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Jatuporn Punyawattano 2010: Application of SWAT2000/GIS Modeling for Spatial
Dispersion Evaluation of Nutrient from Utapao River Basin to Songkhla Lake. Master
of Engineering (Environmental Engineering), Major Field: Environmental Engineering,
Department of Environmental Engineering. Thesis Advisor: Mr. Suchat Leungprasert,

Ph.D. 217 pages.

Application of SWAT2000/GIS modeling for Spatial Dispersion Evaluation of Nutrient
from Utapao River Basin to Songkhla Lake that has objective for Study the efficiency of
SWAT2000/GIS Modeling to evaluated water quality on Thai area. The case study is evaluation of

nutrient from Utapao River Basin to Songkhla Lake.

The secondary input data which were used in SWAT2000/GIS Modeling have 2 partitions
1.The data for simulating included factors of rain, soil, land use, weather and geography. 2.The
data for model verification, included the hydrological station (X.90) and water quality station

(SK10).

Efficiency of the modeling after adjusting factors is Relative Difference of Mineral
Nitrogen between the Observed value and the Simulated value equaled to 30.40 %, Correlation
Coefficient of Sediment value equaled to 0.1 Sutcliffe Efficiency Coefficient (NS) value equaled to
2.74 and Relative Difference of Total phosphorus between the Observed value and the Simulated
value equaled to -129.4 %, Correlation Coefficient of Sediment value equaled to 0.04 Sutcliffe

Efficiency Coefficient (NS) value equaled to -23.07

The resulting, The SWAT 2000/GIS Modeling is not suitable for Evaluation of Nutrient
from Utapao River Basin to Songkhla Lake cause of the secondary water quality data at Thai
institute has not enough quality for adjusting the data and SWAT2000/GIS has not microbial
factor. However, this study can be used to evaluation of the other area of Thailand where has

enough quality data.

Student’s signature Thesis Advisor’s signature
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1UV1804 Soil and Water Assessment Tool version 2000 (SWAT 2000)

Soil and Water Assessment Tool version 2000 (SWAT 2000) il LL’U“]JﬁW’é)x‘]ﬂNQ‘VIﬂ
e Feensaldaadedufeyaszuy Gis 18Tas SWAT 1w model Uszinn continuous-
time basin-scale hydrologic model G'T'Nﬁﬂama1mia1uﬂ1ﬁ1amLmuﬁﬁmmcﬁ’u%’au “ﬁ’ﬂ
“VIN?%H“HQﬂﬂaVIEﬂ miﬁ’mmsuaZﬂmﬂﬁaue’ﬁﬂmﬂau (erosion and sediment transport) 3995
@1507915 (nutrient cycling) Wipna1I8nTeniaIuilutlsian River basin scale model #4914

[ dy d‘ =< a =) [} d’l d‘d‘d 1 dy d‘ 1 ao’ dl
gawavuednyInanszny TS navesnstamsnunndyuialvg nunguiii
o I o { g B 3 X [ 1 .

Fudou Taodluunudiaeanidlu public domain model @411 A8 Agricultural Research

Service N Grassland Soil and Water Research Laboratory & Wy )] 15N (Neitsch, et al., 2001)

A A A A A A LA A A

Evaporation and
Transpiration

Root Zone Infittrationplant uptakal

S0il moistune redistnbution

Vadose (unsaturated) | 2 4 c E ce O ~
Zone A 1 . = NI P> . oW ™y Y

| T T
Revap from shallow aguiter Fercolation ta shallow aquifer Returm Flow
Shallow {uncenfined) —_—
Aquifer
aquife

Deep (confined) R R
Aquifer | o—Tlow culfoTuialbeshed Recharge to

MWN 7 LAAINSAADUAINNAIUGNNUDI SWAT Model

nn: Soil and Water Assessment Tool Theoretical documentation version 2000, Page8 (2002).
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f3ananihimaueanuudianss SWAT 2000/GIS

1. ¥MAIAY (Surface Runoff)
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ﬂ’liﬂ’lu’)mﬂill’lm“ll@ilu']ﬂ'lﬂﬁﬂu Llﬁgﬂ'lﬂﬁi'lﬂ'liulwa"llEJ\?H’WI’IQQ@@ Tﬂﬂi“]ﬁlf]is!ﬁ
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9 v A
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ll@]%%idlWﬁﬁf]ﬂ’ﬂllﬁ%l,?)ElﬂgﬂGal}fJ\‘l@l’E)ﬂWiﬂTL!’JT;L!L!WnﬁﬁfiiUﬂWiﬂiMWﬂ!@ﬁiWﬂTﬁllﬂﬁq\iEIﬂ
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HmAauszimsusanaruseiu Taensldauns SCS aaaumsn (1) uag (2)

_ {R-0.25)

Ryt ™ B+IEs A=0.2s (1)
Q.= 0.0R=0.2s 2)

A
13
A %,' 1 Aa A a A g
Qpurt Av UTanhmaau Aadwas)
Y
R Ao YSuaniheusieiu (adwes)
5 ﬁﬂ Retention Parameter
% [ [y Jd v 1 [ {
Tasauals s 92 UANUFUNUTNUAT Curve number (CN) MAAIAUNTANNITN (3)
100
BE= EE’-‘I{W-I} 3)
A
13

CH ﬁfl 1 Curve number
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200

173 4

150

Runoff (mm)
=
=

75 4

a0

CN=50

25 1
CN=40

1} 25 an Ek) 100 125 180 173 200
Rainfall (mm)

Y v o 1 ¥ 1o 3
ﬂTWﬁ 8 Ny miaaInNUANHUTTEH119MN U UV SCS curve number method

ﬁlﬂ: Soil and Water Assessment Tool Theoretical documentation version 2000, Page8 (2002).
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v o Aa 1 1 A dyd
Jateranninanen1 CN UAILAD
AUAVTANIYNAINGIVBIAY (Hydrologic soil group)

[ =2

] 1A I J J 1A 2 Y
LLUQﬂQlIﬂLlf’Jf’JﬂL‘iJH 4 ﬂij‘llﬁﬂ A,B,Culag D IﬂEJLW"IﬁSﬂquﬂu‘ﬂgﬁu@ﬂﬂﬂﬂ@ﬁTﬂTi“B

