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Viloth KIMALA 2014: Water Resource Assessment by SWAT Model in Sedone
River Basin Lao’s People Democratic Republic. Doctor of Engineering (Irrigation
Engineering), Major Field: Irrigation Engineering, Department of Irrigation
Engineering. Thesis Advisor: Assitant Professor Ekasit Kositsakulchai, Dipl. Docteur.

239 pages.

This research demonstrated the application of SWAT model for water accounting
analysis in Sedone River Basin in Lao PDR, where there was the drainage area of 7,217 km”.
The available data from 1996 to 2010 were selected. The study composed of 3 main parts:
analysis of the Sedone water resource system, modeling of the system by SWAT model, and
analysis of water balance and water accounting in Sedone river basin. The simulation was based
on three case studies: without irrigation, current irrigation, and full potential irrigation. The
result showed that the model was applicable for the analysis of water balance components at the
hydrologic response unit (HRU) scale of sub-basin and the application of GIS could enhance the
result visualization. The SWAT model simulated water balance components on daily time step,
but recorded results of each HRU as an annual mean. Therefore it was limiting for the analysis
of accounting water on monthly or seasonal basis. The water accounting analysis demonstrated
the net inflow into the basin of about 15,600 MCM annually, with depleted water from
evapotranspiration of about 38% of the inflow and outflow to stream of about 62%. Finally,
water accounting analysis showed the current status of the Sedon River Basin to be an open

basin, which implied that there were adequate water resources for further usages.
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1. DEM (digital elevation model)
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2. foyadnINgioIN el (climate data)

9 v R

a I { g I @ a @ . A
doyaaningieimaiudeyannuiuiiniudavyiiasieiu (daily) Suduil
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=KX A a a a 9 1

A.71. 1996 D31 A.A. 2010 TAgs1VTIWINNTUGANENINGWAzgNNING IV a1l a12 Taun
g - . dy o A . .. a <3
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3. voyaSuaimi (observed runoff)
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4. doyams 1915z Tewinau (land-use data)

doyamsldlsyToxiAau (land-use data) fludoyavesil n.a. 2008 Tagldan

U 9 A = J ] 1 g g}l I dy A
nsgnsraunsasuazth lifves gl a1 (i 7) Fesaaulne) 70% vesguimanuailuiui
1 I :ﬁl { { A 1
1y Wunuiineasnssulsznm 30%  Tagnmsdszlesinaudsznovuaie 1hlan

. dg ~ oa 9
(dipterocarp forest) INuNYszu 2,679 913.NY. szuan 37% 1havuuag (evergreen forest)
&l v
Uszanm 2,267 a5.04. Uszanat 31% WUAU (rice paddy) Uz 1,248 as.nu. Uszanm 17%

&4 1 . A AA '
WUNNYAT (agricultural plantation) Uszma 911 a5.nu. Uszanm 13% uaziuinou g 1aua

ﬂ { i a c&’ { j’ {

Wuh Taguaziiu (barren land) WUNING (grassland) Wugnad1a (urban or built-up arca)
¥ { %’ o 1 %’, I { 1 o a
WU (water bodies) 5auMUTYszIm 2% winiu Tasiludeyandesldsunuveyann

U
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e liuuuiaesmuantloneudueIn1gnnine (HRUs) daivuadnyazmslenau
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5. %@gaau (soil data)

v Y H
doyaau Fetoyamarilasldannsznsrunvasuazihldves add a1 (mwh

a ' IS

9 = ti’ ~ a [
8) Usznouale AUTIUNET (clay loam) UNUN 2,995 A5.n4. Uszum 41% ausiutunsie
ad 4 a ad 4
(sandy loam) UWUN 2,447 @5.04. Uszuna 40% AUTIU (loam) UWUN 872 A5.nY. Uszunw
a a 1 = dy d' a = =
12% AUN$1wUUANITIU (loamy sand) UNUN 577 a5.00. Useua 8% waz AuHle) (clay) U
k4 [
WU 324 A5.00. Uszanat 4% 1aza1n Food and Agriculture Organization of the United Nations
(FAO, 1997) and Major Soils of the world (FAO, 2002) &4ii518az1B0AquauLANIINIGNIN
F v
yoeauldun Sosazvoailonu (soil texture) ANNANAULAAZFY (soil dept) AANGVDINITH
Y 1 1 =
U 1uAY (saturated hydraulic conductivity: Ksat) A1AMUHUIMUUYDIAU (soil bulk density:
1 4 I ] o wa
BD) A1 AWC (available water capacity) (miwﬁ 1) Lﬂu%’ay’awaﬂhﬂﬁmmmaumqumﬂ

MNPIVBAULVVIADI SWAT

M319N 1 aauianianemnau

Texture (%) Soil physical properties
Depth
No. Soil name layer AWC BD Ksat
(mm) Sand Silt Clay
(mm/mm) (g/cm3) (mm/h)
1 loam 1 200 40.5 343 25.2 0.12 1.8 65.4
2 415 353 332 31.4 0.11 0.8 60.7
3 825 32.5 382 30.3 0.13 0.5 553
4 1525 342 363 29.5 0.12 0.3 45.8
2 clay loam 1 178 43 455 50.2 0.13 1.4 8.5
2 432 6.2 353 58.5 0.20 0.8 5.8
3 534 104 302 60.4 0.22 0.5 4.1
4 1650 53 395 55.2 0.25 0.3 32
3 Loamy sand 1 200 582 273 10.5 0.12 1.5 68.5
2 460 604 26.2 134 0.12 0.5 64.8
3 760 59.2 312 9.6 0.10 0.3 69.2
4 1830 61.2 255 13.2 0.10 0.1 65.9
4 sandy loam 1 100 504 26.2 23.4 0.13 2.1 60.1
2 155 452 272 29.6 0.12 1.4 553
3 660 422 305 27.3 0.10 1.1 533
4 1780 50.1 29.6 19.3 0.12 0.2 58.7
5 clay 1 180 11.3 262 62.5 0.20 1.5 5.8
2 915 74 274 65.2 022 0.6 4.7
3 1170 85 183 75.2 0.18 0.2 3.5
4 1570 102 19.6 70.2 0.13 1.32 4.1
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1. LUV 99 SWAT

I o a X
Soil and Water Assessment Tool (SWAT) 11/ut11131294N199NAINY1 FIA50
o 1 1] a 4 I
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[ Y
NasuuutinNuFuou mmqgﬁuqmﬂmm (hydrology) #1901 (pesticide) 99T
1991117 (nutrient cycling) MINAHIZUAZNITIAADUSIBAZ NDU (erosion and sediment
1 Y] X 13
transport) N39Na119n1T81119910115219N river basin scale model (Arnold and Fohrer, 2005;
Y 1
Behera and Panda, 2006; Gassman et al., 2007) lag lagnwannyuiednyimansgnulud
a Y] dy A 90‘ Aa ldy Y] 9 =< o ds@l .
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Research Service 11 Grassland Soil and Water Research Laboratory a1 ;ﬂ;awﬁm (Neitsch et al.,
I o { g a £ y . o !
2005) Hunuusrassiilua1515ua@ns (public domain model) HUUT1A0I SWAT l9doyadh

o o 1 9 a 9 9 saa 9 a ' g
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t
SW, =SW, + i; (R gay ~ Qquef ~Ea ~ Wseep ~ Qgw) (14)

) 4
e sw, Ao USunanihluaugaiie (mm)

sw, #io WananhlufuGudy (mm)

t  flo 1981 (days)

R, Mo Wanarhlusud i (mm)

Q.. fie Wmanhimuluiud i mm)

E. fo USmamsnieszmelusud i mm)

W, fo S lnaduasguldaulusud i (mm)
Q,, Ao ﬂ?mmﬁﬂﬁ)ﬁumwaﬂé’uéﬁwﬁﬂuﬂ’uﬁi(mm)

'
1 v A o v a

%l Aa A a g A 9 % dy %l lAdy a A J
UINMHIAUINAVULND ﬁfl”lﬂ’lileﬁLGU’l"U@\iu'lcluwu fl"]Ju'l’G;fwu@u‘JJ ATUNUNI
= Y

D.

a =Y o 9 1

[ = v dl a = dy A dy d‘
DATINIITU Iﬂﬂ’ﬂ@]i?ﬂWi%’M%SlﬁNaﬂﬁ\im@ AUUANUTUINUUU LiJf]‘]JﬁiJWil!lﬂ“VlHﬂ’gﬂﬂ’J
o =< a v Aa a A < dy A g o v Aa a 9 ¥ A
BATINITFUUIN ISINANTTIANNHIAULASIUBIAVNUNINUNNUDINITANNNIAULLAD ‘Ll'l‘ﬂuh/iﬁ
1 I sol 1 a A ) o aol 1 a A [
aouzuihmuiau Gl,mmumam SWAT mmimﬁaﬂmmmﬂ‘%uwmmmmﬂuuaz@mw
E 1 =Y 1 a
n3lravesimigegald 2 35 1Aun (USDA Soil Conservation Service 1972) 11823 Green
H 1A A g
& Ampt infiltration (Green and Ampt, 1911) mimmmﬂ‘%mmmmmmm@ui%“l%’%’mga U

4 S 1 = a
dusteiu Taglumsdnuiil 18 Uszimuiminiau (Surface Runoff) Iae 1935 SCS Curve

v
[

A I axaa 9 v (] 1 o dy
Number mmmm‘ﬂunmu&ui%u@EJNLLW'i‘HmEJ UEANANTUNIT AU

(Rgay —1a)”
Quurf =
T Ry Tl )

(15)

e Q. fe Wunshriumdvseiu mls)
R,, f© uarhrusei (mm)
S AD Retention parameter (mm)
I A0 Initial abstrction (mm)

a

o

o o J o 1 o -4
Tagaauls S 92NANUTFUWUTAVAT Curve number (CN) A4E@UNITH
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1000
S=254 ——10 (16)
CN

1 Y
o CN @9 A1 Curve number, The initial abstraction I, = 0.2S ﬁslj’JﬁlLW{]f! Curve number (CN)

o dy
ANTUNITU

(Ryay —0.25)°
=- - 17
Qe (Ryay —0.8S) )

day

Y o 2 A
Ysunudunevuie R, > 1,
2. SCS Curver number

= [ v Jd o = dy a [ s}d'a
SCS Curver number llﬂ'JHJﬁNWU‘ﬁﬂUﬂﬁNWmﬂ?TN%’uiuﬂu aﬂﬁmgﬂ"IﬁGl“HVIQH
A & a A 9 ) . y . = ' I A A
Nau”lmmm%ucluﬂuﬁmu (Antecedent soil moisture conditions) mumaamﬂu 3NTU AD 1 —
dry (wilting point), IT — average moisture and III — wet (field capacity) Tasa1 CN AN uA1ve4
. A v & = 9y o Y Y I ~ ¥ .
average moisture 111U U AYUUTIABIUT VAR CN THIunIal dry (wilting point) 1Az wet

. 4 gy a Y Ao v vy o A
(field capacity) muidou lvanusuluauneunihnsuinla Taeldaumsad

20(100-CN,)

CN, =CN, —
' > (100—CN, +exp[2.533—0.0636(100—-CN,)])

(18)

CN, = CN, xexp[0.00673(100 - CN,)] (19)

11D CN, Ao Soil moisture condition I
CN, Ao Soil moisture condition II

CN, Ao Soil moisture condition 11
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1. m3dmsziszuunSwensihmaszuvesgurinaslay

a P 3 .2 = = ¥ 3o
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Water balance qg}!!’éj& (N8, —130.81.) qg]vlu (N.A. —A.A.) %ﬁ]
(@1 av..) (@1 a1y (@1 av.L.)
Inflow
rainfall 1,514.16 14,083.97 15,598.13
Outflow
evapotranspiration 2,028.33 3,707.57 5,735.90
runoff 1,280.58 8,581.65 9,862.23
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Water balance gauds (e, — ) gadu (na. —a.a) il
(@1 av.3.) (@1 a1Ly) (@13 av..)
Inflow
rainfall 1,608.24 15,415.32 17,023.56
Outflow
evapotranspiration 2,379.57 3,773.47 6,153.04
runoff 1,237.10 9,633.42 10,870.52
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Water balance q(;‘.l!!’a& (N8, —130.81.) qg]vlu (N.A. —A.A.) %ﬁj
(@1 av..) (@1 ALy (@1 av.L.)
Inflow
rainfall 1,130.52 9,660.96 10,791.48
Outflow
evapotranspiration 1,824.52 3,848.31 5,672.83
runoff 971.75 4,140.90 5,118.65
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Water balance q(;‘.l!!’a& (N8, —130.81.) qg]vlu (N.A. —A.A.) %ﬁj
(@1 av..) (@1 ALy (@1 av.L.)
Inflow
rainfall 1,130.52 9,660.96 10,791.48
Outflow
evapotranspiration 1,850.97 3,860.62 5,711.59
runoff 971.05 4,108.84 5,079.89
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Evapotranspiration (mm)
[ 1548-700
[_1700- 800

[C1800 - 850

[ 850 - 900

[ 200 - 950

I 250 - 1000

I 1000 - 1500
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Evapotranspiration (mm)
[ 1548 -700
[1700- 800
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[ 200 - 950

[ 950 - 1000

| Kilometers I 1000 - 1500
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Legend
Surface runoff (mm)
[_1580-750
[_1750-850
[]850-950
I 950 - 1000
[ 1000 - 1100

I 1100 - 1300
I 1300 - 3000
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Legend
Surface runoff (mm)
[_1580-750
[_1750-850
[]850-950
I 950 - 1000
[ 1000 - 1100

0 25 50 75 I 1100 - 1300
I 1300 - 3000
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Water accounting components Without irrigation
Volume (MCM) Total (MCM)
Gross inflow 15,598.13
- Precipitation 15,598.13
- Surface inflow 0.00
Storage change 0.00 0.00
Net inflow 15,598.13

Depletive use

Process depletion 1,636.90
- Evapotranspiration 1,586.90
- Municipal and industrial uses 50.00
Non process depletion 4,148.93
- Beneficial (Forest evaporation) 4,148.93
Total depletion 5,785.83
Outflow 9,811.03
- Committed water 500.00
- Uncommitted outflow 9,311.03
Total outflow 9,811.03
Available water 15,098.13
Indicator
Depleted fraction (gross) 0.370
Depleted fraction (net) 0.370
Depleted fraction (Available) 0.383
Process fraction (Depleted) 0.282

Process fraction (Available) 0.108
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Water accounting components Current irrigation
Volume (MCM) Total (MCM)
Gross inflow 15,598.13
- Precipitation 15,598.13
- Surface inflow 0.00
Storage change 0.00 0.00
Net inflow 15,598.13
Depletive use
Process depletion 1,677.46
- Evapotranspiration 1,627.46
- Municipal and industrial uses 50.00
Non process depletion 4,148.93
- Beneficial (Forest evaporation) 4,148.93
Total depletion 5,826.39
Outflow 9,759.60
- Committed water 500.00
- Uncommitted outflow 9,259.60
Total outflow 9,759.60
Available water 15,098.13
Indicator
Depleted fraction (gross) 0.375
Depleted fraction (net) 0.375
Depleted fraction (Available) 0.387
Process fraction (Depleted) 0.289

Process fraction (Available) 0.111
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Water accounting components Full potential irrigation
Volume (MCM) Total (MCM)
Gross inflow 15,598.13
- Precipitation 15,598.13
- Surface inflow 0.00
Storage change 0.00 0.00
Net inflow 15,598.13
Depletive use
Process depletion 1,994.46
- Evapotranspiration 1,944.46
- Municipal and industrial uses 50.00
Non process depletion 4,148.93
- Beneficial (Forest evaporation) 4,148.93
Total depletion 6,143.39
Outflow 9,450.60
- Committed water 500.00
- Uncommitted outflow 8,950.80
Total outflow 9,450.60
Available water 15,098.13
Indicator
Depleted fraction (gross) 0.393
Depleted fraction (net) 0.393
Depleted fraction (Available) 0.406
Process fraction (Depleted) 0.324

Process fraction (Available) 0.132
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Water accounting components Upper sedone Middle sedone Lower sedone
Total (MCM) Total (MCM) Total (MCM)
Gross inflow
- Precipitation 2,181.32 8,524.31 4,892.50
- Surface inflow 0.00 1,189.10 6,459.53
Net inflow 2,181.32 9,713.41 11,352.03
Depletive use
Process depletion 114.14 879.06 643.50
- Evapotranspiration 99.34 864.06 623.50
- Municipal and industrial uses 15.00 15.00 20.00
Non-process depletion
- Beneficial (forest evaporation) 877.64 2,374.82 896.47
Total depletion 991.98 3,253.88 1,539.97
Outflow
- Committed water 50 150 300
- Uncommitted outflow 1,139.10 6,309.53 9.511.03
Total outflow 1,189.10 6459.53 9,811.03
Available water 2,131.32 9,563.41 11,052.03
Indicator
Depleted fraction (gross) 0.455 0.335 0.135
Depleted fraction (net) 0.455 0.335 0.135
Depleted fraction (available) 0.465 0.340 0.138
Process fraction (depleted) 0.115 0.270 0.417
Process fraction (available) 0.054 0.092 0.057
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Water accounting components Upper sedone Middle sedone Lower sedone
Total (MCM) Total (MCM) Total (MCM)
Gross inflow
- Precipitation 2,181.32 8,524.31 4,892.50
- Surface inflow 0.00 1,185.70 6,434.80
Net inflow 2,181.32 9,710.10 11,327.30
Depletive use
Process depletion 117.12 899.77 660.57
- Evapotranspiration 102.12 884.77 640.57
- Municipal and industrial uses 15.00 15.00 20.00
Non-process depletion
- Beneficial (forest evaporation) 877.64 2,374.82 896.47
Total depletion 994.76 3,274.59 1,557.04
Outflow
- Committed water 50 150 300
- Uncommitted outflow 1,135.70 6,284.80 9,459.60
Total outflow 1,185.70 6,434.80 9,759.60
Available water 2,131.32 9,560.10 11,021.30
Indicator
Depleted fraction (gross) 0.457 0.338 0.138
Depleted fraction (net) 0.457 0.338 0.138
Depleted fraction (available) 0.468 0.344 0.142
Process fraction (depleted) 0.119 0.276 0.425
Process fraction (available) 0.056 0.095 0.060
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Water accounting components Upper sedone Middle sedone Lower sedone
Total (MCM) Total (MCM) Total (MCM)

Gross inflow

- Precipitation 2,181.32 8,524.31 4,892.50
- Surface inflow 0.00 1,163.80 6,192.10
Net inflow 2,181.32 9,688.11 11,084.60
Depletive use

Process depletion 138.96 1,119.94 735.57
- Evapotranspiration 123.96 1104.94 715.56
- Municipal and industrial uses 15.00 15.00 20.00
Non-process depletion

- Beneficial (forest evaporation) 877.64 2,374.82 896.47
Total depletion 1,016.60 3,494.76 1,632.03
Outflow

- Committed water 50 150 300
- Uncommitted outflow 1,113.80 6,042.10 9.150.60
Total outflow 1,163.80 6,192.10 9,450.60
Available water 2,131.32 9,538.11 10,784.60
Indicator

Depleted fraction (gross) 0.467 0.362 0.148

Depleted fraction (net) 0.467 0.362 0.148

Depleted fraction (available) 0.478 0.367 0.152

Process fraction (depleted) 0.138 0.321 0.452

Process fraction (available) 0.066 0.118 0.069
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P = Process depletion

NP-B = Benficial, non-process depletion

NP-NB= Non-beneficial, non-pocess depletion
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C = Committed outflows
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P = Process depletion
NP-B = Benficial, non-process depletion

NP-NB= Non-beneficial, non-pocess depletion
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irrigation c) full potential irrigation
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a ¥ ~ 2 9 . .. .
M3WKINN 1 YTaweainives 3 nsiany Ysznouaie a) without irrigation

b) current irrigation c) full potential irrigation

SUB Area Rainfall Outflow (mm) Outflow (MCM)
km’ MCM) case a caseb case ¢ case a case b case ¢

1 45.35 83.73 1029.76 1029.76 1029.76 46.70 46.70 46.70
2 79.55 146.88 1014.86 1014.86 1014.86 80.73 80.73 80.73
3 36.46 67.31 952.38 952.38 952.38 34.72 34.72 34.72
4 29.27 54.05 963.09 963.09 882.74 28.19 28.19 25.84
5 10.54 19.46 965.52 965.52 899.72 10.18 10.18 9.48
6 36.99 68.29 985.26 985.26 937.86 36.44 36.44 34.69
7 34.69 64.05 958.08 958.08 824.80 33.24 33.24 28.61
8 84.19 155.44 1044.50 1044.50 1044.50 87.93 87.93 87.93
9 86.02 158.82 969.75 969.75 969.75 83.42 83.42 83.42
10 43.10 79.57 975.99 975.99 975.99 42.06 42.06 42.06
11 84.76 156.50 972.58 972.58 876.95 82.44 82.44 74.33
12 151.73 280.14 966.22 966.22 966.22 146.60 146.60 146.60
13 21.54 39.76 955.35 955.35 826.35 20.57 20.57 17.80
14 41.78 77.14 954.24 954.24 954.24 39.87 39.87 39.87
15 3.16 5.84 956.55 956.55 828.26 3.03 3.03 2.62
16 46.61 86.06 962.00 962.00 962.00 44.84 44.84 44.84
17 21.88 40.39 934.33 934.33 844.07 20.44 20.44 18.46
18 80.66 148.92 965.29 965.29 965.29 77.86 77.86 77.86
19 37.99 70.14 947.08 947.08 740.16 35.98 35.98 28.12
20 1.09 2.02 960.73 960.73 668.92 1.05 1.05 0.73
21 67.79 125.16 947.24 947.24 832.52 64.21 64.21 56.43
22 33.76 62.32 951.71 951.71 721.18 32.12 32.12 24.34
23 32.87 60.69 967.32 967.32 967.32 31.80 31.80 31.80
24 6.29 11.61 964.91 964.91 862.64 6.07 6.07 5.43
25 15.15 27.97 944.32 944.32 758.91 14.30 14.30 11.50
26 0.16 0.29 941.02 791.56 789.53 0.15 0.12 0.12
27 33.65 62.13 956.99 956.99 877.47 32.20 32.20 29.53

28 35.42 65.40 959.87 662.43 662.45 34.00 23.47 23.47
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MS5WUINT N1 (AD)

SUB Area Rainfall Outflow (mm) Outflow (MCM)
km’ MCM) case a caseb case ¢ case a case b case ¢
29 59.47 109.80 968.31 968.31 968.31 57.59 57.59 57.59
30 17.37 32.07 947.16 799.08 799.10 16.45 13.88 13.88
31 50.61 93.44 952.32 952.32 901.24 48.19 48.19 45.61
32 74.68 137.88 959.17 959.17 903.45 71.63 71.63 67.47
33 8.01 14.79 952.84 952.84 891.22 7.63 7.63 7.14
34 21.37 39.46 966.01 966.01 902.08 20.65 20.65 19.28
35 77.54 140.16 925.78 925.78 853.85 71.79 71.79 66.21
36 0.86 1.55 918.84 918.84 918.84 0.79 0.79 0.79
37 5.05 9.31 955.32 955.32 808.39 4.82 4.82 4.08
38 42.78 78.98 957.48 957.48 869.53 40.96 40.96 37.19
39 59.37 109.62 995.89 995.89 995.89 59.13 59.13 59.13
40 1.78 3.28 972.63 972.63 857.92 1.73 1.73 1.52
41 131.35 242.52 972.97 972.97 933.66 127.80 127.80 122.64
42 9.37 17.30 942.97 942.97 792.54 8.84 8.84 7.43
43 78.08 141.13 929.23 929.23 827.86 72.56 72.56 64.64
44 70.02 126.56 930.39 930.39 820.94 65.15 65.15 57.48
45 1.25 2.25 918.80 918.80 918.80 1.15 1.15 1.15
46 10.10 18.64 961.90 961.90 961.90 9.71 9.71 9.71
47 0.44 0.79 909.37 909.37 700.35 0.40 0.40 0.31
48 50.58 93.39 1006.21 1006.21 950.03 50.89 50.89 48.05
49 10.64 19.24 909.33 74591 746.23 9.68 7.94 7.94
50 20.23 36.57 925.18 791.35 791.84 18.72 16.01 16.02
51 8.10 14.95 947.21 947.21 751.52 7.67 7.67 6.09
52 13.32 24.59 967.81 967.81 830.46 12.89 12.89 11.06
53 10.11 18.27 92391 675.94 677.09 9.34 6.83 6.85
54 125.93 232.51 1017.66 1017.66 1017.66 128.15 128.15 128.15
55 3.55 6.41 911.14 911.14 683.55 3.23 3.23 242
56 27.03 48.86 919.87 919.87 875.39 24.87 24.87 23.66
57 207.95 375.87 908.03 908.03 774.90 188.82 188.82 161.14

