SWAT Soil & Water
Assessment Tool

§

oo 20 o
S om)

— R h"{"‘

any B -- enr| R‘amdjeff Arnold
— “""2015 Internatlonal SWAT Conference

Sardinia, Italy

DMEERRiG 2015, |



2015 International SWAT Conference

External
input

Spatial objects

Export
Coefficient

Delivery
Ratio

Subbasin >

Impound-
ment -

Outlet

June 26, 2015



2015 International SWAT Conference

Connections and properties of spatial objects

subbasin.con: Subbasin spatigl coppectjope — Little RBiver Experimental Natershed (Spbba=in)
HUME HNAME |PROPS JISRC_TOT IDBTYP CUT1 CBTYPHO CUT1 HTYPF CUT1 FRAC CUT1 | CEBTYP COUTZ OBTIYPNC COUTZ2 HTIYP OUTZ2 FRAC OUTZ
1 0 1 P cha 1 Lot 1.0000 Ao 1 rhg 1.0
b 1 2 b cha 2 ToC 1.0000 ag b rhg 1.0
3 2 3 b cha 3 tot 1.0000 agu 3 rhg 1.0
4 3 4 2 cha 4 1.0000 am 4 rhg 1.0
5 4 5 2 cha 5 1.0000 am 5 rhg 1.0
& 5 & 2 cha & 1.0000 am & rhg 1.0
T 3 7 P cha 7 1.0000 aou T rhag 1.0
g 7 8 P cha 8 1.0000 Ao g rhg 1.0
9 8 9 b cha 9 ToC . 0000 9 rhg 1.0
10 g 10 P cha 10 tot 000 10 EEE 1.0

Points to Dfilgpdefindegt | | | OBTYP_OUT = Type of spatial object the output |s sent to

the propgtoi¢svofltiratingq + OBTYPNO b_u_l_ﬁ_o.r_spa.na."ohmr'r %
spatial object TUTA1oY RoUfeuTiseeot kgdhegrapt @&t nfseeharge is sent to the

chanFrRAM tigTrespedtin of hydfogragkifer in the respective
subbasin subbasin
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HRU properties

hru-data.hru: HRU properties - Little River Experimental Watershed |(Subbasin)

