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Abstract: The modelling of nutrient dynamics in a river basin is a challenging task. This type of modelling 
requires huge amount of datasets to describe the dominant catchment biogeochemical processes and in-stream 
nutrient dynamics. In traditional modelling using a conceptual approach, the inherent processes are simplified. 
On the other hand, the process based modelling approach aims to represent catchment characteristics in a 
detailed manner. The aim of this study is to evaluate the performance of two modelling approaches, sub-
catchment based semi-conceptual approach and raster-based process-oriented distributed modelling approach, 
for simulation of nutrient dynamics at a river basin scale. The model has been applied in two river basins in 
Australia and Japan.  

In the sub-catchment based modelling, the study area is divided into a number of sub-catchments. The model 
estimates nutrient export from each sub-catchment in terms of soil bound nutrient associated with soil erosion 
and dissolved nutrients with runoff. The estimation of soil erosion has been carried out using universally used 
empirical equations RUSLE and MUSLE. The soil delivery ratio was used to determine the sediment yield 
from the catchments. The nutrient model takes account of nutrient generation process on the land surface and 
determine nutrient export via soil erosion and runoff using export functions. The fate of nutrient and transport 
process in river networks system has been described by solving advection-dispersion equation with chemical 
reaction. 

The raster-based model was configured into a cluster of square grids with appropriate size, where each grid 
was defined with a set of parameters that represent catchment characteristics.  The pollution from land surface 
to the in-stream release in response to hydro-climatic and land use management practice are modelled. In this 
modelling approach, the soil erosion model replaced the empirical equations used in sub-catchment based 
model with process based equations that take into account both rainfall and overland flow impacts on soil 
erosion. The sediment yield was determined based on transport capacity. The modelling process combined the 
simulation of surface and river components dynamically. By Describing hydrologic process, hill slope soil 
erosion and nutrient dynamics in each grid on the land surface, the model estimates catchment nutrient release 
and its fate during transport in river network system. At the river-surface interface the lateral flow and pollutant 
load exchange are determined. The model solves the physical transport equation with catchment chemical 
reaction processes to computes nutrient concentration at each river grid.  

The case study area the Saru River in Japan consists of 17 sub-catchments covering a catchment area of 1,350 
km2. The river carried huge amount of sediment and nutrient fluxes during two consecutive flooding events, in 
2009, which were modelled in this study. Hourly interval observed data was gathered for the model calibration 
and validation. On the other hand, the 2nd case study area was located in Latrobe Basin in Gippsland, Australia. 
The upper catchment of the Latrobe River was modelled in this study for long term simulations of sediment 
and nutrient fluxes.  

The model shows better performance in simulating short term flooding events for the Saru River. Due to lack 
of data the performance matrix for the Latrobe River are relatively low. It is found that the process based model 
is highly effective in providing higher resolution modelling outcome. An investigation on the improvement of 
the process based equations may enhance model performance further.  

Keywords: Nutrient pollutions, lumped and distributed modelling, water quality, hydrologic model, 
river basin 
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1. INTRODUCTION 

The quantification of nutrient pollution is one of the challenging tasks in water resources management 
(Panagopoulos et al., 2011). Due to the ongoing development pressures on land use and changing hydro-
climatic conditions, the pollution level in surface and ground waters have increased in many parts of the world 
(Lu and Li, 2011; Dutta et al., 2009). To provide confidence in decision making for effective management, the 
modelling of pollution dynamics need to be done at high spatial and temporal resolutions with realistic details 
of catchment characteristics. However, in many cases the nutrient modelling is carried out using conceptually 
simplistic methods such as event mean concentration (EMC) or export coefficient methods, which may not 
fulfill the need for current situation (Tzoraki et al., 2014).  On the other hand, the process based model provides 
a greater details in prediction of pollution level at higher resolutions. MIKESHE (Abbott et al., 1986a,b)  and 
IISDHM (Dutta et al., 2000) are two of the distributed models, which have been used widely in many 
hydrological studies. This study has developed a nutrient dynamics model within the framework of IISDHM 
and a comparative assessment of both sub-catchment and raster based modelling approaches has been carried 
out applying the model in two river basins. The performance of the process based modeling has been compared 
with conceptual and empirical equation based methods. 