U
Y
[

g a 1 Y =1
UWGUENQHE‘T'IN'I?OLL‘LNE]’E]ﬂ]lﬂ JU

a [ @ @ a a :-, 1 [~ a a
- Aungu A oA IMITUG uaz on51Ms ladaud aaulvgpiluauilsznnau
N518 (sandy soils) 1agdl A1 Ksat > 0.76 [EUANATADY T3

a 1 = < 3 a A H YA 1 13 a
- Aungu B Toanmsguihunan duauiszuneinlas daulvapiluaulszion
AU5IU (loamy soils) Taedl A1 0.38 < Ksat < 0.76 L5 UANATABDY T34

a J @ = ° 9 g’; a 1 9 g}J { o
- AUNQY C TJ’E]@]?'IﬂWiG]ﬁJGH ﬂ$ﬂ§$ﬂﬂﬂﬂ’lﬂ%uﬂuﬂﬁl'lﬂuﬂﬂ 1 G])'Hﬁﬂlﬂﬂl')'l\?ﬂ?i
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%,’ 1 [ a a 1
sz dulvaduaulssinnaumtienunsie (sandy clay loam) Iagiia10.13 < Ksat <
0.38 IFUANATADHI 119
a 1 = = ° I A AA o o Y a so’ 1" Aa A [
- Aungu D Ba3mMasudnn iWuaunianenwi 1nmamnIauge diu

13 A a ] A )
Tnaptluauilszinnaumilen (sandy clay loam) Iagiia1 0 < Ksat < 0.13 5UALATADY 119
aalnagu (Cover)

2 A A 1 A a Y o < ~ 1a
aulnaguaedenia Nilnaquan uaz esnumsnszunnvealiadunanasgau

sznoude

- drwaemsldnau (Landuse)
[ Y a d' 9 v @ Aax =
- mM3SnMAY (land treatment) 921NeIT0INANBU AL ITNMIUgNHY M3

1 S| o I 4 o
wysnuias Tasutigeendlu msiimsmizilgnidlunnd (straight - row) Msvimsmizilgn

¥ '
v A A

< Y o I y o
Lﬂullﬂﬂﬂaﬁ)ﬂmuizﬂuwu‘ﬂ (contoured) LA ﬂ']'iﬂ']ﬂ'lﬁlw'lgﬂgﬂlﬂumuuullﬂ (terraced)

A0 MNNINGI (hydrologic condition)

¥

A A a A Ay ' -4
s GEINAIGR] (poor) UNFAQUAUNUNUDYINIT 50 lﬂ@ﬁl“ﬁu@l

a
¥ v
a A A

L aA 1 I I J
- anmiunan (fair) UNFAANAUNUNTEYIIN 50 - 75 wosimua

Q

¥ [
a A A

2 A J I3 4
- ANINA (good) UNFAQUAUNUNUINNIT 75 BIRHEIE

o d. 'Q . .
M3 wunms15Use Tewinau (Land use classification)

unh (wood, forest)

UMNBATNITN (agriculture)

H Y H
unTaufey uag NuNogeIAe (bare-land & residential)

e ke =De =De

A g 3
uNMI U (water body)

=



22

) 2 v
doulvanuuluduisudu (Antecedent moisture content; AMC)

2~ o v o = g a a = ¥ A
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' P A A o Y a ' ¥ ' <
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= [ ~ o 1 1 A I = v &
AT LUTAANINTITNNUINN 4 d11TUAT CN 1“@1313Wu3ﬂ1ﬂ 3 Lﬂu{luﬂiﬂlm@\‘] AMC II (MUY
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=2 9 aA [ Y Y A A @ a1 A dy
AU UIARINIMTUST VIR CN leagiuﬂimmmﬂu AMC 1uﬂim@]1ﬂﬂ mmqau”lmmmw

Tuduneumihnnauiald ITaslumsisual ON s lddsaumsa @) uag (5)

oIl
CHI= 4)
2281l ESONLL)

s |
o= (5)
(A 27-0003 TICIII)

L'ﬁ'@

| A9 moisture condition I Curve number
L30T A9 moisture condition IT Curve number
CII1 A9 moisture condition I1T Curve number

on31 liagaga

upuTImed SWAT 2000 Uszummoasims nagegalagldit Modified Rational

(J Yo A
Formula mmmmmm"lﬂmaumiw (6)

Cl-Area
Ypeak™ — 35 (6)

A4
1o

A [ 4 1 A =
Apeak D ﬁﬂmﬂwaqaqﬂ @NUIANIIATADIUIN)

A q./ a QJ %} 1 d' SR o 7 = dy d' 1 %1
C fo ﬁuﬂizﬁmmmmmmmaﬂymzamﬂmwmmwquum
. A 9 dy A a a "o
i Ao ANV IRL IuNUN (Hadwasnoy 1ua)

¥ v
A A

e a
Area A0 WHNNITIZUIIUN (GlﬁNﬂIﬁLﬂJﬁﬁ)
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2. i lriamadnal@nany (Lateral Flow)

o 9 Ja A o P {
mimammﬂwamwwﬂmmaummmmmm”lﬂmtmmiﬁ @)

2-8W,, s Kear-8lD
= (.024 LEReR (7)
- E Wq-Lim )
A
LD
A [ Y 1o %1 g g}l Aa A %I 1 [
Q. fo fm51mﬂwamqmuwmuﬂu%u Saturated Zone (Haaufn311919I1)
A %,’ d‘ 1 a 1 g a Aa %I
31— fo Wsuanimawnsalua'ldluaauausgunii Saturated Zone (Hadtwniii)
[ a £ 4 % g s’:}a a a a 1 o
) Ao MaulszansmaoualIveain lusuay (Naawasaeyd 1uq)
A 2 A 4
S].P.- 1D ATAIMUTUUDINUN
Y
@i ﬁf) mmmwgummﬂuiu%uﬂu (uaammmuaawm)
Lpm Ao Hillslope length (14A5)

