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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



Runoff generation

Hillslope

Saturation

Infiltration

Interflow

Overland flow

(Cappus, 1960,
Kirkby, 1969;  Freeze, 1972;
Dunne and Black, 1979; Beven, 2000; Buytaert et al., 2007; 
Collick et al., 2009; Steenhuis et al., 2013;  Tilahun et al., 2014)



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

• USE 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒕𝒕𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 = 𝑪𝑪𝒕𝒕𝒊𝒊𝑪𝑪𝒕𝒕𝒕𝒕𝒕𝒕𝑪𝑪𝑪𝑪𝒕𝒕𝒕𝒕𝒊𝒊𝒕𝒕 𝒕𝒕𝒕𝒕𝒊𝒊𝒕𝒕
𝒔𝒔𝒔𝒔𝒕𝒕𝒕𝒕𝒊𝒊 ∗𝒔𝒔𝒕𝒕𝒕𝒕𝒔𝒔 𝒊𝒊𝒊𝒊𝒕𝒕𝒕𝒕𝒕𝒕∗𝒕𝒕𝒕𝒕𝒊𝒊𝒊𝒊𝑪𝑪𝒕𝒕𝒕𝒕𝒕𝒕𝒄𝒄𝒕𝒕𝒕𝒕𝒄𝒄

• 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
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SWAT2012 SWAT_H
S

SWAT-HSSWAT-HS was developed by modifying the latest version 
of SWAT (SWAT2012)

 Runoff is simulated as infiltration-
excess runoff

 Runoff is simulated separately for 
infiltration-excess and saturation-excess 
runoff



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

SCS RUNOFF EQUATION 𝑸𝑸 = 𝑷𝑷𝟐𝟐

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

𝑨𝑨𝒔𝒔 = ∆𝐪𝐪
∆𝐩𝐩

…….. DIFFERENTIATION Q WITH P

𝐀𝐀𝐬𝐬 = 𝟏𝟏 −
𝐒𝐒𝟐𝟐

𝐏𝐏 + 𝐒𝐒 𝟐𝟐

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, AS , A FUNCTION OF THE
AREA SATURATED CAN BE EXPRESSED AS A FUNCTION OF THE
AREA

𝝈𝝈 = 𝑺𝑺 𝟏𝟏
𝟏𝟏−𝑨𝑨𝒔𝒔

− 𝟏𝟏

𝝈𝝈 = 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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SIMULATE HRU

Storage of rainfall is 
equal to the amount of 
water that need to be 
removed before the next 
day so that the same 
amount of water can be 
stored on the next day

Storage of rainfall is equal to the 
amount of water that need to be 
removed before the next day so that 
the next day the same amount of water 
can be stored

Fluxes out of an HRU
• Downward percolation 
• Lateral flow
• Evaporation

Consequently setting the lateral flow equal to the 
storage predicted by the SCS method, saturation 
excess runoff can be simulated



RECALCULATE LATERAL FLOW
𝑸𝑸𝒔𝒔𝒕𝒕𝒕𝒕 = 𝑪𝑪 𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊𝒕𝒕𝒊𝒊𝒔𝒔𝒔𝒔

𝐂𝐂 = 𝒕𝒕𝒊𝒊𝒅𝒅𝒅𝒅
𝟐𝟐 𝑲𝑲𝒔𝒔𝒕𝒕𝒕𝒕 𝒔𝒔𝒕𝒕𝒊𝒊𝜶𝜶
𝝓𝝓𝒊𝒊𝑳𝑳𝑺𝑺𝑺𝑺𝑨𝑨𝑺𝑺𝟐𝟐𝟐𝟐𝟏𝟏𝟐𝟐

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

𝝈𝝈 = 𝑺𝑺 𝟏𝟏
𝟏𝟏−𝑨𝑨𝒔𝒔

− 𝟏𝟏



CALCULATING IN LATERAL FLOW IN SWAT-WIL

𝑸𝑸𝒔𝒔𝒕𝒕𝒕𝒕 = 𝑪𝑪 𝑺𝑺𝑺𝑺𝒊𝒊𝒊𝒊𝒕𝒕𝒊𝒊𝒔𝒔𝒔𝒔

𝐂𝐂 = 𝒕𝒕𝒊𝒊𝒅𝒅𝒅𝒅
𝟐𝟐 𝑲𝑲𝒔𝒔𝒕𝒕𝒕𝒕 𝒔𝒔𝒕𝒕𝒊𝒊𝜶𝜶

𝝓𝝓𝒊𝒊𝑳𝑳𝒘𝒘𝒕𝒕𝒔𝒔

𝐿𝐿𝑤𝑤𝑤𝑤𝑤𝑤 =
𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑 𝐾𝐾𝑠𝑠𝑠𝑠𝑠𝑠∗ 𝐷𝐷 SIN𝛼𝛼

1
1 − 𝐴𝐴𝑠𝑠

− 1 𝑆𝑆
∆𝑡𝑡



APPLICATION TO  NEW YORK CITY SOURCE 
WATERSHEDS



RANKING HRU (GROUPED IN WETNESS 
CLASSES



CALCULATING THE SLOPE LENGTH

SWAT 
Wetness 

Class

Topographi
c index

Area
%

DEP_IMP 
(mm)

Slope Slope 
Length 

m

CN2

1 > 0.59 457 0.04 1662 1
2 16.7 – 17.7 6.1 457 0.09 307 1
3 15.8 – 16.7 6.2 457 0.12 135 1
4 14.8 – 15.8 6.2 457 0.13 87 1
5 13.8– 14.8 6.4 457 0.14 65 1
6 12.9 – 13.8 6.2 457 0.15 51 1
7 11.9 – 12.9 6.9 457 0.17 43 1
8 10.9 – 11.9 6.7 457 0.18 36 1
9 10 – 10.9 6.0 457 0.20 31 1

10 <10.9 48.7 6000 0.26 21 35







SWAT2012



Mean daily stormflow components by month predicted by 
SWAT-wil and SWAT-HS models compared against 
SWAT2012



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
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