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Integrated Watershed Modeling Under Uncertainty
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Abstract

The uncertainty in water quality model predictions is inevitably high due to natural stochasticity, model uncer-
tainty, and parameter uncertainty. An integrated modeling system under uncertainty was described and demonstrated
for use in watershed management and receiving-water quality prediction. A watershed model (HSPF), a receiving
water quality model (WASP), and a wetland model (NPS-WET) were incorporated into an integrated modeling
system (modified-BASINS) and applied to the Hwaseong Reservoir watershed. Reservoir water quality was pre-
dicted using the calibrated integrated modeling system, and the deterministic integrated modeling output was useful
for estimating mean water quality given future watershed conditions and assessing the spatial distribution of pollu-
tant loads. A Monte Carlo simulation was used to investigate the effect of various uncertainties on output predic-
tion. Without pollution control measures in the watershed, the concentrations of total nitrogen (T-N) and total
phosphorous (T-P) in the Hwaseong Reservoir, considering uncertainty, would be less than about 4.8 and 0.26
mg L', respectively, with 95% confidence. The effects of two watershed management practices, a wastewater
treatment plant (WWTP) and a constructed wetland (WETLAND), were evaluated. The combined scenario (WWTP
+ WETLAND) was the most effective at improving reservoir water quality, bringing concentrations of T-N and
T-P in the Hwaseong Reservoir to less than 3.54 and 0.15 mg L', 26.7 and 42.9% improvements, respectively, with
95% confidence. Overall, the Monte Carlo simulation in the integrated modeling system was practical for estima-
ting uncertainty and reliable in water quality prediction. The approach described here may allow decisions to be
made based on probability and level of risk, and its application is recommended.

Keywords : Integrated modeling system, modified-BASINS, Monte Carlo simulation, water quality prediction, watershed
management
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Table 1 WASP input parameters from other studies and the model user manual

Parameter code Unit WASP manual fr(I)\f:iZ f:ri)caes Parameter code Unit ‘WASP manual friv[rr?::f;:nzes
K1320C day ™! 0.09-0.13 0.095 £ 0.0450 IS1 ly day ™ 200-750 367.9 £ 106.77
KNIT day™ 2 1.571 £0.7319 NCRB mg N/mg C 0.25 0.196 £ 0.0885
K140C day™ 0.09 0.094 £ 0.0548 K71C day ! 0075 0.043 £ 0.0241
KNO3 mg Oy/L 0.1 0.136 £ 0.0627 K71T - 1.08 1.061 £ 0.0268
KI1C day™ 2 1.669 + 0.6606 K58C day™ 0.22 0.128 £ 0.0925
KIT - 1.069 1.064 £ 0.0198 K58T - 1.08 1.067 £ 0.0178

CCHL mg C/mg Chl-a 30 314+852

? Standard deviation
Egtodaa|aAglog AT 2L 90129 Table 2 Estimated spatial distribution of pollutant

of tal &3t Auk= Fig. 59 Zth T-N} T-PY
B == 72 397 mg L'} 0.18 mg L& o
ZE%oH, f9d LHEY ATE Hs $F7=
VS AR oS 749 201290 3T By
St @ Ao d=Fitt. $3o F9E Fig
33} Zo] 579 AfoR REst & ogRate] ¥
]l BEE EA3ItHTable 2). 3Md32 £
He FHSF £ o 77%2] T-N 76%2] T-P7h
Zone-1I, Zone-1 ¥ Zone-VZFE wi&EQth &
AuAY Rk 8w, Zone-1l 2%o] T
HAG Bakeko] 0.147 ton T-N ha' yr 'z} 0.011
ton T-N ha' yr'2 A2 A Uepton, Zone-
vAjelo] 0123 ton T-N ha’ yr''# 0010 ton T-N
ha' yr "2 1 theoZ ugith E3 oz
299 BEl= Zone-119 Zone-V7} B3tow, o)

8 0.4
e TN
- — TP -
o )
o 6 03 o
E E
§ §
g4 £
g g
i3 =
8 2 Lo 8
Z &
[ -
[ T T T v T 0.0
1 3 5 7 9 11 1
Month
Fig, 5 Predicted Hwaseong Reservoir water quality
in 2012

18

loads in the Hwaseong Reservoir in 2012
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