58 46.01 83.16 915.51 915.51 681.55 42.12 42.12 31.36
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SUB Area Rainfall Outflow (mm) Outflow (MCM)
km’ MCM) case a caseb case ¢ case a caseb case ¢
59 5.75 10.39 912.44 912.44 670.55 5.24 5.24 3.85
60 101.11 186.68 965.47 965.47 852.24 97.62 97.62 86.17
61 17.43 31.50 936.67 936.67 758.81 16.33 16.33 13.23
62 42.47 76.76 920.65 920.65 779.56 39.10 39.10 33.11
63 21.53 39.74 968.21 968.21 91591 20.84 20.84 19.72
64 58.47 107.95 950.42 950.42 950.42 55.57 55.57 55.57
65 26.55 49.02 959.14 959.14 959.14 25.47 25.47 25.47
66 35.33 65.24 1063.09 1063.09 1063.09 37.56 37.56 37.56
67 3.00 5.54 930.65 930.65 930.65 2.79 2.79 2.79
68 35.20 63.63 926.90 926.90 926.90 32.63 32.63 32.63
69 5.10 9.22 912.95 912.95 648.26 4.66 4.66 3.31
70 25.18 45.51 918.54 918.54 582.69 23.13 23.13 14.67
71 57.47 106.10 948.27 948.27 948.27 54.49 54.49 54.49
72 32.70 60.37 961.82 961.82 961.82 31.45 31.45 31.45
73 74.52 134.69 899.84 899.84 899.84 67.06 67.06 67.06
74 46.56 84.16 899.33 899.33 899.33 41.87 41.87 41.87
75 72.52 131.08 944.05 944.05 816.42 68.46 68.46 59.21
76 36.69 67.75 1053.13 1053.13 1053.13 38.64 38.64 38.64
77 28.75 51.97 915.69 915.69 813.69 26.33 26.33 23.40
78 14.77 26.70 915.60 915.60 615.94 13.52 13.52 9.10
79 78.39 144.74 970.99 970.99 931.74 76.12 76.12 73.04
80 61.14 112.88 956.76 956.76 956.76 58.49 58.49 58.49
81 8.07 14.58 911.82 911.82 689.74 7.36 7.36 5.56
82 5.74 10.38 920.18 638.78 639.02 5.28 3.67 3.67
83 100.15 184.91 960.82 960.82 960.82 96.23 96.23 96.23
84 9.03 16.32 899.17 899.17 808.08 8.12 8.12 7.30
85 30.01 54.24 939.76 939.76 939.76 28.20 28.20 28.20
86 43.46 80.25 963.64 963.64 963.64 41.88 41.88 41.88
87 74.53 137.62 974.53 974.53 906.53 72.64 72.64 67.57
88 51.36 94.83 944.62 944.62 944.62 48.52 48.52 48.52
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SUB Area Rainfall Outflow (mm) Outflow (MCM)
km’ MCM) case a caseb case ¢ case a case b case ¢
89 65.81 121.52 1109.13 1109.13 1109.13 73.00 73.00 73.00
90 37.65 69.51 1014.09 1014.09 1014.09 38.18 38.18 38.18
91 25.29 46.70 1116.86 1116.86 1116.86 28.25 28.25 28.25
92 63.05 116.42 990.64 990.64 946.79 62.46 62.46 59.70
93 68.23 125.97 1002.92 1002.92 1002.92 68.42 68.42 68.42
94 88.31 159.62 1026.21 1026.21 1026.21 90.62 90.62 90.62
95 26.78 48.40 939.92 703.11 705.84 25.17 18.83 18.90
96 64.73 117.01 974.99 974.99 974.99 63.12 63.12 63.12
97 42.66 77.11 924.17 924.17 785.15 39.43 39.43 33.49
98 5.53 10.00 921.32 921.32 708.61 5.09 5.09 3.92
99 52.02 94.03 900.95 900.95 900.95 46.87 46.87 46.87
100 46.12 85.16 990.87 990.87 990.87 45.70 45.70 45.70
101 25.19 46.51 1013.54 1013.54 1013.54 25.53 25.53 25.53
102 10.97 20.25 1032.11 1032.11 1032.11 11.32 11.32 11.32
103 42.17 77.86 1069.58 1069.58 1069.58 45.10 45.10 45.10
104 12.07 21.82 908.56 908.56 739.81 10.97 10.97 8.93
105 59.60 107.74 936.02 936.02 789.77 55.79 55.79 47.07
106 46.83 86.47 1014.14 1014.14 1014.14 47.50 47.50 47.50
107 115.59 208.93 944.99 944.99 944.99 109.23 109.23 109.23
108 4.12 7.45 907.08 907.08 788.90 3.74 3.74 3.25
109 76.37 138.04 934.76 934.76 934.76 71.39 71.39 71.39
110 80.74 145.94 996.72 996.72 996.72 80.48 80.48 80.48
111 50.73 180.56 2932.64 2932.64 2932.64 148.79 148.79 148.79
112 92.00 169.86 1031.85 1031.85 1031.85 94.93 94.93 94.93
113 36.80 66.51 909.88 909.88 765.82 33.48 33.48 28.18
114 41.64 75.27 899.51 899.51 855.47 37.46 37.46 35.62
115 47.51 169.08 2920.82 2920.82 2920.82 138.77 138.77 138.77
116 46.72 166.25 2906.08 2906.08 2906.08 135.76 135.76 135.76
117 54.69 98.84 991.58 991.58 991.58 54.22 54.22 54.22
118 67.81 241.33 2937.36 2937.36 2937.36 199.18 199.18 199.18
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SUB Area Rainfall Outflow (mm) Outflow (MCM)
km’ MCM) case a caseb case ¢ case a case b case ¢

119 69.31 246.65 2922.72 2922.72 2922.72 202.56 202.56  202.56
120 59.99 213.52 2891.56 2891.56 2891.56 173.48 173.48 173.48
121 59.76 212.69 2946.36 2946.36 2946.36 176.08 176.08 176.08
122 77.81 143.67 981.82 981.82 981.82 76.40 76.40 76.40
123 71.70 129.61 960.29 960.29 852.35 68.86 68.86 61.12
124 56.60 102.31 909.33 909.33 909.33 51.47 51.47 51.47
125 8.65 15.63 897.15 897.15 827.83 7.76 7.76 7.16
126 73.07 132.08 915.91 915.91 91591 66.93 66.93 66.93
127 3.08 5.57 901.02 901.02 774.02 2.78 2.78 2.39
128 14.69 52.28 2911.62 2911.62 2911.62 42.77 42.77 42.77
129 4.94 17.58 2888.60 2888.60 2888.60 14.27 14.27 14.27
130 26.30 93.58 2867.11 2867.11 2867.11 75.39 75.39 75.39
131 86.48 307.78 2925.15 2925.15 2925.15 252.97 25297 25297
132 27.19 96.77 2879.71 2879.71 2879.71 78.30 78.30 78.30
133 126.94 451.77 2885.46 2885.46 2885.46 366.28 366.28  366.28
134 59.27 210.93 2923.80 2923.80 2923.80 173.29 173.29 173.29
135 21.49 76.46 2938.14 2938.14 2938.14 63.13 63.13 63.13
136 84.54 300.87 2864.09 2864.09 2864.09 242.13 242.13  242.13
137 67.95 122.83 931.41 859.15 830.65 63.29 58.38 56.45
138 51.22 92.58 911.70 911.70 911.70 46.70 46.70 46.70
139 5.27 10.40 1018.52 912.85 913.24 5.37 4.81 4.81
140 87.75 312.31 2906.17 2906.17 2906.17 255.03 255.03  255.03
141 3.06 6.04 1010.67 1010.67 938.83 3.09 3.09 2.87
142 63.84 126.08 1022.88 1022.88 1022.88 65.30 65.30 65.30
143 59.29 211.02 2921.98 2921.98 2921.98 173.25 173.25 173.25
144 88.40 314.62 2848.19 2848.19 2848.19 251.79 251.79  251.79
145 26.45 94.14 2876.45 2876.45 2876.45 76.09 76.09 76.09
146 74.53 265.26 2893.44 2893.44 2893.44 215.66 215.66  215.66
147 102.77 202.97 1062.71 1062.71 1062.71 109.21 109.21 109.21
148 68.12 134.54 1026.41 1026.41 885.99 69.92 69.92 60.36
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MS5WUINT N1 (AD)

SUB Area Rainfall Outflow (mm) Outflow (MCM)
km’ MCM) case a caseb case ¢ case a case b case ¢

149 84.22 166.32 1104.53 1104.53 1104.53 93.02 93.02 93.02
150 2.26 8.06 2964.52 2964.52 2964.52 6.71 6.71 6.71
151 28.20 100.36 2901.70 2901.70 2901.70 81.83 81.83 81.83
152 58.69 115.90 1036.68 1036.68 682.92 60.84 60.84 40.08
153 0.61 1.21 1016.96 1016.96 860.99 0.62 0.62 0.53
154 62.00 220.65 2887.88 2887.88 2887.88 179.05 179.05 179.05
155 51.13 181.95 2947.81 2947.81 2947.81 150.71 150.71 150.71
156 29.70 58.66 1031.78 886.27 886.52 30.65 26.32 26.33
157 58.82 116.17 1084.63 1084.63 1037.30 63.80 63.80 61.01
158 3.11 6.13 1055.71 1055.71 851.26 3.28 3.28 2.64
159 52.18 103.05 1074.16 1074.16 1041.42 56.05 56.05 54.34

160 9.49 18.74 1056.08 1056.08 951.43 10.02 10.02 9.03
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A I = v . e
M319WInd 02 Usuains Inavestinmives 3 nial Uszneunie a) without irrigation

b) current irrigation ¢) full potential irrigation

SUB Area Rainfall Streamflow (m3 s'l) Streamflow (MCM)
km’ (MCM) case a case b case ¢ case a caseb case ¢

1 45.35 83.734 1.48 1.48 1.48 46.67 46.67 46.67
2 79.55 146.881 2.55 2.55 2.55 80.56 80.56 80.56
3 36.46 67.320 1.10 1.10 1.10 34.68 34.68 34.68
4 154.20 284.715 4.92 4.92 4.85 155.15 155.15 152.81
5 201.20 371.496 6.34 6.34 6.25 199.96 199.96  196.92
6 36.99 68.298 1.15 1.14 1.10 36.38 35.86 34.63
7 272.90 503.883 8.54 8.52 8.24 269.21 268.69  259.79
8 84.19 155.448 2.78 2.78 2.78 87.64 87.64 87.64
9 86.02 158.827 2.63 2.63 2.63 83.19 83.19 83.19
10 43.10 79.580 1.33 1.33 1.33 41.92 41.92 41.92
11 441.80 815.740 13.90 13.88 13.34 438.37 437.85  420.85
12 280.80 518.469 8.55 8.55 8.55 270.12 270.12  270.12
13 744.20 1374.091 23.08 23.06 22.44 728.31 727.79  708.01
14 41.78 77.143 1.26 1.26 1.26 39.78 39.78 39.78
15 789.10 1456.994 24.43 2441 23.78 771.02 770.50  750.29
16 46.61 86.061 1.42 1.42 1.42 44.76 44.76 44.76
17 857.60 1583.473 26.49 26.47 25.77 835.88 83536  813.21
18 80.66 148.931 2.46 2.46 2.46 77.51 77.51 77.51
19 976.30 1802.640 30.06 30.05 29.10 948.74 94822  918.21
20 1335.00 2464.944 41.75 41.34 40.32 1317.06 1303.89 1271.83
21 67.79 125.167 2.03 2.03 1.78 63.97 63.97 56.20
22 2345.00 4329.808 72.80 72.36 70.15 2296.67 228295 2213.14
23 32.87 60.691 1.01 1.01 1.01 31.78 31.78 31.78
24 2590.00 4782.176 80.28 79.85 77.01 2532.97 2519.23  2429.45
25 1266.00 2337.542 39.70 39.28 38.53 1252.25 1239.11 121525
26 1215.00 2243.376 38.22 38.14 37.47 1205.76 1203.15 1182.02
27 33.65 62.131 1.02 1.02 0.93 32.16 32.16 29.48
28 35.42 65.399 1.08 0.74 0.74 33.97 23.43 23.43
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SUB Area Rainfall Streamflow (m3 s'l) Streamflow (MCM)
km’ (MCM) case a case b case ¢ case a caseb case ¢
29 59.47 109.81 1.82 1.82 1.82 57.42 57.42 57.42
30 1181.00 2181.32 37.20 37.12 36.54 1189.10 1185.70  1163.80
31 50.61 93.45 1.53 1.53 1.44 48.12 48.12 45.53
32 2697.00 4979.74 83.43 83.00 80.02 2632.42 2618.77  2524.71
33 2765.00 5105.30 85.48 85.05 81.27 2697.02 2683.40 2564.32
34 819.10 1512.39 51.47 51.47 51.27 1623.24 1623.24 1616.78
35 77.54 140.19 2.27 2.27 2.10 71.62 71.62 66.04
36 3976.00 7188.61 161.80 161.37 157.37 5103.59 5090.07 4963.78
37 882.60 1629.63 53.38 53.38 53.15 1683.40 1683.40 1676.12
38 42.78 78.99 1.29 1.29 1.17 40.78 40.78 37.02
39 59.37 109.62 1.86 1.86 1.86 58.86 58.86 58.86
40 576.90 1065.19 36.43 36.43 36.27 1148.72 1148.72 1143.70
41 131.30 242.43 4.02 4.02 3.86 126.97 12697  121.81
42 667.40 1232.29 21.20 21.20 21.07 668.78 668.78  664.54
43 78.08 141.17 2.30 2.30 2.04 72.32 72.32 64.41
44 70.02 126.60 2.06 2.06 1.82 64.99 64.99 57.33
45 1210.00 2187.68 76.31 76.31 76.08 2406.36 2406.36  2399.17
46 944.10 1743.19 55.20 55.20 54.97 1740.65 1740.65 1733.60
47 148.50 268.49 4.37 437 3.87 137.70 137.70  122.02
48 598.60 1105.02 19.06 19.06 18.97 601.30 601.30  598.45
49 4216.00 7622.53 168.60 167.95 163.77 5317.84 5297.29 5165.53
50 4074.00 7365.79 164.61 164.09 159.91 5192.24 5175.97 5044.07
51 1113.00 2055.04 35.20 35.20 34.69 1110.26 1110.26  1094.40
52 812.00 1499.28 25.62 25.62 25.26 808.27 808.27  796.99
53 4158.00 7517.66 167.00 166.40 162.22 5267.43 5248.58 5116.82
54 125.90 232.46 4.04 4.04 4.04 127.69 127.69  127.69
55 4368.00 7897.34 173.06 172.40 167.71 5458.37 5437.69 5289.51
56 27.03 48.87 0.79 0.79 0.75 24.85 24.85 23.65
57 207.90 375.88 5.96 5.96 5.09 187.79 187.79  160.10
58 46.01 83.19 1.34 1.34 0.99 42.04 42.04 31.27
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SUB Area Rainfall Streamflow (m3 s'l) Streamflow (MCM)

2
km (MCM) case a case b case ¢ case a caseb case ¢

59 4419.00 7989.55 174.54 173.89 168.80 5505.02 5484.41 5324.07

60 238.70 440.74 7.32 7.32 6.71 231.15 231.15  211.88
61 252.40 456.34 7.27 7.27 6.25 228.84 228.84 196.85
62 42.47 76.79 1.24 1.24 1.05 39.02 39.02 33.03
63 532.40 983.02 35.09 35.09 35.05 1106.43 1106.43 1105.31
64 58.47 107.96 1.76 1.76 1.76 55.45 55.45 55.45
65 26.55 49.02 0.81 0.81 0.81 25.44 25.44 25.44
66 422.10 779.37 13.43 13.43 13.43 423.38 42338 42338
67 87.02 160.67 2.62 2.62 2.62 82.57 82.57 82.57
68 180.70 326.71 5.56 5.56 5.56 175.13 175.13 175.13
69 300.00 542.40 8.65 8.65 7.40 272.31 272.31 232.97
70 25.18 45.53 0.73 0.73 0.47 23.13 23.13 14.67
71 57.47 106.11 1.73 1.73 1.73 54.38 54.38 54.38
72 220.80 407.69 14.42 14.42 14.42 454.77 45477  454.77
73 74.52 134.73 2.12 2.12 2.12 66.81 66.81 66.81
74 46.56 84.18 1.32 1.32 1.32 41.71 41.71 41.71

75 4673.00 8448.78 182.15 181.49 176.12 5744.93 572422 5554.59

76 299.80 553.55 9.64 9.64 9.64 303.95 303.95  303.95
77 28.75 51.98 0.84 0.84 0.74 26.32 26.32 23.39
78 339.90 614.54 9.80 9.80 8.15 308.71 308.71 256.49
79 293.30 541.55 9.35 9.35 9.25 294.89 29489  291.82
80 61.14 112.89 1.85 1.85 1.85 58.40 58.40 58.40

81 4769.00 8622.35 185.21 184.55 179.12 5841.23 5820.68 5649.24
82 374.40 676.92 10.80 10.75 9.00 340.19 338.57 28341
83 100.10 184.82 3.04 3.04 3.04 95.92 95.92 95.92
84 4808.00 8692.86 186.32 185.67 180.21 5876.27 5855.67 5683.51

85 30.01 54.26 0.89 0.89 0.89 28.17 28.17 28.17
86 442.60 817.22 32.29 32.29 32.29 1018.14 1018.14 1018.14
87 74.54 137.63 2.29 2.29 2.13 72.33 72.33 67.26

88 51.36 94.83 1.53 1.53 1.53 48.23 48.23 48.23



140
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SUB Area Rainfall Streamflow (m3 s'l) Streamflow (MCM)
km’ (MCM) case a case b case ¢ case a caseb case ¢
89 65.82 121.53 2.31 2.31 2.31 72.84 72.84 72.84
90 162.90 300.78 5.38 5.38 5.38 169.78 169.78 169.78
91 25.29 46.70 0.90 0.90 0.90 28.25 28.25 28.25
92 63.05 116.42 1.97 1.97 1.88 62.08 62.08 59.32
93 68.22 125.96 2.16 2.16 2.16 68.03 68.03 68.03
94 88.31 159.66 2.86 2.86 2.86 90.25 90.25 90.25
95 26.78 48.42 0.80 0.60 0.60 25.15 18.81 18.89
96 64.74 117.05 1.99 1.99 1.99 62.78 62.78 62.78

97 5225.00 9713.04 198.29 197.59 190.19 6459.53 6434.80 6192.10
98 5346.00 9814.20 201.86 201.15 193.72 6585.71 6543.39  6109.00

99 265.20 479.48 21.09 21.09 21.09 664.91 664.91 664.91
100 149.10 275.30 4.65 4.65 4.65 146.71 146.71 146.71
101 25.19 46.51 0.81 0.81 0.81 25.52 25.52 25.52
102 99.97 184.58 3.28 3.28 3.28 103.61 103.61 103.61
103 42.17 77.86 1.43 1.43 1.43 45.01 45.01 45.01

104 5385.00 10898.20 202.96 202.06 194.56 6400.35 6371.93 6135.37

105 59.60 107.76 1.77 1.77 1.49 55.69 55.69 46.98
106 46.83 86.47 1.50 1.50 1.50 47.43 47.43 47.43
107 115.60 209.00 3.45 3.45 3.45 108.76 108.76 108.76
108 5449.00 10987.40 204.82 203.91 196.13 6459.02 6430.48 6184.84
109 76.37 138.08 2.25 2.25 2.25 71.04 71.04 71.04
110 80.74 145.98 2.54 2.54 2.54 79.96 79.96 79.96
111 50.74 180.58 4.72 4.72 4.72 148.71 148.71 148.71
112 92.00 169.87 2.99 2.99 2.99 94.36 94.36 94.36

113 5562.00 11001.30 208.04 207.14 199.18 6560.58 6532.06 6281.11

114 41.64 75.29 1.19 1.19 1.13 37.43 37.43 35.59
115 162.40 577.98 14.92 14.92 14.92 470.49 470.49  470.49
116 46.72 166.28 4.31 4.31 4.31 135.74 135.74 135.74
117 209.00 377.87 16.03 16.03 16.03 505.50 505.50  505.50

118 67.81 241.34 6.31 6.31 6.31 199.05 199.05 199.05
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SUB Area Rainfall Streamflow (m3 s'l) Streamflow (MCM)

km’ (MCM) case a case b case ¢ case a caseb case ¢
119 307.20 1093.32 28.00 28.00 28.00 882.81 882.81 882.81
120 59.99 213.50 5.50 5.50 5.50 173.47 173.47 17347
121 59.76 212.69 5.58 5.58 5.58 175.98 175.98 175.98
122 77.82 143.69 2.40 2.40 2.40 75.83 75.83 75.83

123 5675.00 11260.40 211.26 210.36 202.11 6662.10 6633.61 6373.24

124 56.60 102.33 1.63 1.63 1.63 51.29 51.29 51.29
125 407.10 736.04 25.58 25.58 25.56 806.54 806.54  805.94
126 341.80 617.97 23.71 23.71 23.71 747.68 747.68  747.68

127 6086.00 11598.49 236.90 236.00 227.71 7470.53 7442.25 7180.80

128 68.18 242.65 6.23 6.23 6.23 196.31 196.31 196.31
129 177.90 633.15 16.11 16.11 16.11 507.67 507.67  507.67
130 26.30 93.60 2.39 2.39 2.39 75.39 75.39 75.39
131 86.48 307.78 8.01 8.01 8.01 252.73 252.73  252.73
132 27.19 96.77 2.48 2.48 2.48 78.29 78.29 78.29
133 126.90 451.64 11.59 11.59 11.59 365.46 36546  365.46
134 59.27 210.94 5.49 5.49 5.49 173.22 173.22 173.22
135 168.50 599.69 15.57 15.57 15.57 491.10 491.10  491.10
136 84.54 300.88 7.68 7.68 7.68 242.03 242.03  242.03

137 6154.00 11886.43 238.79 237.74 229.38 7530.17 7496.85 7233.23
138 51.22 92.61 1.48 1.48 1.48 46.53 46.53 46.53
139 6210.00 13264.75 240.42 239.34 231.00 7581.59 7547.44  7284.23

140 87.75 312.30 8.08 8.08 8.08 254.84 254.84 25484
141 642.00 1267.95 49.08 49.08 49.07 1547.89 1547.89 1547.64
142 291.60 57591 23.09 23.09 23.09 728.51 728.51 728.51
143 59.29 211.01 5.49 5.49 5.49 173.14 173.14 173.14
144 88.40 314.62 7.98 7.98 7.98 251.55 251.55  251.55
145 26.45 94.14 241 241 2.41 76.09 76.09 76.09
146 74.53 265.25 6.84 6.84 6.84 215.52 215.52  215.52
147 347.30 685.92 25.89 25.89 25.89 816.52 816.52  816.52

148 6920.00 13667.00 291.54 290.47 281.80 9193.74 915991 8886.51
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SUB Area Rainfall Streamflow (m3 s'l) Streamflow (MCM)
km’ (MCM) case a case b case ¢ case a caseb case ¢

