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Abstract

Accelerated soil erosion due to extreme climate change, such as increased rainfall intensity, and
human-induced environmental changes, is a widely recognized problem. Existing soil erosion models are
generally based on the gross erosion concept to compute annual upland soil loss in tons per acre per year.
However, such models are not suitable for event-based simulations of erosion and deposition in time and
space. Recent advances in computer geographic information system (GIS) technologies have allowed
hydrologists to develop physically based models, and the trend in erosion prediction is towards process-—
based models, instead of conceptually lumped models. This study aims to propose an effective and robust
distributed rainfall-sediment yield-runoff model consisting of basic element modules: a rainfall-runoff
module based on the kinematic wave method for subsurface and surface flow, and a runoff-sediment
yield-runoff model based on the unit stream power method. The model was tested on the Cheoncheon
catchment, upstream of the Yongdam dam using hydrological data for three extreme flood events due to
typhoons. The model provided acceptable simulation results with respect to both discharge and sediment
discharge even though the simulated sedigraphs were underestimated, compared to observations. The
spatial distribution of erosion and deposition demonstrated that eroded sediment loads were deposited in
the cells along the channel network, which have a short overland flow length and a gentle local slope while
the erosion rate increased as rainfall became larger. Additionally, spatially heterogeneous rainfall intensity,
dependant on Thiessen polygons, led to spatially-distinct erosion and deposition patterns.

Keywords : soil erosion, rainfall-sediment yield-runoff model, unit stream power, spatial distribution
of erosion and deposition
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Schematic Structure of the Rainfall-Runoff Module

(b) Rainfall-Runoff Process at a Slope Element

Fig. 1.
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Fig. 3. (a) Study Site and (b) Topographic Representation of the Study Site in the Model

Table 1. Stage-Discharge Equations for the Three Specific Years

Gauge station Year The equation of stage (m)-discharge (m”/s)
2002 Q=24.945 < (H—2.281)*"8
Cheoncheon 2003 Q=53.522 % (H—2.346)*>"
2007 Q=50.403 < (H—2.367)>>7

Table 2. Discharge-Sediment Load Equations for the Three Specific Years

Gauge station Year The equation of discharge (m”/hr)-sediment loads (kg/hr)
2002 SS=0.9x107"x Q"™
Cheoncheon 2003 55=0.5x10"%x Q9%
2007 55=0.28x10""x Q'™
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Physical,

Process
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Fig. 4. Schematic Diagram for Model Calibration According to Model Structure (5

24, 2010)

Table 3. Feasible Parameter Ranges for Model Calibration and Optimal Parameter Values

Parameter Description Range of value| Optimal value
d, The depth of the unsaturated soil layer (mm) 50 ~ 300 54.00
d, The depth of the saturated soil layer (mm) 1 ~700 108.0
k, The hydraulic conductivity of the saturated soil layer (m/s) 0.001 ~0.1 0.006
06 The non-linear exponent constant for the unsaturated soil layer 2~10 2.01
ds, The median grain size (mm) 1~10 9.50
k, The soil detachability (kg/J) 0.0008 ~ 0.006 0.002
o The detachment or deposition efficiency 0.335 ~1.0 0.375
KE The total kinetic energy of the net rainfall (J/m?) 1~30 1.182
V,.S The critical unit stream power (m/s) 0.002 ~0.100 0.098
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Table 4. Historical Flood Events for Rainfall-Sediment Yield-Runoff Simulation

Event No. Rainfall Duration Total Rainfall (mm) Typhoon
1 2002.08.30.17:00 ~ (09.02.19:00 194.82 Rusa
2 2003.09.11.21:00 ~ 09.15.16:00 133.89 Maemi
3 2007.09.14.06:00 ~ 09.21.15:00 205.46 Nari
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Fig. 7. Model Validation Results for the Nari Event: (a) Hydrograph; (b) Sedigraph

Table 5. Summary of Model Performances for the Three Historical Events

Typhoon Item Peak Discharge (m”/s) Peak Sediment Concentration (mg/1)
Observed 1384.66 4391.32
Simulated 1398.27 3586.56
RUSA
RE -0.98% 18.33%
EI 0.983 0.878
Observed 931.90 6038.06
Simulated 896.58 3145.13
MAEMI
RE 3.79% 47.91%
EI 0.921 0.712
Observed 1134.14 7160.30
Simulated 777.04 3277.83
NARI
RE 31.49% 115.89%
EI 0.774 0.629
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