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ABSTRACT

Empirical erosion models like Universal Soil Loss Equation (USLE) models have been widely used to make spatially
distributed soil erosion vulnerability maps. Even if the models detect vulnerable sites relatively well utilizing big data related
to climate, geography, geology, land use, etc within study domains, they do not adequately describe the physical process of
soil erosion on the ground surface caused by rainfall or overland flow. In other words, such models are still powerful tools
to distinguish the erosion-prone areas at large scale, but physics-based models are necessary to better analyze soil erosion
and deposition as well as the eroded particle transport. In this study a physics-based soil erosion modeling system was
developed to produce both runoff and sediment yield time series at watershed scale and reflect them in the erosion and
deposition maps. The developed modeling system consists of 3 sub-systems: rainfall pre-processor, geography pre-
processor, and main modeling processor. For modeling system validation, we applied the system for various erosion cases,
in particular, rainfall-runoff-sediment yield simulation and estimation of probable maximum sediment (PMS) correlated
with probable maximum rainfall (PMP). The system provided acceptable performances of both applications.
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Table 1. Characteristics of widely-used erosion models
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Model Type Scale Input/output
AGNPS Conceptual ~ Small catchment Input requirements: H.lgh Output: runoff volume; peak rate, SS, N, P,
and COD concentrations
ANSWERS Physical Small catchment Input requirements: High Output: sediment, nutrients
CREAMS Physical field 40-400 ha  Input requirements: High Output: erosion; deposition
EMSS Conceptual  Catchment Input requirements: Low Output: runoff, sediment loads, nitrogen loads
and phosphorus loads
Water  HSPF Conceptual ~ Catchment Inpl%t requlrements.: High Output: runoff, flow rate, sediment load,
. nutrient concentration
quality .
Empirical/ . . .
IHACRES-WQ Catchment Input requirements: Low Output: runoff, sediment and nutrients
Conceptual
1QQM Conceptual ~ Catchment Input reqylrements Moderate Output: many pollutants including nutri-
ents, sediments, dissolved oxygen, salt, algae
LASCAM Conceptual ~ Catchment Input requirements: High Output: runoff, sediment, salt fluxes
SWRRB Conceptual  Catchment Inpqt .requlfements: High Output: streamflow, sediment, nutrient and
pesticide yields
GUEST Physical Plot Input: High Output: runoff; sediment concentration
LISEM Physical Small catchment Input: High Output: runoff; sediment yield
PERFECT Physical Field Input: High Output: runoff, erosion, crop yield
Empirical/ Input requirements: Moderate Output: suspended sediment, relative
Erosion SEDNET Conceptual Catchment contributions from overland flow, gully and bank erosion processes
TOPOG Physical Hillslope Input: High Output: water logging, erosion hazard, solute transport
USLE Empirical Hillslope Input: High Output: erosion
WEPP Physical Hillslope Input: High Output: runoff; sediment characteristics; form of sediment
catchment loss
In-stream MIKE-11 Physical Catchment Input: High Output: sediment yield, runoff
transport
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Fig. 1. Rainfall Input Pre-processor for Soil Erosion Model.
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Fig. 2. Geography Input for Soil Erosion Model.

Sub-program

Objectives

1 FLOWDIRECTION.EXE
2 DRAINAGE.EXE

3 MAKEPLOT.EXE

4 MKBSN4.EXE

5 MKBSN5.EXE

6 MKSLP.EXE

7 MKLU.EXE

8 MKRAIN-ZONE.EXE

Convert flow direction file into model input format

Generate drainage network using flow direction and flow accumulation information
Make a script file for drainage network visualization

Specify the drainage network for the study domain using the selected outlet coordinate
Make a summary file for the drainage network within the study domain

Calculate slope of the cells within the study domain

Convert landuse data into model input format

Allocate rainfall information into the cells for modeling
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