149 84.21 166.31 2.94 2.94 2.94 92.70 92.70 92.70
150 103.20 367.29 9.46 9.46 9.46 298.29 298.29  298.29
151 28.20 100.36 2.59 2.59 2.59 81.80 81.80 81.80
152 58.69 11591 1.92 1.92 1.27 60.61 60.61 39.85
153 7005.00 14834.90 294.49 293.41 284.75 9286.85 9252.83  8979.68
154 62.00 220.66 5.67 5.67 5.67 178.88 178.88 178.88
155 216.40 770.17 19.90 19.90 19.90 627.40 62740  627.40
156 7093.00 15008.70 297.25 296.06 286.73 9373.95 9336.25 9041.98
157 58.82 116.17 2.01 2.01 1.92 63.47 63.47 60.68
158 7155.00 15131.23 299.32 298.09 288.67 9439.42 9400.54 9103.43
159 52.18 103.06 1.77 1.77 1.72 55.86 55.86 54.16
160 7217.00 15598.13 301.34 300.12 290.61 9811.01 9759.60  9450.60
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= v ? A =~ ¥ . C e
M519RInA 03 Ysunamsldihvesnsued 3 nsal Usenouale a) without irrigation

b) current irrigation ¢) full potential irrigation

SUB Area Rainfall Evapotranspiration (mm) Evapotranspiration (MCM)
km’ MCM) case a case b case ¢ case a caseb case ¢
1 45.35 83.73 805.73 805.73 805.73 36.54 36.54 36.54
2 79.55 146.88 817.70 817.70 817.70 65.05 65.05 65.05
3 36.46 67.31 843.50 843.50 843.50 30.75 30.75 30.75
4 29.27 54.05 842.23 842.23 957.10 24.65 24.65 28.02
5 10.54 19.46 857.70 857.70 949.54 9.04 9.04 10.01
6 36.99 68.29 833.15 833.15 905.86 30.82 30.82 33.50
7 34.69 64.05 852.65 852.65 1034.23 29.58 29.58 35.88
8 84.19 155.44 806.03 806.03 806.03 67.86 67.86 67.86
9 86.02 158.82 857.62 857.62 857.62 73.77 73.77 73.77
10 43.10 79.57 852.74 852.74 852.74 36.75 36.75 36.75
11 84.76 156.50 846.27 846.27 974.65 71.73 71.73 82.61
12 151.73 280.14 856.58 856.58 856.58 129.97 129.97 129.97
13 21.54 39.76 846.82 846.82 1015.60 18.24 18.24 21.87
14 41.78 77.14 864.73 864.73 864.73 36.13 36.13 36.13
15 3.16 5.84 849.72 849.72 1019.06 2.69 2.69 322
16 46.61 86.06 859.94 859.94 859.94 40.08 40.08 40.08
17 21.88 40.39 861.47 861.47 982.23 18.84 18.84 21.49
18 80.66 148.92 857.62 857.62 857.62 69.18 69.18 69.18
19 37.99 70.14 850.31 850.31 1110.85 32.30 32.30 42.20
20 1.09 2.02 846.97 846.97 1214.51 0.93 0.93 1.33
21 67.79 125.16 851.97 851.97 990.34 57.75 57.75 67.13
22 33.76 62.32 855.24 855.24 1136.67 28.87 28.87 38.37
23 32.87 60.69 857.28 857.28 857.28 28.18 28.18 28.18
24 6.29 11.61 855.70 855.70 982.66 5.38 5.38 6.18
25 15.15 27.97 847.55 847.55 1064.26 12.84 12.834 16.12
26 0.16 0.29 848.83 1044.19 1025.15 0.13 0.16 0.16
27 33.65 62.13 852.79 852.79 945.17 28.70 28.70 31.81

28 35.42 65.40 846.71 1174.73 1192.23 29.99 41.61 42.23
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MIINUINN N3 (91D)

SUB Area Rainfall Evapotranspiration (mm) Evapotranspiration (MCM)
km’ MCM) case a case b case ¢ case a caseb case ¢
29 59.47 109.80 847.42 847.42 847.42 50.40 50.40 50.40
30 17.37 32.07 851.69 1011.97 1022.20 14.79 17.58 17.76
31 50.61 93.44 851.60 851.60 910.04 43.10 43.10 46.05
32 74.68 137.88 856.23 856.23 922.07 63.94 63.94 68.86
33 8.01 14.79 854.20 854.20 926.15 6.84 6.84 7.42
34 21.37 39.46 856.09 856.09 931.99 18.30 18.30 19.92
35 77.54 140.16 851.69 851.69 935.07 66.04 66.04 72.51
36 0.86 1.55 866.91 866.91 866.91 0.74 0.74 0.74
37 5.05 9.31 853.68 853.68 1032.02 431 431 5.21
38 42.78 78.98 854.80 854.80 956.95 36.56 36.56 40.93
39 59.37 109.62 834.21 834.21 834.21 49.53 49.53 49.53
40 1.78 3.28 855.39 855.39 988.72 1.52 1.52 1.76
41 131.35 242.52 852.79 852.79 898.91 112.01 112.01 118.07
42 9.37 17.30 848.36 848.36 1017.72 7.95 7.95 9.54
43 78.08 141.13 849.25 849.25 961.88 66.31 66.31 75.11
44 70.02 126.56 851.18 851.18 971.60 59.60 59.60 68.03
45 1.25 2.25 866.92 866.92 866.92 1.08 1.08 1.08
46 10.10 18.64 858.92 858.92 858.92 8.67 8.67 8.67
47 0.44 0.79 842.47 842.47 1072.70 0.37 0.37 0.47
48 50.58 93.39 818.66 818.66 881.64 4141 41.41 44.59
49 10.64 19.24 847.46 1029.42 1034.71 9.02 10.96 11.01
50 20.23 36.57 855.95 992.29 1000.82 17.32 20.08 20.25
51 8.10 14.95 848.04 848.04 1066.32 6.87 6.87 8.63
52 13.32 24.59 834.88 834.88 988.22 11.12 11.12 13.16
53 10.11 18.27 845.41 1106.45 1125.21 8.55 11.19 11.38
54 125.93 232.51 821.84 821.84 821.84 103.49 103.49 103.49
55 3.55 6.41 840.66 840.66 1090.96 2.98 2.98 3.87
56 27.03 48.86 860.79 860.79 908.76 23.27 23.27 24.57
57 207.95 375.87 845.93 845.93 991.84 17591 17591 206.25

58 46.01 83.16 837.98 837.98 1093.48 38.56 38.56 50.31
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MIINUINN N3 (91D)

SUB Area Rainfall Evapotranspiration (mm) Evapotranspiration (MCM)
km’ MCM) case a case b case ¢ case a caseb case ¢
59 5.75 10.39 839.91 839.91 1104.60 4.83 4.83 6.35
60 101.11 186.68 856.04 856.04 978.46 86.55 86.55 98.93
61 17.43 31.50 852.22 852.22 1038.14 14.85 14.85 18.09
62 42.47 76.76 838.62 838.62 992.06 35.62 35.62 42.13
63 21.53 39.74 858.42 858.42 913.83 18.48 18.48 19.67
64 58.47 107.95 851.30 851.30 851.30 49.77 49.77 49.77
65 26.55 49.02 852.55 852.55 852.55 22.64 22.64 22.64
66 35.33 65.24 785.45 785.45 785.45 27.75 27.75 27.75
67 3.00 5.54 858.30 858.30 858.30 2.57 2857 2.57
68 35.20 63.63 853.70 853.70 853.70 30.05 30.05 30.05
69 5.10 9.22 842.60 842.60 1142.19 4.30 4.30 5.83
70 25.18 45.51 835.59 835.59 1200.93 21.04 21.04 30.24
71 57.47 106.10 851.40 851.40 851.40 48.93 48.93 48.93
72 32.70 60.37 855.67 855.67 855.67 27.98 27.98 27.98
73 74.52 134.69 864.29 864.29 864.29 64.41 64.41 64.41
74 46.56 84.16 863.60 863.60 863.60 40.21 40.21 40.21
75 72.52 131.08 827.55 827.55 966.29 60.02 60.02 70.08
76 36.69 67.75 790.65 790.65 790.65 29.01 29.01 29.01
77 28.75 51.97 850.31 850.31 963.17 24.45 24.45 27.69
78 14.77 26.70 839.20 839.20 1169.62 12.40 12.40 17.28
79 78.39 144.74 838.52 838.52 882.67 65.73 65.73 69.20
80 61.14 112.88 842.21 842.21 842.21 51.49 51.49 51.49
81 8.07 14.58 840.46 840.46 1081.51 6.78 6.78 8.73
32 5.74 10.38 841.69 1142.21 1149.67 4.83 6.56 6.60
83 100.15 184.91 867.05 867.05 867.05 86.83 86.83 86.83
84 9.03 16.32 850.94 850.94 951.68 7.68 7.68 8.59
85 30.01 54.24 826.76 826.76 826.76 24.81 24.81 24.81
86 43.46 80.25 862.06 862.06 862.06 37.47 37.47 37.47
87 74.53 137.62 845.53 845.53 920.16 63.02 63.02 68.58

88 51.36 94.83 851.87 851.87 851.87 43.75 43.75 43.75
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MIINUINN N3 (91D)

SUB Area Rainfall Evapotranspiration (mm) Evapotranspiration (MCM)
km’ MCM) case a case b case ¢ case a caseb case ¢
89 65.81 121.52 760.87 760.87 760.87 50.08 50.08 50.08
90 37.65 69.51 811.33 811.33 811.33 30.54 30.54 30.54
91 25.29 46.70 756.96 756.96 756.96 19.14 19.14 19.14
92 63.05 116.42 831.85 831.85 877.90 52.45 52.45 55.35
93 68.23 125.97 819.62 819.62 819.62 55.92 55.92 55.92
94 88.31 159.62 771.15 771.15 771.15 68.10 68.10 68.10
95 26.78 48.40 838.08 1084.46 1099.69 22.44 29.04 29.45
96 64.73 117.01 816.03 816.03 816.03 52.83 52.83 52.83
97 42.66 77.11 843.92 843.92 998.36 36.00 36.00 42.59
98 5.53 10.00 848.99 848.99 1080.65 4.69 4.69 5.98
99 52.02 94.03 858.06 858.06 858.06 44.64 44.64 44.64
100 46.12 85.16 823.95 823.95 823.95 38.00 38.00 38.00
101 25.19 46.51 822.35 822.35 822.35 20.71 20.71 20.71
102 10.97 20.25 802.67 802.67 802.67 8.81 8.81 8.81
103 42.17 77.86 788.51 788.51 788.51 33.25 33.25 33.25
104 12.07 21.82 851.29 851.29 1043.89 10.28 10.28 12.60
105 59.60 107.74 842.80 842.80 997.68 50.23 50.23 59.47
106 46.83 86.47 824.47 824.47 824.47 38.61 38.61 38.61
107 115.59 208.93 831.22 831.22 831.22 96.08 96.08 96.08
108 4.12 7.45 854.88 854.88 989.94 3.52 3.52 4.08
109 76.37 138.04 847.72 847.72 847.72 64.74 64.74 64.74
110 80.74 145.94 796.78 796.78 796.78 64.33 64.33 64.33
111 50.73 180.56 556.72 556.72 556.72 28.24 28.24 28.24
112 92.00 169.86 822.45 822.45 822.45 75.66 75.66 75.66
113 36.80 66.51 846.21 846.21 1005.50 31.14 31.14 37.00
114 41.64 75.27 858.60 858.60 908.07 35.75 35.75 37.81
115 47.51 169.08 574.71 574.71 574.71 27.30 27.30 27.30
116 46.72 166.25 563.62 563.62 563.62 26.33 26.33 26.33
117 54.69 98.84 801.00 801.00 801.00 43.80 43.80 43.80

118 67.81 241.33 568.79 568.79 568.79 38.57 38.57 38.57



147

MIINUINN N3 (91D)

SUB Area Rainfall Evapotranspiration (mm) Evapotranspiration (MCM)
km’ MCM) case a case b case ¢ case a caseb case ¢
119 69.31 246.65 577.63 577.63 577.63 40.03 40.03 40.03
120 59.99 213.52 580.11 580.11 580.11 34.80 34.80 34.80
121 59.76 212.69 575.93 575.93 575.93 34.42 34.42 34.42
122 77.81 143.67 823.56 823.56 823.56 64.09 64.09 64.09
123 71.70 129.61 814.09 814.09 944.45 58.37 58.37 67.72
124 56.60 102.31 866.52 866.52 866.52 49.05 49.05 49.05
125 8.65 15.63 856.29 856.29 933.76 7.41 7.41 8.08
126 73.07 132.08 858.08 858.08 858.08 62.70 62.70 62.70
127 3.08 5.57 852.59 852.59 994.53 2.63 2.63 3.07
128 14.69 52.28 551.58 551.58 551.58 8.10 8.10 8.10
129 4.94 17.58 575.94 575.94 575.94 2.85 2.85 2.85
130 26.30 93.58 586.86 586.86 586.86 15.43 15.43 15.43
131 86.48 307.78 559.30 559.30 559.30 48.37 48.37 48.37
132 27.19 96.77 589.43 589.43 589.43 16.03 16.03 16.03
133 126.94 451.77 599.81 599.81 599.81 76.14 76.14 76.14
134 59.27 210.93 588.38 588.38 588.38 34.87 34.87 34.87
135 21.49 76.46 579.34 579.34 579.34 12.45 12.45 12.45
136 84.54 300.87 584.82 584.82 584.82 49.44 49.44 49.44
137 67.95 122.83 831.74 909.92 947.29 56.52 61.83 64.37
138 51.22 92.58 868.03 868.03 868.03 44.46 44.46 44.46
139 5.27 10.40 907.38 1033.87 1049.40 4.78 5.45 5.53
140 87.75 312.31 573.33 573.33 573.33 50.31 50.31 50.31
141 3.06 6.04 907.89 907.89 1004.56 2.78 2.78 3.07
142 63.84 126.08 931.65 931.65 931.65 59.48 59.48 59.48
143 59.29 211.02 587.66 587.66 587.66 34.84 34.84 34.84
144 88.40 314.62 593.10 593.10 593.10 52.43 52.43 52.43
145 26.45 94.14 567.04 567.04 567.04 15.00 15.00 15.00
146 74.53 265.26 583.42 583.42 583.42 43.48 43.48 43.48
147 102.77 202.97 894.53 894.53 894.53 91.93 91.93 91.93

148 68.12 134.54 902.78 902.78 1058.19 61.50 61.50 72.09
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MIINUINN N3 (91D)

SUB Area Rainfall Evapotranspiration (mm) Evapotranspiration (MCM)
km’ MCM) case a case b case ¢ case a caseb case ¢

149 84.22 166.32 854.87 854.87 854.87 71.99 71.99 71.99
150 2.26 8.06 548.04 548.04 548.04 1.24 1.24 1.24
151 28.20 100.36 587.37 587.37 587.37 16.56 16.56 16.56
152 58.69 115.90 884.45 884.45 1263.46 51.90 51.90 74.15
153 0.61 1.21 897.86 897.86 1064.53 0.55 0.55 0.65
154 62.00 220.65 587.86 587.86 587.86 36.45 36.45 36.45
155 51.13 181.95 566.73 566.73 566.73 28.97 28.97 28.97
156 29.70 58.66 903.88 1055.28 1061.56 26.85 31.34 31.53
157 58.82 116.17 872.60 872.60 924.35 51.33 51.33 54.37
158 3.11 6.13 896.59 896.59 1120.32 2.78 2.78 3.48
159 52.18 103.05 884.38 884.38 920.79 46.14 46.14 48.05

160 9.49 18.74 903.98 903.98 1018.71 8.58 8.58 9.67
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Al ' v goj
MIWUINA N4 Aundeaedl S uaruuazlsamsldive iy uenaiu HRUs 494 3