2. METHODS 

The common hydrological modelling platform is the IISDHM for this study, which has been used to generate 
the catchment runoff and river flow. The distributed hydrological model IISDHM was originally developed at 
the Institute of Industrial Sciences of the University of Tokyo, Japan (Dutta, et al., 2000). Since its 
development, the tool has been used widely in many countries for simulation of surface water quantity (Jha, et 
al., 2000). Within the framework, the modules for sediment and nutrient components were added to build the 
process-based distributed nutrient model for raster based analysis of nutrient dynamics at a river basin scale 
(Figure 1). The sub-catchment based model uses the output of hydrological model at sub-catchment levels. The 
components of both models are presented below. 

 

Figure 1. The structure of IISDHM and the new components of sediment and nutrient dynamics  

2.1. Overview of the sub-catchment based model 

In the sub-catchment based modelling, the study area is divided into a number of sub-catchments (Alam and 
Dutta, 2016; Alam and Dutta, 2013).  The model estimates nutrient export from each sub-catchment in terms 
of soil bound nutrient associated with soil erosion and dissolved nutrients with runoff. The fate of nutrient and 
transport process in river networks system has been described by solving advection-dispersion equation with 
chemical reaction. The estimation of soil erosion has been carried out using Universal Soil Loss Equation 
(USLE) (Wischmer and Smith, 1978) based models RUSLE (Renard and Freimund, 1994) and MUSLE 
(Williams and Berndt, 1977; Bhattarai and Dutta, 2008; Kabir et al., 2011). The RUSLE method was applied 
to the Saru River Basin and the MUSLE was applied to the Latrobe River Basin. The soil delivery ratio was 
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used to determine the sediment yield from the catchments. The nutrient model takes account of nutrient 
generation process on the land surface and determine nutrient export via soil erosion and runoff using export 
functions.  

2.2. Overview of the raster-based model  

The raster-based model was configured into a cluster of grids with appropriate size, where each grid was 
defined with a set of parameters that represent catchment characteristics.  The pollution from land surface to 
the in-stream release in response to hydro-climatic and land use management practice are modelled. In this 
modelling approach, the soil erosion model replaced the empirical equations used in sub-catchment based 
model with process based equations that accounts for both rainfall and overland flow impacts on soil erosion. 
The sediment yield was determined based on transport capacity. The modelling process combined the 
simulations of surface and river components dynamically. Describing 1) hydrologic process, 2) hill slope soil 
erosion and 3) nutrient dynamics in each grid on the land surface, the model estimates catchment nutrient 
release and its fate during transport in river network system. At the river-surface interface the lateral flow and 
pollutant load exchange are determined. The model solves the transport equation for physical and chemical 
reaction to computes nutrient concentration at each river grid (Alam and Dutta, 2012).   

2.3. The approach used for performance evaluation 

The performance of the two models has been evaluated using statistical measures and expressed qualitatively. 
The evaluation criteria are shown in Table 1.  

Table 1. Performance evaluation criteria  

Parameter 
Very 
Good 

Good Satisfactory Bad Worse Worst 

PBIAS (±) (%) 0-10 11-20 21-30 31-40 41-50 >50 

NSE and r2 0.90-1.0 0.80-0.89 0.70-0.79 0.60-0.69 0.50-0.59 <0.5 

2.4. Case study areas 

Two case study areas; Saru River and Latrobe basins, were selected for this study in order to test the models 
in two distinct hydro-climatic condition. The Saru River with a catchment area of 1,350 km2 is located in 
Hokkaido prefecture in Japan. The catchment is predominantly forest. The land use pattern includes forest 
92%, agricultural area 3% and minor urban features. This river carries huge amount of sediment and nutrient 
discharge during heavy floods. High intensity measurements were carried out during two consecutive high 
flood events, which were used in this study. The other case study the Latrobe River, drains a catchment area 
of 4500 km2, is situated in the Gippsland region of Victoria in Australia. In contrast to the Saru River the 
Latrobe River is situated in a dry and semi-arid region. The flow in the river is relatively very low. Nutrient 
pollution is a common problem and is a threat for the downstream Gippsland lakes, a Ramsar site and socio-
economically significant wetland system in the region.  The geographic locations of the two study sites are 
shown in Figure 2. 

