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Abstract 
In order to investigate sediment-loading processes in a catchment, the daily time 
series of river discharge and sediment load were applied to a semi-distributed 
model, the Soil and Water Assessment Tool (SWAT). The time series of dis-
charge and sediment load were obtained by monitoring the river stage and 
water turbidity of the Oikamanai River, Hokkaido, Japan, in the rainfall sea-
son (April-November) of 2011-2014. The catchment is forested (ca 90% area) 
but underlain by the Neogene sedimentary rocks with currently active faults 
and forest soils with tephra layers, which tend to frequently produce slope 
failure such as landslide and bank collapse by rainfall or snowmelt. The water 
turbidity, T, in ppm was converted into suspended sediment concentration, 
SSC, in g/L by applying the linear relationship between T and SSC. The ac-
quisition of the time series of discharge, Q (m3/s) and sediment load, L 
(=Q·SSC in g/s) of the river allowed us to distinguish the fluvial sediment 
transport, accompanied by slope failure in the upstream, from that under no 
slope failure. The SWAT was used to simulate soil erosion and identify the 
region prone to the soil erosion in the Oikamanai River basin. The model’s 
results showed a satisfactory agreement between daily observed and simu-
lated sediment load as indicated by the high Nash-Sutcliffe efficiency. This 
evidences that the upper mountainous region of the catchment provides a 
main sediment source, accompanied by slope failure. 
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1. Introduction 

The slope failure in this study means the surface failure and deep landslide on 

How to cite this paper: Hossain, Md.M., 
Chikita, K.A. and Sakata, Y. (2023) Sedi-
ment-Loading Processes in a Forested 
Catchment: Modeling and Observations. 
Open Journal of Modern Hydrology, 13, 
94-113. 
https://doi.org/10.4236/ojmh.2023.132005 
 
Received: December 2, 2022 
Accepted: January 31, 2023 
Published: February 3, 2023 
 
Copyright © 2023 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

https://www.scirp.org/journal/ojmh
https://doi.org/10.4236/ojmh.2023.132005
https://www.scirp.org/
https://doi.org/10.4236/ojmh.2023.132005
http://creativecommons.org/licenses/by/4.0/


Md. M. Hossain et al. 
 

 

DOI: 10.4236/ojmh.2023.132005 95 Open Journal of Modern Hydrology 
 

catchment slope and the bank collapse in riparian regions, which occur under 
rainfall, snowmelt or earthquake. Landslides mechanism and the dynamic 
processes of landslides have been investigated by many geologists, geomorphol-
ogists and geophysicists [1] [2], but studies on subsequent fluvial sedimentation 
processes, connected to river sediment load, are very few in the world [3]. 
Fluvial sediment has been measured using the concentration of suspended se-
diment [4]. The acquirement of discharge and suspended sediment concentra-
tion time series in a river allow us to explore the source location, availability and 
loading processes of sediment in the catchment [5] and to simulate long-term 
sediment yield or sediment load by modelling [6] [7]. Neogene sedimentary rock 
tends to have high frequency of landslide, compared with metamorphic rocks, 
Mesozoic and Paleozoic rocks and volcanic rocks [8]. It is because the Neogene 
sedimentary rock is relatively soft, and thus easily receives the weathering. In 
case of the Oikamanai River catchment, the Neogene sedimentary rock is also 
accompanied by active faults. These make us focus on the hydrological role of 
fractures or faults in groundwater flow system. Several adverse economic and 
environmental impacts due to the damaging effects of soil erosion have been re-
ported. Our study area, the Oikamanai River catchment, eastern Hokkaido, is 
forested (ca. 90% area), but accompanied by two tephra layers (Tarumae Ta-b in 
1667 and Shikotsu Spfa-1, 40,000 years ago) in forest soils and the Neogene se-
dimentary rocks with active faults, which tend to frequently produce surface 
failure and deep landslide respectively, under heavy rainfall or snowmelt. The 
tephra layers in forested area are protected from slope failure by tree roots, but 
bank collapse easily occurs in riparian region of this forested catchment. In or-
der to understand and predict such disastrous phenomena and subsequent fluvi-
al sedimentation in the catchment, we monitored water level and water turbidity 
in the Oikamanai River catchment in rainfall seasons of 2011-2014 to identify 
sediment sources and sediment loading processes by exploring the feature of 
discharge and sediment load variations and modeling the two-time series. Esti-
mating sediment sources like as SWAT model researchers use Global Assess-
ment of Soil Degradation (GLASOD) mapping [9]. The sediment yield estima-
tion model used in this study is the SWAT model. It is a semi distributed com-
prehensive processed based model for simulating water, sediment and chemical 
fluxes in catchments under varying climatic conditions, soil properties, stream 
channel characteristics, land use and agricultural management [10] [11]. The 
SWAT model has been applied to enhance the understanding of sediment loss 
and transport process over a wide range of environments around the world [12]. 
For modeling the sediment yield, Mukundan et al. [13] examined the suitability 
of SWAT at the North Fork Broad River catchment, and their results suggested 
that the SWAT model is a better substitute than the sediment rating curve for 
estimating sediment yield. Many researchers have reported that the SWAT mod-
el predicted reasonable results for sediment yield estimation when accurate in-
put data and model parameterization are provided [14] [15]. Here, we have 
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aimed to identify the sediment sources in the Oikamani River basin by applying 
the observed daily mean discharge and sediment load time series to the SWAT 
model. The turbidity and river-stage monitoring were performed at two sites 
along the river, and thereby, we distinguished the sediment yield in the upstream 
or downstream region of the catchment, and identified the seasonal sediment 
source in the upper catchment, since more slope failure or the runoff events ac-
companied by higher sediment yield occur in the upper catchment. The moni-
toring at the two sites also revealed that the net sediment deposition occurs be-
tween the two sites which is coincide with simulated result. SWAT model can be 
used to estimate the sediment deposition where direct measure of sediment 
concentration is not possible. 

