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ABSTRACT:
 
Eutrophication of coastal oceans as a result of the delivery of excess nutrients by rivers is a critical environmental issue on local, 
regional, and global scale. Japanese agriculture has created high nitrogen surpluses in agricultural lands due to the increasing rate of 
chemical fertilizer application and the increase of livestock. In this study, to estimate the nitrogen load exported to Koise River, a 
major river in Lake Kasumigaura, from its catchment area, extensive field survey and water quality experiments have been 
conducted from 2007 to 2008. Remote sensing data of QuickBird imagery was applied to the dataset on water quality during two 
years (Year 2007 for model calibration and Year 2008 for model validation) at 11 streams. Water quality indicator of total nitrogen 
(TN) were examined and an efficient approach, which estimates monthly pollutant loads directly from satellite imagery and ground 
observed hydrological data, was investigated. Then the pollutant loads of TN were estimated and prediction results show that the 
proposed simulation technique can be used to predict the monthly TN pollutant loads of river basins in Japan. Seasonal variation of 
pollutant loads from 2007 to 2008 were also analysed from different sources according to land covers. This study presents usefulness 
of remote sensing technique for evaluation and interpretation of water quality datasets and apportionment of pollution sources with a 
view to get better information about the water quality for more effective management of water resources in river basins. 
 

1. INTRODUCTION

1.1 General Information 

Export of excess nutrients from land surface to coastal ocean 
through river is a critical environmental issue on local, regional, 
and global scales (Smith et al., 2005; Seitzinger and Kroeze, 
1998; Turner and Rabalais, 2003). Investigators increasingly 
recognize that human action at the landscape scale is a principal 
threat to the ecological integrity of river ecosystems, impacting 
habitat, water quality, and the biota via numerous and complex 
pathways (Strayer et al., 2003). Major changes associated with 
increased urban land area include increases in the amounts and 
variety of pollutants in runoff, increased water temperatures 
owing to loss of riparian vegetation and warming of surface 
runoff on exposed surfaces (Paul and Meyer, 2001; Carpenter et 
al., 1998). In recent decades, land cover changes around river 
basins have caused serious environmental degradation in global 
surface water areas, in which the direct monitoring is inherently 
difficult since it requires spatial and temporal measurement 
tools for land cover changes in the river basin and water 
qualities, and also it requires models relating them (Oki and 
Yasuoka, 1997; Omasa et al., 2006; Rhodes et al., 2001). 
Prediction of pollutant loads is therefore crucial to river 
environmental management under impact of climate change and 
intensified human activities. Furthermore, it is necessary to 
identify the pollution sources and their quantitative 

contributions to total pollution load for effective pollution 
control and water resource management.     
   As for the water quality in Japan, it has been improved 
remarkably during the past decades. For example, in the Yodo 
River, which is the principal river in Osaka Prefecture on 
Honshu, the average annual concentration of BOD is 3.4 mg/l, 
2.5 mg/l, 2.3 mg/l, and 1.5 mg/l for year 1985, 1990, 1995, and 
2004, respectively. As for one of the three biggest rivers in 
Japan, Tone River, the average annual concentration of BOD is 
2.6 mg/l, 2.3 mg/l, 1.9 mg/l, and 1.4 mg/l for year 1985, 1990, 
1995, and 2004, respectively, which also shows a decreasing 
trend. However, Japanese agriculture has created high nitrogen 
surpluses in agricultural lands due to the increasing rate of 
chemical fertilizer application and the increase of livestock 
(Mishima, 2001; Kimura, 2005; Kimura and Hatano, 2007). 
Therefore, the water quality is a still big concern among water 
related issues in Japan.  
    
1.2 Objective of this study 

For estimating the daily influent TN load to rivers, He et al. 
(2009a) proposed an integrated approach to assess daily 
nitrogen loads from anthropogenic and natural sources in Japan 
by a process based modelling frame and detailed database. In 
the case that only long term (for example: yearly) pollutant load 
is focused on and the spatial distribution of pollutant in each 
point of river basins is not emphasized, some simple empirical 
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methods are applicable. As for annual TN loads, a method has 
been proposed to successfully calculate the potential annual TN 
in river basins of entire Japan (Oki and Yasuoka, 1997, 2008; 
He et al., 2009b). The objective of this study is to examine the 
capability of this empirical method to estimate monthly 
potential annual loads of TN in Japanese river basins with the 
aid of very high resolution QuickBird remote sensing imagery. 
In addition, this study will focus more on the estimation of 
monthly TN load from agricultural and forest watershed. 
 