HUME AREL HNAME | TOPC |HYD | SCIL |LANDUSE MGTOPS |STROPS STRINIT |PLANTINI | SOIL _NUOT PESTINIT BACTINIT SURFSTOR SHOW
1 0.,153% 1031 1 1 3 1 8 4] 4] 8 3 4] 4] 0 1
2 0.0072 1041 2 2 4 1 11 a 0 11 4 0 a 0 1
3 0.7911 1061 3 3 [ 1 9 4] 4] k] 8 4] 4] 0 1
4 0.0027 1091 4 4 9 1 11 a 0 11 9 0 a 0 1
5 0.0279 1101 5 5 10 1 11 4] 4] 11 10 4] 4] 0 1
& 0.0117 2031 & 3 3 2 2 a 0 2 3 0 a 0 1
7 0.0018 2041 7 7 4 2 2 4] 4] 2 4 4] 4] 0 1
8 0.0549 2061 8 8 & 2 2 a 0 2 [ 0 a 0 1
k] 0.0252 2101 k] g9 10 2 2 4] 4] 2 10 4] 4] 0 1
10 0.03%96 3031 10 10 3 3 3 0 0 3 3 0 ] 0 1
11 0.0362 3041 11 toppgraphyjtop: General topogrpphical characteristfics - Littlp River Experimental Watershed (Subbasin)
12 0.1323 3061 12 HUMS HAME ELEV SLOPE SLOFE_LFEN LAT LEN DIS STRELM DEF_CO FIELD DE CHANNEL DB
13 0.0567 =081 13 il 1031 130.0344 0.0379 91.60P0 0.0poo 35.0000 0.0000 0 4]
2 1041 126.5418 0.0060 81.60pP0 0.0po0 35.0000 0.0000 0 0
14 0.0702 3101 14 & 1061 136.4939 0.0348 91.60pP0 0.0po0 35.0000 0.0000 0 4]
13 0.0027 4031 13 3 1091 131.1593 0.0303 91.60p0 o0.0poo 35.0000 0.0000 0 0
16 0.0072 4041 1& = 1101 132.4588 0.0411 91.60pP0 0.0po0 35.0000 0.0000 0 0
so0ils.sol: S5o0il parameters - Little River Experifental Watershed
NUME SHAM NLY HYDGRFP ZMX ANION_EXCL CRE TEXTURE Z1 ED1 AWC1 Kl CENY CLAY1l SILT1 SAND1 RCCK1 ALB1 USLE K1 EC1I CALl PHIL
1 LREWO1 1 s 2280 0.5 0.5 5 2280 1.48 0.04 07.6 0.435 3.0 1.5 895.5 2.00 .37 0.10 0.0 0.0 5.3
2 LEREWOZ 2 I 2160 0.5 0.5 5-5 1520 1.50 0.07 31.2 0.439 5.0 1.4 93.86 6.00 .30 0.10 0.0 0.0 5.3
3 LREWO3 3 B 1520 0.5 0.5 L5-5CL-5CL 360 1.45 0.08 00.8 0.149 10.0 4.3 85.7 5.00 .30 0.15 0.0 0.0 5.3
4 LREWO4 3 B 1930 0.5 0.5 5L-5C-C 180 1.55 0.13 100.8 0.435 14.0 18.2 66.8 7.00 .30 0.28 0.0 0.0 4.6
5 LREWOS 3 B 1650 0.5 0.5 L5-5L-5CL 660 1.65 0.07 331.2 0.725 6.0 9.1 84.9 5.00 .30 0.15 0.0 0.0 5.3
3 LEREWO& 4 B 1650 0.5 0.5 L5-5L-5CL-5CL 250 1.43 0.086 331.2 0.435 5.5 9.2 85.3 13.00 .30 0.15 0.0 0.0 5.3
7 LREWO7 3 C 1650 0.5 0.5 L5-5CL-5CL 360 1.50 0.10 100.8 1.015 6.0 9.1 84.9 6.00 .30 0.15 0.0 0.0 5.5
g8 LREWOE& 3 C 1650 0.5 0.5 5L-5CL-5CL 100 1.48 0.11 100.8 1.160 12.5 19.86 687.9 5.00 .30 0.24 0.0 0.0 5.0
9 LREWOS 3 C 1650 0.5 0.5 L5-5L-5CL 790 1.53 0.086 331.2 0.870 7.5 9.0 83.5 3.00 .23 0.10 0.0 0.0 5.3
10 LREW10 3 D 1780 0.5 0.5 L5-5CL-5CL 710 1.53 0.07 331.2 0.870 7.0 9.2 83.8 1.00 .1e& 0.10 0.0 0.0 5.0
11 LREW11 3 D 1650 0.5 0.5 S5L-5CL-5C 200 1.35 0.13 32.4 1.450 17.5 15.3 a87.2 1.00 .23 0.10 0.0 0.0 4.6
12 LREW1Z 1 D 25.4 0.5 0.5 water 25.4 0.01 0.00 600.0 0.000 0.0 0.0 0.0 0.00 .23 0.00 0.0 0.0 0.0
13 4101 127.9802 0.0289 91.6000 0.0000 35.0000 0.0000 0 4]
20 5031 124.5828 0.0080 91.6000 0.0000 35.0000 0.0000 0 o]
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General land use parameters

landuse.lum: General land use properties — Little River Experimental Watershed
HUME HAME CH_LU USLE F IURBAN UERE LU OVH

1 AGEL 7 1.00 0 1] 0.14

2 BRST 36 1.00 0 1] 0.35

3 FRSE 44 1.00 0 4] 0.45

4 FR5D 46 1.00 0 0 0.45

5 WETF 46 1.00 0 1] 0.45

& WATE 1 1.00 0 1] 0.01

7 URLD 47 1.00 1 4 0.10

~ctakle James Tomdical sirae mimhber sralig=a . Ceamssa]
urkban.urb: Urban parameters - General
HIME HaME FIMP FCIMP CUOREDEN URBCCEF DIRTMX THALF THCCHC TPCCNC THO3ICONC URBCHZ Description
1 TURHD 0©O.&80 0.44 0.24 0,18 225.00 0.73 550.00 223.00 T.20 S8.00 Residential-High Density
2 UEMD ©O.38 0.30 0.24 0.18 225.00 0.75 550.00 223.00 T7.20 98.00 BResidential-Medium Density
3 UEML 0©0.20 0.17 0.24 0.18 225.00 0.75 4e0.00 156.00 6,00 98.00 Residential-Med/Low Density
4 TURLD ©0.12 0.10 0.24 0.18 225.00 0.75 460.00 15&.00 &.00 S98.00 Residential-Low Density
3 ocoM 0.87 0.62 0.28 0.18 200.00 1.0 420.00 240.00 3.50 S98.00 Commercial
& UIipg 0.84 0.78 0.14 0.18 400.00 2.35 430.00 104.00 5.60 S98.00 Industrial
T UTEN ©O.98 0.35 0.12 0.18 340.00 3.80 480.00 212.00 6,30 S98.00 Transportation
8 TINS 0.51 0.47 0.12 0.18 340.00 3.90 480.00 212.00 &6.30 S8.00 Institutional
g UREBN 0.38 0.30 0.24 0.18 225.00 0.73 550.00 223.00 T.20 S98.00 Residential
14 Row_crops Contoured & terraced w_residue Foor &5 73 79 81
15 Row_crops Contoured & terraced w residue Good 6l T0 77 80
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Management schedules and operations