2. Study Area 

The forested Oikamanai River catchment in the Tokachi district of southeastern 
Hokkaido, Japan (Figure 1) [16] [17] (42˚33'46''N to 42˚40'40''N, 143˚21'47''E to 
143˚28'36''E; altitude, 6 m to 330 m asl) upstream of site R1 has the area of 62.47 
km2, the mean slope angle of 17˚ and the mean riverbed gradient of 0.033 
(Figure 2) [18]. The digital elevation model (DEM) in Figure 1 is made up by 
0.1 km × 0.1 km mesh. The distribution of slope angle corresponds to that of the 
surface geology (Figure 2); the upper, middle and lower regions with relatively 
steep slope in the northwest to southeast directions are occupied by sedimentary 
rocks of early to middle Miocene, middle to late Miocene and late Miocene to 
Pliocene, respectively, and the lowest region with relatively gentle slope just up-
stream of site R1 by alluvial flood deposits. The sedimentary rocks are composed of 
conglomerate, sandstone, mudstone, siltstone and tuff. The Neogene sedimentary 
rock as in the Oikamanai River catchment tends to have high frequency of 
landslide, compared with metamorphic rock, Mesozoic and Paleozoic rocks and 
volcanic rocks. It is because the Neogene sedimentary rock is relatively soft, and 
thus easily receives the weathering. The sedimentary rocks in the mountainous re-
gions are accompanied by many faults, which are due to the orogenic movement of 
the Hidaka Range at ca. 45 km southwest of the catchment. The northern faults are 
currently active, producing the high sediment yield from landslide or bank collapse 
in the mountainous region (Tokachi Subprefecture HP; URL,  
http://www.tokachi.pref.hokkaido.lg.jp/sr/srs/gaiyou/sugata/sugata.htm) (Figure 
2). Sandy pyroclastic deposits of late Pleistocene are distributed on the catch-
ment slope, connected to the area along the border of flood plain and forest re-
gions. Such permeable deposits could make the seepage easy from the forest re-
gion to the flood plain. According to the Hjulström curve, such sandy deposits 
are easily eroded by overland flow or river flow. The catchment upstream of site 
R1 is covered by 88.3% forest in the mountainous region, 10.6% farmland 
(mostly, grassland) on the lowest alluvial plain and others. The forest is com-
posed of ca. 50% broad-leaved and ca. 50% coniferous (mainly, Sakhalin fir; Ab-
ies sachalinensis) trees. 
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Figure 1. Location of the Oikamanai River catchment in eastern Hokkaido, Japan, and 
observation sites in the catchment, shown by the digital elevation model (DEM). At site 
M, rainfall and air temperature were measured. 