 

2. DATA AND METHODS 

2.1 Site description

Lake Kasumigaura, the second largest lake in Japan, is 
surrounded by many large agricultural lands. It is located in the 
eastern part of the Kanto Plain, 50 km northeast of Tokyo 
(Figure 1). The lake basin is smooth and shallow with a surface 
area of 171 km2, a mean depth of 4 m, and a maximum depth of 
7.4 m near the mouth of Takahamairi Bay. The lake water 
surface is only l.0 meter above sea level. About 20.5% of the 
watershed is periodically flooded for rice and lotus cultivation 
mainly spreading in the low-lying areas of land and the 
predominance of non-point sources such as forest and 
agricultural lands as well as the higher activity in livestock 
production are contributing a lot to the pollution of Lake 
Kasumigaura (Moriizumi et al., 1975). 
 
2.2 Data Collection 

We collected the hydrochemical dataset (river discharge - Q, 
total nitrogen - TP, total phosphorus - TP, total organic carbon - 
TOC) from 2007 to 2008 in eleven stream’s outlets in Koise 
River (Fig. 1). Among these eleven observation sites, the 
collected data of site 1 to 8 has long term continuous record and 
those of site 9, 10 and 11 have some missing record. Therefore, 
the collected data of site 1 to 8 was used in this study. 
 
2.3 Remote sensing data 

Very high resolution satellite images offers a great potential for 
the extraction of land use and land cover related information for 
watershed management. The QuickBird imagery (Digital Globe 
Company) datasets with spatial resolution of 2.4 meter were 
used to produce a land cover distribution map by using 
ISODATA (Iterative Self-Organizing Data Analysis Technique) 
method. The land cover distribution of each river basin was 
then extracted (Fig. 2). In this study, the QuickBird imagery 
datasets were classified into six categories (class1: Paddy field; 
class 2: Evergreen forest; class 3: Deciduous forest; class 4: 
Crop land; class 5: Urban area; class 6: Bare land). The basin 
area and land area of each land cover category were then 
calculated from the land cover distribution map. 
 
2.4 Estimation of annual nutrient load discharged from a 
river basin  

In the above collected dataset, the annual mean total nitrogen 
concentration, TN [mg/l], and the monthly river flow, Q 
[m3/mon], which were measured at the mouth of the river in 
each basin, were used to evaluate the annual total TN load 
discharged from each basin (Oki and Yasuoka, 2008). The 
measurement of the river near the mouth allows us to determine 
the annual total nitrogen load discharged from the whole river 
basin area. Therefore, the annual total nitrogen load discharged  
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Figure 1 Location of Koise River basin and observation sites for 
water quality sampling. 
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Figure 2 Land cover map generated by Quick Bird remotes 
sensing imagery. 
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Where 
Li (kg/mon) = the total monthly pollutant load exported from 

the river basin i 
Ai (km2) = the area of the river basin i 
Qi (m3/mon) = the monthly river discharge in the river outlet of 

the river basin i 
Si (kg/mon) = the monthly runoff load accumulated from 

different land covers in the river basin i 
k, n = empirical coefficients.  
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   In the above equations, the effect of basin area on pollutant 
load is removed with the division by basin area. 
   The monthly runoff load accumulated from different land 
cover in the river basin i, i.e. Si  is expressed by: 
 

 
 �� �	
LC

j ijji AUS '                   (2) 

 
Where 
 j (=1 to LC) = each land use category 
 
LC = the total number of land cover category 
 
Uj (kg/km2/mon) = the coefficient named as runoff load factor  
      of each land cover category j 

'
ijA  = the area of each land cover category j. 

 

3. RESULTS AND DISCUSSION 

3.1 Estimation of TN load in Koise River basin 

The aim of this study is to estimate the TN load in Koise River 
basin. The model described in Section 3 was then applied to 
each watershed in Koise River basin. Here, the collected dataset 
in Year 2007 was used for model calibration and that of Year 
2008 was used for model validation. The comparison of 
observed and simulated TN load (including calibration and 
validation datasets) in each month was illustrated in Fig. 3. Site 
1 to 8 stand for the river mouth for eight tributary catchments 
(accordingly named as Koi-1 to Koi-8), respectively. The actual 
TN loads were calculated for 2007 and 2008 when the field 
water quality monitoring data is available. They are shown as 
red circles in Fig. 3. From it, we can find that the simulated 
seasonal variation of TN load corresponded very well to the 
observed ones from Year 2007 to year 2008. As for the amount 
of TN load, the value is the smallest for the forest watershed  
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Figure 3 Comparison between simulated and observed total load for eight tributaries of Koise River. 
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Figure 4 Scatter plot of simulated and observed total nitrogen 
(TN) loads. 
 
 
Koi-8 which has an area of about 1 km2 and largest for the 
watershed Koi-7 which has the largest area of about 33.3 km2. 
The biggest amount of TN load from Koi-1 to Koi-6 ranges 
from 1000 kg/month to 3000 kg/month, with the area ranging 
from 6.5 km2 to 17.0 km2. Figure 4 shows the scatter plot of the 
observed and simulated TN load (including calibration and 
validation datasets). It was shown to be closely related with a 
significant correlation coefficient: r2 = 0.94, and with slopes of 
the regression line being nearly 1.0 (0.96). It demonstrated the 
good agreement between the observed and simulated TN load. 
The above estimation results shows the ability of the proposed 
model to estimate TN load in monthly time scale. 
 