= ) . C . C .
NI TJ 5¢NOUAY a) without 1rrigation b) current irri gation

¢) full potential irrigation

HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢

1 1 FRSESANDLOAM 3.03 35 1846.33 738.30 738.30 738.30
2 1 FRSESANDLOAM 502 35 1846.33 839.41 839.41 839.41
3 1 FRSTSANDLOAM 13.00 36 1846.33 726.57 726.57 726.57
4 1 FRSTSANDLOAM 24.30 36 1846.33 849.34 849.34 849.34
5 2 FRSECLAYLOAM 1070 77 1846.33 851.40 851.40 851.40
6 2 FRSECLAYLOAM 4.53 77 1846.33 858.57 858.57 858.57
7 2 FRSESANDLOAM 11.90 35 1846.33 839.12 839.12 839.12
8 2 FRSESANDLOAM 9.27 35 1846.33 744.04 744.04 744.04
9 2 FRSTSANDLOAM 12.40 36 1846.33 728.95 728.95 728.95
10 2 FRSTSANDLOAM 30.70 36 1846.33 849.79 849.79 849.79
11 3 FRSTSANDLOAM 2.71 36 1846.33 732.75 732.75 732.75
12 3 FRSTSANDLOAM 33.70 36 1846.33 852.39 852.39 852.39
13 4 FRSTCLAYLOAM 0.66 79 1846.33 856.90 856.90 856.90
14 4 FRSTCLAYLOAM 2.76 79 1846.33 861.88 861.88 861.88
15 4 FRSTLOAM 213 36 1846.33 857.87 857.87 857.87
16 4 FRSTLOAM 1.64 36 1846.33 842.99 842.99 842.99
17 4 FRSTSANDLOAM 1.30 36 1846.33 723.80 723.80 723.80
18 4 FRSTSANDLOAM 12.70 36 1846.33 851.80 851.80 851.80
19 4 RICESANDLOAM 0.67 62 1846.33 734.26 734.26 974.41
20 4 RICESANDLOAM 740 62 1846.33 843.05 843.05 1275.83
21 5 FRSTCLAYLOAM 143 79 1846.33 856.22 856.22 856.22
22 5 FRSTCLAYLOAM 6.63 79 1846.33 861.84 861.84 861.84
23 5 RICECLAYLOAM 1.11 84 1846.33 852.50 852.50 1185.97
24 5 RICESANDLOAM 1.38 62 1846.33 843.50 843.50 1276.72
25 6 FRSELOAM 026 35 1846.33 848.78 848.78 848.78
26 6 FRSELOAM 1.58 35 1846.33 827.34 827.34 827.34
27 6 FRSESANDLOAM 1.71 35 1846.33 740.57 740.57 740.57
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
28 6 FRSESANDLOAM 270 35 1846.33 839.76 839.76 839.76
29 6 FRSTLOAM 1.76 36 1846.33 857.75 857.75 857.75
30 6 FRSTLOAM 3.02 36 1846.33 838.78 838.78 838.78
31 6 FRSTSANDLOAM 15.00 36 1846.33 851.14 851.14 851.14
32 6 FRSTSANDLOAM 341 36 1846.33 757.21 757.21 757.21
33 6 RICECLAYLOAM 4.44 84 1846.33 852.41 852.41 1179.27
34 6 RICESANDLOAM 2.61 62 1846.33 842.84 842.84 1275.14
35 6 RICESANDLOAM 0.50 62 1846.33 761.65 761.65 979.12
36 7 FRSTCLAYLOAM 1.37 79 1846.33 854.13 854.13 854.13
37 7 FRSTCLAYLOAM 998 79 1846.33 861.82 861.82 861.82
38 7 FRSTSANDLOAM 7.02 36 1846.33 852.40 852.40 852.40
39 7 RICECLAYLOAM 6.54 84 1846.33 851.98 851.98 1170.99
40 7 RICESANDLOAM 9.78 62 1846.33 843.71 843.71 1274.63
41 8 FRSECLAYLOAM 258 77 1846.33 852.34 852.34 852.34
42 8 FRSECLAYLOAM 1020 77 1846.33 858.24 858.24 858.24
43 8 FRSESANDLOAM 1250 35 1846.33 837.98 837.98 837.98
44 8 FRSESANDLOAM 29.60 35 1846.33 728.09 728.09 728.09
45 8 FRSTCLAYLOAM 22.10 79 1846.33 861.90 861.90 861.90
46 8 FRSTCLAYLOAM 138 79 1846.33 857.16 857.16 857.16
47 8 FRSTSANDLOAM 342 36 1846.33 849.22 849.22 849.22
48 8 FRSTSANDLOAM 242 36 1846.33 723.97 723.97 723.97
49 9 FRSECLAYLOAM 20.50 77 1846.33 858.49 858.49 858.49
50 9 FRSECLAYLOAM 24.10 77 1846.33 852.06 852.06 852.06
51 9 FRSTCLAYLOAM 2590 79 1846.33 862.29 862.29 862.29
52 9 FRSTCLAYLOAM 1550 79 1846.33 857.31 857.31 857.31
53 10 FRSECLAYLOAM 992 77 1846.33 858.61 858.61 858.61
54 10 FRSECLAYLOAM 33.20 77 1846.33 850.98 850.98 850.98
55 11 FRSECLAYLOAM 17.80 77 1846.33 858.28 858.28 858.28
56 11 FRSESANDLOAM 3.02 35 1846.33 726.03 726.03 726.03
57 11 FRSESANDLOAM 469 35 1846.33 841.99 841.99 841.99
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
58 11 FRSTCLAYLOAM 193 79 1846.33 854.55 854.55 854.55
59 11 FRSTCLAYLOAM 13.80 79 1846.33 861.82 861.82 861.82
60 11  FRSTLOAM 1.96 36 1846.33 840.52 840.52 840.52
61 11 FRSTLOAM 3.03 36 1846.33 857.87 857.87 857.87
62 11  FRSTSANDLOAM 133 36 1846.33 721.63 721.63 721.63
63 11 FRSTSANDLOAM 7.68 36 1846.33 851.30 851.30 851.30
64 11 RICECLAYLOAM 14.70 84 1846.33 851.79 851.79 1157.07
65 11 RICESANDLOAM 14.90 62 1846.33 843.72 843.72 1272.87
66 12 FRSECLAYLOAM 33.00 77 1846.33 850.64 850.64 850.64
67 12 FRSECLAYLOAM 3530 77 1846.33 858.26 858.26 858.26
68 12 FRSTCLAYLOAM 4460 79 1846.33 861.92 861.92 861.92
69 12 FRSTCLAYLOAM 21.50 79 1846.33 855.15 855.15 855.15
70 12 FRSTSANDLOAM 17.30 36 1846.33 852.48 852.48 852.48
71 13 FRSTLOAM 3.56 36 1846.33 834.41 834.41 834.41
72 13 FRSTLOAM 1.23 36 1846.33 857.77 857.77 857.77
73 13 FRSTSANDLOAM 7.58 36 1846.33 852.28 852.28 852.28
74 13  RICECLAYLOAM 2.14 84 1846.33 852.22 852.22 1155.19
75 13 RICESANDLOAM 7.03 62 1846.33 843.68 843.68 1268.64
76 14  FRSECLAYLOAM 450 77 1846.33 858.22 858.22 858.22
77 14  FRSECLAYLOAM 3.03 77 1846.33 851.59 851.59 851.59
78 14 FRSELOAM 325 35 1846.33 849.60 849.60 849.60
79 14  FRSELOAMSAND 1.72 35 1846.33 833.28 833.28 833.28
80 14  FRSELOAMSAND 6.28 35 1846.33 882.23 882.23 882.23
81 14  FRSTCLAYLOAM 13.00 79 1846.33 861.86 861.86 861.86
82 14  FRSTLOAMSAND 524 36 1846.33 895.47 895.47 895.47
83 14  FRSTLOAMSAND 091 36 1846.33 849.22 849.22 849.22
84 14  FRSTSANDLOAM 3.89 36 1846.33 852.49 852.49 852.49
85 15  FRSECLAYLOAM 0.36 77 1846.33 858.25 858.25 858.25
86 15  FRSESANDLOAM 0.86 35 1846.33 843.86 843.86 843.86
87 15 FRSTCLAYLOAM 038 79 1846.33 861.79 861.79 861.79
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
88 15 FRSTSANDLOAM 0.12 36 1846.33 852.62 852.62 852.62
89 15 RICECLAYLOAM 0.63 84 1846.33 852.69 852.69 1153.85
90 15 RICESANDLOAM 082 62 1846.33 843.84 843.84 1267.24
91 16 FRSECLAYLOAM 405 77 1846.33 858.21 858.21 858.21
92 16 FRSECLAYLOAM 928 77 1846.33 851.51 851.51 851.51
93 16 FRSELOAMSAND 297 35 1846.33 832.16 832.16 832.16
94 16  FRSELOAMSAND 3.98 35 1846.33 881.28 881.28 881.28
95 16  FRSTCLAYLOAM 3.63 79 1846.33 861.93 861.93 861.93
96 16 FRSTCLAYLOAM 623 79 1846.33 856.79 856.79 856.79
97 16 FRSTLOAM 11.00 36 1846.33 858.53 858.53 858.53
98 16 FRSTLOAMSAND 1.54 36 1846.33 844.00 844.00 844.00
99 16  FRSTLOAMSAND 3.88 36 1846.33 894.83 894.83 894.83
100 17  FRSELOAM 1.89 35 1846.33 849.62 849.62 849.62
101 17  FRSELOAMSAND 1.27 35 1846.33 886.72 886.72 886.72
102 17  FRSESANDLOAM 137 35 1846.33 843.86 843.86 843.86
103 17  FRSTLOAM 10.00 36 1846.33 858.31 858.31 858.31
104 17  RICECLAYLOAM 2.75 84 1846.33 852.61 852.61 1153.53
105 17  RICELOAMSAND 3.06 62 1846.33 893.32 893.32 1274.36
106 17  RICESANDLOAM 1.54 62 1846.33 843.87 843.87 1267.24
107 18 FRSECLAYLOAM 1050 77 1846.33 858.13 858.13 858.13
108 18 FRSECLAYLOAM 2490 77 1846.33 850.54 850.54 850.54
109 18  FRSELOAMSAND 7.01 35 1846.33 882.55 882.55 882.55
110 18  FRSELOAMSAND 2.15 35 1846.33 802.14 802.14 802.14
111 18 FRSTCLAYLOAM 3.56 79 1846.33 861.85 861.85 861.85
112 18 FRSTCLAYLOAM 12.80 79 1846.33 854.94 854.94 854.94
113 18 FRSTLOAM 13.60 36 1846.33 858.45 858.45 858.45
114 18  FRSTLOAMSAND 1.19 36 1846.33 801.54 801.54 801.54
115 18  FRSTLOAMSAND 4.99 36 1846.33 895.69 895.69 895.69
116 19 FRSTLOAM 279 36 1846.33 839.83 839.83 839.83
117 19 FRSTLOAM 244 36 1846.33 858.14 858.14 858.14
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HRU SUB CPMN SOIL Area CN Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
118 19 FRSTSANDLOAM 790 36 1846.33 852.57 852.57 852.57
119 19 FRSTSANDLOAM 0.61 36 1846.33 719.54 719.54 719.54
120 19 RICELOAMSAND 460 62 1846.33 893.30 893.30 1272.69
121 19 RICESANDLOAM 19.60 62 1846.33 843.92 843.92 1258.95
122 20  RICECLAYLOAM 038 84 1846.33 852.76 852.76 1141.44
123 20 RICESANDLOAM 071 62 1846.33 843.89 843.89 1253.48
124 21 FRSTCLAYLOAM 6.60 79 1846.33 857.37 857.37 857.37
125 21 FRSTCLAYLOAM 8.64 79 1846.33 861.77 861.77 861.77
126 21  FRSTLOAM 927 36 1846.33 858.27 858.27 858.27
127 21 FRSTSANDLOAM 20.00 36 1846.33 852.56 852.56 852.56
128 21  RICESANDLOAM 2330 62 1846.33 843.79 843.79 1246.74
129 22 FRSTLOAM 0.70 36 1846.33 857.57 857.57 857.57
130 22 FRSTLOAM 1.31 36 1846.33 841.16 841.16 841.16
131 22 FRSTLOAMSAND 1.69 36 1846.33 897.12 897.12 897.12
132 22 FRSTLOAMSAND 0.88 36 1846.33 801.46 801.46 801.46
133 22 FRSTSANDLOAM 282 36 1846.33 852.33 852.33 852.33
134 22  RICECLAYLOAM 6.63 84 1846.33 852.37 852.37 1131.16
135 22 RICELOAMSAND 5.09 62 1846.33 892.87 892.87 1260.12
136 22 RICESANDLOAM 1460 62 1846.33 843.56 843.56 1238.57
137 23 FRSTCLAYLOAM 2370 79 1846.33 861.75 861.75 861.75
138 23  FRSTCLAYLOAM 1.88 79 1846.33 856.29 856.29 856.29
139 23 FRSTLOAM 5.57 36 1846.33 838.49 838.49 838.49
140 23 FRSTLOAM 1.71 36 1846.33 857.65 857.65 857.65
141 24  FRSTCLAYLOAM 270 79 1846.33 861.76 861.76 861.76
142 24 FRSTSANDLOAM 0.84 36 1846.33 852.14 852.14 852.14
143 24  RICECLAYLOAM 2.34 84 1846.33 852.17 852.17 1123.75
144 24  RICESANDLOAM 0.42 62 1846.33 843.52 843.52 1234.76
145 25  FRSTSANDLOAM 6.76 36 1846.33 852.41 852.41 852.41
146 25  RICESANDLOAM 8.39 62 1846.33 843.64 843.64 1234.78
147 26  FRSTSANDLOAM 0.09 36 1846.33 852.84 852.84 852.84
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148 26  RICESANDLOAM 0.07 62 1846.33 843.97 1276.54 1234.38
149 27  FRSECLAYLOAM 2.55 77 1846.33 858.15 858.15 858.15
150 27  FRSECLAYLOAM 3.69 77 1846.33 852.82 852.82 852.82
151 27  FRSTCLAYLOAM 417 79 1846.33 861.89 861.89 861.89
152 27  FRSTCLAYLOAM 611 79 1846.33 857.44 857.44 857.44
153 27  FRSTSANDLOAM 9.14 36 1846.33 852.03 852.03 852.03
154 27  RICESANDLOAM 7.99 62 1846.33 843.63 843.63 1232.94
155 28  RICECLAYLOAM 11.20 84 1846.33 852.78 1094.11 1115.71
156 28  RICESANDLOAM 24.30 62 1846.33 843.91 1211.84 1227.45
157 29  FRSELOAM 321 35 1846.33 848.69 848.69 848.69
158 29  FRSELOAM 821 35 1846.33 828.29 828.29 828.29
159 29  FRSTCLAYLOAM 19.50 79 1846.33 861.71 861.71 861.71
160 29  FRSTLOAM 9.79 36 1846.33 837.91 837.91 837.91
161 29  FRSTLOAM 319 36 1846.33 857.49 857.49 857.49
162 29  FRSTSANDLOAM 1.44 36 1846.33 762.15 762.15 762.15
163 29  FRSTSANDLOAM 1410 36 1846.33 851.55 851.55 851.55
164 30 FRSTSANDLOAM 6.12 36 1846.33 852.49 852.49 852.49
165 30 RICECLAYLOAM 1.56 84 1846.33 852.83 1075.13 1112.33
166 30 RICESANDLOAM 6.67 62 1846.33 843.86 1209.31 1227.27
167 30 RICESANDLOAM 3.03 62 1846.33 866.74 866.74 866.74
168 31 FRSECLAYLOAM 3.09 77 1846.33 858.03 858.03 858.03
169 31 FRSECLAYLOAM 5.87 77 1846.33 852.13 852.13 852.13
170 31 FRSTCLAYLOAM 6.74 79 1846.33 855.43 855.43 855.43
171 31 FRSTCLAYLOAM 132 79 1846.33 861.72 861.72 861.72
172 31 FRSTSANDLOAM 2590 36 1846.33 851.76 851.76 851.76
173 31 RICESANDLOAM 773 62 1846.33 843.05 843.05 1225.87
174 32 FRSTCLAYLOAM 37.10 79 1846.33 861.73 861.73 861.73
175 32 FRSTSANDLOAM 20.30 36 1846.33 851.72 851.72 851.72
176 32 RICECLAYLOAM 13.60 84 1846.33 851.77 851.77 1110.75
177 32  RICESANDLOAM 3.71 62 1846.33 842.11 842.11 1221.86
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178 33  FRSTCLAYLOAM 223 79 1846.33 861.60 861.60 861.60
179 33 FRSTSANDLOAM 3.75 36 1846.33 852.15 852.15 852.15
180 33  RICECLAYLOAM 1.58 84 1846.33 851.76 851.76 1106.94
181 33  RICESANDLOAM 046 62 1846.33 843.44 843.44 1223.63
182 34  FRSECLAYLOAM 8.80 77 1846.33 858.19 858.19 858.19
183 34  FRSELOAM 2.61 35 1846.33 849.54 849.54 849.54
184 34  FRSTCLAYLOAM 3.60 79 1846.33 861.73 861.73 861.73
185 34  RICECLAYLOAM 6.36 84 1846.33 852.69 852.69 1107.74
186 35 FRSECLAYLOAM 988 77 1807.50 870.98 870.98 870.98
187 35 FRSECLAYLOAM 130 77 1807.50 864.65 864.65 864.65
188 35 FRSESANDLOAM 7.05 35 1807.50 850.11 850.11 850.11
189 35 FRSTCLAYLOAM 3.08 79 1807.50 862.56 862.56 862.56
190 35 FRSTCLAYLOAM 9.55 79 1807.50 866.83 866.83 866.83
191 35 FRSTLOAM 217 36 1807.50 858.38 858.38 858.38
192 35 FRSTLOAM 11.20 36 1807.50 836.22 836.22 836.22
193 35  FRSTSANDLOAM 0.73 36 1807.50 764.17 764.17 764.17
194 35 FRSTSANDLOAM 10.50 36 1807.50 850.93 850.93 850.93
195 35 RICECLAYLOAM 17.60 84 1807.50 847.80 847.80 1121.77
196 35 RICESANDLOAM 442 62 1807.50 834.75 834.75 1207.85
197 36 FRSTCLAYLOAM 086 79 1807.50 866.91 866.91 866.91
198 37 FRSECLAYLOAM 1.50 77 1846.33 858.20 858.20 858.20
199 37  FRSELOAM 0.53 35 1846.33 849.58 849.58 849.58
200 37 RICECLAYLOAM 0.65 84 1846.33 852.74 852.74 1105.21
201 37 RICELOAM 1.16 62 1846.33 861.00 861.00 1100.24
202 37 RICESANDLOAM 1.20 62 1846.33 843.29 843.29 1222.46
203 38 FRSTCLAYLOAM 1240 79 1846.33 861.81 861.81 861.81
204 38  FRSTSANDLOAM 14.30 36 1846.33 852.54 852.54 852.54
205 38  RICECLAYLOAM 13.50 84 1846.33 852.89 852.89 1104.19
206 38  RICESANDLOAM 257 62 1846.33 843.77 843.77 1223.16
207 39 FRSECLAYLOAM 587 77 1846.33 858.28 858.28 858.28
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208 39 FRSECLAYLOAM 2200 77 1846.33 851.23 851.23 851.23
209 39 FRSESANDLOAM 7.79 35 1846.33 724.35 724.35 724.35
210 39 FRSESANDLOAM 0.63 35 1846.33 837.36 837.36 837.36
211 39 FRSTCLAYLOAM 529 79 1846.33 855.74 855.74 855.74
212 39 FRSTCLAYLOAM 334 79 1846.33 862.15 862.15 862.15
213 39  FRSTSANDLOAM 13.50 36 1846.33 852.55 852.55 852.55
214 39  FRSTSANDLOAM 0.97 36 1846.33 714.40 714.40 714.40
215 40 FRSECLAYLOAM 0.83 77 1846.33 858.25 858.25 858.25
216 40 RICECLAYLOAM 095 84 1846.33 85291 85291 1102.53
217 41 FRSECLAYLOAM 60.70 77 1846.33 850.77 850.77 850.77
218 41  FRSECLAYLOAM 1540 77 1846.33 859.06 859.06 859.06
219 41 FRSTCLAYLOAM 11.10 79 1846.33 856.71 856.71 856.71
220 41 FRSTCLAYLOAM 11.20 79 1846.33 863.01 863.01 863.01
221 41  FRSTSANDLOAM 1030 36 1846.33 853.02 853.02 853.02
222 41  RICECLAYLOAM 470 84 1846.33 851.48 851.48 1103.32
223 41 RICECLAYLOAM 14.10 84 1846.33 846.21 846.21 1086.42
224 41 RICESANDLOAM 3.97 62 1846.33 843.95 843.95 1221.46
225 42  FRSTSANDLOAM 5.17 36 1846.33 852.34 852.34 852.34
226 42  RICESANDLOAM 4.21 62 1846.33 843.47 843.47 1220.74
227 43  FRSTCLAYLOAM 18.10 79 1807.50 866.86 866.86 866.86
228 43  FRSTCLAYLOAM 341 79 1807.50 862.30 862.30 862.30
229 43  FRSTLOAM 2.11 36 1807.50 858.37 858.37 858.37
230 43  FRSTLOAM 12.10 36 1807.50 838.06 838.06 838.06
231 43  FRSTSANDLOAM 1.09 36 1807.50 730.73 730.73 730.73
232 43  FRSTSANDLOAM 11.40 36 1807.50 851.54 851.54 851.54
233 43  RICECLAYLOAM 20.60 84 1807.50 848.47 848.47 1109.24
234 43  RICESANDLOAM 9.24 62 1807.50 835.51 835.51 1206.44
235 44  FRSTCLAYLOAM 20.20 79 1807.50 866.84 866.84 866.84
236 44  FRSTCLAYLOAM 328 79 1807.50 862.79 862.79 862.79
237 44  FRSTLOAM 563 36 1807.50 858.54 858.54 858.54
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238 44  FRSTLOAM 1220 36 1807.50 834.97 834.97 834.97
239 44  RICECLAYLOAM 1930 84 1807.50 848.51 848.51 1105.65
240 44  RICESANDLOAM 940 62 1807.50 835.59 835.59 1205.17
241 45  FRSTCLAYLOAM 125 79 1807.50 866.92 866.92 866.92
242 46  FRSECLAYLOAM 377 77 1846.33 858.21 858.21 858.21
243 46  FRSELOAM 122 35 1846.33 849.47 849.47 849.47
244 46 FRSTCLAYLOAM 5.11 79 1846.33 861.71 861.71 861.71
245 47  FRSTLOAM 0.06 36 1807.50 858.98 858.98 858.98
246 47  FRSTSANDLOAM 0.11 36 1807.50 851.46 851.46 851.46
247 47  RICESANDLOAM 027 62 1807.50 835.37 835.37 1205.01
248 48  FRSECLAYLOAM 237 77 1846.33 850.61 850.61 850.61
249 48 FRSECLAYLOAM 0.85 77 1846.33 858.06 858.06 858.06
250 48  FRSESANDLOAM 5.33 35 1846.33 838.04 838.04 838.04
251 48  FRSESANDLOAM 891 35 1846.33 722.89 722.89 722.89
252 48  FRSTCLAYLOAM 132 79 1846.33 857.31 857.31 857.31
253 48  FRSTCLAYLOAM 248 79 1846.33 861.82 861.82 861.82
254 48  FRSTSANDLOAM 3.39 36 1846.33 728.17 728.17 728.17
255 48  FRSTSANDLOAM 17.50 36 1846.33 851.75 851.75 851.75
256 48  RICESANDLOAM 847 62 1846.33 843.65 843.65 1219.55
257 49  FRSTCLAYLOAM 1.06 79 1807.50 866.83 866.83 866.83
258 49  FRSTLOAM 1.18 36 1807.50 859.05 859.05 859.05
259 49  FRSTSANDLOAM 2.17 36 1807.50 851.12 851.12 851.12
260 49  RICELOAM 2.54 62 1807.50 849.10 1082.43 1096.80
261 49  RICESANDLOAM 3.69 62 1807.50 834.89 1199.33 1204.68
262 50 FRSECLAYLOAM 639 77 1807.50 870.99 870.99 870.99
263 50 FRSTCLAYLOAM 1.60 79 1807.50 866.84 866.84 866.84
264 50  FRSTSANDLOAM 1.60 36 1807.50 851.58 851.58 851.58
265 50 RICECLAYLOAM 8.55 84 1807.50 848.48 1082.12 1101.01
266 50 RICESANDLOAM 209 62 1807.50 835.49 1199.79 1205.16
267 51 FRSTSANDLOAM 3.10 36 1846.33 852.64 852.64 852.64
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268 51 RICECLAYLOAM 076 84 1846.33 852.72 852.72 1090.98
269 51 RICESANDLOAM 424 62 1846.33 843.84 843.84 1218.21
270 52 FRSTSANDLOAM 1.39 36 1846.33 718.32 718.32 718.32
271 52 FRSTSANDLOAM 6.48 36 1846.33 852.37 852.37 852.37
272 52 RICESANDLOAM 546 62 1846.33 843.74 843.74 1218.09
273 53  RICECLAYLOAM 382 &4 1807.50 848.87 1080.18 1099.98
274 53  RICELOAM 3.67 62 1807.50 849.07 1067.45 1094.67
275 53  RICESANDLOAM 2.62 62 1807.50 835.21 1199.53 1204.90
276 54  FRSECLAYLOAM 3820 77 1846.33 852.10 852.10 852.10
277 54  FRSECLAYLOAM 1880 77 1846.33 858.63 858.63 858.63
278 54  FRSESANDLOAM 18.10 35 1846.33 723.55 723.55 723.55
279 54  FRSESANDLOAM 2.93 35 1846.33 837.95 837.95 837.95
280 54  FRSTCLAYLOAM 10.60 79 1846.33 862.53 862.53 862.53
281 54  FRSTCLAYLOAM 565 79 1846.33 856.90 856.90 856.90
282 54  FRSTSANDLOAM 19.40 36 1846.33 852.30 852.30 852.30
283 54  FRSTSANDLOAM 1220 36 1846.33 712.29 712.29 712.29
284 55  FRSTSANDLOAM 1.14 36 1807.50 851.34 851.34 851.34
285 55  RICESANDLOAM 2.40 62 1807.50 835.57 835.57 1205.16
286 56 FRSECLAYLOAM 081 77 1807.50 866.51 866.51 866.51
287 56 FRSECLAYLOAM 435 77 1807.50 871.02 871.02 871.02
288 56 FRSELOAM 1.94 35 1807.50 858.12 858.12 858.12
289 56  FRSELOAM 1.94 35 1807.50 841.14 841.14 841.14
290 56  FRSTCLAYLOAM 10.40 79 1807.50 866.94 866.94 866.94
291 56 FRSTLOAM 2.18 36 1807.50 858.98 858.98 858.98
292 56 FRSTLOAM 029 36 1807.50 845.41 845.41 845.41
293 56 RICECLAYLOAM 516 84 1807.50 848.93 848.93 1100.25
294 57  FRSECLAYLOAM 6.77 77 1807.50 871.08 871.08 871.08
295 57  FRSELOAM 6.59 35 1807.50 858.34 858.34 858.34
296 57 FRSELOAM 406 35 1807.50 841.32 841.32 841.32
297 57  FRSESANDLOAM 2350 35 1807.50 850.12 850.12 850.12
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298 57  FRSTLOAM 11.40 36 1807.50 841.67 841.67 841.67
299 57  FRSTLOAM 19.60 36 1807.50 858.92 858.92 858.92
300 57  FRSTSANDLOAM 53.70 36 1807.50 851.59 851.59 851.59
301 57  RICESANDLOAM 82.30 62 1807.50 835.70 835.70 1204.17
302 58  FRSTSANDLOAM 1320 36 1807.50 851.68 851.68 851.68
303 58  FRSTSANDLOAM 0.87 36 1807.50 714.85 714.85 714.85
304 58  RICESANDLOAM 32.00 62 1807.50 835.68 835.68 1203.29
305 59  FRSTSANDLOAM 1.60 36 1807.50 851.16 851.16 851.16
306 59  RICESANDLOAM 414 62 1807.50 835.55 835.55 1202.80
307 60 FRSTCLAYLOAM 42.10 79 1846.33 862.06 862.06 862.06
308 60 FRSTSANDLOAM 10.10 36 1846.33 852.83 852.83 852.83
309 60 RICECLAYLOAM 41.30 84 1846.33 852.96 852.96 1083.85
310 60 RICESANDLOAM 7.70 62 1846.33 84391 843.91 1214.01
311 61  FRSTCLAYLOAM 020 79 1807.50 863.78 863.78 863.78
312 61  FRSTCLAYLOAM 3.14 79 1807.50 866.90 866.90 866.90
313 61 FRSTLOAM 049 36 1807.50 844.15 844.15 844.15
314 61 FRSTLOAM 0.34 36 1807.50 858.50 858.50 858.50
315 61 RICECLAYLOAM 13.30 84 1807.50 848.70 848.70 1093.06
316 62 FRSELOAM 030 35 1807.50 857.62 857.62 857.62
317 62 FRSELOAM 1.82 35 1807.50 840.75 840.75 840.75
318 62  FRSESANDLOAM 9.52 35 1807.50 850.20 850.20 850.20
319 62  FRSESANDLOAM 0.99 35 1807.50 734.75 734.75 734.75
320 62  FRSTLOAM 3.31 36 1807.50 840.52 840.52 840.52
321 62 FRSTLOAM 0.84 36 1807.50 858.47 858.47 858.47
322 62  FRSTSANDLOAM 0.70 36 1807.50 723.86 723.86 723.86
323 62  FRSTSANDLOAM 7.16 36 1807.50 851.62 851.62 851.62
324 62  RICESANDLOAM 17.80 62 1807.50 835.66 835.66 1201.00
325 63 FRSECLAYLOAM 8.17 77 1846.33 858.39 858.39 858.39
326 63  FRSTCLAYLOAM 8.12 79 1846.33 861.96 861.96 861.96
327 63  RICECLAYLOAM 524 g4 1846.33 853.00 853.00 1080.59
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328 64  FRSECLAYLOAM 2130 77 1846.33 858.59 858.59 858.59
329 64  FRSESANDLOAM 2580 35 1846.33 843.85 843.85 843.85
330 64 FRSTCLAYLOAM 214 79 1846.33 862.21 862.21 862.21
331 64  FRSTSANDLOAM 925 36 1846.33 852.74 852.74 852.74
332 65 FRSECLAYLOAM 11.70 77 1846.33 851.31 851.31 851.31
333 65 FRSECLAYLOAM 328 77 1846.33 858.13 858.13 858.13
334 65 FRSELOAM 3.95 35 1846.33 849.54 849.54 849.54
335 65 FRSELOAM 0.24 35 1846.33 841.36 841.36 841.36
336 65 FRSTLOAM 282 36 1846.33 858.29 858.29 858.29
337 65 FRSTSANDLOAM 458 36 1846.33 851.40 851.40 851.40
338 66 FRSESANDLOAM 11.00 35 1846.33 722.42 722.42 722.42
339 66  FRSESANDLOAM 5.62 35 1846.33 838.03 838.03 838.03
340 66  FRSTSANDLOAM 5.94 36 1846.33 714.85 714.85 714.85
341 66 FRSTSANDLOAM 1280 36 1846.33 849.62 849.62 849.62
342 67 FRSTLOAM 3.00 36 1846.33 858.30 858.30 858.30
343 68 FRSECLAYLOAM 21.50 77 1807.50 871.17 871.17 871.17
344 68  FRSEHEAVYCLA 4.87 77 1807.50 769.16 769.16 769.16
345 68  FRSTCLAYLOAM 3.54 79 1807.50 867.04 867.04 867.04
346 68  FRSTSANDLOAM 531 36 1807.50 851.59 851.59 851.59
347 69 RICELOAM 265 62 1807.50 849.06 849.06 1087.74
348 69 RICESANDLOAM 245 62 1807.50 835.62 835.62 1200.94
349 70  RICESANDLOAM 25.20 62 1807.50 835.59 835.59 1200.93
350 71 FRSECLAYLOAM 1.55 77 1846.33 858.10 858.10 858.10
351 71  FRSECLAYLOAM 11.70 77 1846.33 850.19 850.19 850.19
352 71  FRSELOAM 1290 35 1846.33 849.53 849.53 849.53
353 71  FRSELOAM 096 35 1846.33 841.17 841.17 841.17
354 71 FRSTLOAM 6.06 36 1846.33 858.39 858.39 858.39
355 71 FRSTSANDLOAM 24.30 36 1846.33 851.20 851.20 851.20
356 72 FRSECLAYLOAM 26.70 77 1846.33 858.33 858.33 858.33
357 72 FRSESANDLOAM 597 35 1846.33 843.75 843.75 843.75
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
358 73 FRSECLAYLOAM 3370 77 1807.50 871.14 871.14 871.14
359 73  FRSELOAM 4090 35 1807.50 858.64 858.64 858.64
360 74  FRSECLAYLOAM 13.70 77 1807.50 871.27 871.27 871.27
361 74  FRSELOAM 14.60 35 1807.50 858.76 858.76 858.76
362 74  FRSTCLAYLOAM 560 79 1807.50 867.16 867.16 867.16
363 74  FRSTLOAM 1270 36 1807.50 859.34 859.34 859.34
364 75  FRSECLAYLOAM 16.10 77 1807.50 871.03 871.03 871.03
365 75  FRSEHEAVYCLA 19.40 77 1807.50 768.99 768.99 768.99
366 75  FRSESANDLOAM 947 35 1807.50 850.21 850.21 850.21
367 75  RICESANDLOAM 2750 62 1807.50 835.52 835.52 1200.89
368 76  FRSESANDLOAM 569 35 1846.33 838.97 838.97 838.97
369 76 FRSESANDLOAM 16.30 35 1846.33 722.48 722.48 722.48
370 76 FRSTLOAM 3.97 36 1846.33 858.43 858.43 858.43
371 76 ~ FRSTSANDLOAM 10.00 36 1846.33 851.93 851.93 851.93
372 76  FRSTSANDLOAM 0.70 36 1846.33 722.51 722.51 722.51
373 77  FRSECLAYLOAM 2.87 77 1807.50 870.97 870.97 870.97
374 77  FRSECLAYLOAM 1.42 77 1807.50 865.62 865.62 865.62
375 77  FRSELOAM 1.42 35 1807.50 858.33 858.33 858.33
376 77  FRSELOAM 138 35 1807.50 840.23 840.23 840.23
377 77  FRSESANDLOAM 231 35 1807.50 850.63 850.63 850.63
378 77  FRSTCLAYLOAM .77 79 1807.50 866.88 866.88 866.88
379 77  FRSTCLAYLOAM 0.43 79 1807.50 863.53 863.53 863.53
380 77  FRSTLOAM 0.73 36 1807.50 843.35 843.35 843.35
381 77  FRSTLOAM 243 36 1807.50 859.06 859.06 859.06
382 77  FRSTSANDLOAM 041 36 1807.50 733.61 733.61 733.61
383 77  FRSTSANDLOAM 277 36 1807.50 850.69 850.69 850.69
384 77  RICECLAYLOAM 1.86 84 1807.50 849.01 849.01 1092.51
385 77  RICELOAM 3.74 62 1807.50 849.03 849.03 1086.19
386 77  RICESANDLOAM 521 62 1807.50 835.54 835.54 1200.90
387 78  RICELOAM 396 62 1807.50 849.05 849.05 1084.42
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
388 78  RICESANDLOAM 1080 62 1807.50 835.59 835.59 1200.85
389 79  FRSELOAM 429 35 1846.33 849.17 849.17 849.17
390 79  FRSELOAM 1.00 35 1846.33 840.92 840.92 840.92
391 79  FRSESANDLOAM 427 35 1846.33 839.13 839.13 839.13
392 79  FRSESANDLOAM 566 35 1846.33 722.42 722.42 722.42
393 79  FRSTLOAM 34.10 36 1846.33 858.31 858.31 858.31
394 79  FRSTSANDLOAM 9.83 36 1846.33 850.92 850.92 850.92
395 79  FRSTSANDLOAM 3.63 36 1846.33 712.05 712.05 712.05
396 79  RICECLAYLOAM 933 &4 1846.33 852.48 852.48 1079.63
397 79  RICELOAM 627 62 1846.33 860.55 860.55 1074.62
398 80 FRSECLAYLOAM 875 77 1846.33 858.74 858.74 858.74
399 80  FRSESANDLOAM 30.40 35 1846.33 843.52 843.52 843.52
400 80  FRSTSANDLOAM 19.10 36 1846.33 852.28 852.28 852.28
401 80  FRSTSANDLOAM 290 36 1846.33 712.23 712.23 712.23
402 81 FRSESANDLOAM 2.74 35 1807.50 850.07 850.07 850.07
403 81  RICESANDLOAM 532 62 1807.50 835.51 835.51 1200.80
404 82  RICECLAYLOAM 1.10 84 1807.50 849.17 1079.90 1091.78
405 82  RICELOAM 1.50 62 1807.50 849.02 1066.64 1084.44
406 82  RICESANDLOAM 315 62 1807.50 835.59 1199.86 1200.86
407 83  FRSELOAMSAND 6.88 35 1846.33 882.41 882.41 882.41
408 83  FRSELOAMSAND 1630 35 1846.33 802.12 802.12 802.12
409 83  FRSESANDLOAM 2.56 35 1846.33 737.56 737.56 737.56
410 83  FRSESANDLOAM 6.88 35 1846.33 839.45 839.45 839.45
411 83  FRSTLOAMSAND 61.60 36 1846.33 897.36 897.36 897.36
412 83  FRSTLOAMSAND 593 36 1846.33 801.52 801.52 801.52
413 84  FRSELOAM 247 35 1807.50 858.42 858.42 858.42
414 84  FRSESANDLOAM 0.93 35 1807.50 850.64 850.64 850.64
415 84  FRSTLOAM 1.76 36 1807.50 858.95 858.95 858.95
416 84  FRSTSANDLOAM 1.08 36 1807.50 850.97 850.97 850.97
417 84  RICELOAM 0.81 62 1807.50 848.89 848.89 1084.38
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
418 84  RICESANDLOAM 1.97 62 1807.50 835.30 835.30 1200.71
419 85  FRSEHEAVYCLA 4.46 77 1807.50 769.10 769.10 769.10
420 85  FRSELOAM 0.86 35 1807.50 851.53 851.53 851.53