 

 
Figure 2. Geology of the catchment upstream of site R1 [18]. 

3. Methodology 
3.1. Instrumentation and Sampling 

The monitoring of water level, air temperature, water temperature and water tur-
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bidity at site R1 was performed at 1 hour intervals by HOBO air pressure and wa-
ter pressure loggers with temperature sensors (Onset Computer, Inc., USA; the 
range of 69 - 207 kPa and the accuracy of ±0.62 kPa for pressure, and the range of 
−20˚C to 50˚C and the accuracy of ±0.2˚C for temperature), and a self-recording 
Turbidimeter of infrared back-scattering type with a window-cleaning wiper 
(type ATU3-8 M, Advantech, Inc., Japan, with a range of 0 - 20,000 ppm and an 
accuracy of ±20 ppm), respectively, in April 2011-November 2014 (Figure 1). At 
site R2 ca. 6 km upstream of site R1, the same instruments were similarly fixed 
in April 2013-November 2014. Instantaneous turbidity (ppm) was measured ten 
times at 1 sec interval every 1 hour and averaged for the 10 samplings. The av-
eraged turbidity was converted into suspended sediment concentration (SSC; 
mg/L) from simultaneous water samplings by a depth-integrating sampler 
(Figure 3). Two regression lines with a boundary at 200 ppm were acquired, 
since relations between electric signal and turbidity are obtained at 0 - 200 ppm 
and 200 - 20,000 ppm in manufacture, using suspension of kaolin powder. 

Water level, h (m), at site R1 and site R2 was changed into river discharge, Q  
 

 
Figure 3. Relationships between water turbidity (ppm) and suspended sediment concen-
tration (SSC: mg/L), (a) turbidity ≤ 200 ppm, (b) turbidity > 200 ppm. 
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(m3/s), by the different h—Q rating curves which was obtained by measuring 
discharge several times per year and by applying the Manning equation to the 
channel cross-section at sites R1 and R2 (Figure 1). The Oikamanai River chan-
nel is artificially regulated by concrete blocks constructed in 1996. However, ri-
verbed configuration could change to a degree by sediment deposition or ero-
sion in the river channel. Hence, we have used four different rating curves to 
measure discharge at sites R1 and R2. The sediment load, L (kg/s), was calcu-
lated by L = SSC·Q, where SSC is suspended sediment concentration (g/L). The 
forest soil is most permeable at depths of 30 – 40 cm, indicating the high hy-
draulic conductivity of Ks = 1.7 × 10−2 cm/s [19]. The high hydraulic conductivi-
ty is due to the inclusion of gravels, although the percentage of silt and clay is 
similar to that in the lower much less permeable layer (Ks = 1.8 × 10−5 cm/s at 40 
- 50 cm depth). The gravels probably originate in tephra pyroclastic deposits 
from volcanic eruptions in the Holocene. Thus, the downslope subsurface flow 
could occur in the highly permeable layer during rainfall or snowmelt, because 
the vertical percolation is interrupted by the much less permeable soil layer at 40 
- 50 cm depth. The grassland soil is impermeable except for the sandy layer of 0 - 
20 cm at Ks = 1.4 × 10−3 cm/s, which is equivalent to the infiltration capacity at 
5.0 mm/h. The grassland on the flood plain between soil sampling site and site 
R1 could produce the subsurface flow only in the surficial soil layer, and, at 
rainfalls of more than 5.0 mm/h, also the Hortonian overland flow, of which the 
rainfalls occurred a few times in 2011-2014. 

The weather data were obtained at site M (rainfall and air temperature) near 
the Oikamanai Lagoon [16] [17] at 4.0 km south-southeast of site R1, and at two 
weather stations, the Bisei weather station (precipitation, air temperature, solar 
radiation, and wind speed and direction) 9.6 km south of site R1 and the Tai-
ki-town weather station (snow depth, precipitation, air temperature, and wind 
speed and direction) 18.9 km southwest of site R1. The distinction between 
rainfall and snowfall in the catchment was performed under air temperature 
more than 2˚C at site M (altitude, 6 m asl). 