3. M3 lvavearilaau (Base Flow)

y = 1 a a
Mstaeams Inavestirldau Usznevlide 4 @iu Control Volume Ao #IAU 1y
a & A . . L ga & A o 3
AUBUIINWY Shallow aquifer lagdeep aquifer YINAD WuNNs Inavesdi (stream flow
50’ 1T A A 9 9J A aol 1%
area) WIMAIAY M3 laaud 1 luuasiniy uag 11 11anay (return flow) 91 shallow
. = ¥ & A = = a Y . @ A <3|
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¥ A g 1 ~
hitduduiigadeldvesszun nazez lifinms lnadounsueenin dmivaugavesh
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aehI= E'%h,r.j_"' WI."DEII‘E_ Qm'wrmsr' Wd.aap' Wpumn-.ﬁl:l (8)
1o
A % glu . a A g
adgh Ao YSuaniluay shallow aquifer (Haamasi)
¥ A H A a ¥
8 1 g Ao USuaniisudulusy shallow aquifer (WaaLNATU)
Y ~ Aa A 1 gl/ a A %’
Wechg fo Ysuanin Tnaainiidudngesu shallow aquifer (Tadwnsii)
Y H 1
Wegvap Ao 1111 1%a910 shallow aquifer NEU soil profile H3BIVATINWY

Y
(Uaawasul)
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Y
Qs A® return flow (HaawAI)
A so’ =< =K a U g’/ a A %’
Wesep Ao 111 lvaduanasdugsy deep aquifer (Haamnsi)
Y Y
Woumper 10 Y1973 (water use %39 withdrawal) 910 shallow aquifer (Ha@nin31i1)

E4 v
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1ilo

A ‘]JQ g ul Z/ d f a Aa %,’
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¥ A g A a ¥
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A ¥ =< = a 1% . A a ¥
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= 9 ¥ 2’, £ a A 2
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(1D

y 2 Fa . o ;
5anindesms 1 lumsnyasuuiunsadsemuainsosuia laasaunisn

(12)
(K, XETgr+P-Bjx 16X Ares
= — = 12
V¥R BT (12)
A
4o
2,’ ¥ 1 < 1
IWR Ao Anudeams I lumsineasuununyalszmu @ugninaiuasao
iAou)
A . =) 1 a
K. 90 Crop Coefficient UBINBLIADSFUA
A . a A 1 A
ET, o ‘]E?J”Iﬂ!ﬂﬁﬂ?ﬂi%!ﬂﬂ@"mq%isllﬂﬂ Penman-Montieth (WARINATADIADU)

2 Ao YSuams Ivady (Hadwasneidon)
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v 1l
Ao YSuaniheu Wadwasasdon)

E
- Aa A S 3 4
EfT Ao Uszaninmmsvadsemu esiyud)
Y v
Area Ao Wunmatnuas (19)
¥y A A A
M3 lFiunensnyasuannunyallsznu
A ¥ Ay Y, A A ® Yo ~
5uanindosms g lumsinyasueniunsalsemuainsosiuia laasaunisn
(13)
CWR= {(KXET,)+P-E}xL6xXArea 13
A
110
Y ¥ A P '
CWR Ao AnuAeams I lumsinasueniunyalszmu @ugninAnuasae
foU)
= . A 1 a
K. f1® Crop Coefficient UDIWHLUADSFUA
ET, Ao US1IUNMIAYIZINEAINGATVOL Penman-Montieth (HadtunsaoiAvL)
P Ao YSuams Ivady (Hadwasaedon)
y =) a 1
E Ao YSuaniheu @adwasasdon)
9 ]
Area Ao NunmMatnuas (15)

@15197 1 uaaea Crop Coefficient YVBINBLAALFIUA

Weeks Local Rice  Peanuts Cucumbers Fruit Trees Hardwood Fishes Pond
1 0.83 0.6 1.02 0.6 0.9 1
2 0.83 0.72 1.14 All year All year All year
3 0.83 0.85 1.6 - - -
4 0.93 0.94 1.9 - - -
5 1.06 1.17 2.1 - - -
6 1.06 1.24 1.9 - - -
7 1.06 1.28 1.73 - - -

8 1.06 1.36 1.44 - - -



& :
MINN1 (79)

Weeks Local Rice  Peanuts Cucumbers Fruit Trees Hardwood Fishes Pond
9 1.06 1.04 1.03 - - -
10 1.06 0.99 0.75 - - -
11 1.06 0.91 0.65 - - -
12 1.06 0.77 0.52 - - -
13 0.96 0.6 - - - -
14 0.83 0.5 - - - -
15 0.83 0.4 - - - -
16 0.83 - - 2 - -
17 0.83 - - g - .
18 0.72 - - = - -

A3n: nsuralsznu (2551)
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Calibration of flow at Hico, Bosque River Watershed, TX
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a % A !
MINNHUINN N1 ‘]J%l”mu’]m']i’]ﬂlﬂﬂuﬂuqu

.1 L}

° Ay v 1% = o =2 ] 4 1A ~
u'l@j@glﬂ'lﬂhlﬂi]'lﬂﬂWi‘]JiﬂlﬂﬂﬂL!‘]J‘Ui]'lﬁ’fN W.7.2542 D9 W.A.2551 (MUQY: Qﬂﬂ'lﬁﬂlﬂ@]ﬁ@]f]ﬂ]u1ﬂ)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
1999 74.42 80.73 28.05 9.27 3.1 17.59 68.75  596.16 474.08 144.87 3854 22.04 1557.59
2000 17.99 12.56 2.32 4.11 1.91 4.47 54.93 158.86  270.25 15749  86.94 43.82 815.66
2001 0.94 13.58 16.88 1.07 0.28 2.29 6.48 116.51 125.11 88.52 1422  0.16 386.06
2002 4.39 5.13 13.22 57.59  69.42 73.98 51.93 85.8 106.87 42.75 9.32 0 520.4

