25 12.69
2540 248 556 27.03  172.05 189.40 6398 5340  3.66 121 053 032 024 51986 1648
2541 lagr1529

2542 287 2229 7465 17277 6487 14248 4534 1169 437 207 128 083 54551 1725
2543 1.07 38.74 102.25 142.63 178.57 95.85 24.19 3.14 1.03 054 0.19 0.20 588.40 18.66
2544 258 511 4853 8474 30533 22528 7877 1687 7.84 587 3.83 333  788.06  24.99
2545 0.51 16.54 3043 121.83 165.05 128.59 21.34 8.90 4.19 193 1.26 1.48 502.04 15.92
2546 090 8.51 29.25 14.84 131.35 221.06  23.01 5.21 2.00 1.05 0.89 046 438.53 13.87
2547 1.27 735 48.05 108.14 123.98 86.89 8.15 2.41 0.48 0.00 0.00 0.00 386.72 12.26
2548 0.00 041  9.54 12809 109.99 8264 1535 876 157 055 011 006 357.07 1132
2549 0.54 048 0.97 146.17 207.81 103.72 106.83 3.97 1.81 0.80 0.07 0.02 573.20 18.18
2550 038 233 2.65 1254 11636 13046 10492 595 261 138 1.00 3.58 38417  12.15
2551 3.71 10.61 42.59 60.23 96.54 235.40 19.60 13.85 219 094 039 024 486.29 15.42
2552 227 263 1360  91.88  99.11 11938 3637 271 000 000 0.00 0.00 36797 11.67
2553 0.00 0.00 47.78 54.86 108.63 120.22 139.53 3512 588 0.00 0.00 0.00 512.02 16.24

gega 3.71 3874 10225 17277 30533 23540 13953 3512 7.84 587 3.83 358 788.06  24.99

103y 145 922 36.63 97.23 140.13  138.51  50.80 9.76 275 126 074 081  489.29 15.51

B,-

1ga 0.00 0.00 0.97 12.54 64.78 63.98 8.15 2.41 0.00 0.00 0.00 0.00 357.07 11.32

a

3 4 a a [ 1 o o a a %1
ﬁﬁﬂ: ﬁuEJE]“I/]ﬂ’J‘V]Eﬂ!Lﬁ%"Uiﬁﬁﬂ1ﬂ§l$’3uﬂ’0ﬂlaﬂ\ilﬂﬁ’ﬂ@]ﬁ]uﬁN FIUNYNNINYULASUINITUI NTY

U Q

¥a1lseniu (2553)

o

?zl/ e [ a ?:’ [ < [
lumsdnmiasedl IdmsudasminsveslsuanihmIdidluszauanugs Taens
o %’ ?z}.l =1 % &’ d‘o.l %l g‘J Y ’.f 1 1 I~{ a a
enfSinahmmuaisunununsmimmun oz lamanugavesfFnanim wihedluiiaduas
Y] v o { x %’ { [y o %
Tagordeaums 3.4 lanaaniaauandluasnan 4.16 Fa5uanim lasueziin 14w Feuneuny

y ] H o ]
5 Idanuuusiass SWAT ae 'l
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] [

a . A A 3 a a = o
M319N 4.16 1]%1”&111!']‘1/”5’lﬂlﬂ@u(ﬂuqﬂu:}ﬂgﬂﬂjuuaaluﬁj WU ADIUNTIVIA M.110

Snanihsaaon (u.)

= :’ a a
i A, N.N. .. 1.8, n.A. .8, N.A. a.9. .8, .9, .8, 5.A.

2539 3515 1.945 1481 3.051 15327 63343 90.090 115588 326904 61452 25641 5.835
2540  0.946 0.571 0.428  4.425 9.921 48.230 306.991 337.949 114.160 95.282 6.531 2.159
2541 lamsdrse

2452 3.701 2.282 1.488 5.117 39.767 133.199 308.267 115.747 254.232 80.906 20.851 7.801
2543 0964 0339 0357 1909 69.124 182446 254496  318.625  171.026  43.163 5603  1.838
2544 10.469 6.830 5.935 4.595 9.111 86.594 151.204 544.802 401.968 140.552 30.108 13.982
2545 3440 2241 2644 0915 29505 54289 217388 294501 229441 38079 15879  7.467
2546 1.874 1.588 0.821 1.606 15.184 52.191 26.479 234.369 394.440 41.057 9.296 3.569
2547 0000  0.000 0.000 2266 13.109 85743  192.948 221221 155030 14533 4307  0.864

2548  0.987 0.198  0.107  0.000  0.728 17.024 228.556 196.264 147.456  27.382 15.631  2.796
2549 1435 0.116 ~ 0.039 0956  0.864 1.734 260.817  370.796 185.074 190.625 7.077 3.237
2550  2.466 1.788 6390  0.685  4.154 4.725 22.377 207.630  232.772 187.217 10.622  4.648

2551 1.677 0.703 0422  6.623 18936  75.988 107.474 172.264  420.021 34.972 24709 3910
2552 0.000 0.000  0.000 4.058  4.690 24.273 163.948 176.851 213.009  64.894 4.844 0.000
2553 0.000 0.000  0.000  0.000  0.000 85.253 97.879 193.831 214505  248.960  62.668 10.499

42 mamsdszdivmazmsmamsaimslidseTeniiianluenan
Tunsdsziiusasmsmamsainms 195z Teminaulueuna fhdeyams19use Tominau

voansuwanfiau seaui 3 vudaaliifuswans 1duse Tominauvewuusians SWAT uagii

n3dmz TaoTdsunsuduiegal ArcGIS 1ay 1UUT1a99 CA-Markov ¥9411)51n 31 IDRISI

AN

\l
¢ Aa

421  wamsdsznumslylszlarinau w.a. 2543
a 9 e’d‘a o o [

wansUsziumslalse Torinauausiaueauusand SWAT 1 W.¢. 2543 WU U52ian

m3lHlse Tominaundn 3 drauusn 1dun urdhi (RICE) Thuaaluauysal (FRSD) taganane
Y =) g ~ A A I 9
Isdvu (RNGB) Titionlszana 292 219 uaz 26 as.nu. Wioaailudooas 51.54 38.68 uaz 4.57
o w [ = d' 9 r{d'a