3.2. SWAT Model Description 

Soil and Water Assessment Tool (SWAT) model is used to simulate the dis-
charge and sediment load time series. The SWAT is a physical process based 
semi-distributed model to simulate continuous-time landscape processes at a 
catchment scale [20] [21]. The catchment is divided into different subbasins, and 
the subbasins are divided into different hydrological response units (HRUs) 
based on soil type, land use and slope classes giving a high level of spatial detail 
simulation. The Oikamanai River basin is divided three subbasins (Figure 4(a)) 
and the subbasins are divided into 29 HRUs. The major model components in-
clude hydrology, weather, soil erosion, nutrients, soil temperature, crop growth, 
pesticides agricultural management and stream routing. The model predicts the 
hydrology at each HRU using the water balance equation, which includes daily 
precipitation, runoff, evapotranspiration, percolation and return flow compo-
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nents. The surface runoff is estimated in the model using two options 1) the 
Natural Resources Conservation Service Curve Number (CN) method [22] 
(USDA-SCS, 1972) and 2) the Green and Ampt method [23]. The percolation 
through each soil layer is predicted using storage routing techniques combined 
with crack-flow model [24]. The evapotranspiration is estimated in SWAT using 
three options 1) Priestley-Taylor [25], 2) Penman-Monteith [26] and 3) Har-
greaves [27]. The flow routing in the river channels is computed using the varia-
ble storage coefficient method [28] or Muskingum method [29]. In a conserva-
tive environment, the total water entering channels every day from each HRU in 
the SWAT model can be derived from 

( )flow surf lat gw areaQ Q Q Q HRU= + + ⋅                 (1) 

where flowQ  is the total water entering the channel of the subbasin where the 
HRU is located (mm3), surfQ  is surface runoff yield (mm), latQ  is lateral flow 
yield (mm), gwQ  is groundwater yield (mm) and HRUarea is the HRU area 
(mm2). The SWAT model uses the Modified Universal Soil Loss Equations 
(MUSLE) to compute HRU-level soil erosion. The modified universal soil loss 
equation (MUSLE) [30] to compute soil erosion on the catchment slope is 

( )0.56
11.8 surf peak hru USLE USLE USLESed Q q area K C P CFRG= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅       (2) 

where Sed is the sediment load on a given day(metric tons), surfQ  the surface 
runoff volume (mmH2O/ha), peakq  s the peak runoff rate (m3/s), hruarea  is 
the area of the HRU(ha), USLEK  s the USLE soil erodibility factor, USLEC  s the 
USLE cover and management factor, USLEP  s the USLE support practice factor, 

USLELS  the USLE topographic factor and CFRG is the coarse fragment factor. 
The MUSLE uses runoff energy to detach and transport sediment [31]. The se-
diment routing in the channel consists of channel degradation using stream 
power [32] and deposition in channel using fall velocity. Channel degradation is 
adjusted using USLE soil erodibility and channel cover factors. 

3.3. SWAT Model Input 

In this study, the inputs required by the SWAT model are daily weather data for 
precipitation, maximum and minimum temperature, wind speed, solar radiation 
and relative humidity, which were obtained from the weather stations’ records 
(Figure 1) from 2008 to 2014. Digital elevation model (DEM) data upstream of 
site R1 (Figure 4(a)) was prepared using a digital map with a 30 m grid elevation 
created from a 1:25,000 topographic map published by the Japanese Geographi-
cal Survey Institute (GSI, http://nlftp.mlit.go.jp/ksj/jpgis/jpgis_datalist.html). 
GIS-referenced soil data (Figure 4(c)) were extracted from a 1:50,000 soil map 
of the Fundamental Land Classification Survey developed by the Hokkaido Re-
gional Development Bureau  
(https://www.naro.go.jp/english/topics/laboratory/niaes/074998.html). A land 
use map (1:25,000) based on land cover in 2005 was obtained from the GSI 
(Figure 4(b)). 
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Figure 4. (a) Digital elevation map, (b) Land use, (c) Soil, (d) Slope classes of Oikamanai 
River basin with observation sites, R1 and R2. 