421 85  FRSELOAM 7.67 35 1807.50 858.36 858.36 858.36
422 85  FRSESANDLOAM 3.78 35 1807.50 849.58 849.58 849.58
423 85  FRSTHEAVYCLA 542 79 1807.50 773.71 773.71 773.71
424 85  FRSTLOAM 2.45 36 1807.50 858.96 858.96 858.96
425 85  FRSTSANDLOAM 5.02 36 1807.50 850.56 850.56 850.56
426 85  FRSTSANDLOAM 0.34 36 1807.50 817.77 817.77 817.77
427 86 FRSTCLAYLOAM 4350 79 1846.33 862.06 862.06 862.06
428 87 FRSECLAYLOAM 785 77 1846.33 853.34 853.34 853.34
429 87  FRSECLAYLOAM 6.03 77 1846.33 859.19 859.19 859.19
430 87  FRSESANDLOAM 9.60 35 1846.33 840.89 840.89 840.89
431 87  FRSESANDLOAM 456 35 1846.33 737.88 737.88 737.88
432 87  FRSTCLAYLOAM 6.04 79 1846.33 863.26 863.26 863.26
433 87  FRSTLOAM 1020 36 1846.33 859.64 859.64 859.64
434 87  FRSTSANDLOAM 1.27 36 1846.33 718.08 718.08 718.08
435 87  FRSTSANDLOAM 3.85 36 1846.33 852.50 852.50 852.50
436 87 RICECLAYLOAM 1770 84 1846.33 854.10 854.10 1080.35
437 87  RICELOAM 751 62 1846.33 862.15 862.15 1071.10
438 88  FRSECLAYLOAM 6.00 77 1846.33 859.51 859.51 859.51
439 88  FRSESANDLOAM 19.70 35 1846.33 844.56 844.56 844.56
440 88  FRSTCLAYLOAM 6.11 79 1846.33 863.33 863.33 863.33
441 88  FRSTSANDLOAM 19.50 36 1846.33 853.32 853.32 853.32
442 89  FRSESANDLOAM 38.40 35 1846.33 724.01 724.01 724.01
443 89  FRSESANDLOAM 1490 35 1846.33 839.08 839.08 839.08
444 89  FRSTSANDLOAM 6.25 36 1846.33 849.32 849.32 849.32
445 89  FRSTSANDLOAM 6.24 36 1846.33 712.21 712.21 712.21
446 90 FRSESANDLOAM 721 35 1846.33 839.90 839.90 839.90
447 90 FRSESANDLOAM 996 35 1846.33 722.48 722.48 722.48
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
448 90 FRSTLOAM 486 36 1846.33 858.55 858.55 858.55
449 90 FRSTSANDLOAM 14.10 36 1846.33 851.99 851.99 851.99
450 90 FRSTSANDLOAM 1.48 36 1846.33 726.23 726.23 726.23
451 91 FRSESANDLOAM 427 35 1846.33 839.24 839.24 839.24
452 91 FRSESANDLOAM 11.80 35 1846.33 724.74 724.74 724.74
453 91 FRSTSANDLOAM 290 36 1846.33 850.08 850.08 850.08
454 91 FRSTSANDLOAM 6.34 36 1846.33 718.83 718.83 718.83
455 92  FRSTCLAYLOAM 1.63 79 1846.33 859.38 859.38 859.38
456 92  FRSTCLAYLOAM 1880 79 1846.33 863.64 863.64 863.64
457 92  FRSTSANDLOAM 855 36 1846.33 85291 852.91 85291
458 92  FRSTSANDLOAM 1.52 36 1846.33 733.48 733.48 733.48
459 92  RICECLAYLOAM 12.80 84 1846.33 853.93 853.93 1079.93
460 92  AGRLCLAYLOAM 1.05 87 1846.33 793.90 793.90 793.90
461 92  AGRLCLAYLOAM 2.55 87 1846.33 797.52 797.52 797.52
462 92  AGRLSANDLOAM 13.40 67 1846.33 797.77 797.77 797.77
463 92  AGRLSANDLOAM 272 67 1846.33 694.15 694.15 694.15
464 93  FRSESANDLOAM 10.10 35 1846.33 843.34 843.34 843.34
465 93  FRSESANDLOAM 4.73 35 1846.33 735.35 735.35 735.35
466 93  FRSTCLAYLOAM 1640 79 1846.33 862.85 862.85 862.85
467 93  FRSTSANDLOAM 18.10 36 1846.33 852.40 852.40 852.40
468 93  FRSTSANDLOAM 480 36 1846.33 726.67 726.67 726.67
469 93  AGRLSANDLOAM 10.60 67 1846.33 795.04 795.04 795.04
470 93  AGRLSANDLOAM 3.50 67 1846.33 694.73 694.73 694.73
471 94  FRSEHEAVYCLA 53.50 77 1807.50 769.32 769.32 769.32
472 94  FRSTHEAVYCLA 34.80 79 1807.50 773.97 773.97 773.97
473 95  RICECLAYLOAM 11.80 84 1807.50 848.69 1079.23 1089.18
474 95 RICELOAM 6.77 62 1807.50 848.69 1064.39 1080.47
475 95  RICESANDLOAM 1.59 62 1807.50 727.49 727.49 841.99
476 95  RICESANDLOAM 6.64 62 1807.50 834.88 1199.44 1199.44
477 96 FRSECLAYLOAM 1460 77 1807.50 871.54 871.54 871.54
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478 96 FRSEHEAVYCLA 1320 77 1807.50 769.67 769.67 769.67
479 96 FRSTCLAYLOAM 1040 79 1807.50 867.50 867.50 867.50
480 96 FRSTHEAVYCLA 6.64 79 1807.50 774.39 774.39 774.39
481 96 AGRLCLAYLOAM 1990 87 1807.50 793.11 793.11 793.11
482 97  FRSELOAM 7.02 35 1807.50 841.45 841.45 841.45
483 97  FRSELOAM 343 35 1807.50 857.79 857.79 857.79
484 97  FRSESANDLOAM 0.95 35 1807.50 738.69 738.69 738.69
485 97  FRSESANDLOAM 542 35 1807.50 849.49 849.49 849.49
486 97 RICECLAYLOAM 631 84 1807.50 848.77 848.77 1086.79
487 97 RICELOAM 1370 62 1807.50 848.84 848.84 1079.36
488 97 RICELOAM 1.30 62 1807.50 830.46 830.46 1045.56
489 97  RICESANDLOAM 4.52 62 1807.50 834.77 834.77 1199.31
490 98 RICECLAYLOAM 2.18 84 1807.50 848.95 848.95 1085.76
491 98 RICELOAM 335 62 1807.50 849.01 849.01 1077.33
492 99  FRSECLAYLOAM 12.00 77 1807.50 871.75 871.75 871.75
493 99  FRSELOAM 6.76 35 1807.50 859.16 859.16 859.16
494 99  FRSESANDLOAM 22.60 35 1807.50 850.80 850.80 850.80
495 99  FRSTCLAYLOAM 3.68 79 1807.50 867.73 867.73 867.73
496 99  FRSTSANDLOAM 7.01 36 1807.50 851.99 851.99 851.99
497 100 FRSELOAM 1.50 35 1846.33 840.09 840.09 840.09
498 100 FRSELOAM 6.60 35 1846.33 849.38 849.38 849.38
499 100  FRSESANDLOAM 14.70 35 1846.33 840.22 840.22 840.22
500 100  FRSESANDLOAM 6.87 35 1846.33 722.57 722.57 722.57
501 100 FRSTLOAM 1.30 36 1846.33 851.12 851.12 851.12
502 100 FRSTLOAM 494 36 1846.33 858.26 858.26 858.26
503 100 FRSTSANDLOAM 851 36 1846.33 851.33 851.33 851.33
504 100  FRSTSANDLOAM 1.72 36 1846.33 724.07 724.07 724.07
505 101 FRSECLAYLOAM 1.60 77 1846.33 859.76 859.76 859.76
506 101 FRSECLAYLOAM 219 77 1846.33 853.20 853.20 853.20
507 101 FRSESANDLOAM 1.65 35 1846.33 843.32 843.32 843.32
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HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
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508 101 FRSESANDLOAM 386 35 1846.33 723.92 723.92 723.92
509 101 FRSTCLAYLOAM 260 79 1846.33 858.34 858.34 858.34
510 101 FRSTCLAYLOAM 1.50 79 1846.33 863.79 863.79 863.79
511 101 FRSTSANDLOAM 871 36 1846.33 850.86 850.86 850.86
512 101 FRSTSANDLOAM 3.07 36 1846.33 761.72 761.72 761.72
513 102 FRSESANDLOAM 3.56 35 1846.33 729.11 729.11 729.11
514 102 FRSESANDLOAM 2.52 35 1846.33 838.93 838.93 838.93
515 102 FRSTLOAM 1.17 36 1846.33 858.44 858.44 858.44
516 102 FRSTSANDLOAM 315 36 1846.33 851.53 851.53 851.53
517 102 FRSTSANDLOAM 0.57 36 1846.33 717.43 717.43 717.43
518 103 FRSECLAYLOAM 379 77 1846.33 855.82 855.82 855.82
519 103 FRSECLAYLOAM 3.96 77 1846.33 858.83 858.83 858.83
520 103 FRSESANDLOAM 9.59 35 1846.33 838.81 838.81 838.81
521 103 FRSESANDLOAM 17.50 35 1846.33 732.88 732.88 732.88
522 103 FRSTCLAYLOAM 052 79 1846.33 858.59 858.59 858.59
523 103 FRSTCLAYLOAM 062 79 1846.33 862.68 862.68 862.68
524 103 FRSTSANDLOAM 2.30 36 1846.33 849.09 849.09 849.09
525 103 FRSTSANDLOAM 3.91 36 1846.33 720.83 720.83 720.83
526 104 FRSTCLAYLOAM 1.37 79 1807.50 866.83 866.83 866.83
527 104 FRSTLOAM 047 36 1807.50 858.99 858.99 858.99
528 104 RICELOAM 1020 62 1807.50 848.86 848.86 1076.10
529 105 FRSELOAM 5.44 35 1807.50 837.58 837.58 837.58
530 105 FRSELOAM 2.63 35 1807.50 857.95 857.95 857.95
531 105 FRSESANDLOAM 0.89 35 1807.50 731.88 731.88 731.88
532 105 FRSESANDLOAM 1.65 35 1807.50 849.75 849.75 849.75
533 105 FRSTCLAYLOAM 042 79 1807.50 861.72 861.72 861.72
534 105 FRSTCLAYLOAM 6.78 79 1807.50 866.89 866.89 866.89
535 105 FRSTLOAM 4.78 36 1807.50 837.88 837.88 837.88
536 105 FRSTLOAM 1.74 36 1807.50 858.45 858.45 858.45
537 105 FRSTSANDLOAM 0.46 36 1807.50 721.17 721.17 721.17
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538 105 FRSTSANDLOAM 232 36 1807.50 851.16 851.16 851.16
539 105 RICECLAYLOAM 19.10 84 1807.50 848.60 848.60 1085.63
540 105 RICESANDLOAM 0.69 62 1807.50 727.48 727.48 838.88
541 105 RICESANDLOAM 1270 62 1807.50 835.35 835.35 1199.83
542 106 FRSECLAYLOAM 8.69 77 1846.33 859.41 859.41 859.41
543 106 FRSECLAYLOAM 11.50 77 1846.33 852.54 852.54 852.54
544 106  FRSESANDLOAM 9.27 35 1846.33 742.43 742.43 742.43
545 106  FRSESANDLOAM 8.14 35 1846.33 839.57 839.57 839.57
546 106 FRSTSANDLOAM 290 36 1846.33 773.04 773.04 773.04
547 106 FRSTSANDLOAM 637 36 1846.33 849.72 849.72 849.72
548 107 FRSECLAYLOAM 1450 77 1807.50 871.16 871.16 871.16
549 107 FRSEHEAVYCLA 22.90 77 1807.50 769.21 769.21 769.21
550 107  FRSELOAM 33.30 35 1807.50 858.48 858.48 858.48
551 107 FRSTCLAYLOAM 19.70 79 1807.50 867.09 867.09 867.09
552 107 FRSTHEAVYCLA 17.30 79 1807.50 773.84 773.84 773.84
553 107 FRSTLOAM 743 36 1807.50 859.09 859.09 859.09
554 107 FRSTLOAM 0.52 36 1807.50 852.93 852.93 852.93
555 108 FRSTCLAYLOAM 0.95 79 1807.50 866.85 866.85 866.85
556 108 FRSTLOAM 072 36 1807.50 859.01 859.01 859.01
557 108 RICELOAM 245 62 1807.50 849.03 849.03 1076.28
558 109 FRSECLAYLOAM 2420 77 1807.50 871.16 871.16 871.16
559 109 FRSEHEAVYCLA 4.99 77 1807.50 769.18 769.18 769.18
560 109 FRSTCLAYLOAM 25.90 79 1807.50 867.05 867.05 867.05
561 109 FRSTHEAVYCLA 10.80 79 1807.50 773.79 773.79 773.79
562 109 FRSTLOAM 1040 36 1807.50 859.18 859.18 859.18
563 110 FRSECLAYLOAM 3.96 77 1807.50 871.79 871.79 871.79
564 110 FRSEHEAVYCLA 21.30 77 1807.50 770.00 770.00 770.00
565 110 FRSTCLAYLOAM 14.50 79 1807.50 867.81 867.81 867.81
566 110 FRSTHEAVYCLA 17.30 79 1807.50 774.79 774.79 774.79
567 110 AGRLCLAYLOAM 2020 87 1807.50 793.60 793.60 793.60
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568 110 AGRLHEAVYCLA 3.62 87 1807.50 710.87 710.87 710.87
569 111  AGRLCLAYLOAM 24770 87 3558.92 570.12 570.12 570.12
570 111  AGRLSANDLOAM 2420 67 3558.92 544.78 544.78 544.78
571 111 AGRLSANDLOAM 1.84 67 3558.92 534.37 534.37 534.37
572 112 FRSELOAMSAND 31.60 35 1846.33 803.98 803.98 803.98
573 112 FRSELOAMSAND 721 35 1846.33 884.25 884.25 884.25
574 112 FRSESANDLOAM 6.07 35 1846.33 840.97 840.97 840.97
575 112 FRSESANDLOAM 5.75 35 1846.33 780.79 780.79 780.79
576 112 FRSTCLAYLOAM 1990 79 1846.33 866.27 866.27 866.27
577 112 FRSTCLAYLOAM 128 79 1846.33 861.83 861.83 861.83
578 112 AGRLSANDLOAM 391 67 1846.33 743.89 743.89 743.89
579 112 AGRLSANDLOAM 16.30 67 1846.33 801.04 801.04 801.04
580 113 FRSELOAM 2.92 35 1807.50 858.06 858.06 858.06
581 113 FRSELOAM 354 35 1807.50 839.52 839.52 839.52
582 113 FRSTLOAM 2.00 36 1807.50 858.95 858.95 858.95
583 113 FRSTLOAM 0.66 36 1807.50 841.93 841.93 841.93
584 113 FRSTSANDLOAM 7.58 36 1807.50 851.58 851.58 851.58
585 113 RICELOAM 10.60 62 1807.50 848.80 848.80 1075.80
586 113 RICESANDLOAM 9.46 62 1807.50 835.46 835.46 1199.83
587 114 FRSECLAYLOAM 387 77 1807.50 871.03 871.03 871.03
588 114 FRSELOAM 11.70 35 1807.50 858.49 858.49 858.49
589 114 FRSTCLAYLOAM 5.73 79 1807.50 866.87 866.87 866.87
590 114 FRSTLOAM 12.00 36 1807.50 858.89 858.89 858.89
591 114 RICELOAM 695 62 1807.50 848.97 848.97 1075.20
592 114 RICESANDLOAM 134 62 1807.50 835.70 835.70 1200.07
593 115 FRSTCLAYLOAM 19.60 79 3558.92 591.76 591.76 591.76
594 115 FRSTSANDLOAM 9.27 36 3558.92 549.64 549.64 549.64
595 115 AGRLCLAYLOAM 18.70 87 3558.92 569.30 569.30 569.30
596 116 FRSTCLAYLOAM 143 79 3558.92 596.05 596.05 596.05
597 116 FRSTLOAMSAND 0.63 36 3558.92 572.93 572.93 572.93
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598 116 FRSTLOAMSAND 258 36 3558.92 594.51 594.51 594.51
599 116 FRSTSANDLOAM 477 36 3558.92 553.90 553.90 553.90
600 116 AGRLCLAYLOAM 10.70 87 3558.92 573.69 573.69 573.69
601 116 AGRLLOAMSAND 993 67 3558.92 569.40 569.40 569.40
602 116 AGRLSANDLOAM 1670 67 3558.92 548.67 548.67 548.67
603 117 FRSTCLAYLOAM 846 79 1807.50 867.65 867.65 867.65
604 117 FRSTHEAVYCLA 11.20 79 1807.50 774.59 774.59 774.59
605 117  AGRLCLAYLOAM 35.00 87 1807.50 793.37 793.37 793.37
606 118 FRSECLAYLOAM 7.48 77 3558.92 609.77 609.77 609.77
607 118  FRSESANDLOAM 2.86 35 3558.92 587.15 587.15 587.15
608 118 FRSESANDLOAM 1.57 35 3558.92 567.68 567.68 567.68
609 118 AGRLCLAYLOAM 41.60 87 3558.92 569.25 569.25 569.25
610 118  AGRLSANDLOAM 1.68 67 3558.92 533.88 533.88 533.88
611 118  AGRLSANDLOAM 12.60 67 3558.92 543.50 543.50 543.50
612 119 FRSELOAMSAND 0.52 35 3558.92 628.75 628.75 628.75
613 119 FRSELOAMSAND 8.61 35 3558.92 604.36 604.36 604.36
614 119 FRSESANDLOAM 3.83 35 3558.92 591.18 591.18 591.18
615 119 FRSESANDLOAM 4.04 35 3558.92 573.02 573.02 573.02
616 119 FRSTCLAYLOAM 12.10 79 3558.92 596.68 596.68 596.68
617 119 FRSTCLAYLOAM 1.66 79 3558.92 587.91 587.91 587.91
618 119 FRSTSANDLOAM 274 36 3558.92 538.03 538.03 538.03
619 119 FRSTSANDLOAM 8.43 36 3558.92 554.11 554.11 554.11
620 119 AGRLCLAYLOAM 17.10 87 3558.92 574.37 57437 574.37
621 119 AGRLLOAMSAND 5.54 67 3558.92 570.20 570.20 570.20
622 119 AGRLSANDLOAM 474 67 3558.92 549.40 549.40 549.40
623 120  FRSECLAYLOAM 2.32 77 3558.92 616.57 616.57 616.57
624 120 FRSECLAYLOAM 3.39 77 3558.92 618.80 618.80 618.80
625 120 FRSELOAM 2.12 35 3558.92 600.19 600.19 600.19
626 120 FRSELOAM 2.24 35 3558.92 594.58 594.58 594.58
627 120 FRSELOAMSAND 447 35 3558.92 608.26 608.26 608.26
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km’ (mm) case a case b case ¢
628 120  FRSTCLAYLOAM 078 79 3558.92 591.97 591.97 591.97
629 120 FRSTCLAYLOAM 747 79 3558.92 600.66 600.66 600.66
630 120 FRSTLOAMSAND 096 36 3558.92 582.79 582.79 582.79
631 120  FRSTLOAMSAND 6.51 36 3558.92 599.49 599.49 599.49
632 120 AGRLCLAYLOAM 292 87 3558.92 574.21 574.21 574.21
633 120  AGRLCLAYLOAM 386 87 3558.92 578.68 578.68 578.68
634 120  AGRLLOAM 4.79 67 3558.92 557.27 557.27 557.27
635 120 AGRLLOAM 1.14 67 3558.92 556.60 556.60 556.60
636 120 PASTLOAM 945 49 3558.92 525.00 525.00 525.00
637 120 PASTLOAMSAND 759 49 3558.92 576.44 576.44 576.44
638 121 FRSECLAYLOAM 256 77 3558.92 601.08 601.08 601.08
639 121 FRSECLAYLOAM 15.90 77 3558.92 606.80 606.80 606.80
640 121 FRSEHEAVYCLA 7.72 77 3558.92 546.12 546.12 546.12
641 121 FRSTCLAYLOAM 11.30 79 3558.92 588.66 588.66 588.66
642 121  FRSTHEAVYCLA 12.90 79 3558.92 546.62 546.62 546.62
643 121  AGRLCLAYLOAM 929 87 3558.92 566.14 566.14 566.14
644 122 FRSECLAYLOAM 2.63 77 1846.33 861.34 861.34 861.34
645 122 FRSECLAYLOAM 4.18 77 1846.33 854.63 854.63 854.63
646 122 FRSELOAM 1.16 35 1846.33 835.36 835.36 835.36
647 122 FRSELOAM 214 35 1846.33 852.35 852.35 852.35
648 122 FRSESANDLOAM 079 35 1846.33 802.20 802.20 802.20
649 122 FRSESANDLOAM 6.18 35 1846.33 842.73 842.73 842.73
650 122 FRSTLOAM 0.41 36 1846.33 856.63 856.63 856.63
651 122 FRSTLOAM 477 36 1846.33 862.06 862.06 862.06
652 122 FRSTSANDLOAM 201 36 1846.33 769.24 769.24 769.24
653 122 FRSTSANDLOAM 11.40 36 1846.33 852.41 852.41 852.41
654 122 AGRLLOAM 3.24 67 1846.33 802.19 802.19 802.19
655 122 AGRLLOAM 16.50 67 1846.33 808.73 808.73 808.73
656 122 AGRLSANDLOAM 2250 67 1846.33 800.96 800.96 800.96
657 123 FRSELOAM 1330 35 1807.50 858.46 858.46 858.46
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658 123 FRSELOAM 637 35 1807.50 833.53 833.53 833.53
659 123 FRSTHEAVYCLA 5.97 79 1807.50 773.51 773.51 773.51
660 123 FRSTLOAM 6.44 36 1807.50 858.97 858.97 858.97
661 123 RICEHEAVYCLA 2120 84 1807.50 754.82 754.82 965.91
662 123 RICELOAM 11.90 62 1807.50 848.91 848.91 1071.91
663 123 RICESANDLOAM 597 62 1807.50 834.72 834.72 1199.33
664 123 RICESANDLOAM 0.62 62 1807.50 743.26 743.26 837.95
665 124  FRSECLAYLOAM 18.80 77 1807.50 871.27 871.27 871.27
666 124 FRSELOAM 3.85 35 1807.50 858.74 858.74 858.74
667 124 FRSTCLAYLOAM 2380 79 1807.50 867.15 867.15 867.15
668 124 FRSTLOAM 10.10 36 1807.50 859.21 859.21 859.21
669 125 FRSECLAYLOAM 0.60 77 1807.50 871.05 871.05 871.05
670 125 FRSELOAM 1.33 35 1807.50 858.45 858.45 858.45
671 125 FRSTLOAM 371 36 1807.50 859.01 859.01 859.01
672 125 RICELOAM 3.01 62 1807.50 849.06 849.06 1071.71
673 126 FRSECLAYLOAM 2030 77 1807.50 871.21 871.21 871.21
674 126  FRSEHEAVYCLA 5.63 77 1807.50 769.18 769.18 769.18
675 126 FRSELOAM 10.10 35 1807.50 858.65 858.65 858.65
676 126 FRSTCLAYLOAM 23.60 79 1807.50 867.07 867.07 867.07
677 126 FRSTLOAM 1340 36 1807.50 859.21 859.21 859.21
678 127 FRSTLOAM 1.12 36 1807.50 859.00 859.00 859.00
679 127 RICELOAM 1.96 62 1807.50 848.93 848.93 1071.63
680 128 FRSTSANDLOAM 2.85 36 3558.92 553.38 553.38 553.38
681 128 FRSTSANDLOAM 029 36 3558.92 538.34 538.34 538.34
682 128 AGRLCLAYLOAM 1.74 87 3558.92 573.58 573.58 573.58
683 128  AGRLSANDLOAM 086 67 3558.92 538.50 538.50 538.50
684 128 AGRLSANDLOAM 8.95 67 3558.92 548.42 548.42 548.42
685 129 FRSTCLAYLOAM 0.43 79 3558.92 590.30 590.30 590.30
686 129 FRSTCLAYLOAM 019 79 3558.92 598.89 598.89 598.89
687 129 FRSTLOAMSAND 0.04 36 3558.92 588.36 588.36 588.36
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688 129  FRSTLOAMSAND 029 36 3558.92 597.96 597.96 597.96
689 129 FRSTSANDLOAM 0.40 36 3558.92 557.32 557.32 557.32
690 129 AGRLLOAMSAND 359 67 3558.92 573.18 573.18 573.18
691 130 FRSTLOAMSAND 1520 36 3558.92 603.01 603.01 603.01
692 130  AGRLLOAMSAND 081 67 3558.92 565.07 565.07 565.07
693 130  AGRLLOAMSAND 4.41 67 3558.92 578.35 578.35 578.35
694 130 AGRLSANDLOAM 1.07 67 3558.92 546.06 546.06 546.06
695 130 AGRLSANDLOAM 4.86 67 3558.92 556.80 556.80 556.80
696 131 AGRLCLAYLOAM 13.10 87 3558.92 57741 577.41 577.41
697 131  AGRLCLAYLOAM 4.85 87 3558.92 567.75 567.75 567.75
698 131  AGRLLOAMSAND 15.60 67 3558.92 573.30 573.30 573.30
699 131  AGRLSANDLOAM 10.70 67 3558.92 541.66 541.66 541.66
700 131  AGRLSANDLOAM 42.20 67 3558.92 551.99 551.99 551.99
701 132 FRSTLOAMSAND 1480 36 3558.92 601.52 601.52 601.52
702 132 FRSTLOAMSAND 1.62 36 3558.92 579.31 579.31 579.31
703 132 AGRLLOAMSAND 191 67 3558.92 563.61 563.61 563.61
704 132 AGRLLOAMSAND 8.86 67 3558.92 576.63 576.63 576.63
705 133 FRSECLAYLOAM 21.50 77 3558.92 624.20 624.20 624.20
706 133 FRSESANDLOAM 037 35 3558.92 580.79 580.79 580.79
707 133 FRSESANDLOAM 558 35 3558.92 602.11 602.11 602.11
708 133 FRSTCLAYLOAM 1.61 79 3558.92 597.27 597.27 597.27
709 133 FRSTCLAYLOAM 24.90 79 3558.92 605.90 605.90 605.90
710 133 FRSTLOAMSAND 25.60 36 3558.92 605.19 605.19 605.19
711 133 AGRLCLAYLOAM 29.40 87 3558.92 583.76 583.76 583.76
712 133 AGRLLOAMSAND 18.00 67 3558.92 580.71 580.71 580.71
713 134 FRSECLAYLOAM 1040 77 3558.92 606.64 606.64 606.64
714 134 FRSECLAYLOAM 19.70 77 3558.92 600.27 600.27 600.27
715 134 FRSESANDLOAM 7.03 35 3558.92 583.18 583.18 583.18
716 134 FRSESANDLOAM 581 35 3558.92 564.92 564.92 564.92
717 134 FRSTCLAYLOAM 1.34 79 3558.92 577.61 577.61 577.61
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718 134  FRSTCLAYLOAM 928 79 3558.92 588.57 588.57 588.57
719 134 FRSTHEAVYCLA 570 79 3558.92 546.53 546.53 546.53
720 135 FRSECLAYLOAM 3.08 77 3558.92 604.56 604.56 604.56
721 135 FRSEHEAVYCLA 260 77 3558.92 544.28 544.28 544.28
722 135 FRSTCLAYLOAM 1340 79 3558.92 586.47 586.47 586.47
723 135 FRSTHEAVYCLA 238 79 3558.92 544.71 544.71 544.71
724 136 FRSELOAM 3.43 35 3558.92 603.35 603.35 603.35
725 136  FRSELOAM 0.82 35 3558.92 597.24 597.24 597.24
726 136 FRSELOAMSAND 1.17 35 3558.92 611.06 611.06 611.06
727 136 FRSELOAMSAND 2,65 35 3558.92 636.89 636.89 636.89
728 136 FRSESANDLOAM 9.87 35 3558.92 578.63 578.63 578.63
729 136  FRSESANDLOAM 2.42 35 3558.92 598.15 598.15 598.15
730 136  FRSTLOAM 25.70 36 3558.92 566.20 566.20 566.20
731 136 FRSTLOAMSAND 23.00 36 3558.92 602.64 602.64 602.64
732 136 AGRLLOAMSAND 12.50 67 3558.92 578.03 578.03 578.03
733 136 AGRLLOAMSAND 3.00 67 3558.92 564.76 564.76 564.76
734 137 FRSELOAM 5.28 35 1807.50 858.39 858.39 858.39
735 137 FRSELOAM 5.74 35 1807.50 83543 835.43 83543
736 137 FRSESANDLOAM 544 35 1807.50 850.17 850.17 850.17
737 137 FRSTLOAM 059 36 1807.50 852.53 852.53 852.53
738 137 FRSTLOAM 1020 36 1807.50 858.94 858.94 858.94
739 137 FRSTSANDLOAM 10.30 36 1807.50 851.16 851.16 851.16
740 137 RICEHEAVYCLA 1.38 84 1807.50 753.71 753.71 962.49
741 137 RICEHEAVYCLA 10.70 84 1807.50 754.61 754.61 958.54
742 137 RICELOAM 9.09 62 1807.50 848.27 1063.75 1070.86
743 137 RICESANDLOAM 919 62 1807.50 835.24 1199.93 1199.93
744 138 FRSECLAYLOAM 26.10 77 1807.50 871.16 871.16 871.16
745 138 FRSTCLAYLOAM 18.10 79 1807.50 867.00 867.00 867.00
746 138 FRSTLOAM 7.03 36 1807.50 859.05 859.05 859.05
747 139 FRSTCLAYLOAM 051 79 1975.00 932.10 932.10 932.10
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748 139 FRSTLOAM 0.07 36 1975.00 918.35 918.35 918.35
749 139 FRSTLOAM 0.66 36 1975.00 92391 923.91 92391
750 139 RICELOAM 403 62 1975.00 901.40 1066.56 1086.84
751 140 FRSECLAYLOAM 792 77 3558.92 617.57 617.57 617.57
752 140 FRSECLAYLOAM 780 77 3558.92 611.62 611.62 611.62
753 140 FRSESANDLOAM 623 35 3558.92 595.12 595.12 595.12
754 140 FRSESANDLOAM 1.00 35 3558.92 574.84 574.84 574.84
755 140 FRSTCLAYLOAM 2.00 79 3558.92 585.91 585.91 585.91
756 140 FRSTCLAYLOAM 690 79 3558.92 599.40 599.40 599.40
757 140 FRSTSANDLOAM 4.34 36 3558.92 557.17 557.17 557.17
758 140 FRSTSANDLOAM 038 36 3558.92 543.22 543.22 543.22
759 140 AGRLCLAYLOAM 6.87 87 3558.92 577.24 577.24 577.24
760 140 AGRLCLAYLOAM 2.89 87 3558.92 566.39 566.39 566.39
761 140 AGRLSANDLOAM 37.20 67 3558.92 552.30 552.30 552.30
762 140 AGRLSANDLOAM 4.25 67 3558.92 541.53 541.53 541.53
763 141 FRSELOAM 1.16 35 1975.00 916.64 916.64 916.64
764 141 FRSESANDLOAM 0.30 35 1975.00 908.05 908.05 908.05
765 141 RICELOAM 1.60 62 1975.00 901.49 901.49 1086.37
766 142  FRSECLAYLOAM 17.50 77 1975.00 930.00 930.00 930.00
767 142  FRSTCLAYLOAM 4630 79 1975.00 932.27 932.27 932.27
768 143 FRSECLAYLOAM 2290 77 3558.92 608.14 608.14 608.14
769 143 FRSECLAYLOAM 17.30 77 3558.92 602.33 602.33 602.33
770 143 AGRLCLAYLOAM 6.23 87 3558.92 557.74 557.74 557.74
771 143  AGRLCLAYLOAM 2.71 87 3558.92 567.73 567.73 567.73
772 143 AGRLSANDLOAM 1.67 67 3558.92 532.40 532.40 532.40
773 143 AGRLSANDLOAM 849 67 3558.92 541.69 541.69 541.69
774 144 FRSTLOAMSAND 45.90 36 3558.92 604.85 604.85 604.85
775 144 AGRLLOAMSAND 42.50 67 3558.92 580.39 580.39 580.39
776 145 FRSTLOAMSAND 638 36 3558.92 599.50 599.50 599.50
777 145 FRSTLOAMSAND 059 36 3558.92 577.46 577.46 577.46
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778 145 FRSTSANDLOAM 263 36 3558.92 543.39 543.39 543.39
779 145 FRSTSANDLOAM 1690 36 3558.92 558.09 558.09 558.09
780 146 FRSTLOAMSAND 921 36 3558.92 585.27 585.27 585.27
781 146  FRSTLOAMSAND 3490 36 3558.92 601.84 601.84 601.84
782 146  FRSTSANDLOAM 509 36 3558.92 543.74 543.74 543.74
783 146 FRSTSANDLOAM 1020 36 3558.92 560.23 560.23 560.23
784 146 AGRLLOAMSAND 9.48 67 3558.92 577.21 577.21 577.21
785 146 AGRLSANDLOAM 0.71 67 3558.92 546.39 546.39 546.39
786 146  AGRLSANDLOAM 4.95 67 3558.92 555.75 555.75 555.75
787 147 FRSECLAYLOAM 2450 77 1975.00 929.95 929.95 929.95
788 147 FRSECLAYLOAM 686 77 1975.00 923.87 923.87 923.87
789 147  FRSTCLAYLOAM 27.40 79 1975.00 932.47 932.47 932.47
790 147  FRSTCLAYLOAM 4.44 79 1975.00 930.37 930.37 930.37
791 147  AGRLCLAYLOAM 406 87 1975.00 835.67 835.67 835.67
792 147 AGRLCLAYLOAM 35.50 87 1975.00 837.35 837.35 837.35
793 148 FRSECLAYLOAM 574 77 1975.00 929.84 929.84 929.84
794 148 FRSESANDLOAM 13.70 35 1975.00 907.49 907.49 907.49
795 148 FRSTLOAM 1.78 36 1975.00 924.05 924.05 924.05
796 148  FRSTSANDLOAM 934 36 1975.00 916.00 916.00 916.00
797 148 RICECLAYLOAM 13.60 84 1975.00 899.97 899.97 1093.03
798 148 RICELOAM 569 62 1975.00 901.49 901.49 1081.36
799 148 RICESANDLOAM 18.30 62 1975.00 884.48 884.48 1263.60
800 149 FRSECLAYLOAM 15.90 77 1975.00 930.04 930.04 930.04
801 149  AGRLCLAYLOAM 68.30 87 1975.00 837.32 837.32 837.32
802 150 FRSTLOAMSAND 026 36 3558.92 569.84 569.84 569.84
803 150 FRSTLOAMSAND 022 36 3558.92 591.08 591.08 591.08
804 150 FRSTSANDLOAM 1.01 36 3558.92 53441 534.41 534.41
805 150 FRSTSANDLOAM 0.32 36 3558.92 549.81 549.81 549.81
806 150 AGRLSANDLOAM 043 67 3558.92 544.75 544.75 544.75
807 150 AGRLSANDLOAM 0.03 67 3558.92 538.91 53891 538.91
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808 151  FRSECLAYLOAM 1040 77 3558.92 609.36 609.36 609.36
809 151 FRSECLAYLOAM 333 77 3558.92 614.05 614.05 614.05
810 151 FRSESANDLOAM 436 35 3558.92 591.64 591.64 591.64
811 151  AGRLCLAYLOAM 217 87 3558.92 564.53 564.53 564.53
812 151  AGRLCLAYLOAM 125 87 3558.92 573.82 573.82 573.82
813 151  AGRLSANDLOAM 0.67 67 3558.92 538.00 538.00 538.00
814 151  AGRLSANDLOAM 6.07 67 3558.92 548.46 548.46 548.46
815 152  RICESANDLOAM 58.70 62 1975.00 884.45 884.45 1263.46
816 153 FRSESANDLOAM 034 35 1975.00 908.34 908.34 908.34
817 153 RICESANDLOAM 027 62 1975.00 884.57 884.57 1262.67
818 154 FRSTCLAYLOAM 596 79 3558.92 603.29 603.29 603.29
819 154 FRSTCLAYLOAM 1.52 79 3558.92 598.81 598.81 598.81
820 154 FRSTLOAMSAND 21.60 36 3558.92 602.59 602.59 602.59
821 154 FRSTLOAMSAND 2.01 36 3558.92 585.57 585.57 585.57
822 154 AGRLCLAYLOAM 8.02 87 3558.92 581.45 581.45 581.45
823 154 AGRLCLAYLOAM 2.70 87 3558.92 573.51 573.51 573.51
824 154 AGRLLOAMSAND 1.25 67 3558.92 564.68 564.68 564.68
825 154 AGRLLOAMSAND 13.90 67 3558.92 577.97 577.97 577.97
826 154 AGRLSANDLOAM 0.66 67 3558.92 545.76 545.76 545.76
827 154  AGRLSANDLOAM 4.37 67 3558.92 556.45 556.45 556.45
828 155 FRSECLAYLOAM 398 77 3558.92 605.88 605.88 605.88
829 155 FRSECLAYLOAM 2.22 77 3558.92 610.95 610.95 610.95
830 155 FRSESANDLOAM 6.18 35 3558.92 568.76 568.76 568.76
831 155 FRSESANDLOAM 513 35 3558.92 587.88 587.88 587.88
832 155 AGRLCLAYLOAM 9.46 87 3558.92 570.73 570.73 570.73
833 155 AGRLCLAYLOAM 11.10 87 3558.92 560.98 560.98 560.98
834 155 AGRLSANDLOAM 6.63 67 3558.92 535.57 535.57 535.57
835 155 AGRLSANDLOAM 6.46 67 3558.92 544.69 544.69 544.69
836 156 FRSECLAYLOAM 3.00 77 1975.00 929.77 929.77 929.77
837 156 FRSECLAYLOAM 031 77 1975.00 927.51 927.51 927.51