AUEIAYU A9 18azPoalua13190 4.17 wazmanseneueddszsanmslddse Tesinauuaas 13l

NN 4.5



M990 4.17 M3l Tesinan w.a. 2543 aTHaLUUs1a0d SWAT

77

SeuR Yszammaldsslemifian  SWavesSWAT il (M9.930.) i ds)  Sewaz
1 Agricultural Land Generic AGRL 5.43 3,395.00 0.96
2 Agricultural Land Row crops AGRR 0.24 148.13 0.04
3 Tall Fescue FESC 0.01 5.00 0.00
4 Forest Deciduous FRSD 219.11 136,946.25 38.69
5 Forest Mixed FRST 0.08 49.38 0.01
6 Orchard ORCD 0.04 22.50 0.01
7 Rice RICE 291.94 182,465.00 51.54
8 Range Bush RNGB 25.86 16,161.88  4.57
9 Range Grasses RNGE 1.00 627.50 0.18
10 Rubber Tree RUBR 0.24 149.38 0.04
11 Industrial UIDU 0.03 18.75 0.01
12 Institutional UINS 2.26 1,415.00 0.40
13 Residential High density URHD 1.9 1,186.88 0.34
14 Residential Med/Low density URML 12.54 7,840.00 2.21
15 Water WATR 5.24 3,276.88 0.93
16 Wetland Mixed WETL 0.47 291.88 0.08
33U 566.4 566.4 100.00
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422  wamsdszdumslydselavinau w.a. 2551
a 9 (d‘a o o [
wamsUseiuns 155y Teri NAUAIUTHAUILULI1A09 SWAT 11 W.A. 2551 WU
S A [ o 1 ] [} 4 1
Uszinnmslgise Teminaunan 3 daunsn Tdun u1d1 RICE) Thwdaluauysel (FRSD) nagia
v a A 4 A a & v
n)1 (RNGE) UiileNiszuna 264 132 uaz 53 as.nu. nsoaaluiesas 46.56 2332 uaz 9.37
o W 1Y = d' 9 n'd'a
AUBIAY A9 18azPoalua1319M 4.18 tazmsnseneeddszanmalydse Tesinauuaas 13l

NN 4.6

19191 4.18 M3 19152 Toainau w.a. 2551 MUTHAVDAUUTIADI SWAT

U

o Al dla o v Al v |l
aoun  dszonmslddsslewingy  siauedSWAT  Wuh (ms.an)  wun (19 Fewas

1 Agricultural Land Generic AGRL 0.06 36.25 0.01
2 Agricultural Land Row crops AGRR 19.94 12,460.63 3.52
3 Tall Fescue FESC 0.02 14.38 0.00
4 Forest Deciduous FRSD 132.07 82,541.88 23.32
5 Forest Mixed FRST 4.16 2,600.63 0.73
6 Orchard ORCD 2.44 1,521.88 0.43
7 Pasture PAST 0.05 30.00 0.01
8 Rice RICE 263.71 164,816.25 46.56
9 Range Bush RNGB 31.17 19,481.88 5.50
10 Range Grasses RNGE 53.05 33,156.25 9.37
11 Rubber Tree RUBR 19.86 12,413.75 3.51
12 Industrial UIDU 0.26 160.63 0.05
13 Institutional UINS 2.26 1,415.00 0.40
14 Residential High density URHD 1.90 1,186.88 0.34
15 Residential Med/Low density URML 12.54 7,840.00 2.21
16 Water WATR 6.30 3,935.63 1.11
17 Wetland Mixed WETL 16.62 10,388.13 2.93

3 566.40 354,000.00 100.00
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423 msnlasmlaamslilsleninausering we. 2543 naz 2551
nnramsdszdiumsnaeunlasms1dalss Temifiauszning we. 2543 512551 wu
Uszianns1dalss TomiRauiiinswdsumlauiiuiulsznoudae Agricultural Land Row crops
(AGRR), Tall Fescue (FESC), Forest Mixed (FRST), Orchard (ORCD), Pasture (PAST), Range Bush
(RNGB), Range Grasses (RNGE), Rubber Tree (RUBR), Industrial (UIDU), Water (WATR) It @ ¢

. ~ A 2 A a g & A
Wetland Mixed (WETL) Tagll Range Grasses (RNGE) iivuyuinnnga aaduiionszua 52 as.nuy

'
A A

a I [ A dﬂf [ (= 9 PPN 4 d%’ v o A
A UDATIMSINVIWNINDY 6.51 95.01. 991 tazlszanms s TovuRAUNNVY LB UALN TS
1 a I~ ¥ ~
uara1y 1Aun Agricultural Land Row crops (AGRR) 1@ Rubber Tree (RUBR) Anuilutiiofnszuna
¥ Y
19.70 1A 19.62 A3.04. W3 oA UBATINTIANUNINY 2.46 11AE 2.45 A5.01. 01 auaiay i
(% J 'Q d'd H
vauzReny Yszanmslalse Tesinauniinis/asuulasanastlseneud e Agricultural Land
Generic (AGRL) Forest Deciduous (FRSD) Rice (RICE) 1a#3 Forest Deciduous (FRSD) aﬂammﬁq a
a I zg A A A I (% Y (=Y
AalueNUszum 87.05 @5.0N. MRl UOATINITAAAUNIND 10.88 A5.AN. o1l uazilszanms
PPN { % o H 1
1#152 Towinaunanasuindudunasaazay 14un Rice (RICE) ag Agricultural Land Generic
a I t&l A A A I Y] [
(AGRL) At wiiendseuna 28.24 uag 5.37 95.04 WIenalluonsIN1sanauNINY 3.53 uag 0.67
' o w J s a { ll : . .
a3.0u. 901 mudau arulszanmslalse Teminaun lumsdsuuilas Usznoude Institutional
(UINS) Residential High density (URHD) 4ta1& Residential Med/Low density (URML) HazwuI1 Mg 19
c’d‘a A éj . . [

sz Towunau Uszinn Pasture (PAST) tWUYUNI91N Forest Deciduous (FRSD) 1@y Rice (RICE) A4

= A a 4 A ' A
51002109A 1UA15 190 4.19 wazuns nsmsilasuulasserang w.e. 2543 uag 2551 (115 19N 4.20)