 
The Oikamani River catchment is covered by six types of land (Figure 4(b)), 

and is mostly occupied by forest (FRST) (88.3%) and farmland (PAST) (10.6%). 
The farmland is mainly grass land area. Four types of soil are distributed in this 
study area where main soil is brown forested soil (BFS) (67.99%) (Figure 4(c)) 
followed by ando (ANDO) (12.90%) and gley soil; in the gley soil, there are two 
types, gley coarse (GCRSE) (12.70%) and gley ochric (6.40%). The catchment 
thus exhibits the land use and soil dominated by forest and brown forested soil, 
respectively. 

3.4. Model Performance Evaluation 

The acceptance of SWAT simulation results is determined by examining the 
Nash and Sutcliffe efficiency (ENS) [33] and relative error (Re). The ENS simula-
tion coefficient indicates how well the plot of observed values versus simulated 
values fits the 1:1 line. If the ENS value is less than or very close to zero, the 
model prediction is unacceptable or poor. If the values are one, then the model 
prediction is perfect [34]. Re also indicates how close the observed values versus 
the simulated values are. Re can range from zero to a very large value, with zero 
representing perfect agreement between the model and real data. Essentially, 
when the model efficiency Re and ENS are close to one, and when the model ef-
ficiency Re is close to zero, the models are considered more accurate. The ENS is 
defined in the following: 

( )
( )

2
, ,

2
,

1
n

obs i model ii
n

obs i obsi

X X
ENS

X X

−
= −

−

∑
∑

                 (3) 
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The root mean squared error (RMSE) of a model prediction with respect to 
the estimated variable ,model iX  is defined as follows: 

( )2
, ,

n
obs i model ii

X X
RMSE

n
−

= ∑
                     

(4) 

where ,obs iX  is the observed data on day i, ,model iX  is the simulated output on 
day i, obsX  is the average measured value during the study period. 

3.5. Model Calibration and Validation 

The SWAT model was first calibrated using SWAT Calibration and Uncertainty 
Programs (CUP) with the Sequential Uncertainty Fitting (SUFI2) calibration 
and uncertainty analysis routine [35]. The calibration of flow and sediment was 
then performed manually to obtain a good match between the observed and si-
mulated values. Key hydrological and sediment-related parameters were selected 
from sensitivity analysis. Calibration is an effort to better parameterize a model 
to a given set of local conditions, thereby reducing the prediction uncertainty. 
Model calibration is performed by carefully selecting values for model input pa-
rameters by comparing model predictions for a given set of conditions with ob-
served data for the same conditions. Model validation is the process of demon-
strating that a given site-specific model is capable of making sufficiently accurate 
simulations. The validation involves running a model using parameters that 
were determined during the calibration process, and comparing the predictions 
to observed data not used in the calibration. The calibration and validation are 
typically performed by splitting the available observed data into two datasets: 
one for calibration, and another for validation, data are most frequently split by 
time periods [36]. In this study, parameters calibrated for stream flow are shown 
in Table 1. Sensitive parameters are calibrated within their acceptable ranges to 
match the simulated streamflow with the observed streamflow (Table 1). Snow  

 
Table 1. Parameters for streamflow calibration performed at site R1 of the Oikamanai River catchment in 2012. 

No. Parameters Definition of Parameters Fitted values 

1 r_CN2.mgt Initial SSC runoff curve number for moisture condition 0.72 

2 v_CH_K2.rte Effective hydraulic conductivity in main channel alluvium (mm/h) 17.62 

3 r_SOL_AWC.sol Available water capacity of the soil layer −0.94 

5 v_GWQMN.gw Treshold depth of water in the shallow aquifer required for return flow to occur (mm) 830.11 

6 v_REVAPMN.gw Threshold depth of water in the shallow aquifer for “revap” to occur (mm) 521.53 

