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Watershed Runoff Simulation and Water Quality Simulation
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Abstract

The SWMM (storm water management model) has been widely used in the world and is a watershed
runoff simulation model used for a single event or a continuous simulation of runoff quantity and quality.
However, there are many uncertain parameters in the watershed runoff continuous simulation module and
the water quality module, which make it difficult to use the SWMM. The purpose of the study is to develop
an automatic calibration module of the SWMM not only for watershed runoff continuous simulation, but
also water quality simulation. The automatic calibration module was developed by linking the SWMM with
the SCE-UA (shuffled complex evolution-University of Arizona) that is a global optimization algorithm.
Estimation parameters of the SWMM were selected and search ranges of them were reasonably configured.
The module was validated by calibration and verification of the watershed runoff continuous simulation
model and the water quality model for the Donghyang Stage Station Basin. The calibration results for
watershed runoff continuous simulation model were excellent and those for water quality simulation model
were generally satisfactory. The module could be used in various studies and designs for watershed runoff
and water quality analyses.
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Table 1. Equations and Variables for Buildup and Washoff

Buildu . .
Washo% Type Equation Variable
Power B= Min(b,, bthz) B: Buﬂd}lp load gmass per.area or curb length)
b, Maximum buildup possible (mass per area or curb length)
b, Buildup rate constant (mass/days)
Buildup | Exponential |B= b,(1— exp ") |by: Time exponent (dimensionless)
b, Buildup rate constant (1/days)
_ bt by Half-saturation constant (days to reach half of the
Saturation B= b+t maximum buildup)
Exponential W= w ¢ B W. Washoff load (Exponential: mass per hour, Rating curve:
! mass per sec)
w;: Washoff coefficient (dimensionless)
Washoff | Rating curve W= w, Q" w,: Washoff expoTle.nt (dimensionles_s)
w4 Washoff coefficient (mass per liter)
Event mean g- Runoff rate per unit area (e.g., mvhr)
concentration W= w,Q B': Pollutant buildup load (mass)
(EMC) @Q: Runoff rate in user—defined flow unit (e.g., m/s)
120
——6——9© Power
—|| B——8——~a Exponential
+——+——+ Saturation
100 — S—8——a—1
B I-
80 —
g a Type Equation
‘_C’L 0 —| Power B= Min(100, 40t05)
=] Exponential ~ B= 100(1-exp°4)
L‘g — Saturation B= 100t/(0.9+t)
40 —
20 —
° | |
0 2 4 10 12 14

6 8
Time (days)

Fig. 1. Comparison of Builup Equations for Water Quality Model in the SWMM (James et al. 2005)
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SCE-UA
Composition of
Parameter set Input data for the SWMMS SWMMS
Water quantity or quality
Evolution process Execute the SWMMS simulation
No |
Calculation of
Stopping criterla oblective function Output

Fig. 2. A Connection Module between the SCE-UA and the SWMM5
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Initialize

m = Number of points in each complex
S=pXm
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!
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Sample s points at random in £
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!

Rank points
Sort the s points in order of increasing
function value. Store ranked points in O

!

Partition into complexes
Partition Dinto p complexes of /m points
D:{Ak,k:1, ...... 'D}

SWMM
Execute the SWMM for the initial (new) points

!

Evolve each complex

complex evolution (CCE) algorithm
/4/(' k: ]' ...... .0

Function value
Compute objective function value

Evolve each complex using the competitive

!

Shuffle complexes
Replace each complex in O by
Ak' k: ]' ...... , D

Convergence criteria
satisfied?

e

Fig. 8. Schematic Diagram of Connection between the SWMM and the SCE-UA
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Automatic calibration
Start —> for watershed runoff —>
simulation model

Fix parameters
related to -
watershed runoff

Automatic calibration
for waterquality ->  End
simulation model

Fig. 4. Procedure of Automatic Calibration for Watershed Runoff and Water Quality Models