M13197 4.19 MidounasnmslFse Tesinausenang w.e. 2543 tag 2551

82

§y szanmslialszTeniiau WA 2543 we2551  nswasumlas  shnms
(M5.0%.)  (A5.PN.) waeumlag
1 Agricultural Land Generic (AGRL) 5.43 0.06 -5.3740 -0.6718
2 Agricultural Land Row crops (AGRR) 0.24 19.94 19.7000 2.4625
3 Tall Fescue (FESC) 0.01 0.02 0.0150 0.0019
4 Forest Deciduous (FRSD) 219.11 132.07 -87.0470 -10.8809
5 Forest Mixed (FRST) 0.08 4.16 4.0820 0.5103
6  Orchard (ORCD) 0.04 2.44 2.3990 0.2999
7 Pasture (PAST) 0.00 0.05 0.0480 0.0060
8  Rice (RICE) 291.94 263.71 -28.2380 -3.5298
9 Range Bush (RNGB) 25.86 31.17 5.3120 0.6640
10 Range Grasses (RNGE) 1.00 53.05 52.0460 6.5058
11 Rubber Tree (RUBR) 0.24 19.86 19.6230 2.4529
12 Industrial (UIDU) 0.03 0.26 0.2270 0.0284
13 Institutional (UINS) 2.26 2.26 0.0000 0.0000
14 Residential High density (URHD) 1.90 1.90 0.0000 0.0000
15  Residential Med/Low density (URML) ~ 12.54 12.54 0.0000 0.0000
16  Water (WATR) 5.24 6.30 1.0540 0.1318
17 Wetland Mixed (WETL) 0.47 16.62 16.1540 2.0193
59 566.40 566.40 0.0000 0.0000
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254 51 | AGRL AGRR FESC FRSD FRET | ORCD RICE RNGB RNGE RUBR UIDU UINS URHD | URML | WATR | WETL PAST Total
AGRL 0.0099 1.5813 0 0 0.1026 | 0.2007 2.2869 0 0 0.9666 0.0108 0 0 0 0.0027 0.27 0 5.4315
AGRR 0 0.2367 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2367
FESC 0 0 0.0081 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0081
FRSD 0.0342 | 11.9574 0 132.0669 | 1.8819 | 1.1961 0 12.6405 | 31.3992 12.2715 0.045 0 0 0 0.2628 15.3576 | 0.0009 219.114
FRET 0 0 0 0 0.0792 0 0 0 0 0 0 0 0 0 0 0 0 0.0792
ORCD 0 0 0 0 0 0.036 0 0 0 0 0 0 0 0 0 0 0 0.036
RICE 0 3.4236 0.0153 0 1.0908 | 0.5922 | 258.1668 | 12.3336 | 12.2319 3.0789 0.1026 0 0 0 0.5454 0.3159 0.0468 | 291.9438
RNGB 0.0135 2.7378 0 0 1.0062 | 0.4095 3.2526 6.1965 8.4141 3.3057 0.0693 0 0 0 0.243 0.2106 0 25.8588
RNGE 0 0 0 0 0 0 0 0 1.0044 0 0 0 0 0 0 0 0 1.0044
RUBR 0 0 0 0 0 0 0 0 0 0.2394 0 0 0 0 0 0 0 0.2394
UIDU 0 0 0 0 0 0 0 0 0 0 0.0297 0 0 0 0 0 0 0.0297
UINS 0 0 0 0 0 0 0 0 0 0 0 2.2644 0 0 0 0 0 2.2644
URHD 0 0 0 0 0 0 0 0 0 0 0 0 1.899 0 0 0 0 1.899
URML 0 0 0 0 0 0 0 0 0 0 0 0 0 12.5442 0 0 0 12.5442
WATR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.2434 0 0 5.2434
WETL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.4671 0 0.4671
PAST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0.0576 | 19.9368 | 0.0234 | 132.0669 | 4.1607 | 2.4345 | 263.7063 | 31.1706 | 53.0496 | 19.8621 | 0.2574 | 2.2644 1.899 12.5442 | 6.2973 16.6212 | 0.0477 | 566.3997
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maah 4.21 anudzdluvesmalasuuilasmslgilss ToyuNaY (Transition probability matrix) 5$H319 W.A. 2543 1Az 2551

254 51 | AGRL AGRR FESC FRSD FRET ORCD RICE RNGB RNGE RUBR UIDU UINS URHD | URML | WATR WETL PAST Total
AGRL 0.0018 0.2911 0 0 0.0189 0.037 0.421 0 0 0.178 0.002 0 0 0 0.0005 0.0497 0 1
AGRR 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

FESC 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
FRSD 0.0002 0.0546 0 0.6027 0.0086 0.0055 0 0.0577 0.1433 0.056 0.0002 0 0 0 0.0012 0.0701 0 1.0001
FRET 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
ORCD 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
RICE 0 0.0117 0.0001 0 0.0037 0.002 0.8843 0.0422 0.0419 0.0105 0.0004 0 0 0 0.0019 0.0011 0.0002 1
RNGB 0.0005 0.1059 0 0 0.0389 0.0158 0.1258 0.2396 0.3254 0.1278 0.0027 0 0 0 0.0094 0.0081 0 0.9999
RNGE 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1
RUBR 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
UIDU 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
UINS 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
URHD 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
URML 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
WATR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
WETL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
PAST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0.0025 1.4633 1.0001 0.6027 1.0701 1.0603 1.4311 0.3395 1.5106 1.3723 1.0053 1 1 1 1.013 1.129 0.0002 16
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SWAT  (R3.n3L.)
1 Agricultural Land Generic AGRL 0.05 31.25 0.0088
2 Agricultural Land Row crops AGRR 33.55 20,970.00 5.9237
3 Tall Fescue FESC 0.02 14.38 0.0041
4 Forest Deciduous FRSD 80.20 50,121.88 14.1587
5 Forest Mixed FRST 6.80 4,246.88 1.1997
6 Orchard ORCD 3.22 2,011.25 0.5681
7 Pasture PAST 0.09 56.88 0.0161
8 Rice RICE 239.28 149,546.88  42.2449
9 Range Bush RNGB 26.33 16,453.13 4.6478
10 Range Grasses RNGE 93.16 58,225.63 16.4479
11 Rubber Tree RUBR 34.03 21,265.63 6.0072
12 Industrial UIDU 0.26 160.63 0.0454
13 Institutional UINS 2.26 1,415.00 0.3997
14 Residential High density URHD 1.90 1,186.88 0.3353
15 Residential Med/Low density URML 12.54  7,840.00 22147
16 Water WATR 6.59 4,120.63 1.1640
17 Wetland Mixed WETL 26.13 16,332.50 4.6137
U 566.40 354,000.00 100.0000
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255 59 | AGRL | AGRR | FESC | FRSD | FRST | ORCD | PAST | RICE RNGB | RNGE | RUBR | UIDU | UINS | UHRD | URML | WATR | WETL | sum