2003 7 17.95 46.14 5392  68.06 50.16 82.04  177.01 52.28 122 2724 737 711.15
2004 11.57 121.09 41.83 15.75 12.25 51.94 95.03  989.37 933.96 10.38 0.2 0 2283.39
2005 2.89 24.13 17.88 7.45 0.29 11.49 17.56 27.19 9294 10.18 0.65 5.05 217.69
2006 49.48 105.34 151.48 140.05  27.16 27.71 6.28 5534  184.27 101.4 23.8 3.87 876.18
2007 22.54 2.79 7.66 28.61 24.84 17 19429 187.84 195.82 28.31 4.06 41.62 755.39
2008 0 5.04 6.19 32.33  20.72  110.68  130.28 109.72 221.69 28.95 3.24 0 668.84
Max 74.42 121.09 151.48 140.05 69.42  110.68 19429 989.37 93396  306.94 140.66 70.44 2283.39
Mean 11.78 24.25 21.86 25.77  22.48 34.61 61.6 178.5  235.6 79.83 2249  7.83 724.8

Min 0 0.9 0.09 0.24 0.17 1.77 3.65 2333 2375 10.18 0.2 0 217.69

Sel



. 1] %’ ] H 9 I ) 1 a A q./ L)
M51EUINN N2 ﬂ?mmmzﬂauiwgﬁauuut}umgmmﬁ”lﬂmﬂmiﬂimﬁﬂmmmmm W.A.2543 D4 W.A.2551 (MUIe: Uaansuaoans)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
2000 7.03 9.43 1.75 3.49 2.26 2.78 33.53 87.21 96.24 53.26 18.55 22.94 338.47
2001 0.37 10.19 12.74 0.91 0.33 1.42 3.96 63.96 4455 2994 3.03 0.08 171.48
2002 1.71 3.85 9.98 48.94 82.14 45.96 31.7 47.1 38.06 14.46 1.99 0 325.89
2003 2.73 13.47  34.83 45.82 80.54 31.16 50.08 97.18 18.62 41.26 5.81 3.86 425.36
2004 4.52 90.88  31.57 13.38 14.5 32.27 58.01 543.16 332.58 3.51 0.04 0 1124.42
2005 1.13 18.11 13.5 6.33 0.34 7.14 10.72 14.93 33.1 3.44 0.14 2.64 111.52
2006 19.32 79.06  114.34 119.01 32.14 17.21 3.83 3038  65.62  34.29 5.08 2.03 522.31
2007 8.8 2.09 5.78 24.31 29.39 10.56 118.59  103.12 69.73  9.57 0.87 21.79 404.6

2008 0 3.78 4.67 27.47 24.52 68.75 79.52 6024 7894  9.79 0.69 0 358.37
Max 29.06 90.88  114.34 119.01 82.14 68.75 118.59  543.16 332.58 53.26 18.55 22.94 1593.26
Mean 7.47 29.15  25.03 29.75 26.98 22.82 43.19 137.46  94.63 24.85 4.44 6.49 452.26
Min 0 2.09 1.75 0.91 0.33 1.42 3.83 14.93 18.62  3.44 0.04 0 47.36

9¢1



Y . . ' 3 {y ¥ o o 1 a a o 1A
ﬂ1§1ﬂwu3ﬂﬁ N3 ﬂ?mm Mineral Nitrogen 5'lEll,a'f]u‘UuQllu’l@lﬂglﬂ'lﬁ]lﬂﬂ?ﬂﬂ?iﬂiﬂlﬁﬂﬂl!ﬂﬂ%’lﬁﬂﬂw.ﬁ.2543 5\1 N.A.2551 (MUIY: UAaNTUNDANT)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
2000 94.6 100.5 9.9 234 13.0 22.5 82.9 4512 3784 189.0 85.2 151.2 1601.7
2001 4.9 108.6 71.7 6.1 1.9 11.5 9.8 330.9 1752 106.2 13.9 0.6 841.4
2002 23.1 41.0 56.2 328.3 472.1 372.1 78.4 243.7 149.6 513 9.1 0.0 1824.9
2003 36.8 143.6 196.1 307.3 462.8 2523 123.9 502.7 732 1464 26.7 254 2297.3
2004 60.9 968.7 177.8 89.8 83.3 261.3 143.5 2809.8 1307.5 12.5 0.2 0.0 5915.2
2005 15.2 193.0 76.0 42.5 2.0 57.8 26.5 77.2 130.1 12.2 0.6 17.4 650.6
2006 260.3 842.7  643.8 798.3 184.7 139.4 9.5 1572 258.0 121.7 233 13.4 3452.1
2007 118.6 223 32.6 163.1 168.9 85.5 293.4 5335 2741 340 4.0 143.6 1873.5
2008 0.0 40.3 26.3 184.3 140.9 556.7 196.7 311.6 3104 347 32 0.0 1805.1
Max 3914  968.7  643.8 798.3 472.1 556.7 293.4 2809.8 1307.5 189.0 85.2 151.2 8667.1
Mean 100.6  310.7 141.0 199.6 155.1 184.8 106.8 711.1 372.0 88.2 20.4 42.8 2432.9
Min 0.0 223 9.9 6.1 1.9 11.5 9.5 77.2 73.2 12.2 0.2 0.0 224.0

LET



H 1 “Z,‘ 1 H 9 I o 1 a A w 1T Aa
M319WUINT N4 UTuat Total phosphorus ﬂmﬁauuuqumgmmﬁ%mﬂmiﬂimﬁﬂmmnmam W.A.2543 D4 W.A.2551 (MUIe: Uaansuaoans)

Year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
2000 4.5 6.0 0.8 1.9 1.5 1.6 38.5 114.4 1189 315 6.1 9.6 3353
2001 0.2 6.5 5.6 0.5 0.2 0.8 4.5 83.9 55.0 17.7 1.0 0.0 176.1