 
3.2 Contribution of different land to TN load 

For understanding the contribution of different lands to TN load, 
the TN load from different land sources was calculated and 
shown in Figure 5. Since the QuickBird imagery datasets were 
classified into six categories (class1: Paddy field; class 2: 
Evergreen forest; class 3: Deciduous forest; class 4: Crop land; 
class 5: Urban area; class 6: Bare land), the TN loads from these 
six categories were accordingly calculated by using Equation 
(1) and (2). As results, except Koi-8, in which the TN load are 
almost generated from evergreen forest, most of the TN load 
origins from crop land and little part of TN load comes from 
evergreen forest. The contribution of urban area is quite small 
comparing with that from crop land. The variation of TN load 
from evergreen forest is very stable in non-irrigation period in 
both 2007 and 2008 comparing with that from crop land. The 
TN load from evergreen forest in irrigation period is found to be 
larger than that in non-irrigation period. The reason is that the 
rainfall and river discharge in irrigation period are generally 
larger than that in non-irrigation period from the observed 
hydrological data records. 
   From Fig. 5, it can be found that the TN load from urban area 
is large in July, August and September for most of the 
subwatersheds since the river discharge is also high in these 
months. In the whole year of 2007 and 2008, the TN load from 
evergreen forest is much larger than that from deciduous forest. 
In subwatershed Koi- 4, 5, 6, and 7, the TN load in January 

2007 is also high since the river discharge is high as 0.13 m3/s, 
0.33 m3/s, 0.23 m3/s and 1.70 m3/s, respectively. Their river 
discharges are all higher than that in February, March, and 
April. Moreover, the peaks of TN load from crop land were 
mostly found in irrigation period. As for the biggest 
subwatershed Koi-7, the TN load from crop land in irrigation 
period is smaller than that in non-irrigation period in 2007, but 
vice versa in 2008. The reason is considered to the impact of 
irrigation activities and river discharge on the dilution process 
of TN in crop land. 
 
 
3.3 Discussion 

The “pollutant load unit” (PLU) method was popularly applied 
in catchment scale to estimate and evaluate the effect of 
agricultural and human activities on water quality and to 
develop pollutant-control plans (Harasawa, 1990). However, 
those load units are usually determined using only outflow data 
independently of the amounts of TN input on the soil surface, 
the PLU method does not answer the questions of how much 
TN derived from nonpoint sources enters the water (Nakanishi 
and Ukita, 1985; Ogawa and Sakai, 1984). It also does not 
provide the monthly and seasonal change of TN load. Therefore, 
this study proposed a simple way to estimate the TN load from 
high resolution remote sensing imagery with monthly and 
seasonal description of TN load for each land cover category.  
  The present method in this study was successfully able to 
capture the seasonal changes in TN load generated from 
different land cover in the tributary catchments of Koise River 
basin. From the above analysis, the TN loads from both 
agricultural land and forest are greatly contributing to the non-
point source TN load for Koise River basin through the whole 
year. It is found that the variations of TN load in forest land and 
crop land are caused by the hydrometeorological condition and 
agricultural water use in irrigation period. In Koise River basin, 
agricultural land especially rice paddy soil was supposed to 
remove nitrogen during the rice growing season through 
denitrification and plant uptake. As the adaption policy for the 
non-point source TN load in Koise River basin, it is better to 
analyze these seasonal changes of TN load from forest land and 
crop land considering both climate change and human activities.   
  In addition, another advantage of the proposed method in this 
study should be emphasized and that is utilizing very limited 
hydrological data and land cover data, which are very easily 
available throughout Japan. Moreover, it can be employed to 
estimate the TN load in un-gauged catchment if river discharge 
and land cover data is available. Provided the future scenarios 
of land cover change and river discharge change, it is also 
possible to predict the impact of climate change and land cover 
change on the water quality in rivers. 
 
   

4. CONCLUSIONS

 
This study analyzed the water quality characteristics in several 
tributaries of Koise River basin and estimated the nitrogen load 
exported to Koise River by using remote sensing data of Quick 
Bird imagery and the observed dataset on water quality during 
two years (2007–2008). The prediction results of the pollutant 
TN loads show that the proposed estimation technique can be 
used to predict the monthly pollutant loads of river basins. 
Seasonal variation of pollutant loads from 2007 to 2008 were 
also estimated from different sources according to land covers. 
It presents usefulness of remote sensing technique for  
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Figure 5 Total nitrogen load from different sources in eight tributaries of the Koise River. 
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evaluation and interpretation of water quality datasets and 
apportionment of pollution sources with a view to get better 
information about the water quality for more effective 
management of water resources in river basins. 
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