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Introduction 

 

Agricultural development and straightening of stream channels 

in the upstream of the Kushiro River were industrialized from 

the 1960s. These developments triggered turbidity of floods 

and large sedimentation deposited into the wetland in a short 

period. 

 As wetlands play a significant role in the hydrological cycle, 

influencing groundwater, evaporation, water retention and 

flood control and protection, it is important to preserve the 

wetland. 

 Kushiro Wetland, the largest wetland area in Japan with 

18,290 ha in area, is said to be desiccating because of the 

invasion of the alder trees from the pristine reed-sedge 

community. The Ramsar Convention discussed the importance 

of preserving the biodiversity of the Kushiro Wetland.  

 In Hokkaido, four typhoons - Chanthu, Kompasu, Mindulle, 

and Lionrock- which consecutively struck for the first time 

since more than 100 years ago. The typhoon strikes brought 

heavy precipitation and caused flooding in most parts in 

Hokkaido. This flood events resulted in flood inundation of the 

Kushiro wetland. The influence of the inundation on the 

vegetation raise uncertainty of the impacts it may cause in the 

wetland. 

 With the impacts from rainfall, based in storm events and 

long-term conditions, this study aims to apply remote sensing 

and GIS, and physical-based lumped model approach to 

understanding the surface condition and soil erosion in Kushiro 

basin. 

 
Figure 1 - Study area (Kushiro basin) 

Research Objectives 
 
The main objectives of this study are to utilize remote sensing, 

GIS to understand the surface conditions of the wetland and 

potential soil erosion into the wetland. Also, this study 

investigated the possibility of integrating a physical-based 

lumped model of rainfall-runoff to estimate sediment discharge 

of the catchment.  

 

Remote sensing approach for spatio-temporal 
assessment of surface condition 

 
Remote sensing information on the reflection and absorption 

to sunlight on the earth surface were utilized to acquire 

information in the wetland conditions. 

 The information from these spectral indices has been 

explored by several studies for preliminary investigate the 

surface condition of the area at a given period for monitoring 

flood inundation extent and vegetation fluctuations in various 

purposes. 

 This study aims to evaluate the spatio-temporal flood 

inundation impacts of the vegetation in Kushiro wetland 

exploring the advantages of remote sensing. 

 Normalized Difference Vegetation Index (NDVI) (Myneni 

et al, 1995) was used for better understanding of vegetation 

response to flood inundation spatiotemporally expressed [1] 

𝑁𝐷𝑉𝐼 =
ρ𝑁𝐼𝑅 −  ρ𝑅𝑒𝑑

ρ𝑁𝐼𝑅 +  ρ𝑅𝑒𝑑
 

 
 Normalized Difference Soil Index (NDSI) was used to 

examine the soil moisture conditions by the influence of 

shortwave infrared wavelength to radiometric response 

moisture on the ground observation expressed in equation. [2] 

𝑁𝐷𝑆𝐼 =
ρ𝑆𝑊𝐼𝑅 −  ρ𝑁𝐼𝑅

ρ𝑆𝑊𝐼𝑅 +  ρ𝑁𝐼𝑅
 

 
 Normalized Difference Water Index (NDWI) refers to the 

relationship to liquid water. 

McFeeters (1996) [3] 

𝑁𝐷𝑊𝐼𝐺𝑁 =
ρ𝐺𝑟𝑒𝑒𝑛 −  ρ𝑁𝐼𝑅

ρ𝐺𝑟𝑒𝑒𝑛 +  ρ𝑁𝐼𝑅
 

Gao (1996) [4] 

𝑁𝐷𝑊𝐼𝑁𝑆 =
ρ𝑁𝐼𝑅 −  ρ𝑆𝑊𝐼𝑅

ρ𝑁𝐼𝑅 +  ρ𝑆𝑊𝐼𝑅
 

 



 
Figure 2 Comparison between (a) NDSI (b) NDWINS (c) 

NDWIGN time series and water level data. The solid blue 

line represents in-situ water level measurements; the points 

represent spatial mean index values of Kushiro wetland. 

 
Figure 3. Annual trend of NDVI 

 
Figure 4. NDVI spatial distribution for the nonflood period 

(2009) 

 
Figure 5. NDVI spatial distribution for flood period (2016) 

 
Figure 6. NDSI before and after the flood 

Soil erosion assessment with the influence of 
climate change 

 

Sediment intrusion is one of the major factors that contribute 

to the aridity of the wetland. Spatial distribution of the potential 

soil erosion loss was investigated to understand the potential 

source of soil loss for decision policy for soil erosion.  