2002 1.1 2.5 4.4 27.1 53.5 26.6 36.4 61.8 47.0 8.6 0.7 0.0 269.4
2003 1.8 8.6 15.2 253 52.4 18.1 57.4 127.4 23.0 244 1.9 1.6 357.2
2004 29 58.1 13.8 7.4 9.4 18.7 66.5 7123 4109 2.1 0.0 0.0 1302.3
2005 0.7 11.6 5.9 3.5 0.2 4.1 12.3 19.6 40.9 2.0 0.0 1.1 102.0
2006 12.4 50.6 50.0 65.8 20.9 10.0 4.4 39.8 81.1 20.3 1.7 0.9 357.8
2007 5.6 1.3 2.5 13.4 19.1 6.1 136.0 135.2 86.2 5.7 0.3 9.2 420.7
2008 0.0 2.4 2.0 15.2 16.0 39.8 91.2 79.0 97.5 5.8 0.2 0.0 349.2
Max 18.6 58.1 50.0 65.8 53.5 39.8 136.0 7123 4109 315 6.1 9.6 1592.4
Mean 4.8 18.6 10.9 16.5 17.6 13.2 49.5 180.3 116.9 147 1.5 2.7 447.2
Min 0.0 1.3 0.8 0.5 0.2 0.8 4.4 19.6 23.0 2.0 0.0 0.0 52.7

8¢l
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M3WUINT V1 aasdoyan1eggilion I uunuNnaaUaIval (1973-2003)

LRGN Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Rainfall (mm) 54.6 37 43.9 77.6 119.5 93.1 88 111.4 130 252.2 567.3 420 1994
Temperature (°C) 272 27.7 28.4 29.1 29.1 28.8 28.6 28.5 28.1 27.6 26.9 26.7 28.1
Maximum Mean Temperature (°C) 29.6 30.4 31.4 32.4 32.9 32.8 32.7 32.7 32.1 31 29.5 29 314
Minimum Mean Temperature (°C) 24.3 24.4 24.6 249 25 24.7 24.3 243 24.2 24.1 24.1 24.1 24.4
Relative Humidity (%) 75 75 75 75 76 75 75 74 76 81 83 80 77
Wind Velosity (knot) 7.9 7.4 6.5 5 4 4.1 4.4 4.7 4.3 3.7 4.9 7.2 5.3
Cloudness (0-1- unit) 6.3 5.9 6 6.5 7.6 7.8 7.9 8 8 8.2 8.3 7.7 7.4
Pan evaporation (mm) 156.7 163 189 177 158.6 140.7 145.2 151.1 140 127.6 102.8 120 1,771.2
ma gy

Rainfall (mm) 48.2 19.1 55.4 114 161.7 106.8 1094  112.1 159.4 2114 318.1 270 1,684.6
Temperature (°C) 25.8 26.6 27.5 27.9 27.7 2} 27.2 272 26.7 26.4 25.8 25.4 26.8
Maximum Mean Temperature (°C) 30.9 32.5 34.1 34.6 33.6 332 32.9 32.8 322 31.6 30.1 29.5 323
Minimum Mean Temperature (°C) 21.7 22 22.7 23.5 239 23.7 23.3 234 232 232 23 224 23
Relative Humidity (%) 80 77 76 78 81 80 80 80 82 85 88 86 81
Wind Velosity (knot) 4.1 4.1 3.5 2.7 2.7 3.1 33 3.7 3.1 2.4 2.5 3.5 32
Cloudness (0-1- unit) 6.2 59 6.3 7 7.9 8 8.1 8.2 8.4 8.5 8.5 7.6 7.6

ovl



- :
MINNHINN V1 (7D)

nonad Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Rainfall (mm) 78.1 22.7 50.3 99.6 166.7 103.1 1246 1322 154.3 231.8 429.4 353 1,945.9
Temperature (°C) 26.6 27.2 28.3 29 28.8 28.4 28.2 28 27.7 27.4 26.4 26.3 27.7
Maximum Mean Temperature (°C) 30.1 31.4 32.9 34 33.7 33.2 32.8 32.9 32.3 31.5 30 293 32
Minimum Mean Temperature (°C) 23.1 23.2 23.6 24.2 24.2 23.9 23.5 233 23.2 233 23.4 233 23.5
Relative Humidity (%) 76 74 70 70 73 73 74 74 76 77 80 80 75
Wind Velosity (knot) 52 4.7 4.1 2.7 2.1 1.9 2.1 2.5 2.1 1.9 2.7 4.7 3.1
Cloudness (0-1- unit) 150 162 186 168 145.7 129 139.5  148.8 126 127.1 111 121 1,714.4
Wnge

Rainfall (mm) 84.6 68.8 110.3 114.2 115.1 85 95.6 96.9 118.6 216.9 5154 433.7 2,055.1
Temperature (°C) 27.2 27.4 28.3 29.1 292 28.9 28.6 28.5 28.3 27.8 26.9 26.5 28.1
Maximum Mean Temperature (°C) 30.5 31.3 324 33.5 33.3 333 33 33.1 32.6 315 29.9 29.5 32
Minimum Mean Temperature (°C) 23.6 23.4 23.9 24.7 24.9 24.6 24.1 24.1 24 239 24 23.6 24.1
Relative Humidity (%) 80 79 77 76 77 75 76 75 76 80 84 83 78
Wind Velosity (knot) 3.7 2.9 29 2.1 2.1 2.5 2.9 3.5 2.7 1.7 2.1 3.1 2.7
Cloudness (0-1- unit) 111 1232 158.1 150 139.5 138 139.5 1457 132 111.6 93 93 1,534.6
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MINNHINN V1 (7D)

maﬂ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Rainfall (mm) 66.4 36.9 65 101.3 140.8 97 104.4 1132  140.6 228.1 457.6  369.1 1,920.1
Temperature (°C) 26.7 27.2 28.1 28.8 28.7 28.4 28.2 28.1 27.7 27.3 26.5 26.2 27.7
Maximum Mean Temperature (°C) 30.3 31.4 32.7 33.6 334 33.1 32.9 32.9 32.3 31.4 29.9 293 31.9
Minimum Mean Temperature (°C) 23.2 233 23.7 243 24.5 24.2 23.8 23.8 23.7 23.6 23.6 234 23.8
Relative Humidity (%) 77.8 76.3 74.5 74.8 76.8 75.8 76.3 75.8 77.5 80.8 83.8 82.3 77.8
Wind Velosity (knot) 52 4.8 42 3.1 2.7 2.9 32 3.6 3.1 2.4 3.1 4.6 3.6
Cloudness (0-1- unit) 6.3 5.9 6.2 6.8 7.8 7.9 8 8.1 8.2 8.4 8.4 7.7 7.5
Pan evaporation (mm) 139.2 149.5 177.6 165 147.9 135.9 141.4 148.5  132.7 122.1 1023 111.3 1,673.4