Table 2. Major Input Data of Subcatchments

Subcatchment | Area | Characteristic | Impervious | Slope Curve Number
Name (km®) Width (m) Area (%) (%) | AMC-II | AMC-1 | AMC-III Remark
BO1 9.32 8,399 1.36 52.7 49.50 29.16 69.27
B02 3.52 8,307 6.22 21.3 65.17 44.01 81.15
""" (Omitted)
B22 3.96 10,051 1.98 36.9 64.70 43.50 80.83
B23 3.70 5,922 6.07 29.9 65.28 4412 81.22
Resources Corporation (2009; 2010)& F74<FA19] =4+ N
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O Subcatch

~— Channel
BO1 Subcatchment No.
co1  Channel No.
@® Donghyang Stage Station
0 3 6 12 km

Fig. 5. Subcatchments and Channels of the
Donghyang Stage Station Basin
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Table 3. Composition Method of Watershed Runoff Continuous Simulation Model for the Basin

Catchment, Channel, and Aquifer

Simulation Method

Catchment area (km?) 160.05 Watershed routing method |Nonlinear storage equation
Number of 23 Channel routing method Kinematic wave
subcatchments
Number of channels 24 Infiltration method NRCS method
Number of aquifers 4 Rainfall data Hourly data

Anseongjang station

Rainfallstation (Telemetering (TM) station)

Evaporation data Monthly averages

. . Daejeon Regional Calculation Basin 10 minutes
Evaporation station . . .
Meteorological Office time step Channel 10 minutes
WS AAsh= Ao] vilg- Fasith dTelxs SWMM Al AAE Akt o 43, 58 aESA 7Y
o] ARgAF A A (Huber and Dickinson, 1992; James et al, o A& FE(loam) 2t A EZ FE(silty loam)7F X141
2005; Rossman, 2010)¢} #HE 38 53 9= Ao 2 YEMRE, A4+ Rossman (2010)0] A A
o] Bygeo| ks HA gt FAO vz} 5 FEQ} HEZR YE dfFet= wisiHe gk o8-8k
T g A6 g 98 dAHsS FA4 HYE AAsA
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Table 4. Estimation Range of Parameters for the Watershed Runoff Continuous Simulation Model

. Lower | Upper . Lower | Upper
Class | Variable Parameters Bound | Bound Class | Variable Parameters Bound | Bound
. L . Field capacity (soil moisture
oent. | Percent of tapervious | o8 | 12 Celd  content after all free water | 0.232 | 0.284
D © D has drained off)
. ...« |Characteristic width of the Hyd Soil’s saturated hydraulic
Width overland flow path (m) 08 12 Cond conductivity (mm/hr) 33 66
., Average slope of log
N-Imperv Ma““”.lg s n of 0.01 | 0.016 Cond (conductivity) versus soil 1 10
impervious area Slop . ..
moisture deficit curve
., L Average slope of soil
N-Pery | Manning’s n of pervious | 15| 4 Tens i nsion versus soil moisture | 1,000 | 5,000
area Slop
content curve (mm)
Depth of depression Upper eval Fc;lrrzft:it(l)?lna(\)lfaﬁ;ﬁ(la for
S-Imperv| storage on impervious 1.6 3.8 b D R 0.3 0.7
. Evap evapotranspiration in the
Basin area (mm)
Ground upper unsaturated zone
—wat - -
Depth of depression water Maximum depth into the
. Lower | lower saturated zone over
S-Perv | storage on pervious area 3.8 6.4 . . 0.5 3
Evap which evapotranspiration
(mm)
can occur (m)
Percent of the impervious Water Elevation of the water table
Pct Zero | area with no depression 10 30 Table™ in the aquifer at the start -1 1
storage (%) of the simulation (El. m)
Moisture content of the
- NRCS runoff curve Upper unsaturated upper zone
CN number 0.8 1.2 Moist | of the aquifer at the start 0.116 | 0.501
of the simulation
Days it takes a fully Upper Groundwater flow
Dry T saturated soil to dry (day) 2 14 Moist coefficient 0.0001 ) 0.1
Porosity Porosity (Vol.ume of voids/ 0.463 | 0.501 B1 Groundwater flow exponent| 1 5
Ground total soil volume)
- . Wilting point (soil moisture . .,
t
water] - Wlt 17 tent at which plants | 0.116 | 0.135 |Channel | Ma0ming|  Manning’s roughness | 55 | 05
Point . N coefficient
cannot survive)
“ A specific value of subcatchment x estimated value
“ A specific value of subcatchment + estimated value
The others: estimated value
Table 5. Estimation Range of Parameters for the Water Quality Simulation Model
BOD COD TN TP
Class Parameter Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper Reference
Bound | Bound | Bound | Bound | Bound | Bound | Bound | Bound
Rain concentration James et al.
(mg/L) 0.5 26 2 44 0.1 3 0.005 0.3 (2005)
Groundwater
) Pollutar}t concentration (mg/L) 0 % 0 4 0 3 0 03 .
information D Fficiont Arbitrary
ecay coefficien
0 10 0 10 0 10 0 10
(1/day)
Initial buildup (kg/ha) 0 3.452 0 9.288 0 14.158 0 0.912
Maximum builda National Institute
P 0.056 | 3452 | 0.153 | 9.288 | 0.132 | 14.158 | 0.009 | 0.912 | of Environmental
(kg/ha) R h (2006)
Buildup Build " — esearc !
equation | up(kr; /iac)om a1 00019 | 0115 | 0.0051 | 0.310 | 0.0044 | 0472 | 0.0003 | 003 | and Choi(2004)
Time exponent 0.01 10 0.01 10 0.01 10 0.01 10
Washoff Washoff coefficient 0 10 0 10 0 10 0 10 Arbitrary
equation Washoff exponent 0 10 0 10 0 10 0 10
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mean square error; RMSE)& # 423} 3l 54355 o]