7 v_ESCO.hru Soil evaporation compensation factor 0.99 

8 v_SURLAG.bsn Surface run off lag time 11.94 

9 v_ALPHA_BF.gw Baseflow alpha factor (days) 0.99 

11 v_EPCO.hru Plant uptake compensation factor 0.01 

12 v_RCHRG_DP.gw Deep aquifer percolation fraction 0.86 
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depth in 2012 is nearly two times of 2011; it indicates that initial condition of 
soil water content, groundwater storage, and soil parameters are different in dif-
ferent years. Hence, we have simulated year-wise discharge, which occurs for a 
single year of non-snowfall and non-snowmelt seasons taken for calibration and 
the other years taken as validation periods. The period of April–November 2012 
is considered for calibration and the periods of April–November 2011, 2013 and 
2014 for validation (Figure 6). The calibrated parameters in 2012 are showed in 
Table 1. Here the parameters are calibrated within their acceptable ranges to 
match the simulated streamflow. In the year 2012 the most sensitive parameter is 
runoff curve number (CN2.mgt) followed by effective hydraulic conductivity in 
main channel alluvium (mm/h) (CH_K2.rte), available water capacity of the soil 
layer (SOL_AWC.sol), and maximum canopy storage (CANMX.hru) etc. (Table 1). 

4. Results and Discussion 
4.1. Observed Data 

Figure 5 shows hourly time series of water temperature, discharge, suspended  
 

 
Figure 5. Hourly time series of (a) water temperature, (c) discharge and suspended sediment concentration (SSC) at site R1, and 
(b) precipitation at the Bisei weather station since April 2011. The arrows with the label “Frozen” indicate the completely 
ice-covered periods of the Oikamanai River. 
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sediment concentration (SSC) at site R1 and precipitation at the Bisei weather 
station in April 2011-November 2015. As shown by water temperature at ca. 
0˚C, the Oikamanai River was frozen down to the depth of the pressure logger in 
mid-December-March every year. The rating curve of discharge and suspended 
sediment concentration was then not applicable, because the covered-ice growth 
and snow accumulation on the ice substantially increases the water pressure 
recorded. As a result, the accurate observation of snowmelt runoffs in the 
snowmelt season was difficult, because snowmelt water then flew on the covered 
ice. Hence, only rainfall river runoff events under ice or snow-free condition are 
here discussed. When water temperature varied at more than 0˚C (Figure 5(a)), 
both discharge and SSC varied in response to rainfall (Figure 5(b) and Figure 
5(c)). Especially, there was a strong correlation between rainfall and discharge. 

4.2. Discharge Simulation 

We have acquired discharge and sediment concentration data for non-frozen 
periods (April-November) of 2011-2014. Here the SWAT model was applied for 
year-wise non-frozen periods. The year 2012 (Figure 6(a)) data was provided for 
calibration and the data of the other years 2011 (Figure 6(b)), 2013 (Figure 6(c))  

 

 
Figure 6. Discharge simulations at site R1. (a) Calibration in 2012, and validations in (b) 2011, (c) 2013 and (d) 2014. 
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and 2014 (Figure 6(d)) were utilized for validation. We have selected 12 sensi-
tive parameters after sensitivity analysis for discharge simulation. The sensitive 
parameters and their calibrated values are shown in Table 1. Figure 6 graphi-
cally illustrates the comparison between the observed and simulated daily dis-
charge at the main outlet R1 of the Oikamanai River catchment. The statistical 
performance of the SWAT for daily streamflow estimation gave satisfactory NSE 
values in the calibration year 2012 at 0.88 and in the validation 2011, 2013 and 
2014 years at 0.81, 0.79 and 0.82, respectively. However, the simulated peak dis-
charge was overestimated in early May of the calibration year 2012, because the 
heavy rainfall event affected the whole model simulation. To reduce the modeled 
discharge in this event of 2012, the calibration process changed some parameters 
values which affected the validation period by underestimated peak discharged 
during some heavy rainfall periods in Figures 6(b)-(d). In addition, the precipi-
tation duration and intensity are possibly not considered by the soil conserva-
tion services (SCS) curve number (CN) method (SCS, 1972) for simulation of 
streamflow in SWAT model as reported by Phomcha et al. [37]. This limitation 
might be more serious for the simulation of heavy rainfall events. 