4' a 4
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ID  Code STATION NAME LOCATION LAT LONG
1 35012 .19 g 7.6222 100.0756
2 35022 .1 nngu g 7.3494 100.3250
3 35032 9.AIUVYY Mg 7.7328 100.0133
4 35042 @m1iineassndung (gudisetn) Mg 7.6000 100.1333
5 35052 0.1 Fau Mg 7.4583 100.1361
6 35061 AUIENNINGT iis nnge LGN 7.6122 100.0708
7 35071 AnvId1e 1A (x.21 B) w1duau HGN 7.3858 100.1075
8 35091 ARDINY 189 (x.23) B.NINT 1Nga 7.4606 99.9614
9 58013 9.11104 aval 7.2058 100.5994
10 58022 01110 11gy a9van 7.0008 100.4611
11 58032 .51 Aauan 7.1333 100.2583
12 58042 0.5 Tua aauan 7.7742 100.3200
13 58092 9. aNINge Aauan 7.4717 100.4417
14 58102 9.a2IA Auan 6.6361 100.4250
15 58112 e meabas Aevay o.valng a9van 7.0139 100.5092
16 65062 A01HUNTEN 115D Hnga 7.5833 99.8500




[

H EO a J EN]
ﬂ1§1QNu'3ﬂﬁ U3 u’d@mumuwammﬁmumﬂumnmqmm@,mgm

144

D Code Station Name Location LAT LONG
1 x.44 unIuas 3 malua) GOUToR 7.0006 100.4589
2 x.71 unaeen malng) aauan 6.9986 100.4328
3 x.90 huvimal malng) dqumn 6.9275 100.4436
4 x112 A0 aem GAER 6.7031 100.4336
5 x.113 AADITTLAT TELA v 6.6331 100.3961
6 x173  fapaaz walug GNRTR 6.7956 100.4461
7 x174  Tauade malng) GARTIR 6.9950 100.4847
8 x.181 malng e lng GARTR 7.0575 100.4544
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Bulk Density (cm/gm) Availabl Hydrolic Conductivity
Total Field  Wilting
Svetlosanov e Water (hr/cm)
Texture Jury Porosity Capacity  Point
and Knisel Capacit | Lietal ,McCuen et al
(1986) Bar3/1 Barl5
(1982) y (1976) (1981)

Coarse sand cs 1.6 0.4 0.11 0.03 0.08
Sand S 1.6 1.59-1.65 04 0.16 0.03 0.13 63.36 24.6
Fine sand fs 1.5 0.43 0.18 0.03 0.15
fine sand .V vis 1.5 0.43 0.27 0.03 0.25
coarse sand . Icos 1.6 0.4 0.16 0.05 0.11
Loamy sand Is 1.6 0.4 19.0 0.05 0.14  56.28 78.84
sand .Loamy f Icos 1.6 0.4 0.22 0.05 0.18
sand .f.v.L Ivfs 1.6 0.4 0.37 0.05 0.32
loam.Coarse s Ifs 1.6 0.4 0.19 0.08 0.11
Sandy loam sl 1.6 1.47-120 04 0.22 0.08 0.14 12.48 17.93
sandy loam .F sl 1.7 0.36 0.27 0.08 0.19
sandy loam.f.V  vfsl 1.6 0.4 0.37 0.08 0.29
Loam 1 1.6 0.4 0.26 0.11 0.15 2.5 5.98
Silt loam sil 1.5 1.47 0.43 0.32 0.12 0.2 2.59 1.62
Silt si 1.4 0.47 0.27 0.03 0.24
Sandy clay

scl 1.6 0.4 0.3 0.18 0.12 2.27 4.72
loam
Clay loam Ic 1.6 1.36-1.20 0.4 0.35 0.22 0.13 0.88 3.64
Silty clay loam sicl 1.4 0.47 0.36 0.2 0.16 0.61 1.07
Sandy clay sc 1.6 0.4 0.28 0.2 0.13 0.78 1.25
Silty clay sicl 1.5 1.26 0.48 0.4 0.3 0.14 0.37 1.8

Clay c 1.4 0.47 0.39 0.28 0.11 0.46 1.07
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay

Bh B 1 0-18 s 96.9 2.1 1 1.45 218 0.13
2 18-51 s 96.8 2.7 0.5 1.48 12.6 0.11
3 51-80 s 96.8 2.2 1 1.48 1.14 0.15
4 80-106 s 95.3 3.7 1 1.48 0.96 0.15
5 106-136 s 96.9 1.1 2 0 0 0

KI C 1 0-10 LS-L 52 38 10 1.45 218 0.13
2 10-26 LS-L 26 32 42 1.48 12.6 0.11
3 26-42 LS-L 22 27 51 1.48 1.14 0.15
4 42-65 LS-L 16 16 68 1.48 0.96 0.15

Ba C 1 0-15 L 33 42 25 1.10 0 0
2 15-24 L 40 27.5 32.5 1.1 0 0
3 24-55 L 33 29 38 1.1 0 0
4 55-85 L 34.5 25.5 40 1.1 0 0
5 85-100 L 44 24 32 0 0 0

Ro B 1 0-9 Lsi 23.5 72.5 4 1.45 218 0.13
2 9-21 Lsi 17 68 15 1.48 12.6 0.11

Lyl
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay
Ro B 3 21-38 Lsi 13.5 61 25.5 1.48 1.14 0.15
4 38-80 Lsi 9.5 59.5 31 1.48 0.96 0.15
5 80-150 Lsi 7.5 56 36.5 0 0 0
Ko C 1 0-10 L 51 34 14 1.45 218 0.13
2 10-21 L 67.4 15.6 17 1.48 12.6 0.11
3 21-57 L 66.1 8.4 25.5 1.48 1.14 0.15
4 57-100 L 65.6 7.4 27 1.48 0.96 0.15
Sw B 1 0-18 Ls 71 27 1.5 1.45 218 0.13
2 18-39 Ls 71 18.5 10.5 1.48 12.6 0.11
3 39-56 Ls 70.5 13 16.5 1.48 1.14 0.15
4 56-75 Ls 46 16.5 37.5 1.48 0.96 0.15
5 75-115 Ls 46.5 12 41.5 0 0 0

