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CONCLUSION

RANKING HRU’S WITH RESPECT TO
TOPOGRAPHIC INDEX AND INTRODUCING A
SLOPE LENGTH THAT IS SMALL UPHILL AND
LONG DOWNHILL, SWAT CAN SIMULATE THE
LOCATION OF SATURATED AREAS WELL ON
SOILS WITH A RESTRICTING LAYER IN HUMID
CLIMATES



HYDROLOGY 101

SURFACE SOILS IN HUMID AREAS HAVE GENERALLY SATURATED
CONDUCTIVITIES MANY TIMES GREATER THAN THE RAINFALL INTENSITY

RAIN WATER INFILTRATES AND MOISTURE CONTENT WILL INCREASE FOR
SLOPING SOILS WITH A HARDPAN

WATER WILL RUN DOWN THE SLOPE THROUGH THE SOIL AS LATERFLOW.

INTERFLOW ACCUMULATES IN LOCATIONS WHERE THE SLOPE BECOMES
LESS (I.E., VALLEY BOTTOMS)

SURFACE RUNOFF OCCURS WHEN SOIL IS SATURATED

SATURATION EXCESS RUNOFF IS THE RULE RATHER THAN THE EXCEPTION IN
HUMID CLIMATES
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SWAT2012

IN SWAT HRU’S CAN CONTAIN SEVERAL HILLSLOPES AND
MOISTURE CONTENT ACROSS THE HILLSLOPE

HILLSLOPE HAS AVERAGE MOISTURE CONTENT

SWAT IS, THEREFORE, NOT IDEALLY SUITED FOR MODELING THE
LOCATION OF THE OVERLAND FLOW AREAS



OBJECTIVE

TRICK SWAT IN BECOMING A SATURATION EXCESS MODEL
THAT CAN SIMULATE THE LOCATION OF SURFACE RUNOFF
ACCURATELY



TWO ADAPTATIONS TO SWAT DISCUSSED

SWAT-HS SWAT -HILLSLOPE
SWAT-wiL SWAT-WITH IMPERMEABLE LAYER



STEP 1 (BOTH MODELS)
REDEFINE HRUs

EACH HRU HAS A SPECIFIC LOCATION ON THE
HILLSLOPE

* REDEFINE HRU SO THAT TOPOGRAPHIC INFORMATION IS PRESERVED

Conbtributing area

* USE topographic index =

slope xsoil depth+conductivity

* RANK HRUS ALONG THE HILLSLOPE (AND GROUP THEM IN WETNESS
CLASSES)



STEP 2: (BOTH MODELS)
REDEFINE SURFACE RUNOFF PROCESS

SURFACE RUNOFF FOR EACH HRU IS EQUAL TO THE
AMOUNT OF RAINFALL MINUS WHAT CAN BE STORED IN
THE SOIL

SINCE MOST RUNOFF OCCURS DOWNSLOPE WITH SMALL
A SLOPE MODEL SUOULD INCREASE THE MOISTURE
CONTENT



STEP 3: SWAT-HS
INCREASE RUNOFF IN HRU'S DOWN SLOPE

SWAT-HS (HILLSLOPE): INTRODUCE A SURFACE AQUIFER THAT
TRANSMIT WATER TO HRU’S TO HRUS WITH GREATER TOPO INDEXES
WHEN SOIL IS ABOVE FIELD CAPACITY.