MSWUINT N4 (AD)

177

HRU SUB CPMN SOIL Area CN  Rainfall Evapotranspiration (mm)
km’ (mm) case a case b case ¢
838 156 FRSESANDLOAM 264 35 1975.00 907.51 907.51 907.51
839 156 FRSTCLAYLOAM .29 79 1975.00 932.05 932.05 932.05
840 156 FRSTCLAYLOAM 0.10 79 1975.00 930.10 930.10 930.10
841 156 FRSTSANDLOAM 581 36 1975.00 915.73 915.73 915.73
842 156 RICECLAYLOAM 839 84 1975.00 898.98 1067.46 1089.01
843 156 RICESANDLOAM 8.17 62 1975.00 884.15 1261.56 1262.26
844 157 FRSECLAYLOAM 5.27 77 1975.00 92991 92991 92991
845 157  FRSECLAYLOAM 10.90 77 1975.00 920.97 920.97 920.97
846 157 RICECLAYLOAM 8.03 84 1975.00 898.99 898.99 1088.57
847 157 RICESANDLOAM 402 62 1975.00 883.79 883.79 1262.72
848 157 AGRLCLAYLOAM 244 87 1975.00 835.49 835.49 835.49
849 157 AGRLCLAYLOAM 28.20 87 1975.00 837.28 837.28 837.28
850 158 RICECLAYLOAM 2.51 84 1975.00 899.53 899.53 1086.80
851 158 RICESANDLOAM 059 62 1975.00 884.10 884.10 1262.68
852 159 FRSECLAYLOAM 177 77 1975.00 930.31 930.31 930.31
853 159 FRSECLAYLOAM 876 77 1975.00 921.49 921.49 921.49
854 159 FRSTCLAYLOAM 5.88 79 1975.00 927.37 927.37 927.37
855 159 FRSTCLAYLOAM 3.67 79 1975.00 933.07 933.07 933.07
856 159 RICECLAYLOAM 726 84 1975.00 899.66 899.66 1083.65
857 159 RICECLAYLOAM 132 84 1975.00 893.89 893.89 1070.49
858 159 RICELOAM 1.92 62 1975.00 902.65 902.65 1075.24
859 159 AGRLCLAYLOAM 21.60 87 1975.00 838.25 838.25 838.25
860 160 RICECLAYLOAM 5.07 84 1975.00 899.71 899.71 1081.26
861 160 RICELOAM 098 62 1975.00 901.88 901.88 1073.21
862 160 AGRLCLAYLOAM 344 87 1975.00 910.88 910.88 910.88
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Abstract: This paper showed the result of the estimation of strecmflow at Sedone river basin, drainage area of
7.114 sz, in Lao PDR by using Soll and Water assessment Tool (SWAT). The basin has different level of terrain
as the lowest level is 100 meter to the highest as in 2,500 meters. The average of annual rainfall is 1,800
millimeters in the lowland te 3,500 meters of the highland in the same watershed. The data used in the SWAT
model were land use, soil, cimate from 1996 to 2010, and the streamflow from 1996 to 2010. The result of
calibration and validation of the moedel showed the reliable estimation of streamflow. The value of R2 and NSE
were high which is 0.85 and 0.87, respectively. This paper reveals the SWAT model is effective to predict
hydreological status of river basin. This SWAT model also uses as a tool to analyze hydrological process in crder to

plen for water resource management in Sedene river basin.

Keywords:Streamflow, SWAT model, Sedone river basin, Lao PDR.
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Abstract

This paper showed the result of water accounting
analysis at Sedone river basin, drainage area of 7,219 sz, in
Laa PDR by using Soil and Water Assessment Tool (SWAT).
Water accounting methadology is similar to water balance
approach  but  separate the water activities. Water
accounting for this study has established the annual water
accountancy. The available data records fram 1996 to 2010
were selected. The study use SWAT to analyze the
functions of water balance by separate the water activities
according to water accounting methodology. The result
showed the Sedone river status is a closing basin which
rnean the available water is not much left. It also showed
SWAT is able to use to analyze the sub-watershed of the

river to use for water management purpose to plan for

v

a

water resource management of Sedone river basin.
Keywords: SWAT model, Water accounting, Sedone river
basin, Lao PDR.
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Dry period (Nov - Mac) ‘Wet period (Apl - Oct) Annual
Volume (MCM)  Total (MCM) Volume (MCM) Total MCM) Volume (MCM)  Total (MCM)
Inflow
Gross flow 1,536.20 13,928.16 15,464.36
Precipitation 1,536.2 13,928.16 15,464.36
Net flow 1,536.20 13,928.16 15,464.36
Depletive use
Process depletion 675.14 1,163.46 1,838.6
Evapotranspiration 650.14 1,138.46 1,788.6
Municipal and industrial uses. 25.00 25.00 50.00
Non-process depletion 1,336.48 2,740.02 4,076.5
Beneficial (Forest evaporation) 1,336.48 2,740.02 4,076.5
Total depletion 2,011.62 3,903.48 5,915.1
Outflow
Outflow from river 2,354.5 7,266.57 9,621.07
Committed water 250.00 300.00 550.00
Uncommitted outflow 2,104.5 6,966.57 9,071.07
Available water 1,286.2 13,628.16 14,914.36
Indicator
Depleted fraction (gross) 1.31 0.28 0.38
Depleted fraction (net) 1.31 0.28 0.38
Depleted fraction (Available) 1.56 0.29 0.40
Process fraction (Depleted) 0.34 0.30 0.31
Process fraction (Available) 0.52 0.09 0.12
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Estimation of Streamflow by SWAT Model in Sedone River Basin,

LAO PDR

Viloth Kimala - Ekasit Kositsakulchai

Abstract  This paper showed the result of the
streamflow estimation at Sedone river basin, drainage
area of 7,217 Km’, in Lao PDR by using Soil and Water
assessment Tool (SWAT). The basin has different level
of terrain as the lowest level of 100 meters to the highest
of 2,500 meters. The average of annual ramfall 13 1,800
millimeters in the lowland and 3,500 millimeters in the
highland within the same river basin. The data for the
SWAT model mcluded land use, soil, climate from 1996
to 2010, and the streamflow from 1996 to 2010. Critical
parameters were the initial Soil Conservation Service
(8CS) runoff curve number for moisture condition II
(CN2), available water capacity of the soil (SOL_AWC)
and soil evaporation compensation factor (ESCO).
Despite data lunitation, the result of calibration and
validation of the model showed a reliable estimation of
monthly streamflow. The value of the coefficient of
determination (R®) and the Nash-Sutcliffe efficiency
(NSE) were high which is 0.96 and 0.89, respectively.
The model estimated annual streamflow of Sedone basin
of 9,620 MCM. This paper reveals the SWAT model 1s
effective to predict hydrological status of river basin.
This SWAT model also uses as a tool to analyze
hydrological process i order to plan for water resource
management in Sedone river basin.