3AHEq. (1).
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g9, nAE 2] AhAL 71s8] 18l Tables 6
and 7¢] Moriasi et al. (2007)0] A|¢Fet /A FES g
3} TE Moriasi et al. (2007) th5=2] A3 A4 Ay5
Awdle] SR BE Aol U@ FFAF A A

Table 6. Indexes for Model Assessment

9] H]E(ratio of the root mean square error to the
standard deviation of measured data; RSR), NSE (Nash-
Sutcliffe Efficiency), Y33 2}-2] H]-&(percent bias; PBIAS)
o]-&3t B3] s FrPEs AAlEh

Table 7 9 9= 7435 239 H7lol] ARE-E]= A
E whd, B ATl A= AR T9e] ATE o831tk
AnkA oz A 7|3ke] @7t gold s Sk AR
= Moriasi et al. (2007)2] 712 ATl A g Aas
Brral7ole= QAT 71ee] E o Ak AR 2 Al
A
=

= 24 7171e) woﬂ ol e, g 71ES
08 PED BEHAk A ARF Bele] 24

B3 E Table 79 UH“‘}’* Z2 (very good)] 71521 NSE7F
o3, PBIAS7} #10 % ©]ste] Ads& 7Hd o= 3lvh
3.4 SWMMe| XI5 23 2Eof tist HAEM HE

FE& ol B3| XE EFA HS

Index Equation Optimal Value
N y
- X
RMSE-Observations Standard VLZJ](Q‘ ) 0
Deviation Ratio (RSR) N —,
2 (Q-Q
t=1
N
E (Qtf )(t)z
Nash-Sutcliffe Efficiency (NSE) 1- = — 1
E (Qt_ Q)Z
=1
v
Z (Qt - *Xt)
Percent Bias (PBIAS) — %100 (%) 0
P

Table 7. General Performance Ratings for Recommended Statistics for a Monthly Time Step (Moriasi et al., 2007)

Performance Rating RSR NSE PBIAS (%)
Very good 0.00 < RSR < 0.50 0.75 < NSE < 1.00 PBIAS < #10
Good 0.50 < RSR < 0.60 0.65 < NSE < 0.75 +10 < PBIAS < #£15
Satisfactory 0.60 < RSR < 0.70 0.50 < NSE < 0.65 15 < PBIAS < £25
Unsatisfactory RSR > 0.70 NSE < 0.50 PBIAS > +25
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Table 8. Calibration and Verification Results for the Watershed Runoff Simulation Model