mEnagement . sch: tilla initial.plt: Plant commanity initialization - Little River Experimental Watershed
op NUME NAME  PLANTS CCM CENM DB NUM IGRO FHUO LAT BICMS  PHUACC POP YRMAT RSDIN
1 AGRL 1
AGRL O BGRL 1 0 1826.0 0.00 0.00 0.00 0.00 0.00 1000.00
2 BLST 3 2 EAST 1
P BAST 12 0 19%6.0 0.00 0.00 0.00 0.00 0.00  3000.00
5 3 FRSE 1
4 FRSE 8 1 5340.3 0.00 0.00 0.00 0.00 0.00 10000.00
4 FRSD 1
20 FRSD 7 1 1826.0 0.00 0.00 0.00 0.00 0.00 1000.00
3 FRSE O s WETF 1
4 FRESD O WETF 10 1 5340.3 0.00 0.00 0.00 0.00 0.00 10000.00
5 WETF O & WATR 1
g WLTE O WATR 18 0 2256.5 0.00 0.00 0.00 0.00 0.00 0.00
7 URLD 3 7 URLD 1
BERM 40 1 19%6.0 0.00 0.00 0.00 0.00 0.00  3000.00
2 3 8 BGRL 1
3 11 ENUT &1 0 €99.0 0.00 0.00 0.00 0.00 0.00  1000.00
4 11 9 BAGEL 1
fertilizer.frr: Fertilizer para CORN 13 0 1394.0 0.00 0.00 0.00 0.00 0.00 1000.00
HITME FERTNM FMINH 10 RGRL :
COTS L1 0 1254.0 0.00 0.00 0.00 0.00 0.00 1000.00
1 Elem-N 1.000 11 nemL .
2 Elem-F 0.000 COTS &6 0 1254.0 0.00 0.00 0.00 0.00 0.00 1000.00
3 LMH-NHS 0.820
El URER 0.460 0.000 D 0.000 1.000 0.000 0.000 0.000 Urea
5 46-00-00 0.460 0.000 Ser?00 0.000 0.000 0.000 0.000 0.000 46-00-00
& 33-00-00 0.330 0.000 0.000 0.000 0.000 0.000 0.000 0.000 33-00-00
7 31-13-00 0.310 0.057 0.000 0.000 0.000 0.000 0.000 0.000 31-13-00
8 30-80-00 0.300 0.352 0.000 0.000 0.000 0.000 0.000 0.000 30-80-00
g 30-15-00 0.300 0.066 0.000 0.000 0.000 0.000 0.000 0.000 30-15-00
10 28-10-10 0.280 0.044 0o 0.000 0.000 0.000 0.000 0.000 28-10-10
I 10171 ¢ 2 0.000 | 0 0.0 Establish CCORN
10 4 3 0.000 0 0.0 Fern
10 4 3 0.000 0 0.0 Fern
3 a1 0.000 0 0.0 Hary
4 ] 1 0.000 4] 0 0.0 Kill




2015 International SWAT Conference

Climate

weather-sta.cli: pot-% ] = el h s S L EL LI R ARG E Y=L o 1 F- TN
NUMB N4ME WGEH BCESIM THMESIM RHSIM SLR3IM WHDSIM FGAGE TGAGE SGAGE HGLAGE WGEAGE WHDIR LTHMODEP
1 CLI1 1 1 1 2 2 2 1 1 o] o] o] o] o]
pcp.cli: Precipitation file names - Little River Experimental Watershed
Use observed data NOMB  FILENAME
1 LEEWO1l .pcp

Use weather generator

LEEWOl.pcp: Precipitation data gage NOARL CO098703 - Little River Experimental Watershed
NEYR TSTEP LAT LONG ELEV
25 0 31.45 -83.48 115.8