Keywords Streamflow, SWAT model, Sedone nver
basin, Lao PDR.
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Introduction

Laos PDR is a country with abundant water resources
and still has enough to use for the needs of all activities
such as supplied for domestic, agriculture and industrial
uses and travel we can say that the water resources
development is very important, whether it is in the
economic and social development. The country consist
11 major watersheds which Sedone river 1s also an
important watershed in economic development of
southern of Laos. Therefore, the water resources
development 1s a critical function in line with social
economic development. The Sedone basin has different
level, lower at 100 meters, and highest at 2,000 meters.
The average of annual ramfall 15 1,800 mm 1n the lowest
area to 3,500 mm in the highest area. Most area of the
topography of the watershed has a steep and complex
mountam, hilly area, slope roofing area from high
mountain to the plain. Climate data which is the most
critical data using for estimate of the model is limited. Tn
Sedone basin, there are just four the meteorological
stations, Pakse, Salavan, Kongsedone, and Paksong, that
daily data is available in term of time series from 1996-
2010. Paksong meteorological station 1s only the station
that has highest rainfall 3,500 mm. Therefore, the
rainfall of the areas that is in level of 2,000 meters and
the beginming of the basin effect to most of sub-basins.
It makes the estimate streamflow of basin is higher than
the reality. According to the report of Water resource
and envelopment department on the need of water and
decreasing of it which mean the quantity of Sedone
River is insufficiency. The level of river lowers than
level of urigation development, and consumption
recently with the insufficient water might also affect to
the irigator development project in the future. The
monthly average amount of water release of the highest
is 1,249 m*/s and lowest is only 9 m?/s. Therefore, most
of Sedoe basins due to water storage cause of geology.
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The quantity of water in dry season is limited which
related to lacking of water in this season, about 92% of
the armual discharge occurs during the rainy season and
about 8% in the dry season. The basin contributes an
average annual stream flow of 9,500 MCM, the total
stream flow to the Mekong River (DWR and WREA
2008).

Hydrologic model i1s a very crucial tool for
estimation water resource on river basin. Hydrologic
models were developed based on the hydrologic cycle
imitation. However, there are many components
mvolved in the cycle such as mterception, infiltration,
depression storage, evaporation, subsurface flow,
groundwater flow, overland flow, and channel flow
(Chow et al. 1988). Hydrological model including
black-box model, lumped (conceptual) model and
distributed hydrologic model. In this study, distributed
hydrological model select on SWAT model for
presented. SWAT is a spatially distributed, physically
based hydrological model, which can operate on a daily
or monthly time step as well as annual steps for long-
term simulations. The SWAT uses spatially distributed
data layers for elevation, land use and soil types.
Relational databases include soil attributes, weather and
crop management data (Bingner 1996, Brown et al.
1996; Amold et al. 1998; Zhang et al. 2003; Bouraoui et
al. 2005; Easton et al. 2008; Ouyang et al. 2008). The
SWAT model has been widely applied for simulation of
swface runoff, sediment yield, and total phosphorus
losses from basin in different geographical locations,
conditions and management practices (Saleh et al. 2000,
Spruill et al. 2000, Santhi et al. 2001; Van Liew et al.
2003; Qi and Grunwald 2005; White and Chaubery
2005, Wang et al. 2006, Ndomba et al. 2008; Thampi et
al. 2010). The pupose of this study to estimate
streamflow of Sedone basin, Lao PDR by using Soil and
Water Assessment Tool (SWAT) model.

Materials and methods
Study area

The Sedone basin is location between the latitude 15°
00" - 16° 00" N and longitude 105° 35 - 106° 40" E
(Figure 1). The Sedone river mainstream has a total
length of 240 km. Xeset river is the main tributary with
headwater from the Bolaven Plateau. The basin has a
total land area of 7,217 km® which spans across the
provinces of Saravan, (5,160 km® or 72% of basin area),
Sekong (698 km® or 9.7% of basin area) and
Champasack (1,354 km® or 18% of basin area)
provinces and a part in Savannakhet Province (16 kam*
or 0.3% of basin area).

The climate of basin is tropical: hot and humid. The
ramny season 13 maimly affective by the summer
monsoon and lasts from mid-May to mid-November
most  precipitaion comes as short, intense
thundershowers. Most of the heavy rains take place
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between July and September. The mean annual
precipitation distribute like a coaxial circle ranging from
3,500 mm at Paksong, 2,000 at Saravan to less than
1,800 mum in the plain area. Average temperature is 24 -
28°C, (Figure 2).

Description of soil and water assessment tool (SWAT)

Soil and Water Assessment Tool (SWAT) is a river
basin scale model developed by Dr. Jeff Arnold for for
the United States Department of Agriculture
Agricultural Research Service (USDA-ARS) (Armold et
al. 1998) to predict the impact of land management
practices on water, sedinent and agricultural chemical
vields m large and complex watersheds with varying
soils, land use and management conditions over long
periods of time. SWAT is a public domain model, and is
actively supported by the Grassland, Soil and Water
Research Laboratory, and Black Land Research Center
in Texas (Neitsch et al. 2005). The fundamental concept
of the SWAT 1s Hydrologic Response Uit (HRU). The
HRUs are lumped land areas within the sub basin that
are comprised of unique land cover, soil and
menagement combmations. Currently, SWAT 1s
embedded in an ArcGIS interface called ArcSWAT. The
simulation of the hydrology of a basin is done in two
separate divisions. One is the land phase of the
hydrological cycle that controls the amount of water,
sediment, nutrient and pesticide loadings to the main
channel in each sub-basin. The other division is the
routing phase of the hydrological cycle that can be
defined as the movement of water, sediments, nutrients
and organic chemicals through the channel network of
the basin to the outlet. The hydrologic model 1s based on
the water balance equation in the soil profile where the
processes simulated include precipitation, infiltration,
surface runoff, evapotranspiration, lateral flow and
percolation. SWAT partitions ground-water mto two
aquifer systems: a shallow unconfined aquifer, which
contributes to the retun flow and a deep and confined
aquifer that, besides pumping, 1s disconnected from the
system.

In the land phase of hydrological cycle, SWAT
simulates the hydrological cycle based on the water
balance equation

t
SW, = SWy + 3 (Rypy = Cuyr = By =Wy =0y @
i=1

Where SW; is the final soil water content (mm), S#, 1s
the initial soil water content (mm), t is the time (days),
R, is the precipitation on day i (mm), Qs is the
surface runoff on day 1 (mm), E, 1 the
evapotranspiration on day 1 (mm), W, is the
percolation into soil on day i (mm), and Q,,, is the return
flow on day 1 (mm).
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Figure 1 Location of Sedone river basin.

SWAT model includes two methods for calculating
the retention parameter. In the first one, the retention
parameter varies with soil profile water content. This
method overestimates runoff in shallow soils. In the
second method, the retention parameter varies with
accumulated plant evapotranspiration. Calculating daily
curve number (CN) as a function of plant
evapotranspiration 15 more dependent on antecedent
climate. Three methods are incorporated into SWAT to
estimate potential evapotranspiration (PET): the
Penman—Monteith method (Monteith 1965), the
Priestley-Taylor method (Priestley and Taylor 1972)
and the Hargreaves method (Hargreaves et al. 1985).

SWAT provides two methods for estimating surface
runoft: the SCS curve number procedure (USDA-SCS
1972) or the Green & Ampt infiltration method (Green
and Ampt 1911). Using daily or sub-daily rainfall
amounts, SWAT simulates surface runoff volumes and
peak runoff rates for each HRUL

In this study, surface runoff is estimated from daily
ramnfall usmg modified SCS-CN method which 1s
defined as follows:

(Ray 1)

_Mdey Tal 2)
(Rypy=1,+8)

qurf =

Where Qs 1s the accumulated runoff or rainfall excess
(mm), Ry 15 the rainfall depth for the day (mm), I, is
the initial abstractions which mcludes surface storage,
mterceptions and infiltration prior to runoff (mm), § is
the retention parameter (mm). The retention parameter
varies spatially due to change in soils, land use,
management and slope and temporally due to changes in
soil water content. The retention parameter 1s defined as
follows:

S:25_4(@—10j 3
CN
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precipitation i Sedone river basm.

Where CN is curve number. The initial abstractions, I,
18 commonly approximated as 0.25. Therefore, the SCS
curve number equation becomes:

~0.28)

(R,
+0.85)

= 4
=~ R Sy

¢

day
Runoff occurs only when Ry, > L.
Preparation of model inputs

The basic spatial mput data sets used by the model
include the digital elevation model (DEM), land use,
soil, climate and observed runoff data.

DEM

Digital elevation model is one of the main inputs of the
SWAT Model. Topography was defined by a DEM that
describes the elevation of any point in a given area at a
specific spatial resolution 50m grid in (Figure 3). DEM
will be obtained from National Geographic Department,
Vientiane Lao PDR. The DEM was used to delineate the
boundary of the watershed and to analyze the drainage
patterns of the land surface terrain. Terrain parameters
such as slope gradient, slope length and the stream
network characteristics such as chamnel slope, length,
and width were derived from the DEM.

Land use data.

The most the land use percentage 15 70% forest, about

30% agreculture land and others area . The major land
use types of the study area are: upper dry evergreen, dry
dipterocarp, rice paddy, agricultural plantation, barren
land, grassland, urban or built-up area and water bodies,
Shows in (Figure 4 Table 1). Land use is one of the most
mportant factors that affect runoff, evapotranspiration
m basin. The land use map of the study area was

3
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obtamned from Ministry of Agriculture and Forests as the
agency Lao which is the land use data in 2008,

Soil data

SWAT model requires different soil textural and physic-
chemical properties such as soil texture, available water
content, hydraulic conductivity, bulk density and
organic carbon content of each soil type. The soil data is
obtamed mamly from the following sources: Mmustry of
Agriculture and Forests as the agency Lao PDR, Food
and Agriculture Organization of the United Nations
FAO (1997), Major Soils of the world FAO (2002).
These sources were utilized to extract the necessary soil
properties in relation to the major soil type map
developed by Lao ministry of water resowces. The
different sources have helped in correlating and
verification of the soil properties. Major soil types in the
basin are loam, clay loam, loamy sand, sandy loam and
heavy clay, shows in (Figure 5 Table 2).

‘Legend
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Figure 3 Elevation of Sedone river basin.
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B loam
B loamy sand
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Figure 5 Major of soil of Sedone river basin
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Climate Data

The climate data variables required by SWAT model for
driving the hydrological balance are daily rainfall,
minimum and maximum temperature, wind speed, solar
radiation and relative humidity data. These data were
obtained from Lao National Meteorological Service
Agency. The time series data were collected from four
stations (Pakse, Palsong, Saravan and Khongsedone)
that are located within the watershed and covers a period
of fifteen years (January 1996 to December 2010)
(Figure 6).

Observed Runoff

The observed daily runoff data at the outlet of the
watershed (at point Suvannakhiri station) for the years
from 1996 to 2010 were obtained from the Hydrology
Department of Ministry of Water Resources of Lao.
These data were used for model calibration (1996-2003)
and validation (2004-2010).

 Legend
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Figure 4 Major of land use of Sedone river basin.
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Figure 6 Climate stations of Sedone river basin

198



PAWEES 2012 International Conference

27-29 Novemnber 2012, Thailand

Challenges of Water & Environmental Management in Monsoon Asia

Table 1 Major land use of Sedone river basin.

No Landuse Area (hectare) Area (%)
1 upper dry evergreen 226,724.50 31.42
2 dry dipterocarp 267,969.75 3713
3 rice paddy 124,836.00 17.30
4 agricultural plantation 91,065.00 12.62
5 barren land 105.25 0.01
6  grassland 9,132.25 1.27
7 urban or built-up area 1,664.75 0.23
8  water bodies 200.00 0.03
Table 2 Major of soil of Sedone river basin.
No Soil Area (hectare) Area (%)
1 loam clay 299 548 00 a1.51
2 sandy loam 24475525 3391
3 loam 87,253.25 12.09
4 loamy sand 57,722.25 8.00
5  heavy clay 32,418.75 4.49
Model Set-Up
The model set-up processes mclude steps: data  calibration process, model parameters are subject to

preparation, watershed delineation, HRU defiution,
definition of weather stations, and editor of model
databases, model run and parameter sensitivity analysis.
The available time series for daily precipitation covered
the period Jamuary 1996 to December 2010. Four
precipitation stations were chosen for the simulation.
Wind speed, maximum, minimum and average
temperature, relative humidity and sunshine were
available at four stations. Time series for daily surface
flow covermg the period Jamuary 1996 to December
2010 were available at Suvannakhili gauging stations.
The DEM, land use and soil map of the study area were
also imported into the model and made to overlay to
obtan a umque combmation of land use, soil, and slope
within the watershed to be modeled. The study used the
sample with different thresholds for stream definition
1,500 hectare, 2,500 hectare, 5,000 hectare, 7,500
hectare, 10,000 hectare, 15,000 hectare and showed in
(figure 7). Therefore, in this study, the minimum
threshold area required to discretize the watershed imto
sub-basins was selected as 2,500 ha that has resulted in
to the definitions of 162 subbasins. In this study,
multiple HRUs with 5 percent land use, 5 percent soil,
and 2 percent slope threshold were used. The overlay of
land use, soil, and slope maps resulted into 2,470 HRUs.

Model calibration and validation
Model Calibration
SWAT model includes a large number of parameters

that describe the different hydrological conditions and
characteristics across the watershed. During the

MANUIN V3 (9D)

adjustments, m order to obtamn model results that
correspond better to measured data sets. After setting
up, the model was run for simulation using the default
parameter values. The default simulation outputs were
compared with the observed data. In this study, the
model was calibrated on monthly basis using time series
data from January 1997 to December 2003. The first
year of the modeling period were used for ‘model warm-
up’. The warm-up period allows the model to get the
hydrologic cycle fully operational

Model Validation

In the validation process, the model 1s operated with
input parameters set during the calibration process
without any change and the results were compared
against an mdependent set of observed data. In this
study, the model was validated on monthly basis using
time series data from January 2004 to December 2010.

Evaluation of the Model

Performance of the model was evaluated in order to
assess how the model simulated values fitted with the
observed values. Several statistical measures are
available for evaluating the performance of a
hydrological model. In this study, during calibration and
validation periods, the goodness-of-fit between the
simulated and measured values were evaluated using the
coefficient of determination (R°) and Nash-Sutcliffe
coefficient of efficiency (NSE) (Nash and Sutcliffe,
1970)
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The coefficient of determination (R°) describes the
proportion of the total variance in the measured data that
can be explained by the model. It 1s an indicator of
strength of relationship between the observed and
simulated values. It measures how well the simulated
versus observed regression line approaches an ideal
match and ranges from 0 to 1, with a value of 0
indicating no correlation and a value of 1 representing
that the predicted values area exactly equal to the
measured values (Krause et al. 2005). It is defined as:
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Where, Qs 1s the # observed parameter, QOp,eops 15 the
mean of the observed parameters, Qg 18 the {
simulated parameter, Qugon 18 the mean of model
simulated parameters and N is the total number of events
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The Nash-Sutcliffe coefficient of efficiency (NSE)
has been reported in scientific literatures for model
simulations of flow, and water quality constituents such
as flow, sediment, nitrogen, and phosphorus yields
(Moriasi et al. 2007). It is used to assess the predictive
power of hydrological models and indicates how well
the plot of the observed versus simulated values. The
closer the model efficiency is to 1, the more accurate the
model is. It is defined as:

Z (Qabs - Qsm ) (6)

NSE =1-71
2o =00
=1

Where NSE 1s the Nash-Sutcliffe efficiency of the
model;, Q.. and Qg are the observed and simulated
values, respectively, and (.. 18 the average observed
value.
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Figure 7 Scatter plot of observed and simulate flows with different thresholds for stream definition (a) 1,500
hectare, (b) 2,500 hectare, (c¢) 5,000 hectare, (d) 7,500 hectare, (e) 10,000 hectare, (f) 15,000 hectare.

Results and Discussion

Result of study demonstrated the reliable estimate
streamflow of The Soil and Water Assessment Tool
(SWAT) model has been calibrated and validated on
monthly bases to predict the hydrological processes
from the Sedone basin using time series data of 15 years
from 1996- 2010. The first years of the modeling period
were used for ‘model warm-up’. Data 1997- 2003 were
used for the calibration period and the remaining data
sets from 2004 - 2010 were reserved for the validation
period. During the delimeation process, using a threshold
value of 2,500 ha, the watershed 1s subdivided into 162
sub-basins, the overlay of land use, soil, and slope maps
resulted mto 2,470 HRUs. This resulted in a better
representation of the hydrological processes and good
estimation of simulated values which had a better model
efficiency while comparing with the observed values.

Parameter sensitivity analysis

The parameter sensitivity analysis has used ArcSWAT
extension for the whole catchment area. The sensitive
parameters considered for calibration were CN2: initial
SCS runoff curve number for moisture condition II,
SOL AWC: available water capacity of the soil layer
(mm H20/mm soil) and ESCO: soil evaporation
compensation factor, many studies select sensitive
parameter (Shimelis et al 2008, Wang et al. 2008,
Santosh et al. 2010). (Table 3) describes the most
sensitive flow parameters and their fitted values.

Model calibration

During the calibration period from 1997- 2003, the
simulated average monthly flow matched well with the
average monthly measured flow (with R = 0.96 and
NSE = 0.88) (Figure 8) shows the comparison of the
simulated versus observed average monthly flow.
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It may be observed from the figure that the simulated
average monthly flow (shown as solid line) is
consistently under the observed average monthly flow.
This shows that the trend of seasonal variability and
monthly average discharges are generally well captured.
The adequacy of the model i3 further indicated by its
clear response to extreme rainfall events resulting in
high streamflow m August 2000-2001. However, the
model is overestimation, the peak monthly flow during
(2000) of the simulation periods. Nevertheless, as it can
be clearly seen on simulated versus observed average
monthly flow shown in (Figure 10).

Model validation

SWAT model also successfully validated for flow from
2004 to 2010. Monthly flow rates were well predicted
and measured and simulated monthly flows matched
well (with RZ = 0.96 and NSE = 0.89) (Figure 9 and 11).
This shows that the trend of seasonal variability and
monthly average discharges are generally well captured.
However, the model is overestimation, the peak monthly
flow in 2005 of the simulation periods.

During both calibration and validation periods, the
difference between the simulated and observed values
might be attributed to difference of rainfall mputs in
basimn from annual rainfall 1s 1,800 millimeters in the
lowest area to 3,500 millimeters in the highest area. The
other possible reason might be attributed to lack of data
on the management and various water use abstractions
from the reservoir such as water for domestic use and
irrigation projects. Clearly there is abstraction of water
from the reservoir for irrigation and other domestic
purposes. However, smce there 15 no available
mformation on the amount of water used for these
purpose, these water use were not included in the
sumulation.

The hydrological water balance analysis showed the
total amount of precipitation falling on the subbasin
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during the time step, actual evapotranspiration from the
basin and the net amount of water that leaves the basin
and contributes to streamflow in the reach (water yield).
The water yield includes surface runoff contribution to
streamflow, lateral flow contribution to streamflow
(water flowing laterally within the soil profile that enters
the main channel), groundwater contribution to
streamflow (water from the shallow aquifer that returns
to the reach) minus the transmission losses (water lost
from tributary channels in the HRU via transmission
through the bed and becomes recharge for the shallow
aquifer during the time step).

The result showed that overall average annual water
yield as simulated by the SWAT model for the entwe
basin about 1,482 mm. The average annual values of
various water balance components for the study

watershed are: precipitation 2,277 mm, actual ET 720
mm, lateral flow 250 mm, groundwater 670 mm and
surface runoff 693 mm, in (Table 4) shows annual
surface runoff of simulated and annual surface runoff
observed.

The thresholds area of sub-basin will make the
estimation of streamflow close to the actual value of
observation because the sample area of study has very
different topography and rainfall. The result of study
showed the changing of sub-basin component that effect
to the estimation of stream. If the threshold area of sub-
basin is too large, it will effect to streamflow is higher
than actual observation. But if it's too small, the
estimation process will take too much time and the
result will not be better.
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Figure 8 Observed and simulated monthly flow superimposed with monthly rainfall during calibration period (1997-

2003).
I Rainfall ——— Simulated ----- Observed
2500 0
2000 l l I 500 —
N £
n £
L 1500 1000 =
3 =
Y i
2 1000 A 1500 £
[ I\ '\ pa_A &
500 7\ Y yara > \ y 2000
\ \ / N\ /
_ 7 NS 4 N - N SN
0 T T T T T T T T T T T T+ 2500
=+ = =4 = wy w " w %=1 o (%) <=1 ~ ~ ~ ~ =] o o0 == [=a) [=2) =2} [=2) (=T -] (=) (=]
L I — N — Y Y — T T — . — I — I — N — R — I — I I — I — R — I — I — I — I — I = I i o =
fEgE L8R8 L8R8 s8RsEsERREREELERRE2gd4dd
o T h O dH TN HFF N QO AN O H TN QO AT N =T O
o (=) =] — o (=] o - (=] (=) (=] —~ (=) (=] (=] - (=] (=] (=] — (=] (=] (=] - e © (=] —

Figure 9 Observed and simulated monthly flow superimposed with monthly rainfall during validation period (2004-

2010).
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Figure 10 Scatter plot of observed and simulate flows

during calibration 1997-2003.

Table 3 Calibrated values of model parameters.
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Figure 11 Scatter plot of observed and simulate flows
during validation 2004-2010.

Parameter Description Model range  Fitted value
CN2 Iitial SCS runoff curve number for moisture condition II +20% -5%
SOL_AWC  available water capacity of the soil +20% +5%
ESCO soil evaporation compensation factor 0-1 0.4

Table 4 Annual surface runoff of simulated and observed.

No Description Annual surface runoff (MCM)
1 Simulated flow 9,620.00
2 Observed flow 9,500.00

Conclusion

The SWAT model was applied to the Sedone Basin for
the modelling of the hydrological water balance. It was
successfully calibrated and validated for the basin. The
model evaluation statistics for streamflows gave well
The results showed reliable estimates of monthly surface
runoff vield with relatively high coefficient of
determination  (RY) and Nash-Sutcliffe  model
efficiencies (MSE) during both calibration and validation
period. The R* values were 0.96 and 0.96 respectively
for runoff during the calibration and validation period. A
good agreement between measured and simulated
monthly flow was also demonstrated by NSE values of
0.88 and 0.89 respectively for calibration and validation
periods. The study shown simulated runoff were close to
the measured values during both calibration and
validation periods except where the model the predicted
values were generally overestimated by the model
However, the overall well captured.

The study used the sample with different thresholds

is a good method of estimate streamflow in Sedone
basin because its limitation of data and difference of
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ramfall and condition of the basin. The model needs to
use the data of the area close by the control of sub-basin,
so the Sedone basin is distribute into many sub-basins to
make good proportion. Despite data limitation, the
SWAT model produced good simulation results for
monthly time steps. In general, SWAT model
predictions are acceptable and thus can be considered as
a planning tool for watershed management. It is a
capable tool for further analyzing of the hydrological
processes and water resources plammung and
management in the study area.
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Application of SWAT model for Water Accounting in Sedone River Basin, Lao PDR
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ABSTRACT

This research demonstrated the application of SWAT model for water accounting analysis in
Sedone River Basin in Lao PDR, where there was the drainage area of 7,217 kmz. The available data
from 2001 to 2010 were selected. Water accounting analysis was based on three case studies: without
irrigation, current irrigation and full potential irrigation. The analysis results were summarized on an
annual basis and divided into sub-areas along the River. The SWAT model was applicable for the
analysis of water balance components at the hydrologic response unit (HRU) scale of sub-watershed
and the application of GIS could enhance the result visualization. The SWAT model simulated water
balance components on daily time step, but recorded results of each HRU as an annual mean.
Therefore it was limiting for the analysis of accounting water on monthly or seasonal basis. The result
of water accounting analysis demonstrated the net inflow into the basin of about 15,600 MCM annually,
with depleted water from evapotranspiration of about 37% of the inflow and outflow to stream of about
63%. Finally, water accounting analysis showed the current status of the Sedon River Basin to be an

open basin, which implied that thers was adequate water resources for further usages.