AGRL 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.05
AGRR 0.00 33.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.55
FESC 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
FRSD 0.01 4.69 0.00 48.70 0.71 0.19 0.00 0.00 2.83 12.52 4.79 0.00 0.00 0.00 0.00 0.00 5.76 80.19
FRST 0.00 0.00 0.00 0.00 6.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.80
ORCD 0.00 0.00 0.00 0.00 0.00 3.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.22
PAST 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
RICE 0.00 2.80 0.00 0.00 0.14 0.00 0.04 | 217.10 6.51 10.26 2.42 0.00 0.00 0.00 0.00 0.00 0.00 | 239.28
RNGB 0.01 2.35 0.00 0.00 1.10 0.40 0.00 0.00 12.24 6.90 3.04 0.00 0.00 0.00 0.00 0.25 0.03 26.33
RNGE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 93.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 93.16
RUBR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.02 0.00 0.00 0.00 0.00 0.00 0.00 34.02
UIDU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.26
UINS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.26 0.00 0.00 0.00 0.00 2.26
UHRD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.90 0.00 0.00 0.00 1.90
URML 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.54 0.00 0.00 12.54
WATR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.59 0.00 6.59
WETL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.13 26.13
sum 0.04 43.41 0.02 48.70 8.75 3.81 0.13 | 217.11 21.58 | 122.85 44.28 0.26 2.26 1.90 12.54 6.84 31.92 | 566.40
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mad 4.24 anuinzdluvesmsnlasunlasnslshlse Towifiau (Transition Probability Matrix) $2#319 W.f. 2551 uag 2559
AGRL AGRR FESC FRSD FRST ORCD PAST RICE RNGB RNGE RUBR UIDU UINS UHRD URML WATR WETL

AGRL 0.2969 0.4219 0 0 0 0.0313 0 0.0313 0 0 0.2188 0 0 0 0 0 0
AGRR 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FESC 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FRSD 0.0002 0.0585 0 0.6072 0.0089 0.0023 0 0 0.0353 0.1562 0.0597 0 0 0 0 0 0.0718
FRST 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
ORCD 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
PAST 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
RICE 0 0.0117 0 0 0.0006 0 0.0002 0.9073 0.0272 0.0429 0.0101 0 0 0 0 0 0
RNGB 0.0003 0.0894 0 0 0.0418 0.0152 0 0 0.465 0.2623 0.1155 0 0 0 0 0.0095 0.001
RNGE 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
RUBR 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
UIDU 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
UINS 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
UHRD 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
URML 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
WATR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
WETL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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SWAT  (R3.n3L.)
1 Agricultural Land Generic AGRL 0.04 22.50 0.0064
2 Agricultural Land Row crops AGRR 43.42 27,135.00  7.6653
3 Tall Fescue FESC 0.02 14.38 0.0041
4 Forest Deciduous FRSD 48.88 30,551.88 8.6305
5 Forest Mixed FRST 8.69 5,430.00 1.5339
6 Orchard ORCD 3.59 2,246.25 0.6345
7 Pasture PAST 0.13 83.75 0.0237
8 Rice RICE 217.16 135,723.13  38.3399
9 Range Bush RNGB 21.60 13,500.00 3.8136
10 Range Grasses RNGE 122.85 76,783.75  21.6903
11 Rubber Tree RUBR 44.29 27,678.13  7.8187
12 Industrial UIDU 0.26 160.63 0.0454
13 Institutional UINS 2.26 1,415.00 0.3997
14 Residential High density URHD 1.90 1,186.88 0.3353
15 Residential Med/Low density URML 12.54 7,840.00 2.2147
16 Water WATR 6.85 4278.13 1.2085
17 Wetland Mixed WETL 31.92 19,950.63 5.6358

3 566.40 354,000.00 100.0000
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Field name Field type Definition

1. SUBBASIN Integer Sub basin number

2. STATION Text Name of weather station

3. WLATITUDE Float Latitude of weather station

4. WLONGITUDE Float Longitude of weather station

5. WELEV Float Elevation of weather station

6. RAIN_YRS Float Number of years of data used to determine value of RAIN. HHMX

7. TMPMX1-12 Float Average maximum temperature for January — December (°c)

8. TMPMN1-12 Float Average minimum temperature for January — December (°c)

9. TMPSTDMX1-12 Float Standard deviation of maximum air temperature for January — December (°c)
10. TMPSTDMN Float Standard deviation of minimum air temperature for January — December (°c)
11. PCPMM 1-12 Float Average precipitation in January — December (mm/day)

12. PCPSTD 1-12 Float Standard deviation of daily precipitation in January — December

13. PCPSKW 1-12 Float Skew coefficient of daily precipitation in January — December

14.PR W1 1-12 Float Probability of wet day following dry day in January - December

15.PR_W2 _1-12 Float Probability of wet day following wet day in January - December

16. PCPDI1-12 Float Average number of days of precipitation in January — December

17. RAINHHMX1-12 Float Maximum 0.5 hr rainfall in January — December for entire period of record (mm)
18. SOLARAVI1-12 Float Average daily solar radiation for January — December (MJ/m2/day)