DESCRIBED IN HOANG L, SCHNEIDERMAN EM, STEENHUIS TS, MOORE KEB, OWENS EM,
MUKUNDAN, STEENHUIS TS 2017. PREDICTING SATURATION-EXCESS RUNOFF DISTRIBUTION
WITH A LUMPED HILLSLOPE MODEL: SWAT-HS. HYDROLOGICAL PROCESSES 31:2226-
2243. DOI: 10.1002/HYP.11179



Environmental
Protection

SWAT-HS was developed by modifying the latest version

of SWAT (SWAT2012)
SWAT2012
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STEP 3: SWAT-WIL
INCREASE RUNOFF IN HRU'S DOWN SLOPE

SWAT-WIL (WITH IMPERMEABLE LAYER): RESTRICT
PERCOLATION OUT OF ROOTZONE AND REDEFINE THE SLOPE
LENGTH SO THAT UPSLOPE HRU DRAIN FAST VIA INTERFLOW
AND DOWNSLOPE REMAIN WET

MAINTAIN SCS HYDROLOGY



SWAT-WILL:

CONVERTING SCS RUNOFF EQ. TO SATURATION
EXCESS

p2

P+S

ALL RAIN FALLING ON STUARTED AREA RUNS OF AND ALL RAIN FALLS
ON UNSATURATED SOILS INFILTATES, HENCE AREA SATURATED,

SCS RUNOFF EQUATION Q =

A\
A, = A_g ........ DIFFERENTIATION Q WITH P
A, =1 x
57 (P+5)?

STEENHUIS, T.S., M. WINCHELL, J. ROSSING, J.A. ZOLLWEG, AND M.F. WALTER. 1995.
SCS RUNOFF EQUATION REVISITED FOR VARIABLE-SOURCE RUNOFF AREAS. ASCE J.
IRRIG. DRAIN. 121:234-238



SWAT-WILL:
CONVERTING SCS RUNOFF EQ. TO SATURATION EXCESS

BASED ON THE AMOUNT OF RAIN REQUIRED TO SATURATE THE
SOIL PROFILE, THE AVAILABLE STORAGE, Ag , A FUNCTION OF THE
AREA SATURATED CAN BE EXPRESSED AS A FUNCTION OF THE
AREA

o=39 . 1
\jl—AS

0 = AMOUNT OF WATER TO FILL UP THE SOIL ABOVE FIELD
CAPACITY AS A FUNCTION OF THE AREA

SCHNEIDERMAN, E.M., T.S. STEENHUIS, D.J. THONGS, Z.M. EASTON, M.S. ZION, G.F. MENDOZA, M.T. WALTER, AND A.L.
NEAL. 2007. INCORPORATING VARIABLE SOURCE AREA HYDROLOGY INTO THE CURVE NUMBER BASED GENERALIZED WATERSHED

LOADING FUNCTION MODEL. HYDROL. PROC. 21:3420-3430 DOI: 10.1002/HYP6556.
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Add HRUSs
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Available Storage/average

SIMULATE HRU Storage of rainfall is equal to the

amount of water that need to be

4 removed before the next day so that
3.5 | the next day the same amount of water
) can be stored
3 |
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Consequently setting the lateral flow equal to the
storage predicted by the SCS method, saturation
excess runoff can be simulated



RECALCULATE LATERAL FLOW

Qiar = CSW oxcess
2K.,;sina

C = agjf b, LSWATZ012

CHANGE THE SLOPE LENGTH SUCH THAT THE LATERAL FLOW EQUAL TO
THE STORAGE PREDICTED BY THE SCS METHOD, THE SATURATION
EXCESS RUNOFF CAN BE SIMULATE

|
g = S(\J 1A, 1)




CALCULATING IN LATERAL FLOW IN SWAT-WIL
Qiat = CSW oxcess
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APPLICATION TO NE
WATERSHEDS



RANKING HRU (GROUPED IN WETNESS
CEASSES
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CALCULATING THE SLOPE LENGTH

> 0.59 457
16.7-17.7 6.1 457
15.8-16.7 6.2 457
14.8-158 6.2 457
13.8-14.8 6.4 457
12.9-13.8 6.2 457
11.9-12.9 6.9 457
10.9-11.9 6.7 457

10-10.9 6.0 457
<10.9 48.7 6000
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Fig. 1: Comparison of monthly time series of streamflow and flow duration
simulated by SWAT2012, SWAT-wil, and SWAT-HS with measured streamflow.
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