4.3. Sediment Load Simulation 

The SWAT model is further applied to sediment yield calibration following 
completion of discharge calibration process in the years 2011, 2012, 2013 and 
2014. The sediment load simulation is rather difficult, because the sediment can 
originate from basin slope, slope failure (bank collapse and land slide), river 
bank erosion or river bed erosion. Here we have simulated the sediment load 
time series for each of the years 2011-2014 (Figure 7). Table 2 presents the cali-
brated parameters for sediment simulation in each year. Figure 7 generally in-
dicates that the simulated daily sediment loads of the SWAT model and the ob-
served values are comparable in magnitude, yielding NSE of 0.74, 0.91, 0.75 and 
0.76 in the years 2011, 2012, 2013 and 2014, respectively. However, a comparison 
of the results indicates that the SWAT model could overestimate the sediment 
load for some high-flow events (Figure 7(b)), because, in the time period of 
heavy rainfall, the SWAT model makes all the soils eroded by runoff reach the 
river channel directly without considering sediment deposits remaining on sur-
face catchment areas. The results also indicate that the SWAT model underesti-
mated the sediment load of some peak events in Figure 7(a), Figure 7(c) and 
Figure 7(d). It is probably because landslide and bank collapse are not consi-
dered and the sediment routing algorithm used in SWAT is very simplified. The 
topographic factor (LSUSLE) automatically estimated from the DEM in the 
SWAT model proved to contain errors [38] [39], which partially explains the 
model inaccuracies for sediment yield estimation. Together with better accuracy 
and resolution of DEM, more reliable methods are needed for derivation of the 
topographical variables related to LSUSLE, such as the slope. The most sensitive 
parameters for sediment load simulation were the land cover and management  

https://doi.org/10.4236/ojmh.2023.132005


Md. M. Hossain et al. 
 

 

DOI: 10.4236/ojmh.2023.132005 106 Open Journal of Modern Hydrology 
 

Table 2. Optimum values of sediment parameters in SWAT. 

No. Parameters Definition of Parameters 2011 2012 2013 2014 

1 USLE_C(FRST).crop.dat Forest land cover and management factor 0.27 0.01 0.22 0.01 

2 USLE_C(PAST).crop.dat Farmland cover and management factor 0.17 0.73 0.24 0.14 

3 USLE_P.mgt USLE support practice factor 0.04 0.42 0.17 0.88 

4 SPCON.bsn Linear sediment reentrained parameter for channel routing 0.01 0.01 0.01 0.00 

5 SPEXP.bsn Exponent sediment reentrained parameter for channel routing 1.38 1.29 1.34 0.97 

6 ADJ_PKR.bsn Peak rate adjustment factor in the tributary channel 1.59 1.16 0.79 0.53 

7 PRF.bsn Peak rate adjustment factor in the main channel 1.73 1.91 1.05 0.96 

8 CH_COV1.rte Channel erodibility factor 0.17 0.17 0.29 0.32 

9 CH_COV2.rte Channel cover factor 0.66 0.86 0.72 0.83 

10 USLE_K.sol Soil erodibility factor 0.03 0.02 0.33 0.12 

11 CH_BNK_BD.rte Bulk density of channel bank sediment 1.48 1.84 1.60 1.69 

12 CH_BED_BD.rte Bulk density of channel bed sediment 1.63 1.89 1.76 1.82 

 

 
Figure 7. Sediment load simulation at site R1 in (a) 2011, (b) 2012, (c) 2013 and (d) 2014. 

 
factor (USLE _C (FRST), USLE _C (FRST)), the USLE equation support practice 
factor (USLE_P.mgt), the peak rate adjustment factor (PRF.bsn, ADJ_PKR.bsn) 
and the soil erodibility factor (USLE_K.sol). Other parameters were nearly con-
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stant in the whole four years (Table 2). 

4.4. Comparison of Discharge and Sediment Load between Site R1 
and Site R2 

Here, the temporal variations of discharge and sediment load are compared be-
tween site R1 and site R2 (Figure 1). The data failure was occurred in snow fall 
and snowmelt periods and in April-June 2014. Thus, the discharge, sediment 
load and sediment yield are not continuous as shown by Figures 8-10. Observed 
daily discharge at site R1 was similar to that at site R2 for relatively large dis-
charge peaks, but larger than that at site R2 for the lower discharge peaks 
(Figure 8). This is probably due to the nearly even or uneven distribution of 
rainfall in the catchment; in the former case, the rainfall probably became large 
especially in the region upstream of site R2, and in the latter case, the rainfall 
was relatively even over the catchment or relatively large in the lower region. 