19. DEWPT 1-12 Float Average dew point in January — December (°c)

20. WNDAYV 1-12 Float Average wind speed in January — December (m/s)
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Field Name Field Type Definition
OBJECTID Integer Subbasin number
MUID Inteder HRU number
SEQN Text Land cover simulated in HRU
SNAM Text Name of soil simulated in HRU
S5ID Character Name of slope class simulated in HRU
CMPPCT Integer Soil series name
NLAYERS Character Number of layers in soil profile
HYDGRP Float Soil hydrologic group
SOL_ZMX Float Maximum rooting depth of soil profile (mm)
ANION_EXCL Float Fraction of porosity from which anions are excluded
Potential or maximum crack volume of the soil profile expressed as a fraction of
SOL_CRK Float
total soil volume
TEXTURE Text Texture of soil layers (optional)
SOL 71 Float Depth to bottom of frist soil layer (mm)
SOL BDI1 Float Moist bulk density of first soil layer (Mg/m3)
SOL AWCI1 Float Auvailable water capacity of first soil layer (mm/mm)
SOL K1 Float Saturated hydraulic conductivity of fist soil layer (mm/hr)
SOL_CBNI1 Float Organic carbon content of fist soil layer (%)
CLAY1 Float Clay content of first soil layer (%)
SILT1 Float Silt content of first soil layer (%)
SANDI1 Float Sand content of first soil layer (%)
ROCK1 Float Rock content of first soil layer (%)
SOL_ALBI1 Float Moist soil albedo of first soil layer (%)
USLE K1 Float USLE equation soil erodibility (K) factor
SOL_ECI Float Electrical conductivity of first soil layer (dS/m)
SOL 72 Float Depth to bottom of second soil layer (mm)
SOL_BD2 Float Moist bulk density of second soil layer (Mg/m3)
SOL_AWC2 Float Auvailable water capacity of second soil layer (mm/mm)
SOL_K2 Float Saturated hydraulic conductivity of second soil layer (mm/hr)
SOL_CBN2 Float Organic carbon content of second soil layer (%)
CLAY?2 Float Clay content of second soil layer (%)
SILT2 Float Silt content of second soil layer (%)
SAND2 Float Sand content of second soil layer (%)
ROCK2 Float Rock content of second soil layer (%)
SOL_ALB2 Float Moist soil albedo of second soil layer (%)
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Field Name Field Type Definition
USLE K2 Float USLE equation soil erodibility (K) factor
SOL_EC2 Float Electrical conductivity of second soil layer (dS/m)
SOL 73 Float Depth to bottom of third soil layer (mm)
SOL BD3 Float Moist bulk density of third soil layer (Mg/m3)
SOL_AWC3 Float Avaiable water capacity of third soil layer (mm/mm)
SOL K3 Float Saturated hydraulic conductivity of third soil layer (mm/hr)
SOL_CBN3 Float Organic carbon content of third soil layer (%)
CLAY3 Float Clay content of third soil layer (%)
SILT3 Float Silt content of third soil layer (%)
SAND3 Float Sand content of third soil layer (%)
ROCK3 Float Rock content of third soil layer (%)
SOL_ALB3 Float Moist soil albedo of third soil layer (%)
USLE K3 Float USLE equation soil erodibility (K) factor
SOL_EC3 Float Electrical conductivity of third soil layer (dS/m)
SOL 74 Float Depth to bottom of fourth soil layer (mm)
SOL_BD4 Float Moist bulk density of of fourth soil layer (Mg/m3)
SOL_AWC4 Float Available water capacity of fourth soil layer (mm/mm)
SOL_K4 Float Saturated hydraulic conductivity of fourth soil layer (mm/hr)
SOL_CBN4 Float Organic carbon content of fourth soil layer (%)
CLAY4 Float Clay content of fourth soil layer (%)
SILT4 Float Silt content of fourth soil layer (%)
SAND4 Float Sand content of fourth soil layer (%)
ROCK4 Float Rock content of fourth soil layer (%)
SOL_ALB4 Float Moist soil albedo of fourth soil layer
USLE K4 Float USLE equation soil erodibility (K) factor
SOL_EC4 Float Electrical conductivity of fourth soil layer (dS/m)
SOL 75 Float Depth to bottom of fifth soil layer (mm)
SOL_BDS5 Float Moist bulk density of fifth soil layer (Mg/m3)
SOL_AWCS Float Available water capacity of fifth soil layer (mm/mm)
SOL K5 Float Saturated hydraulic conductivity of fifth soil layer (mm/hr)
SOL_CBNS5 Float Organic carbon content of fourth soil layer (%)
CLAYS5 Float Clay content of fifth soil layer (%)
SILT5 Float Silt content of fifth soil layer (%)
SANDS Float Sand content of fifth soil layer (%)

ROCKS5 Float Rock content of fifth soil layer (%)
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Field Name Field Type Definition
SOL_ALBS Float Moist soil albedo of fifth soil layer
USLE K5 Float USLE equation soil erodibility (K) factor
SOL_EC5 Float Electrical conductivity of fourth soil layer (dS/m)
SOL 76 Float Depth to bottom of sixth soil layer (mm)
SOL_BD6 Float Moist bulk density of sixth soil layer (Mg/m3)
SOL_AWC6 Float Available water capacity of sixth soil layer (mm/mm)
SOL_K6 Float Saturated hydraulic conductivity of sixth soil layer (mm/hr)
SOL_CBN6 Float Organic carbon content of sixth soil layer (%)
CLAY6 Float Clay content of sixth soil layer (%)
SILT6 Float Silt content of sixth soil layer (%)
SAND6 Float Sand content of sixth soil layer (%)
ROCK6 Float Rock content of sixth soil layer (%)
SOL_ALB6 Float Moist soil albedo of sixth soil layer
USLE K6 Float USLE equation soil erodibility (K) factor
SOL_EC6 Float Electrical conductivity of sixth soil layer (dS/m)
SOL 77 Float Depth to bottom of seventh soil layer (mm)
SOL_BD7 Float Moist bulk density of seventh soil layer (Mg/m3)
SOL_AWC7 Float Available water capacity of seventh soil layer (mm/mm)
SOL_K7 Float Saturated hydraulic conductivity of seventh soil layer (mm/hr)
SOL_CBN7 Float Organic carbon content of seventh soil layer (%)
CLAY7 Float Clay content of seventh soil layer (%)
SILT7 Float Silt content of seventh soil layer (%)
SAND7 Float Sand content of seventh soil layer (%)
ROCK7 Float Rock content of seventh soil layer (%)
SOL_ALB7 Float Moist soil albedo of seventh soil layer
USLE K7 Float USLE equation soil erodibility (K) factor
SOL_EC7 Float Electrical conductivity of seventh soil layer (dS/m)
SOL 78 Float Depth to bottom of eighth soil layer (mm)
SOL_BDS Float Moist bulk density of eighth soil layer (Mg/m3)
SOL_AWC8 Float Available water capacity of eighth soil layer (mm/mm)
SOL_K8 Float Saturated hydraulic conductivity of eighth soil layer (mm/hr)
SOL_CBN8 Float Organic carbon content of eighth soil layer (%)
CLAYS Float Clay content of eighth soil layer (%)
SILTS8 Float Silt content of eighth soil layer (%)

SANDS Float Sand content of eighth soil layer (%)
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Field Name Field Type Definition
ROCKS Float Rock content of s eighth soil layer (%)
SOL_ALB8 Float Moist soil albedo of eighth soil layer
USLE K8 Float USLE equation soil erodibility (K) factor
SOL_EC8 Float Electrical conductivity of eighth soil layer (dS/m)
SOL_Z79 Float Depth to bottom of ninth soil layer (mm)
SOL_BD9 Float Moist bulk density of ninth soil layer (Mg/m3)
SOL_AWC9 Float Auvailable water capacity of ninth soil layer (mm/mm)
SOL K9 Float Saturated hydraulic conductivity of ninth soil layer (mm/hr)
SOL_CBN9 Float Organic carbon content of ninth soil layer (%)
CLAY9 Float Clay content of ninth soil layer (%)
SILT9 Float Silt content of ninth soil layer (%)
SAND9 Float Sand content of ninth soil layer (%)
ROCK9 Float Rock content of s ninth soil layer (%)
SOL_ALB9 Float Moist soil albedo of ninth oil layer
USLE K9 Float USLE equation soil erodibility (K) factor
SOL_EC9 Float Electrical conductivity of ninth soil layer (dS/m)
SOL 710 Float Depth to bottom of tenth soil layer (mm)
SOL_BD10 Float Moist bulk density of tenth soil layer (Mg/m3)
SOL_AWCI10 Float Available water capacity of tenth soil layer (mm/mm)
SOL_K10 Float Saturated hydraulic conductivity of tenth soil layer (mm/hr)
SOL_CBN10 Float Organic carbon content of tenth soil layer (%)
CLAY10 Float Clay content of tenth soil layer (%)
SILT10 Float Silt content of tenth soil layer (%)
SANDI10 Float Sand content of tenth soil layer (%)
ROCKI10 Float Rock content of s tenth soil layer (%)
SOL_ALBI10 Float Moist soil albedo of tenth oil layer
USLE K10 Float USLE equation soil erodibility (K) factor