 Furthermore, the erosive power of rainfall is one of the 

major drivers for soil detachment due to rainfall impact and 

runoff erosion. As the global changes in precipitation patterns 

due to climate change, it is expected to influence the impact on 

soil erosion. With these changes of rainfall, together with the 

factors that triggered soil erosion such as topography, soil 

physical properties, land use, this study assessed the potential 

future changes in rainfall erosivity with spatial precipitation 

utilizing the climate change ensemble simulation.  

 Large ensemble of climate simulations which is the 

database for Policy Decision making for Future climate change 

(d4PDF) of Japan consists of outputs from global warming 

simulations by a global atmospheric model with horizontal grid 

spacing of 60 km (AGCM) and from regional downscaling 

simulations covering the Japan area by a regional climate 

model with 20-km grid spacing (RCM). The RCM 

downscaling simulations are performed by the Meteorological 

Research Institute Nonhydrostatic Regional Climate Model 

(NHRCM) in which the model projected future climate 

conditions. 

 

Methodology 

 

Revised Universal Soil Loss Equation (RUSLE) integrated 

with GIS was used to estimate soil loss in Kushiro Basin. [5] 

𝐴 =  𝑅 × 𝐿𝑆 × 𝐾 × 𝐶 × 𝑃 

where A is the soil erosion rate (t ha-1 year-1), R defined as 

rainfall erosivity factor (MJ mm ha-1 year-1), LS as topographic 

factors represent the slope length (L) and slope steepness (S) 

(dimensionless), K means soil erodibility factor (t ha MJ-1 mm-

1), C indicates land cover management factor (dimensionless) 

and P stands for support practices factor (dimensionless). 

▪ Rainfall erosivity factor (R) 

Rainfall erosivity factor (R) represents the potential of rainfall 

intensity to cause soil erosion by estimating the erosive power 

of rainfall. 

𝑅 =
1

𝑛
∑ ∑(𝐸𝐼30)𝑘

𝑚𝑗

𝑘=1

𝑛

𝑗=1

 

where, R is the average annual rainfall erosivity (MJ mm ha−1 

h−1 yr−1); n is the number of years of the rainfall records, mj is 

the number of erosive storms of each year j, EI30 is the rainfall 

erosivity index of a single erosive storm k. The total storm 

kinetic energy (E) is estimated as 

▪ Topographic factor (LS) 

The effect of topography on erosion is quantified by the slope 

and slope length factors. The slope length is upslope 

contributing area factors 

▪ Soil erodibility factor (K) 

The soil erodibility factor is estimated using the soil texture 

information. The comprehensive soil classification of the soil 



map was used to determine the estimated soil texture of the soil 

in the area to quantify the soil erodibility factor. 

▪ Cover management factor (C) 

Vegetation cover contributes to the control of soil erosion. The 

effect of the vegetation cover is indexed by cover management 

factor. The remote sensing derived NDVI values are scaled to 

approximate C values. 

▪ Support Practice factor (P) 

The support practice factor (P) accounts the effect of the 

practices in the surface such as terracing, However, for 

regional-scale analysis, it is hardly diagnosed thus assumed as 

equal to 1. 

 

 
Figure 7. Relationship between annual precipitation and 

rainfall erosivity 

 
Figure 8. Rainfall erosivity (a) past climate (b) future 

climate 

 
Figure 9. RUSLE factors (a) LS factor (b) K factor (c) C 

factor 

 

 
Figure 10. (a) Potential soil loss based on the past climate 

(b) Change of soil loss due to change of rainfall erosivity 

Physical-based formulation for prediction of 
erosion in the catchment 
 

Potential soil loss risk in the upper catchment of the wetland 

will be accounted for the sediment yield into the wetland. 

Sediment yield during storm events was studied by integrating 

the lumped hydrological model of flow over a small catchment 

to sediment transport equation to express the sediment 

hydrograph in a small catchment. 

