
Chaohe Guo, Chin H. Wu, John R. Reimer
University of Wisconsin - Madison

37th Annual Meeting American Water Resources Associations Wisconsin Section

Development and Application of Urban Storm Sewer 
within a Watershed Model



Short-term response

Intermediate-term 
response

Long-term response Main
Channel0 10 20 30 40 50

0

2

4

6

8

10

12

14

Time (hr)

Fl
ow

 (c
m

s)

 

 

0 10 20 30 40 500

5

10Pr
ec

ip
 (m

m
)

Sewer

0 10 20 30 40 50
0

2

4

6

8

10

12

14

Time (hr)

Fl
ow

 (c
m

s)

 

 

0 10 20 30 40 500

5

10Pr
ec

ip
 (m

m
)

Sewer
Non-sewer

Storm Sewer



Long

Status of Urban Storm Sewer Simulation

Short Intermediate

Storm 
Sewer

Storm Water Management Model (SWMM)

Soil and Water Assessment Tool 
(SWAT)



 Develop a lumped storm sewer component within 
SWAT

 Apply SWAT-SS model to evaluate land use change

Research Objectives

Main 
Channel



Multi-timescale Approach
Long-term 
response

Intermediate-term 
response

Short-term response



Main 
Channel

Time of 
concentration 

(Tc)

Unit 
Hydrograph

Hydraulic Length

Average Slope

Manning’s Roughness

Subbasin Area

Intermediate-term 
response

Short-term response

Long-term response

Multi-timescale Approach



Study Site

SSURGO SoilNED DEM (3m×3m)

Charmany Farm 
Station

USGS 05427965

NLCD Land Use

87%

Storm sewer



SWAT-SS

Data

1992 1996 2000 2004 2006

Validation CalibrationEvaluation of Urban Development

Result



SWAT-SS

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2006-05-20 2006-06-03 2006-06-18 2006-07-03 2006-07-18 2006-08-02 2006-08-17 2006-09-01 2006-09-15

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

Observed
Model
Rain-fall

R2=0.72, NSE=0.72

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2006-05-23 2006-05-23 2006-05-24 2006-05-24 2006-05-25 2006-05-26 2006-05-26 2006-05-27 2006-05-27

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

R2=0.87, NSE=0.86

Calibration
R2=0.50, NSE=0.47

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2006-05-20 2006-06-03 2006-06-18 2006-07-03 2006-07-18 2006-08-02 2006-08-17 2006-09-01 2006-09-15

0

20

40

60

80

R
ai
n 

Fa
ll 
(m

m
)

Observed
Model
Rain-fall

Original SWAT

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2006-05-23 2006-05-23 2006-05-24 2006-05-24 2006-05-25 2006-05-26 2006-05-26 2006-05-27 2006-05-27

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

R2=0.81, NSE=0.80

0 2 4 6 8
0

2

4

6

8

M
od

el
ed

 D
is

ch
ar

ge
 (c

m
s)

Oberved Discharge (cms)
0 2 4 6 8

0

2

4

6

8

M
od

el
ed

 D
is

ch
ar

ge
 (c

m
s)

Oberved Discharge (cms)

SWAT-SS Original



SWAT-SSValidation

0

4

8

12

16

Fl
ow

 R
at
e 
(c
m
s)

 

 

2004-07-032004-07-032004-07-032004-07-032004-07-032004-07-042004-07-042004-07-042004-07-04

0

20

40

60

80

R
ai
n 
Fa

ll 
(m

m
)

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2004-05-20 2004-06-03 2004-06-18 2004-07-03 2004-07-18 2004-08-02 2004-08-17 2004-09-01 2004-09-15

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

Observed
Model
Rain-fall

R2=0.77, NSE=0.77

R2=0.79, NSE=0.78



 Develop a lumped storm sewer component within 
SWAT

 Apply SWAT-SS model to evaluate land use change

Research Objectives

Main 
Channel



Application of SWAT-SS
Pervious area

Impervious area

High roughness

Low roughness

Total RoughnessLand Classification



0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

1992  R2=0.70968   NSE=0.70437

 

 

1992-08-06 1992-08-17 1992-08-29 1992-09-10 1992-09-22 1992-10-04 1992-10-16 1992-10-28 1992-11-08

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

Observed
Model
Rain-fall

1992

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

1992-08-25 1992-08-25 1992-08-25 1992-08-25 1992-08-25 1992-08-26 1992-08-26 1992-08-26 1992-08-26

0

20

40

60

80

R
ai
n 

Fa
ll 
(m

m
)

Observed
Model
Rain-fall

R2=0.71, NSE=0.70

R2=0.92, NSE=0.81

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

1996-07-17 1996-07-17 1996-07-17 1996-07-18 1996-07-18 1996-07-18 1996-07-19 1996-07-19 1996-07-19

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

1996  R2=0.74395   NSE=0.7344

 

 

1996-06-20 1996-06-29 1996-07-08 1996-07-17 1996-07-26 1996-08-05 1996-08-14 1996-08-23 1996-09-01

0

20

40

60

80

R
ai
n 

Fa
ll 
(m

m
)

Observed
Model
Rain-fall

1996 R2=0.74, NSE=0.73

R2=0.92, NSE=0.92

0

5

10

15

20

Fl
ow

 R
at

e 
(c

m
s)

 

 

2000-06-20 2000-07-02 2000-07-15 2000-07-28 2000-08-10 2000-08-23 2000-09-05 2000-09-18 2000-10-01

0

20

40

60

80

100

R
ai

n 
Fa

ll 
(m

m
)

Observed
Model
Rain-fall

0

3

6

9

12

Fl
ow

 R
at

e 
(c

m
s)

 

 

2000-09-10 2000-09-10 2000-09-11 2000-09-12 2000-09-12 2000-09-13 2000-09-14 2000-09-15 2000-09-15

0

20

40

60

80

R
ai
n 

Fa
ll 
(m

m
)

2000 R2=0.69, NSE=0.66

R2=0.72, NSE=0.66

0

4

8

12

16

Fl
ow

 R
at
e 
(c
m
s)

 

 

2004-07-032004-07-032004-07-032004-07-032004-07-032004-07-042004-07-042004-07-042004-07-04

0

20

40

60

80

R
ai
n 
Fa

ll 
(m

m
)

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2004-05-20 2004-06-03 2004-06-18 2004-07-03 2004-07-18 2004-08-02 2004-08-17 2004-09-01 2004-09-15

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

Observed
Model
Rain-fall

R2=0.77, NSE=0.77

R2=0.79, NSE=0.78

2004

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2006-05-23 2006-05-23 2006-05-24 2006-05-24 2006-05-25 2006-05-26 2006-05-26 2006-05-27 2006-05-27

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

0

4

8

12

16

Fl
ow

 R
at

e 
(c

m
s)

 

 

2006-05-20 2006-06-03 2006-06-18 2006-07-03 2006-07-18 2006-08-02 2006-08-17 2006-09-01 2006-09-15

0

20

40

60

80

R
ai

n 
Fa

ll 
(m

m
)

Observed
Model
Rain-fall

R2=0.72, NSE=0.72

R2=0.87, NSE=0.86

2006



1992 1996 2000 2004 2006
Overland roughness (n) 0.24 0.24 0.08 0.02 0.02
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Summary and Conclusion
 Storm sewer component is added into a Watershed model

SWAT-SS

Multi-timescale

 SWAT-SS can simulate short-term sub-hourly storm response
for an urban watershed.
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