SOL_EC10 Float Electrical conductivity of tenth soil layer (dS/m)
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a dd‘ o (Y] Y a : v o
431  windmestimanzandmsuldlumsdszanadSuanimilaguuudiass
SWAT 210MsMunNsGIUIUUS 109 (Model calibration)
a a P = o
TumsdseliummaNume s NN INMINIVLINTFIUULLVTIA9 (Model
. . o [ Y 2 %’ 3 o [ 9
calibration) @3 ul¥lunisszmnafSuahmlasnnudiass SWAT Tasedegatoya
L A a %} [ 1 a o =Y
W.A. 2543 FaFunMsUsznadSuaniminnaimnimes 1aet/3e1e (Default parameter)

1 aa a A o kS o o \ v
W%}’ﬂllﬂﬂﬁ@ﬂﬂ?‘ﬂ%‘]ﬁﬂﬁl!ﬁ%ﬂﬁmﬂuWﬂ@ﬂﬂJ!ﬂﬂ!"ﬂﬁﬂWﬂuﬂ MUY TmsUsuasum

s a

4 1 a ¥ 1 4 A Aa A
duidszdnsvesdszmnminiimesnioninaaesuanim momuilszdnsnnves
I3 I ¥ v d s o = v o A 1o a £
puvuiaesld Idnadnsiunusinimua TaslinadwivesnmsUiulasumduilszansves

1 a 4 Y o ds’
uaazilsznmnsiimes agllaasl
1 a s A Y [y [l a = d
(1) MMURDINAGIVDIN VN UIBADVTUDINNYNNINGT (HRU) Faums
o { o J SAAa a 1
Funlasudadiumsldss Tewinau (Land use) gaau (Soil) azA21ua1a (Slope) Yo LA
Az¥MUIPADVAUDINNGNNINGT (HRU) awauziivesgiions Isauunuiians SWAT
o o J a J =y 1 1
(Winchell et al., 2010) #8391 szananauuLiIneIn8a 115 11m03 laod5ens Tagwui Al

o 1 Y PPN a A A
daaiuveans lse leyuinau PFAAU LASANNAANINNISTUIIFA AD

- m3l9lse Towinau (Land use) mnuSesaz 20
- @Y (Soil) minufesay 10
- 7714819 (Slope) mufesay 20

() Ao s nRsTes i Idaunazadulssansns lwaveeri i
au Fuilumsdsunldoumidulsz ansiaenadedinaih 2 aauie Wsuanhildan 16un
ﬂ?mmmmaﬂﬂé’umi"lwammfﬂﬁ'ﬁu (Base flow recession content: Alpha_bf) ttazuu
s 1dun dunlszansms Inavesrhviiany (Surface runoff lag coefficient: Surlag)
ARV Schmalz and Fohrer (2009) Taowus1 avduiszdnsfimutzaugaga i
Sado'llil

a

LY a{ @ Bo} ya S 1w
- ﬂWﬁNﬂigﬁﬂﬁﬂlﬂﬂﬂ‘%NWﬂ!ﬂWﬁﬂﬂElﬂﬁ‘UﬂWivlﬁa"llfNufl@ﬂu UAUNINY 2
[ a a( so’ " Aa A 1 [ Y
- ﬂTﬁll‘]Ji%ﬁVl‘ﬁﬂ']illﬂﬁ‘U@QuW]"IN'JWL! flﬂ'l!fl/nﬂ‘]_l 20
1 a P 9 @ 1 Sol = I o [
3) ATWITTINIADITINYIVDINVGUUN “]fﬂlﬂuﬂ”lﬁﬂWﬁuﬂﬁZﬂ‘Uﬂ’J'liJﬂTﬂ (Slope
Y v &1 A ? A~ <} A a = . o
class) Gl‘l’iﬂ‘UWlWlQﬂJUTVI‘JJEUH"IﬂLﬁﬂ NNITUIINANNALIDYA (Resolution) VBILLVUI1ADY
izﬁ’uqq@qmm AUAWZII1U99 Baskaran et al. (2010) FUINTIUDIANAA (Slope class)
1] A Y "9 ' 4
352U A9 (1) ANUDIAUBYININTRYAL 2 (2) ANVUAINTSHINIBYAY 2-5 a2 (3) AUAIA

1IPAINS 0L 5 (>5%) tazAugiIveg Margaret and Indrajeet (2010) FAUINToUDIAY
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210 3 SZAY MUIIATIIUUDY SWAT Ao (1) Aua1atiesni13osas 3 (2) AWAIATENIN
Fouaz 3-8 1A (3) ANUAINNINNITDAZ 8 TAsNUIT MILUIMNTIVINNNAIA 3 T2AU N
11z 1Ay Baskaran et al. (2010) NANUMINZAUGITA
A [ a Q‘{ a oA 9 =
a13197 4.28 aglmduilsz@nsvesgamsilmesi ldvninmsiievuiasgiu
) =Y %,‘ 1 1] a 4
HuUTIae tazamsdszuafsmanihmluuaazyansimes (SWAT 1 SWAT 2 SWAT

3 SWAT 4 taz SWAT 5) a1 13 lua1snei 4.29

H 1 o a £ 1 a s
ﬂ"li"l\?ﬁ 4.28 ﬂWﬁﬂJﬂiZﬁ‘ﬂ‘ﬁ"U@\‘llmﬁ%ﬂﬁmﬂ‘ﬂWTﬂNLﬁ@ﬁﬂqﬁ}QWﬂﬂTﬁlﬁﬂﬂﬂﬂﬁiﬁ1u

e HRU (%area) Surlag Alpha_bf Slope class
‘Wﬁ]ﬁm@% Land use Soil Slope
SWAT 1 Default (0%) Default (0%) Default (0%) Default (0) Default (0) 1 class
SWAT 2 20 10 20 Default (0) Default (0) 1 class
SWAT 3 20 10 20 20 2 1 class
SWAT 4 20 10 20 20 2 3 class <2%, 2-5%,>5%
SWAT 5 20 10 20 20 2 3 class <3%, 3-8%.,>8%

a 2 Ay y ~ °
A1319N 4.29 ﬂ?ﬁJ'lﬂ!lﬂ“VﬂﬂhlﬂﬂTﬂfﬂilfﬂ81‘1J3JW]5;§']1!L!1J1J§]']€1@\‘]

oy Wananinh ()