 

Hydrological analysis 

 

Lumped hydrological model is based on the total rainfall 

and total rainfall loss relationship proposed by Yamada and 

Yamazaki (1983) [6]. The mass conservation equation: 
𝜕ℎ

𝜕𝑡
+

𝜕𝑞

𝜕𝑥
= 𝑟𝑒(𝑡) 

where 𝑟𝑒  is the effective rainfall intensity (mm/h), 𝑡 is time (h), 

and 𝑥 is the unit length of the water path along the bottom slope 

(m). Effective rainfall based on the outflow contributing rate 

can be estimated from the previous study which suggested that 

for mountainous catchments the relationship between total 

rainfall and total rainfall loss can be well fitted using the tanh 

function (Kure and Yamada, 2004) [7] 

𝑟𝑒(𝑡) = 𝑟(𝑡) ∗ (1 − 𝑎𝑏 sech(b acr(t))) 

The basic equations to simulate runoff height can be 

derived based on the cross-sectional average velocity formula 

into the continuity equation. Kinematic wave equation will be 
𝜕𝑞

𝜕𝑡
+ 𝑎𝑞𝛽

𝜕𝑞

𝜕𝑥
= 𝑎𝑞𝛽𝑟𝑒(𝑡) 

Assuming that the direct runoff considered is the slope 

runoff near the vicinity of the river channel. The slope length 

is assumed to be sufficiently shorter than the actual slope 

length of the catchment that contributes to the direct runoff. 

The discharge is then considered as only a function of time. 

𝑞 (𝑥, 𝑡) ≈ 𝑥𝑞*(𝑡) 

Then, the ordinary differential equation of the rainfall-

runoff process is 
𝑑𝑞*(𝑡)

𝑑𝑡
= 𝑎0𝑞*(𝑡)𝛽(𝑟𝑒(𝑡) − 𝑞*(𝑡)) 

 

Sediment transport 
 

Runoff is considered to be overland flow in hydrological 

analysis in the upland area of the catchment, thus, erosion in 

the upland area of the catchment is due to the overland flow. 

The continuity equation for sediment can be derived as:[8] 
𝜕ℎ𝐶v

𝜕𝑡
+

𝜕𝑞𝐶v

𝜕𝑥
=

𝐸

𝜌𝑆

 

where 𝐶v is volumetric sediment concentration (mm3/mm3), E 

is erosion rate (g/(mm2 h)), which is the sum of erosion by 

rainfall and overland flow, 𝜌𝑆  specific mass of sediment. 

(g/mm3) 

    If the sediment concentration (𝐶𝑠  = 𝐶v 𝜌𝑆)  considered is 

the concentration near the vicinity of the river channel. :[9] 

𝐶𝑠(𝑥, 𝑡) ≅ 𝑥𝑐*(𝑡) + 𝑐0 

Lumped model for sediment concentration can be derived as, 
𝑑𝑐*

𝑑𝑡
=

𝐸*

𝑥
− 𝑐*𝑎*𝑞*

𝛽
[

𝑟

𝑞*

+
𝑟𝑐0

𝑐*𝑥𝑞*

+ 1] 



 
Figure 11. Observed sediment concentration and the 

estimated sediment concentration based on the proposed 

lumped model on the 2013 event 

 
Figure 12. C/Q hysteresis based on the observed data and 

the simulated C and Q relationship based on the lumped 

model 
 

Conclusion 

 

Study of the surface condition and soil erosion in Kushiro is 

the main research objective of the study. In this study, the 

spatio-temporal assessment of the vegetation and soil moisture 

during a flood and nonflood period in the wetland; soil erosion 

and its impact on climate change in the Kushiro river basin; 

and study on the integration of physically-based hydrological 

lumped model for sediment transport in Kuchoro subcatchment 

was investigated. 

 First, the impact of flood inundation on vegetation in 

Kushiro wetland was investigated using a series of remote 

sensing data and hydrological data as represented by spatial-

temporal changes of spectral indices. The purpose of the study 

is to investigate the flood inundation impacts of the flood event 

in 2016 and compare it with the considered non-flood period.  

 Second, the Revised Universal Soil Loss Equation 

(RUSLE) was used to understand the spatial distribution of the 

potential annual soil loss in Kushiro basin. Although it is 

empirical based on the conditions of the experimental plot, the 

information from the RUSLE is helpful to understand the 

overview of potential changes of soil loss in the influence of 

climate change. 

 Lastly, a study was conducted to integrate sediment 

transport with the hydrological lumped model equation. The 

advantage of estimating sediment concentration by this lumped 

model vs linear relationship Q-Qs is the estimation of the 

hysteresis loop. Different C/Q hysteresis loops could differ in 

the total sediment amount and the location of the sediment 

accumulation. However, for this study, the calibration is highly 

dependent on the one observed data. Its performance should be 

tested with a time series of sediment concentration and water 

discharge in storm events to explain the sediment flood 

characteristics of the upper catchments.  
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