871
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay

Kh B 1 0-11 Ls 73.5 20 6.5 1.45 218 0.13
2 11-26 Ls 70.5 22 7.5 1.48 12.6 0.11
3 26-58 Ls 73 21 6 1.48 1.14 0.15
4 58-100 Ls 67.5 19.5 13 1.48 0.96 0.15

Ra D 1 0-11 C 26 27.5 46.5 1.45 218 0.13
2 11-29 C 25.5 26 48.5 1.48 12.6 0.11
3 29-62 C 1.2 11.3 87.5 1.48 1.14 0.15
4 62-64 C 29.6 9.4 61 1.48 0.96 0.15

Cp B 1 0-9 Ls 55 33 12 1.45 218 0.13
2 9-20 Ls 60 28 12 1.48 12.6 0.11
3 20-38 Ls 59 26 15 1.48 1.14 0.15
4 38-75 Ls 40 14 46 1.48 0.96 0.15
5 75-100 Ls 34 16 50 0 0 0

Ry B 1 0-8 CS 65 31.5 3.5 1.45 218 0.13
2 8-20 CS 57 325 10.5 1.48 12.6 0.11
3 20-45 CS 47 26.5 26.5 1.48 1.14 0.15

6v1
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay
Km B 1 0-12 Ls 72 19.5 8.5 1.45 218 0.13
2 12-28 Ls 70 14.5 15.5 1.48 12.6 0.11
3 28-48 Ls 61 14.5 24.5 1.48 1.14 0.15
4 48-100 Ls 58 15 27 1.48 0.96 0.15
5 100-150 Ls 54 15 31 0 0 0
Sm D 1 0-25 C 2.58 36.1 61.4 1.45 218 0.13
2 25-46 C 0.66 453 54.0 1.48 12.6 0.11
3 46-75 C 0.21 52.2 47.6 1.48 1.14 0.15
4 75-105 C 2.18 42.1 55.7 1.48 0.96 0.15
5 105-140 C 91.02 4.11 4.87 0 0 0
6 140-165 C 71.06 23.1 5.89 0 0 0
7 165-200 C 20.63 58.5 20.9 1.1 0 1.1

0ST
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay

Tg B 1 0-18 Lsi-L 31 50 19 1.45 218 0.13
2 18-28 Lsi-L 30 39.5 30.5 1.48 12.6 0.11
3 28-54 Lsi-L 30.5 30 39.5 1.48 1.14 0.15
4 54-100 Lsi-L 59.5 18.5 22 1.48 0.96 0.15

SC C 1 0-11 C 20.5 32.5 47 1.1 0 0
2 11-18 C 14.5 15.5 70 1.1 0 0
3 18-67 C 10.5 9.5 80 1.1 0 0
4 67-100 C 10.5 9 80.5 1.1 0 0

Vi B 1 0-12 Ls 50 47.5 2.5 1.45 218 0.13
2 12-32 Ls 50.5 45.5 4 1.48 12.6 0.11
3 32-54 Ls 38 40 22 1.48 1.14 0.15
4 54-100 Ls 30 39.5 30.5 1.48 0.96 0.15

Pto B 1 0-14 Ls 66.8 24.6 8.6 1.45 218 0.13
2 14-41 Ls 64.7 22.3 13 1.48 12.6 0.11
3 41-63 Ls 62.9 22.5 14.6 1.48 1.14 0.15
4 63-93 Ls 62.1 10 27.9 1.48 0.96 0.15

IS1
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay
Ni C 1 0-0.9 Ls 59 39 2 1.45 218 0.13
2 0.9-26 Ls 523 38.7 9 1.48 12.6 0.11
3 26-50 Ls 524 36.1 11.5 1.48 1.14 0.15
4 50-74 Ls 52.8 32.7 14.5 1.48 0.96 0.15
5 74-110 Ls 39.4 31.6 29 0 0 0
Lan A 1 0-10 SL 81.2 12.8 6 1.45 218 0.13
2 10-23 SL 80.2 16.8 3 1.48 12.6 0.11
3 23-50 SL 80.4 16.1 3.5 1.48 1.14 0.15
4 50-84 SL 79.6 15.9 4.5 1.48 0.96 0.15
5 84-100 SL 80.8 15.2 4 0 0 0
6 100-135 SL 78.3 17.2 4.5 0 0 0
7 135-160 SL 79.7 15.8 4.5 1.1 0 0

[4q!
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay
Knk B 1 0-9 LS 64.2 21.2 14.6 1.45 218 0.13
2 9-23 LS 62 25.9 12.1 1.48 12.6 0.11
3 23-39 LS 65.5 20.9 13.6 1.48 1.14 0.15
4 39-58 LS 58.7 20.2 21.1 1.48 0.96 0.15
5 58-100 LS 50.1 18.3 31.6 0 0 0
AC-pd C 1 0-11 C 20.5 32.5 47 1.1 0 0
2 11-18 C 14.5 15.5 70 1.1 0 0
3 18-67 C 10.5 9.5 80 1.1 0 0
4 67-100 C 10.5 9 80.5 1.1 0 0
Hy B 1 0-1.5 LC 44.8 19.3 359 1.45 218 0.13
2 1.5-28 LC 30 11.8 58.2 1.48 12.6 0.11
3 28-40 LC 28 12.9 59.1 1.48 1.14 0.15
4 40-100 LC 21.3 15.2 63.5 1.48 0.96 0.15
Ya B 1 0-12 LS 67.5 18.5 14 1.45 218 0.13
2 12-25 LS 66 15.5 18.5 1.48 12.6 0.11
3 25-42 LS 59.5 18.5 22 1.48 1.14 0.15