7913 M.110 SWAT 1 SWAT 2 SWAT 3 SWAT 4 SWAT 5
UNIAY 0.95 0.00 0.00 0.00 0.00 0.00
AuAUT 0.34 0.04 0.04 0.04 0.09 0.08
YTRLLPY 0.35 0.01 0.01 0.01 0.00 0.01
WHEIEU 1.89 14.09 14.08 16.65 21.62 16.83
NOHENIAY 68.39 115.36 1159 149.01 153.58 119.11
ﬁqmﬂu 180.53 119.94 119.62 143.12 141.62 119.5
NINHIAY 251.82 179.42 180.07 193.96 196.02 181.6
Aariny 315.27 228.00 230.42 228.27 228.68 230.09
VAL 169.23 144.80 144.65 142.32 140.87 143.59
fany 42.71 113.78 113.75 85.54 83.1 111.83
Wi]ﬁ%fﬂﬂu 5.54 61.46 61.61 30.69 29.37 60.21
FUNAY 1.82 17.11 16.78 12.78 12.24 17.35

33U 1,038.84 994.01 996.93 1,002.39 1,007.19 1,000.20
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1. M3osazANUUANANTURNT (%) -4316 -4.034 -3.509 -3.047 -3.720
2. mauilszansisz@nsna (E) 0.589 0.827 0.712 0.865 0.828

U®INash and Sutcliffe

3. maudseanimsaaaula (RY) 910 0.857 0.857 0.88 0.873 0.859
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d' = ¥ A Ay v o ~ @
M19519N 4.31 waminﬁ"fmmﬂuﬂ?mmmﬂﬂmauﬂﬂinﬂmmmamuazﬁmumqmﬂ M.110

Tagyamiiiwes IaoiSens (SWAT 1)

A 5 1 ' v v
U ‘lﬁ?ﬂﬂ!‘lﬂ?ﬂ () AMANNUANAY P IPREY]
ﬂ’ﬁnﬂ M.110 UYVA1a09 SWAT !!ﬂf‘lﬁiN
NIAY 0.953 0.000 -0.953 -100.000
AT 0.335 0.040 -0.295 -88.076
IREEY 0.353 0.010 -0.343 -97.168
U 1.889 14.090 12.201 645.848
nouMAY 68.397 115.360 46.963 68.663
gy 180.526 119.940 -60.586 -33.561
AINYIAY 251.819 179.420 -72.399 -28.750
GAVAGET 315.272 228.000 -87.272 -27.681
AU 169.227 144.800 -24.427 -14.434
Aa1AY 42.708 113.780 71.072 166.412
NOAINIBU 5.544 61.460 55.916 1008.629
FUNAY 1.819 17.110 15.291 840.884
39U 1038.842 994.010 -44.832 -4.316
400
~ 300
£
g
g 200
£ =@= M.110
& 100
~f—-SWAT
0 T T
1 2 3 4 5 6 7 8 9 10 11 12
Month

a = a 2 A Ao 3
MANN 4.9 ﬂ'l‘il,lﬁ'fmmEl“]JL“INﬂi'W‘I”]J?iJ'IﬂJHWVITi']EJLﬂﬂu NW.F. 2543 NADIUIAUI M1.10 Lag

HUUTIA0d SWAT 3ngamiiines laoi3ens (SWAT 1)
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Linear regression analysis for 2543 data (SWAT 1)
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1T o a £ a a . A Yo
vnadulsed@nsdsz@nsma (E) Y99 Nash and Sutcliffe N 1@ 509109y
a 4 1 :> 1 J dl o A " v Y
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Y. HAIANVUANAIUNIND -41.912 U, HIBTAI3 08aANUUANA T UNNTINIAY -4.034 A1
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d' = ¥ A Ay v o ~ @
M19519N 4.32 Wﬁﬂﬁlﬂ%ﬂﬂlﬂﬂﬂﬂ%ﬂ1mu1’i1ﬂm6u%1ﬂi]1ﬂLLﬂﬂﬂ1aﬂﬁllﬁ$ﬁﬂ1u@5?}i}i}ﬂ M.110

TagyAN1510IAD3N 2 (SWAT 2)

oy Banasinh (3130.) MANUUANAN Seuazny
@013 ML110 HUVD1AD SWAT HANA1Y
UNIIAY 0.953 0.000 -0.953 -100.0000
AT 0.335 0.040 -0.295 -88.0597
Hunw 0.353 0.001 -0.343 -97.1671
MU 1.889 14.080 12.191 645.3679
NOENAY 68.397 115.90 47.503 69.45188
gy 180.526 119.620 -60.906 -33.7381
NINYIAN 251.819 180.070 -71.749 -28.4923
GAVRGH 315.272 230.420 -84.852 -26.9139
Aueeu 169.227 144.650 24577 -14.5231
S GRGH 42708 113.750 71.042 166.3435
NOAINIBU 5.544 61.610 56.066 1011.291
FUNAY 1.819 16.780 14.961 822.4849
33 1038.842 996.930 -41.912 -4.03449
Runoff duration curve: SWAT 2
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Linear regression anlysis for 2543 data (SWAT 2)
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Tumsdszunalsmanimaingansiimesn 3 (SWAT 3) wun Ui
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A ] v v v
19U YSananim ) MANHUUANAY SeoaazAN
T3 ML110 HUUI1809 SWAT HANAIA
UNIAY 0.953 0.00 -0.953 -100.0000
AuAUT 0.335 0.040 -0.295 -88.0597
T 0.353 0.010 -0.343 -97.1671
UHIGU 1.889 16.650 14.761 781.4187
NOHAIAY 68.397 149.010 80.613 117.8604
ﬁqum 180.526 143.120 -37.406 -20.7206
nINHINY 251.819 193.960 -57.859 -22.9764
aariny 315.272 228.270 -87.002 -27.5959
NUeIeU 169.227 142.320 -26.907 -15.8999
SRGH 42.708 85.540 42.832 100.2903
Wy AINIBU 5.544 30.690 25.146 4535714
$UAN 1.819 12.780 10.961 602.5838
59 1038.842 1002.390 -36.452 -3.50891
Runoff duration curve: SWAT 3
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Linear regression analysis for 2543 data (SWAT 3)
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d' ~ ¥ A Ay v o ~ @
M19519N 4.34 waﬂmﬂ%fmmﬂuﬂ?mmmﬂﬂmauﬂﬂmmummamuazﬁmumnfm M.110

