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Abstract

The purpose of this study is to investigate how the degree of distribution influences the calibration of snow and runoff
in distributed hydrological models using a multi—criteria calibration method. The Hydrology Laboratory—Research Distributed
Hydrologic Model (HL-RDHM) developed by NOAA—-National Weather Service (INW/S) is employed to estimate optimized
parameter sets. We have 3 scenarios depended on the model complexity for estimating best parameter sets: Lumped,
Semi—Distributed, and Fully—Distributed. For the case study, the Durango River Basin, Colorado is selected as a study
basin to consider both snow and water balance components. This study basin is in the mountainous western U.S. area
and consists of 108 Hydrologic Rainfall Analysis Project (HRAP) grid cells. 5 and 13 parameters of snow and water balance
models are calibrated with the Multi—Objective Shuffled Complex Evolution Metropolis (MOSCEM) algorithm. Model calibration
and validation are conducted on 4km HRAP grids with 5 years (2001-2005) meteorological data and observations. Through
case study, we show that snow and streamflow simulations are improved with multiple criteria calibrations without considering
model complexity. In particular, we confirm that semi— and fully distributed models are better performances than those
of lumped model. In case of lumped model, the Root Mean Square Error (RMSE) values improve by 35% on snow average
and 42% on runoff from a priori parameter set through multi—criteria calibrations. On the other hand, the RMSE values
are improved by 40% and 43% for snow and runoff on semi— and fully—distributed models.
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Snow melting

" To whom correspondence should be addressed.
Landscape Architecture, Gyeongnam National University of science and Technology, Korea
E-mail: tgkim@gntech.ac.kr

* Yonsoo Kim Smart City Institute, Daumsoft, Inc. / Associate Director (soo@daumsoft.com)
» Taegyun Kim Landscape Architecture, Gyeongnam National University of science and Technology / Professor (tgkim@gntech.ac.kr)

Journal of Wetlands Research, Vol. 22, No. 1, 2020



16 CHS2|A37|8E 0|88 BXE +22¥ 2|3 2X¥ M

2T 50 e By AAALS S AA6] BARE
< W7ol &
7tz B33 (Model Complexity)o] Z715F3tTt.
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2 IAS o AA5] BASHH(Isenstein et al., 2015; Rajib et
al, 2016; Ajami et al., 2004) FEJAAES T AE3] o=
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7Vt i RO HPoRy AR FEFUAIE F
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= BAlel BAst] Slste] o251 (Multi-criteria
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AFZ9] (U.S. Geological Survey: USGS) &4 47} 9|5
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(a) Lumped (b) Semi—Dist (c) Full-Dist
Fig. 1. Animas River Basin & HRAP Grid of SNOWTEL.

(e) Semi—Dist (® Full-Dist

(d) Lumped
Fig. 2. Animas River Basin & HRAP Grid of SAC-SMA
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2.2 YRR

AN FES Alktstr] fIste] m71dEUS NWSA &
%5t=  Colorado Basin River Forecasting Center(CBRFC)]l
A 6ARRE AR AlFete AT, 71, B S
2tz7t nyge] Az 24 ARSSFATHwww.cbrfc.noaa.gov/
outgoing/). SIAFFE AL wet Algsia] geng, 2
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Water Surface Evaporation) =25 o|-8sl5itt. d Hoj&
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Table 1. The parameters of SNOW 17 Model to be calibrated in HL—-RDHM

A Priori Parameter

Snow 17 Description Ranges
T1 T2 T3 T4
SCF Snow correction factor (dimensionless) 0.50-1.50 1.05 1.05 1.05 1.05
MFMAX Maximum melt factor (mm oC-1 (6 h)-1) 0.50-2.20 0.90 1.10 0.90 0.50
MFMIN Minimum melt factor (mm oC-1 (6 h)-1) 0.05-0.60 0.50 0.05 0.05 0.45
NMF Maximum negative melt factor (mm hPa-1 (6 h)-1) 0.05-0.50 0.20 0.20 0.20 0.20
UAD]J Wind function factor (mm hPa-1 (6 h)-1) 0.02-0.20 0.02 0.02 0.02 0.02

Table 2. The parameters of SAC-SMA Model to be calibrated in HL-RDHM

SAC-SMA Description Ranges A Prior Faramete
TL | T2 | T3 | ™4 | T5 | T6 | T7 | T8 | T9 | TIO | Til | TI2
UZTWM Upper zone tension water capacity (mm) 1.00-150.0 | 41.89 | 10.00 | 108.3 | 10.05 | 1005 | 1324 | 90.81 | 54.131| 150.0 | 150.0 | 6496 | 45.05
UZFWM Upper zone supplemental free water Capacity (mm) 1.00-150.0 | 83.77 | 15.61 | 150.0 | 5.024 | 83.77 | 79.46 | 79.57 | 32479 | 150.0 | 150.0 | 32.48 | 45.05
uzg | Fracional daly upper Z(‘r’]f;/:f)e water withdraval = 10050 | 0500 | 0500 | 0500 | 0.130 | 0357 | 0255 | 0318 | 0200 | 0357 | 0500 | 0.130 | 0310
PCTIM Minimum impervious area(decimal fraction) 0.00-0.10 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050 | 0.050
ADIMP Additional impervious area (decimal fraction) 0.00-0.40 | 0.300 | 0.300 | 0300 | 0.300 | 0.300 | 0.300 | 0.300 | 0.300 | 0.300 | 0.300 | 0.300 | 0.300
ZPERC Maximum percolation rate coefficient(dimensionless) 1.00-250.00 | 21.52 | 21.52 | 2152 | 56.58 | 32.12 | 40.52 | 29.05 |41.434 | 24.98 | 24.66 | 56.58 | 25.68
REXP Percolation equation exponent(dimensionless) 0.00-5.00 | 1.013 | 1.013 | 1.013 | 2.679 | 1.519 | 1.961 | 1.895 | 2.320 | 1.519 | 1.132 | 2.679 | 2.025
LZTWM Lower zone tension water capacity(mm) 1.00-500.00 | 1258 | 159.8 | 59.36 | 1728 | 1738 | 1724 | 1530 | 17447 | 1444 | 6177 | 1179 | 1531
LZFSM Lower zone supplemental free water capacity(mm) 1.00-1000.0 | 27.19 | 34.56 | 12.83 | 52.60 | 31.04 | 33.01 | 42.61 48851 | 5000 | 11.31 | 35.89 | 5831
LZFPM Lower zone primary free water capacity(mm) 1.00-1000.0 | 2243 | 285.1 | 105.9 | 3382 | 1138 | 70.42 | 91.30 | 55.830 | 10.00 | 76.92 | 23.07 | 94.76
LZSK Fractional daily supplemental withdrawal rate(mm/hr) | 0.010-0.25 | 0.204 | 0204 | 0.204 | 0.053 | 0.127 | 0.095 | 0.117 | 0.078 | 0.127 | 0.117 | 0.053 | 0.115
LZPK Fractional daily primary withdrawal rate(mm/hr) 0.0001-0,025 | 0.025 | 0.025 | 0.025 | 0,025 | 0.025 | 0.025 | 0.025 | 0,025 | 0.025 | 0.025 | 0.025 | 0.025
PRREE | FoCon °ﬁ£§rffi?§idsﬁlf§§ %jgc‘igmi‘fefijjﬁ21)10‘““ | 000-0.60 | 0108 | 0108 | 0.108 | 0.600 | 0214 | 0319 | 0318 | 0.467 | 0214 | 0.128 | 0600 | 0381
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