€51
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
Soil Name hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay
Ya 4 42-100 LS 39 17 44 1.48 0.96 0.15
TOWN D 1 0-11 C 20.5 32.5 47 1.1 0 0
2 11-18 C 14.5 15.5 70 1.1 0 0
3 18-67 C 10.5 9.5 80 1.1 0 0
4 67-100 C 10.5 9 80.5 1.1 0 0
Lh B 1 0-16 LS 76.8 8.5 14.7 1.45 218 0.13
2 16-32 LS 22 7.8 70.2 1.48 12.6 0.11
3 32-60 LS 73.1 7.4 19.5 1.48 1.14 0.15
4 60-100 LS 72.5 7.3 20.2 1.48 0.96 0.15
Pk B 1 0-19 LCS 69.2 9.2 21.6 1.45 218 0.13
2 19-34 LCS 65.1 9.7 252 1.48 12.6 0.11
3 34-53 LCS 414 10 48.6 1.48 1.14 0.15
4 53-80 LCS 40.1 11.4 48.5 1.48 0.96 0.15
5 80-100 LCS 29.7 11.1 59.2 0 0 0

123!
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Soil Particle Size Analysis
Depth Soil Bulk Density Hydraulic Conductivity
eSoil Nam hydrologic Layer USDA Grading % Water Capacity
(cm) Texture (cm/gm) (hr/cm)
Group Sand Silt Clay
TM.L D 1 0-11 C 20.5 32.5 47 1.1 0 0
2 11-18 C 14.5 15.5 70 1.1 0 0
3 18-67 C 10.5 9.5 80 1.1 0 0
4 67-100 C 10.5 9 80.5 1.1 0 0
Pad B 1 0-12 SL 80 17 3 1.45 218 0.13
2 12-25 SL 77 17.5 5.5 1.48 12.6 0.11
3 25-37 SL 75.5 18.5 6 1.48 1.14 0.15
4 37-90 SL 72 20 8 1.48 0.96 0.15
5 90-100 SL 49 12 39 0 0 0
Stn C 1 0-7 LS 61.5 37 1.5 1.45 218 0.13
2 7-11 LS 64.5 33.5 2 1.48 12.6 0.11
3 11-22 LS 60 37.5 2.5 1.48 1.14 0.15
4 22-30 LS 60 32,5 7.5 1.48 0.96 0.15
5 30-46 LS 58.5 33.5 8 0 0 0
6 46-100 LS 33 34 33 0 0 0

GSl
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W lae US. Department of Agriculture (1972)

Hydrologic Group
Crop/Land Use Cover Condition

A B C D
Fallow Straight Row - 77 86 91 94
Row crops K Poor 72 81 88 91
” & Good 67 78 85 89
” Contoured Poor 70 79 84 88
? ? Good 65 75 82 86
” and Terraced .Cont Poor 66 74 80 82
% & Good 62 71 78 81
Small grain Straight Row Poor 65 76 84 88
? ? Good 63 75 83 87
” Contoured Poor 63 74 82 85
? ? 0dGo 61 73 81 84
” and Terraced .Cont Poor 61 72 79 82
? g Good 59 70 78 81
Rotation meadow .Row.Str Poor 66 77 85 89
? n Good 58 72 81 85
? Contoured Poor 64 75 83 85
< 2 Good 55 69 78 83
” and Terrace .Cont Poor 63 73 80 83
? ” Good 51 67 76 80
sture or rangePa Poor 68 79 86 89
” Fair 49 69 79 84
? Good 39 61 74 80
? Contoured Poor 47 67 81 88
” ? Fair 25 59 75 83
? ” Good 6 35 70 79

Meadow Good 30 58 71 78
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Hydrologic Group
Crop/Land Use Cover Condition
A B C D
Woods Poor 45 66 77 83
» Fair 36 60 73 79
? Good 25 55 70 77
Farmsteads ---- 59 74 82 86
**(dirt)Roads ce 72 82 87 89
**(hard surface)Roads - 74 84 90 92
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MSNUINN 91 Effective hydraulic conductivity of various channel bed material.

Effective Hydraulic Conductivity

Bed material group Bed material characteristics
(mm/hr)
1 Very clean gravel and large
>127
Very high loss rate sand d50>2mm
2 Clean sand and gravel under
51-127
High loss rate field conditions. d50>2mm
3 Sand & gravel mixture with less
25-76
Mod high loss rate than a few percent silt-clay
4 Mixture of sand & gravel with
6.4-25
Moderate loss rate significant amts of silt-clay
5 Consolidated bed material with
0.025-2.5
Very low loss rate high silt-clay content

31: Arnold ef al. (1995)



M1519WUINN 92 The channel Mannings's "n" values. for various conditions.

160

Channel flow Value chosen Range
A. Excavated or dredged
1. Earth, straight and uniform [ 0.0250] 0.016-0.033
2. Earth, winding and sluggish [ 0.0350] 0.023-0.05
3. Not maintained, weeds and brush [ 0.0750] 0.04-0.14
B. Natural streams
1. Few trees,stones, or brush [ 0.0500] 0.025-0.065
2. Heavy timber and brush [ 0.1000] 0.05-0.15

31: Arnold et al. (1995)



161

M1519WUINA 93 The surface roughness factor is Manning's "n" values. for various

condition.
Overland flow Value chosen Range

Fallow, no residue [ 0.0100] 0.008-0.012
Conventional tillage, no residue [ 0.0900 ] 0.06-0.12
Conventional tillage, residue [ 0.1900 ] 0.16-0.22
Chisel plow, no residue [ 0.0900 ] 0.06-0.12
Chisel plow, residue [ 0.1300] 0.10-0.16
Fall disking, residue [ 0.4000 ] 0.30-0.50
No till, no residue [ 0.0700 ] 0.04-0.10
No till (0.5-1.0 t/ha) [ 0.1200] 0.07-0.17
No till (2.0-9.0 t/ha) [ 0.3000 ] 0.17-0.47
Rangeland (20% cover) [ 0.6000 ]

Short grass prairie [ 0.1500] 0.10-0.20
Dense grass [ 0.2400 ] 0.17-0.30
Bermudagrass [ 0.4100 ] 0.30-0.48

31: Arnold ez al. (1995)
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