Observed Maximum Flow (m®/s)
e . Simulation Number of PBIAS
Classification | 5 - 4" | Measured Data] o8 | NSE | 04y | Occurrence | Absolute Relative
Time Error (m%/s) | Error (%)
. . 2009.03.01. 2009.07.16.
Calibration 9009.12.31. 67 0.23 0.95 2.64 10:00 5.23 1.74
L 2010.01.01. 2010.08.17.
Verification ~9010.12.31. 89 0.34 0.89 12.54 06:00 12.77 2.75
%187 A T lHIH[‘”Irr T l
E 50
:=‘E/ 307 [ Rainfall
£ 40— e o e Observed data
& %0 Calculated data
% 300 —
; 200 —
| SN JM : [
2009-06-01 0:00 2009-07-01 Oiﬂiime (YYYY-MM-DD hh:mm)2009-05>01 0:00 2009-09-01 0:0C
(a) Calibration Result
%@7[1! r " ™ T o T
5’ §8: ’ M I Rainfal
g 40 —| * « e Observed data
E 50 Calculated data
=
200 — i
0 fL"\ T W ‘ \

2010-07-01 0:00

2010-08-01 0:00

T
2010-09-01 0:00 2010-10-01 0:00 2010-11-01 0:0C

Time (YYYY-MM-DD hh:mm)

(b) Verification Result

Fig. 6. Runoff Hydrographs Derived by Calibration and Verification of the Watershed Runoff Simulation Model
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Table 9. Estimated Values for Parameters of Watershed Runoff Continuous Simulation Model

Class Variable Estimated Value Class Variable Estimated Value
Pent. Imperv 1.117 Field Capac 0.248
Width 0.944 Hyd Cond 5.016
N-Imperv 0.013 Cond Slop 6.834
N-Perv 0.380 Tens Slop 2,425
Basin S-Imperv 2.338 Upper Evap 0.698
Groundwater
S-Perv 6.381 Lower Evap 2.703
Pct Zero 18.282 Water Table -0.034
CN 0.845 Upper Moist 0.265
Dry T 4.656 Al 0.008
Porosity 0.473 B1 4.360
Groundwater - - ;
Wilt Point 0.124 Channel Manning N 0.020

Table 10. Calibration and Verification Results for the Water Quality Simulation Models

) ) Observed Maximum Flow (m®/s)
Classification Simulation Number of RSR | NSE PBIAS :
Period Measured Data (%) Occu'rrence Absolu;.e Relative
Time Error (m°/s) | Error (%)
BOD 47 0.52 0.73 -0.05 2009.07.16. 1.83 274
1400
COD 47 0.50 0.75 | -043 2009'97'17' 0.36 2.63
2009.03.01. 16:00
~2009.12.31.
TN 47 0.62 0.62 -0.14 2009'97'09' 0.23 5.92
07:00
TP 48 0.52 0.73 -1.53 2009'97'16' 0.08 38.4
10:00
FATE H49% 20144 41 353
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Fig. 7. Calibration Results for Water Quality Simulation Models

Table 11. Estimated Parameters and Average Relative Errors for Water Quality Simulations
Classification BOD COD TN Remark
Rain concentration (mg/L) 7.343 15.229 2.666 0.164
Groundwater concentration (mg/L) 3.617 7.057 2.144 0.046
Decay coefficient (1/days) 3.683 3.782 1.016 2.944
Initial buildup (kg/ha) 0.021 0.281 0.241 0.020
Maximum buildup (kg/ha) 0.124 0.281 0.204 0.009
Buildup rate constant (kg/ha) 0.002 0.005 0.005 0.011
Time exponent 7.616 5.092 8.666 7.367
Washoff coefficient 4.104 3.879 0.034 0.203
Washoff exponent 9.976 9.989 4.470 2.590
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