1588 1 0.0

1988 2 10.2

1988 3 12.7

1988 4 9.1

1988 5 0.0

1988 & 0.0

1988 7 0.0

1588 8 18.0

1988 9 4.6

1988 10 0.0

1988 11 0.0

1988 12 0.0

1988 13 0.0

1988 14 0.0

weather-gen.cli: Weather generator data - Little River Experimental Watershed
HUMB 5STATE STATICH LSTATICH ID LAT LONG ELEV E_YR3 THX1 2 3
1 G4 2H GATIFTCHM 1 31.47 -83.53 112.8 10 16.12 17.53 20.88
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Test watersheds: Location and topography

Legend
[ South Fork Wildcat Creek Watershed

Elevation [m a.s.l.]
pm 305.0

0255 10km | S,
i L1 | .

Legend Legend &\.‘ A
[IMiddle Bosque River Watershed [CLittle River Experimental Watershed

Elevation [m a.s.l.] Elevation [m a.s.l.]
pm 366.5 pm 147.7
-161.5 0 25 5 10 km - ? 2;5 ? . 1IC)km
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Test watersheds: Characteristics

LREW MBRW WCSW
Area (km?) 334 471 629
Average annual PCP (mm) 1208 750 1422
Average TMP (°C) 19.1 18.5 10.5
Average Q (m3/s) 2.95 2.60 7.00
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3 setups per watershed

e Subbasin - Regular subbasins
* Landscape 1 = 2 landscape units per subbasin

* Landscape 2 - 4-6 landscape units per subbasin

June 26, 2015
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Interaction of spatial objects

HRU Output

Subbasin

Aquifer Channel

Channel
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Interaction of spatial objects

HRU Output

4

UL Subbasin

HRU Output

Subbasin

UL Aquifer

How to determine the ratios
of overland and channelized Aquifer Channel

fIstriouted to HRUs
in Floodplain Subbasin

FP Aquifer Channel Channel
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Flow separation for overland routing

Ai'ri
° /11' = |n (tan(ﬁi)) (S R>0

A; mean contributing area
r; ratio of upland and floodplain area
B, meanslope

. . Ai — min(/ll-)
fi ~ max(4;) —min(};) €[01]
f; Fraction of channelized flow
1-— fl. Fraction of overland (landscape) flow

June 26, 2015



2015 International SWAT Conference

ArcSWAT and modular Subbasin setup
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Subbasin and Landscape Unit setups
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Sankey diagram water balance
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T SWAT (= [@][=]

| Project setup | Watershed Delineation | Stream Definition | Subbasin Delineation | Landscape Unit Defineation | Land Use/Soils/Slope Definition | Spatial Connections | Climate |

Select Stream Definition Method Preview

Area Threshold
() Drop Analysis

Area Threshold

Area:  120.0

s ]

Drop Analysis Method

Ma. of thresholds: | | [Jiog

-

|Create Streams and Outlets|

ﬁ o ° 'i-;‘ E ' m’ ¥=1.17375e+06 y=1.03§aﬁgf:§gn
\
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Landscape Unit Delineation

Input

DEM preprocessing,
watershed and stream
delineation

Extract and classify

landscape features
(additional user input needed
depends on the method)

Polygonization,
merging

Output

—| | calculate flow directions,

TauDEM (fill sinks,

and accumulated flow area)

opographic properties
(e.g., slope, upslope area,

T > |Topographic and / or hydro-

geomorphic analysis
- Topographic wetnessindex
- Slope position
- Constant flood plain level
= Variable flood plain level

tracted topographic

and hydrogeomorphic
features

Classification and [ or
thresholding

Candidate landscape
delineation

y

Subbasin merging

Landscape polygon
features

Polygons
representing

(e.g.) hillslope and
floodplain areas
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Four delineation methods

a) Topographic Wetness Index

b) Slope Position

c) Uniform Flood Stage

d) Variable Flood Stage

N
10 km A
June 26, 2015
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Validation using SSURGO and FEMA flood maps

Reference data

Class Hillslope Floodplain UA
o Hillslope 255222 53087 0.83
E'é Floodplain 11372 49077 0.81
©
(@)
a PA 0.96 0.48
Kappa: 0.50

Overall accuracy: 0.83

Legend - b N

~ ‘ 0 25 5 10 km
- Floodplain - Upland .~ Floodmap | ! | ! | A
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Slope position method: equation

June 26, 2015
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Slope position method: Spatial input and output

Slope position

June 26, 2015