Keywords: SWAT model, Water accounting, Sedone River Basin, Lao PDR.
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Figure 2 Elevation of Sedone River Basin
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Table 1 Location of climate stations and annual rainfall in Sedone River Basin

No Station name Location Elevation (m) Rainfall {mm year_1)
1 Khengsedone N 15° 34" E 105° 48 122 1,800
2 Pakse N 15° 07" E 105° 47 102 2,000
3 Paksong N 15° 11" E 106° 14’ 1,200 3,500
4 Salavane N 15° 43 E 106° 27 168 1,900
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Figure 4 Location of climate stations and cbserved runcff in Sedone River Basin
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Figure 9 Outflow in sub-basin {a) without irrigation

Figure 8 Evapotranspiration in sub-basin {a) without

(b) current irrigation (c) full potential irrigation

irrigation (b) current irrigation (c) full potential

irrigation
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Table 2 Water accounting of three case studies in Sedone River Basin

Without irrigation  Current irrigation  Full potential irrigation

Water accounting components

(MCM) (MCM) (MCM)

Gross inflow

Precipitation 15,598.13 15,598.13 15,598.13
Net inflow 15,598.13 15,598.13 15,598.13
Depletive use

Process depletion

Evapotranspiration 1,586.90 1,627.46 1,944.46
Non-process depletion
Beneficial (Forest evaporation) 4,148.93 4,148.93 4,148.93

Total depletion 5,735.83 5,776.39 6,093.39
Outflow

Committed water 500.00 500.00 500.00
Uncommitted outflow 9,359.60 9,309.60 8,992.80
Total outflow 9,859.60 9,809.60 9,492.80
Available water 15,098.13 15,098.13 15,098.13
Indicator

Depleted fraction (gross) 0.368 0.370 0.391
Depleted fraction (net) 0.368 0.370 0.391
Depleted fraction (Available) 0.371 0.383 0.404
Process fraction (Depleted) 0.270 0.282 0.320
Process fraction (Available) 0.105 0.110 0.130

Table 3 Water accounting at different parts of Sedone River (current irrigation)

Water accounting components Upper Sedone Middle Sedone Lower Sedone
(MCM) (MCM) (MCM)

Gross inflow

Precipitation 2,181.32 10,705.33 15,598.13
Net inflow 2,181.32 10,705.33 15,598.13
Depletive use

Process depletion

Evapotranspiration 102.12 986.89 1,627.46
Non-process depletion
Beneficial (Forest evaporation) 877.64 3,252.46 4,148.93

Total depletion 979.76 4,239.35 5,776.39
Outflow

Committed water 40.00 350.00 500.00
Uncommitted outflow 1,160.10 6,110.90 9,309.60
Total outflow 1,200.10 6,460.90 9,809.60
Available water 2,141.32 10,355.33 15,098.13
Indicator

Depleted fraction (gross) 0.449 0.396 0.370
Depleted fraction (net) 0.449 0.396 0.370
Depleted fraction (Available) 0.458 0.409 0.383
Process fraction (Depleted) 0.104 0.233 0.282
Process fraction (Available) 0.048 0.095 0.110
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Net inflow 2,181 McM

Depletion 981 MCM

YU = 1,160 oy

(@)

Net inflow

10,705 MCM
Available

10,355 MM

Depletion
4,241 MCM
|
}
|
|
|
|
|
|
|

YCU = 6,210 Moy

(b)

Depletion
5778 MM

Net inflow
15598 MM
Available
15,098 MCM

= 2,309 MM

(©)

P = Processed depletion
NP-B = Benficial, non-processed depletion
MP-MNB = Non-beneficial, non-pocessed depletion

UC-U = Utilizable, uncommitted outflows
C = Committed outflows

Figure 10 Water accounting in Sedone River Basin (current irrigation) (a) Upper Sedone (b) Middle

Sedone (c) Lower Sedone
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5) @1313%@Haﬂ31umuﬁ1]w%ﬁ El,(’])"’U’f]ll“ai'lfl'JU ﬂujﬂlﬂulﬂeilcﬂu@ ¥OIN 1 DATE

1 { g’/ 4 < [ {
uaz¥eaN 2 : HMD M3ns¥e Iadoya azdesasanunuiinaas 131y Location file

v

v k4
MSHUINT A8 AIDE1INTIATIUTOYAAITNANNFUTUINT

DATE HMD
1/1/2011 00000
2/1/2011 00000

3/1/2011 00000
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YUADUNITNNHUVD VDI 1009 SWAT

¥

1 n1sﬁ1ﬁuﬂﬁuﬁtjuﬁ1 (watershed delineator)

< o .. < U
1.1) DEM Setup 1Humstiuddoya DEM 1.2) Stream Definition 1Hudiuvoanis
I [
1/sguranan flow direction 14ag flow accumulation 1.3) Stream network Lﬂuﬂﬁﬁ%}NIﬂN‘lﬂﬂ
o B . .. I o
duanin 1.4) Watershed Outlets(s) Selection and Definition L‘ﬂuﬂ'l’imﬂuﬂi}ﬂ@ﬂﬂﬂ]@ﬂlﬁjuﬂﬁ

¥ 4 1 ] . . I
HTLWABQ’%}N‘UBM‘UQQNH'IEJE]EJ 1.5) Calculation of Subbasin Parameters Wumsdszunana

1 a [ o
Amailwesvesguiibon

. ‘Watershed Delineation l = S

—DEM Setup 1 Outlet and Inlet Definition

| C:SWAT Modsl Mol 2500 thesis RasterStore.mdb'S al r o

DEM projection setup £ Pointsource input
Add pointsource 5., ...
r to each subbasin I"'”’b}r T=ble gl
[V Mask |C:SWAT Model Model 2500 thesis Raster al Edit manually | e 1
= = -+
¥ Burn In|C/SWAT Mods!Model 2500 thesis Raster al | |
— Stream Definition —Watershed Outlets(s) Selection and Definition
' DEM-based
o Cancel
Pre-defined streams and watersheds Wholewatershed S:Ir;gteion
—DEM-based outletis) uncd

Flow direction and
accumulation

Delineate
watershed

Area: (3608 - 721687)

Mumber of cells: 10000 Calculation of Subbasin Parameters
— [~ Reduced report Calculate subbasin
Pre-defined B parameters
Watershed dataset: I al
r Skip stream
Stream dataset: et heck
| E= iy S Addor delete |,/
r Skip longest flow Teservoir
—Stream network path calculation 174 DELETE

Create streams and outlets }_nj
Mumber of Outlets: 160 = | Minimizel
Mumber of Subbasins: 180

1 o &l g 1 1 30}
MNEUINN 91 msmwmwuwmwuﬁqnmmmTﬂmﬂsu ArcSWAT
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2. fn5'3!?]5TZﬁﬁﬁiﬂﬂﬂﬂﬂuﬂﬁﬂTQQﬂﬂ')ﬂﬂT (HRU analysis)
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I o 1 {a o 1A
2.1 Land use and Soil definition 1Jumsfvuaaimslegnauuazivuasau Iagns

Y v ¥ A

) I a { o @ {a o
HUVUBUAN V]lﬂl‘lﬂﬁﬂllﬁggni']\‘]‘ﬁﬂ']ﬂu@ﬁﬂﬁﬁ']1]ﬂ']uelal}@ialjﬁﬂ']ii%}ﬁﬂuuﬂﬂﬁ]']ﬁ@\? SWAT

U

& Land Use/Soils/Slope Definition

= | B |

& Land Use/Soils/Slope Definition

o @] =

Land Use Data | Soil Data | Siope |

—Land Use Grid

al CASWAT Model\Model 2500
thesis\Watershed\Grid\LandUse2

—Choose Grid Field

I\.I"ALI.IE 'l 0K |

LookUp Table Table Grid Values --—=Land Cover
Classes

SWAT Land Use Classification Table

VALUE [Area()  [LandUseSwat
11 31.42 FRSE
2 3713 FRST
41 17.30| RICE
43 12.62| AGRL
51 0.02 RNGE
52 1.27 PAST
0.23/ UREN
0.03 WATR

Reclassify |

Land Use Data  Soil Data |Slope I

 Soils Grid

al CASWAT Model\Model 2500
thesis\Watershed\Grid\LandSails2

Choose Grid Field

I\.I"ALI.IE 'I 0K |

—Options
* Name " Stmuid+Name S6id
 Stmuid  Stmuid+Seqn

LookUp Table Table Grid Values ——= Soils Attributes

SWAT Soil Classification Table

VALUE [Aea(n) |

Name

1 41.51| CLAYLOAM
2 3351 SANDLOAM
3 8.00 LOAMSAND
4
5

12,09 LOAM

443 HEAVYCLAY

Reclassify |

[ Create HRU Feature Class
¥ Create Overlay Report

Overlay

| Cancel

[ Create HRU Feature Class

Overlay

| Cancel

¥ Create Overlay Report

MWHUINN 92 NIAHUA Land use definition and soil definition
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g o ' o ¥ 4 o o
2.2 Slope Definition !“]J'L!fﬂiﬂ'l‘ﬁuﬂﬂ'lﬂ’NN‘]fu“llfNTd‘IuﬁTﬂﬂﬁ'mﬁﬂﬂﬂ’iuﬂ!ﬂu
P ¢ A Ay v . g o ¢ ¢ o o ]
L”]J’E']SL“IﬂWIGUENWUVIHlﬂ 11 HRU Definition !ﬂuﬂ'liﬂ'l‘ﬂuﬂlﬂ@i!ﬂ)’uﬁﬂ’ﬂiJﬁWﬂﬂlusUfNﬂ'liﬂlﬁlf

{a Aa A o 4 o I : ] a
ﬁﬂu FUAAU !,Lazﬂ313J‘15u!,ﬁﬁ)ﬂmumﬂuﬂﬁwuaﬂmuﬁummﬁq‘nmmm (HRHs)

@ Land Use/Soils/Slope Definition =] 5 W38 @ HRU Definition = | S
Land Use Data | Sol Data  Slope HRU Thresholds | Land Use Refinement (Optional) |
—Slope Dh izati —HRU Definiton ————— [ Threshold
" Single Slope  Watershed Min: 0.00 Mean 87 " Dominant Land Use, Soils, Slope & Percentage
Elop=tila=s : " Deminant HRU A
& Multiple Slope Max: 211. Median:2.4 minant ed
- * Multiple HRUs
Slope Classes
—Land use percentage (%) over subbasin area
Mumber of Slope Classes
|5 vl |5 %
1
Current Slope Class Class Upper Limit (%) = J
T S T T S T S S R S S S T T SRR
i el ; o
SWAT Slope Classification Table —5Soil class percentage (%) over land use area
Class | > Lower Limit | <= Upper Limit o
1 5 -
2 =l
3 e .
4 0 100
5

—Slope class percentage (%) over scil area

Ig— %
Reclassify | 0 100

[ Create HRU Feature Class
W Create Overlay Report

L —

[ \write HRU Report P —

MNEUINT 93 MIMHUA Slope definition and HRU definition



3. Wud9e3an1319 (write input table)

.. I o Y 19 A g
3.1 Weather data definition 11umsmuuadeyadnine1na lagns ladeyanily

u

A @

' L ?7' a ¥ 3
AT AAIA L UIYBIED1HATIV0 1N d01H AU UNHY ANUFUTUNNT WY

a < [ {
LLﬁQE]TVIG]ETﬂ”J’IlILﬁ?ﬂQ ﬂﬂﬂTWNu’]ﬂﬁ

. Weather Data Definition |£IEI&

Solar Radigtion Data ] Wind Speed Data ]
Weather Generator Data l Rainfall Data ] Temperature Data | Relative Humidity Data ]

Load US or custom weather database to continue

{+ |US Database E

" Custom Database

Locations Table: | E

| Cancel ‘

/ o Y 9 f .
ﬂ1WWH]ﬂﬁ 4 miuwmau”a Weather data definition
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4. msudlugrudoyarind (edit SWAT input)
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P o ¥ o & = Ay A a o
4.1 miiu,ﬁ'”lﬁugmmauﬁammumumam c]NGlumiﬁﬂHm"lmwmwazmﬂﬂﬁ]mﬁuu@

VOIFUAAY (user soil edit)

& User Soils Edit

=N0=

HAMLIN -
HARTLAND
HAVEN
HEAVYCLAY
HERMON

HERO

HINCKLEY
HINESBURG
HOGBACK
HOOSIC
HOUGHTONVILLE
HOWLAND
HUBBARDTON
HUDSON

IRA

KARS
KEARSARGE
KENDAIA
KILLINGTON
KINGSBURY
KNICKERBOCKER
LAMOINE
LAMESBORO
LIGHTC
LIGHTCAY
LIGHTCLAY
LIMERICK
LINWOOD
LIVINGSTON
LOAM

ILONDONDEF{HY i

m |

—Soil Component Parameters

SNAM NLAYERS HYDGRP
|LOAMSAND [4 [~
SOL_ZMX (mm) AMION_EXCL (fraction) SOL_CRK (m3/m3)
f1000 [o5 [o5
TEXTURE
Ls
—Soil Layer Par.
Soil Layer:l -
SOL_Z (mm) SOL_BD (g/cm3)  SOL_AWC (mmimm)
Add New
{1000 [125 [o03
SOL_CBN (% wt)  SOL_K {mmhr) CLAY (% wt) Cancel Edits |
1 [1405 [«
SILT (% wt.) SAND (% wt.) ROCK (% wt) Save Edits |
f25.8 {70 [o2
Delete
SOL_ALB (fraction) ~ USLE_K SOL_EC (dSim) | —— |
jo.o1 j0.17 [o

MNEUINH 35 MIMHUA User soil edit
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9 o 9 o = = dy 9 A = a
4.2 mmﬁ'"hlgmﬂlayammzmumam %Qiﬂﬂ?iﬁﬂﬂ']ullﬂ!wui1ﬂa3!@8@‘1]@\1‘]51!@

land cover edit

&3 Land Cover/Plant Growth Database Edit = | 5 i
- - - - - - -

Crop types —Crop type P

Agricutural Land Close-grown

Agricultural Land-Generic Sl Crop Name CPNM (4 character)

Agricultural Land-Row Crops IFcrest-Evergreen |FH,SE

Alamo Switchgrass \oc

Alfalfa

Amonds [Trees | T Cropis fertilized

Alsike Clover

ﬁail Wildrye BIO_E [(kg/ha)(MJ/m2)]  HVSTI [(kg/ha)i(kg/ha)] BLAI (m2/m2)

Asg:lagus |15 ID 76 3

Bananas 3 FRGRW1 (fraction) LAIMX (fraction) CHTMX (m) ROMX, (m)

Bell Pepper

Bermudagrass 015 o7 |10 25

Big Bluestem FRGRI2 (fraction) LAIMXZ (fraction) DLAI (heat units/heat units)

Broccoli

Cabbage J0.25 ES) 059

g?;"’“f’e T OPT(C) T_BASE (C) CNYLD(kg Nikg seed) CPYLD(kg Pkg

Cauifiower J30 o [n.0015 [0.0003

E:Iﬁ?e L4 BN1 (kg Nikg biomass) BNZ (kg Nikg biomass) BEN3 (kg N/kg biomass)

Com |0.008 Jo.002 0.005

gﬁpi":fe BP1 (kg Plkg biomass) BP2 (kg P/kg biomass) BP3 (kg P/kg biomass)

Crested Wheatgrass |0.0007 |0.0004 0.0003

Cucumber

Durum Wheat WSYF [[kg/ha)(kg/ha]] USLE_C GSl (mis) WPOFR (kPa)

EstelmmGamagmss Jos Jo.001 |0.002 &

=l
E'Hggprngﬁs Teff FRGMAX (fraction) WAWP (rate) CO2ZHI (uliL) BIOEHI (ratic)
Feld pecs [ 5 [s60 18 A New
ax

Forest-Deciduous RSDCO_PL (fraction) ALAI_MIN (m2/m2) BIO_LEAF (fraction)
[ [o7s 03 Save Edits |
Garden or Canning Peas MAT_YRS (years) BMX_TREES (tens/ha) EXT_COEF EM_DIEQFF

Grain Sorghum ISD Imm Iﬂﬁf, ID 1 Cancel Edits |
Grargue

Green Beans

Hay - Hydrological P: Delete
Head Lettuce |
Honey Mesguite ov N SCS Runeff Curve Numbers

Honeydew Melon - Default
Indiangrass Manning's N (roughness) A B C D

ltalian (Annual) Ryegrass I I

Johnsongrass 0.1 25 55 70 77 L Exit
Kentucky Bluegrass =

MNEUINH 36 MINMKUA Land cover edit
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] o Y ° . = = 2y v
4.3 miu,fsf"lﬁugmﬁu@yamwumumamedu management parameter Glﬁmiﬁﬂ‘]sﬂu"lﬂ

4 v

A 9 ¥ A A D] v 3 a 'S £ 9
W%'lﬁm'lﬂ'lielslfu'lsﬁﬁﬂ531/]’]1!11”’“1!1’]1]@ﬂell'nell@QQ?JU’]T@EJﬂ’]i'JLﬂ51$W%1ﬂWUTJQﬂell']'J‘UfN

Hoyaveanslilse Tominauludiu HRUs

@ Edit Management Parameters: Subbasin 30, Land Use RICE, Soil CLAYLOAM, Slope 0-15 E=REy™x™

General Parameters |Ope|E|‘tior15 I

r—Initial Plant Growth
Initial Land Cover LALINIT BIO_INIT PHU_PLT
No Crop Growing j ID ID 0
—General Management
BIOMIX CNZ USLE_P BIO_MIN FILTERW
0.2 84 1 o [
—Urban Management
Urban Land Cover Urban Simulation Method
No Urban Use j I j
r—Irrigation Manzag
Irrigation Source Subbasin FLOWMIN (m"™%s) DIVMAX (+mm/-10"4 m3) FLOWFR
<] [ =P [0 [
—Tile Drain Management Special Management Options
DDRAIN (mm) TDRAIN (hr) GDRAIN (hr) I™ Adjust Curve Numbers for Slope
o jo o I™ Model a5 Bare Sail
— jts ————————————— —Selected HRUs
Edit Valuss | Extend Parameter Edits Selected HRL!
[ Extend ALL MGT General Parameters Subbasins Land Use Soils
Cancel Edits | [~ Extend Management Operations
[ ]
Save Edits | Iw Extend Edits to Current HRU Slope
[~ Extend Edits to All HRUS
B I™ Extend Edits to Selected HRUS

MNEUINA 97 MIMHUA Edit general watershed parameter
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Y Edit Management Parameters: Subbasin 30, Land Use RICE, Soil CLAYLOAM, Slope 0-15 L= O e

General Parameters  Operations |

Add Year

i
:
H

| (Operation | Crop =

Delete Year

-

Auto irrigation initializati
Harvest and kill operati
Flant/begin. growing =e RICE
Harvest and kill operati
Plant/begin. growing se RICE
Auto irrigation initializati Load Schedule
Harvest and kill operati

Plant’begin. arowinase RICE 71 _ Sehedule
«| 3 Save Schedule

Add Operation

Delete Operation

i

[ T N T

,4;._._._.,4&_.
== Tt = W=

Edit Operation

—Plant/Begin Growing Season Parameters
¢ Schedule by Date Manth Day
" Schedule By Heat Units Year of Rotation : 1 IJE'”UE")’ j I.I LI
PLANT_ID CURYR_MAT Heat Units to Maturity LALINIT
[Rie =l |2200 o
BIO_INIT HI_TARG BIO_TARG CHNOP
J150 jo.7 Jo.oz [e2 Cancel | oK |
Edit Values | —Extend F; Edits —Selected HRUs
[ Extend ALL MGT General Parameters Subbasins s Sails
Cancel Edits | I™ Extend Management Operations
L ]
Save Edits | [V Extend Edits to Current HRU Stope
[~ Extend Edits to All HRUS
= [~ Extend Edits to Selected HRUS

MNEUINT 98 MIMHUA Plant/begin. growing season
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. Edit Management Parameters: Subbasin 30, Land Use RICE, Soil CLAYLOAM, Slope 0-15 . [ =5 g
General Parameters ~ Operations |
Add Year |
Year | Month | Day |0peration | Crop
1 1 1 Plant/begin. growing season RICE
Ze || [—
1 4 20 Harvest and kill operation
Add Operation | 1 7 Plant/begin. growing season RICE
1 11 1 Harvest and kill operation
2 1 1 Flant/begin. growing season RICE
Delete Operation | 2 1 10 Auto irrigation initialization
2 4 20 Harvest and kill operation
Edit Operation - | 2 7 1 Plant/beain. arowina seascn leE_bl_I
—Auto-irrigation Parameters
¢ Schedule by Date Manth Day
~ Schedule By Heat Units Year of Rotation : 1 panuaw ;| |1u ;|
WSTRS_ID AUTO_WSTRS IRR_EFF IRR_MX
|Plant Water Demand | |ous 1 |10
IRF_ASQ
Iﬂ.5 Cancel | OK |
. —Extend Parameter Edits ——————— [~ Selected HRUs
Edit Values
[ Extend ALL MGT General Parameters Subbasins Land Use Sails
Cancel Edits | [~ Extend Management Operations
[ |
Save Edits | [¥ Extend Edits to Current HRU Slope
[ Extend Edits to All HRUS
Bk I™ Extend Edits to Selected HRUS

MWAUINT 99 MITMNNUA Auto irrigation initialization



. Edit Management Parameters: Subbasin 30, Land Use RICE, Soil CLAYLOAM, Slope 0-15 *

General Parameters  Operations |

E
g
)

| Month | Day |Operaﬁon |Crop -
1 1 1 Flant/begin. growing seazon RICE
BeEEED 1 1 10 Autoirrigation initialization
y 4w
Add Operati 1 7 1 Plant/begin. growing season RICE
1 1 1 Harvest and kill operation
2 1 1 Plant/begin. growing season RICE
Delete Operation | 2 1 10 Auto irrigation initialization
2 4 20 Harvest and kill operation
‘ Edit Operaiion I - | 2 7 1 Flant/begin. arowing season RIFE_DI_I San
—Harvest and Kill Paramet
¢ Schedule by Date Manth Day
" Schedule By Heat Units Year of Rotation : 1 IApm LI Igﬂ LI
CNOP
0
Cancel | oK |
. —Extend Parameter Edits —Selected HRUs
Edit Values
[ Extend ALL MGT General Parameters Subbasins Land Uze Sails
Cancel Edits | [ Extend Management Operations
[ ]
Save Edits | [V Extend Edits to Current HRU Slope
I Extend Edits to All HRUS
Bt [ Extend Edits to Selected HRUS

MWAUINA 910 NI5AYUA Havest and kill operation
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5. MISUUVVD1809 (SWAT simulation)

Y
C%

v q Y ° v 9 Ao 9 = N { A
‘Uu@'ﬂuﬂ'ﬁﬁ\ﬂ‘l’iuﬂ'ﬁﬂ'lu')mﬂ'lﬁ'lq gl ﬁ]'lﬂ‘ll'ﬂll”ﬂ‘ﬂu'll‘ln"lﬂ %Qiu\11u')fl]flufl]$1/‘|ﬁ]1ﬁm'l

A 3 < o iy o S
mwzanuduiuiidu-im Tasdszuanailusieiu udr liwasenuuieiunazihiu

A
JULADU
@ Setup and Run SWAT Model Simulation = | B i
r— Period of Simulation
Starting Date : II)‘IIIBB? Ending Date : IIMIDUIU m [~ Simulate Forecast Period
—Rainfall Sub-Daily Timestep ——— | —Forecast Pericd
Tirnestep:l j' Minutes Starting Date : I E NumberofSimuIations:l
—Rainfall Distribution ————— | [~ Printout Settings
¥ Skewed normal " Daily I~ Print Soil Chem Output [ Print Hourly Output
™ Mixed exponential |1_3 &+ Monthly [~ Print Pesticide Output [~ Print Soil Storage
" Yearly nYskP: [0 [ Print Log Flow I™ Route Headwaters
I™" Print Binary Output I™ Print Soil Nutrient ¥ Limit HRU Qutput
Deposition FiIe:IATMO ATM El
Setup SWAT Run Run SWAT | Cancel |

F

MNWHUINT 911 N5 Setup and run SWAT model simulation
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