TaeyAN151HIAD3N 4 (SWAT 4)

oy Banasinh (3130.) MANUUANAN Seuazny
@013 ML110 HUVD1AD SWAT HANA1Y
UNIIAY 0.953 0.000 -0.953 -100.0000
AT 0.335 0.090 -0.245 -73.1343
Hunw 0.353 0.000 -0.353 -100.0000
MU 1.889 21.620 19.731 1044.5210
NOENAY 68.397 153.580 85.183 124.5420
gy 180.526 141.620 -38.906 -21.5515
NINYIAN 251.819 196.020 -55.799 -22.1584
GAVRGH 315.272 228.680 -86.592 -27.4658
AU 169.227 140.870 -28.357 -16.7568
S GRGH 42708 83.100 40.392 94.57713
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FUNAY 1.819 12.240 10.421 572.8972
33 1038.842 1007.190 -31.652 -3.04685
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Linear regression analysis for 2543 data (SWAT 4)
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d' = ¥ A Ay v o ~ @
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TagyAN151iA03N 5 (SWAT 5)

oy Banasinh (3130.) MANUUANAN Seuazny
@013 ML110 HUVD1ADI SWAT HANA1Y
UNIIAY 0.953 0.000 -0.953 -100.0000
AT 0.335 0.080 -0.255 -76.1194
IREEY 0.353 0.010 -0.343 -97.1671
SR 1.889 16.830 14.941 790.9476
NOENIAY 68.397 119.110 50.713 74.14506
gy 180.526 119.500 -61.026 -33.8045
AINYIAY 251.819 181.600 -70.219 -27.8847
GAVRGH 315272 230.090 -85.182 -27.0186
AU 169.227 143.590 -25.637 -15.1495
fanY 42708 111.830 69.122 161.8479
Wy AN 5.544 60.210 54.666 986.0390
FUNAY 1.819 17.350 15.531 853.8208
39U 1038.842 1000.200 -38.642 -3.71972
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Linear regression analysis for 2543 data (SWAT 5)
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AINYIAY 106.343 172.660 66.317 62.36
GAVAGET 170.451 220.370 49.919 29.29
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Linear regression analysis for 2551 data (SWAT 4)
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' v
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Banasiwy (3030.)

MR 1 e 2 e 3
1ou .71 2536 W.Fl. 2543 .71, 2509

IERGE 0.00 0.00 0.00

AT 1.80 11.30 0.01

Huau 29.10 34.20 83.24
YU 96.80 96.30 123.03
NYBNIAY 301.00 321.70 664.30
Nguieu 125.50 199.40 276.33
nInNYIAY 177.30 143.70 445.62
GRLAGH 170.30 262.20 400.42
AU 142.70 295.00 179.00
Aa1AN 19.80 31.50 53.95
NOAINIEU 0.00 0.40 23.01

FUNAN 6.10 0.00 8.90

37U 1,070.40 1,395.70 2,257.81
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] 4 1 o
M1319 4.38 S uanise@enuy w.e. 2559 Y99 3 NAUAIN

Uananim G

nou MR 1 e 2 e 3
UNIIAY 0.00 0.00 0.00
AUATHUS 0.01 0.35 0.00
Huau 1.00 1.00 6.39
SRR 6.23 4.56 9.77
NOHNIAY 43.9 52.58 256.63
TTRIMY 3291 115.21 172.23
NINHInY 54.16 70.51 307.08
Famaw 68.64 127.56 310.82
AUeU 101.68 184.53 201.36
fan 37.37 82.52 78.5
wAINIYU 14.01 28.88 28.77
FUNAY 5.61 12.07 11.73

3% 365.52 679.77 1,383.28
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NAUNNWIDUA 1

NAUMNIVVUN 2

NAUMNUVUN 3

oy Awenn) tmhem) ey dmenn  suenn i e
unNIAY 0.00 0.00 0.00 0.00 0.00 0.00
AuAWiuE  1.80 0.01 11.30 0.35 0.01 0.00
ATRLGHY 29.10 1.00 34.20 1.00 83.24 6.39
WU 96.80 6.23 96.30 4.56 123.03 9.77
NHHNAY 301.00 439 321.70 52.58 664.30 256.63
ﬁqum 125.50 32.91 199.40 115.21 276.33 172.23
nNIN{INY 177.30 54.16 143.70 70.51 445.62 307.08
ALY 170.30 68.64 262.20 127.56 400.42 310.82
AUEEU 142.70 101.68 295.00 184.53 179.00 201.36
A1 19.80 37.37 31.50 82.52 53.95 78.50
ngAIMEN  0.00 14.01 0.40 28.88 23.01 28.77
FUNAY 6.10 5.61 0.00 12.07 8.90 11.73
PIeEY 1,070.40 365.52 1,395.70 679.77 2,257.81 1,383.28
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Scenario 2: Normal Year
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Scenario 1: Dry Year
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Scenario 3: Wet Year
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Linear Regression Analysis: Rainfall and Runoff
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A sHavoq N.f. W.f. W.f. W.f.
°7‘l SWAT 2543 2551 2559 2567
1 Residential high density URHD 1.90 1.90 1.90 1.90
2 Residential med/low density URML 12.54 12.54 12.54 12.54
3 Industrial UIDU 0.03 0.26 0.26 0.26
4 Institutional UINS 2.26 2.26 2.26 2.26
5 Tall fescue FESC 0.01 0.02 0.02 0.02
ﬁuﬁywmmzﬁqﬂﬂgﬂagw (V) 59 16.74 16.98 16.98 16.98
1 Agricultural land Generic AGRL 5.43 0.06 0.05 0.04
2 Agricultural land Row crops AGRR 0.24 19.94 33.55 43.42
3 Rice RICE 291.94  263.71 239.28 217.16
4 Rubber tree RUBR 0.24 19.86 34.03 44.29
5 Orchard ORCD 0.04 2.44 3.22 3.59

wjuﬁmymﬂﬁm (A) 33U 297.89 306.01 310.13 308.50

1 Forest deciduous FRSD 219.11 132.07 80.20 48.88
2 Forest mixed FRST 0.08 4.16 6.80 8.69
ﬁ’u‘ﬁﬂﬂﬁ) (F) 37U 219.19 136.23 87.00 57.57

1 Water WATR 5.24 6.30 6.59 6.85
undath (W) 39U 5.24 6.30 6.59 6.85

1 Pasture PAST 0.00 0.05 0.09 0.13
2 Range bush RNGB 25.87 31.16 26.32 21.60
3 Range grasses RNGE 1.00 53.05 93.16 122.85
4 Wetland mixed WETL 0.47 16.62 26.13 31.92
fufidanda o) 2734 10088 1457 1765

33U 566.40 566.40 566.40 566.40
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