Meanwhile, the sediment load at site R2 was always greater than that of site R1 
(Figure 9), though the discharge at site R1 was comparable to or larger than at 
site R2 (Figure 8). The sediment load at site R2 could occur on the relatively 
steep slope upstream of site R2 with the surface geology of mostly Neogene se-
dimentary rocks in subbasin 1 and subbasin 2 (Figure 1, Figure 2 and Figure 
4(a)), which could frequently produce landslides by heavy rainfalls or snowmelt.  

 

 
Figure 8. Daily observed discharge at sites R1 and R2. 
 

 
Figure 9. Sediment load at site R1 and site R2. 
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Also, the forest soils are accompanied by permeable tephra layers of Tarumae 
Ta-b and Shikotsu Spfa-1, easily producing surface failure. 

Figure 10 shows the sediment yield (ton/day/km2) at site R2 and site R2. The 
sediment yield at site R2 was always greater than that of site R1. This means that 
transportation of sediment at site R1 is less than at site R2. The sediment yield 
calculated between site R1 and site R2 is shown in Figure 11. It is seen that the 
sediment yield between site R1 and site R2 is negative in most of the events. This 
means that the sediment input at site R2 is larger than the sediment output at 
site R1, indicating that the sediment deposition occurred between site R2 and 
site R1. This is also caused by relatively steep slope upstream of site R2 (Figure 
1), where the Neogene sedimentary rocks with active faults are distributed, more 
frequently producing landslide and bank collapse under rainfall. The region be-
tween site R1 and site R2, accompanied by relatively gentle slope, is composed of 
flood plain deposit of Holocene. Also, the lower region is covered mainly by  

 

 
Figure 10. Sediment yield at site R1 and site R2. 
 

 
Figure 11. Sediment yield between site R1 and site R2. 
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grassland. Thus, the sediment availability by soil erosion is probably very low. 
Thus, most of the suspended sediment originates in the upstream of site R2 and 
partly deposits between site R1 and site R2. 

4.5. Sediment Load in Different Subbasins by SWAT 

The Oikamanai River catchment was divided into 3 subbasins (Figure 4(a)) 
based on water divide, soil type, land use and slope classes for the tributaries up-
stream of site R1. The SWAT model simulated the sediment load at every subba-
sin (Figure 12). It is seen that the sediment load and sediment yield at subbasin 
2 (Figure 12(a) and Figure 12(b)) is at any time greater than that in subbasin 1 
or subbasin 3, and that at most of the time the sediment yield in subbasin 3 is 
negative (Figure 12(c)). The net sediment yield in subbasin 3 was calculated by 
(R1 sediment load – R2 sediment load)/(Area between R1 and R2) (Figure 10). 
A similar scenario was also seen in the observed data (Figure 11), where the  

 

 
Figure 12. Sediment load and sediment yield calculated in the three subbasins. (a) sediment load and (b) sediment yield in three 
subbasins, and (c) calculated net sediment yield in subbasin 3. 
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sediment deposition occurred between site R2 and site R1. 

5. Conclusion 

Hourly and daily time series of discharge, suspended sediment concentration 
and sediment load were obtained in the forested Oikamanai River catchment in-
fluenced by the slope failure. The observed and SWAT-simulated outputs defi-
nitely showed that subbasin 2 in Figure 4(a) is the main sediment source in this 
study area (Figure 12). Part of suspended sediment deposits between sites R2 
and R1, since the sediment yield at site R2 is at any time greater than at site R1. 
This reflects the frequent occurrence of landslide and bank collapse upstream of 
site R2, following rainfalls onto the catchment slope and the riparian region in 
the tectonically active forested catchment. A definitive interpretation of the 
quantitative results is not yet appropriate, because some processes are not well 
presented in the SWAT model and the lack of model parameterization at a local 
scale. While this study is able to give relative estimates of erosion measures, fur-
ther model parameterization at a local scale should be done as more data and 
more information become available. 
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