 

Figure 2. Locations of two study areas 
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3. RESULTS AND DISCUSSION  

The two models have been calibrated and validated against observed data. A large flood event in 2009 was 
used in model parameter calibration for the Saru River and a relatively smaller magnitude flood event in the 
previous month of the same year was used for validation. The data was available at hourly time scale. For the 
Latrobe River, the calibration period was from June in 2007 to January 2008 and the validation period was 
from September 2009 to end of July 2011. However, the data was limited for the Latrobe River. A number of 
comparisons between the simulated outputs by the two models and observed data during the model calibration 
and validation at the two study areas, Saru River and Latrobe River are plotted in Figure 3 and Figure 4, 
respectively. 

 

(a) Calibration (b) validation 

Figure 3. Comparison of raster based and sub-catchment based model results for the Saru River  
(Red- Sub-catchment based model, Blue- Raster based model) 
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(a) Calibration (b) Validation 

Figure 4. Comparison of raster based and sub-catchment based model results for the Latrobe River  
(Red- Sub-catchment based model, Blue- Raster based model) 

 

In general, the grid based approach performed well compared to the sub-catchment based approach. The PBIAS 
is improved from Bad to Very Good status, and NSE and r2 from good to Very Good in the raster-based 
approach. The validation results show better performance for sediment concentration in the sub-catchment 
approach. It is worth noting that the simulated sediment concentration by the sub-catchment model were 
analyzed at a daily time scale, whereas, hourly timescale was used for analysing the performance of the raster-
based model.  The similar performance is observed for other parameters as shown in Table 2. The inorganic 
nutrient was well simulated by the raster-based modelling.  
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The performance of the models in Latrobe River was less satisfactory compared to Saru River. This was mainly 
due to non-availability of sufficiently detailed data for comparison. Despite this, the grid based model shows 
better performance compared to the sub-catchment based model as shown in Table 3. 

 

Table 2. Model performances for the Saru River 

 

 

Table 3. Model performances for the Latrobe River  

 

4. CONCLUSIONS AND RECOMMENDATIONS 

This study compared the performances of sub-catchment and grid based modelling approaches. The sub-
catchment based modelling approach was relatively easy to build using widely used empirical equations for 
sediment modelling. However, the performance of the model was less satisfactory. The replacements of the 
empirical methods with process based representation have improved the model accuracy. The key limitations 
of this study was in the availability of high resolution water quality data. An investigation on the improvement 
of the process based export function may further enhance the model performance.  
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PBIAS NSE r 2 PBIAS NSE r 2

Sub 33.00 0.80 0.80 -3.51 0.97 0.99

Grid -3.23 0.98 0.98 -13.24 0.85 0.99

Sub -18.07 0.70 0.73 0.51 0.42 0.87

Grid -13.81 0.83 0.91 -6.52 0.63 0.66

Sub 1.00 0.67 0.60 1.81 0.47 0.60

Grid -2.83 0.75 0.90 -3.91 0.39 0.83

Sub -17.98 0.72 0.79 6.99 0.52 0.57

Grid 6.04 0.82 0.87 -10.61 0.77 0.85

Sub -6.96 0.78 0.66 -12.52 0.69 0.82

Grid 5.11 0.80 0.83 1.81 0.82 0.84

Calibration Validation

ORG-P

PO 4 -P

Parameter Model

SS

ORG-N

NO 3 -N

PBIAS NSE r 2 PBIAS NSE r 2

Sub 8.77 -0.10 0.04 35.29 -0.23 0.53

Grid 6.52 0.28 0.81 10.26 0.66 0.74

Sub 20.41 -0.29 0.45 30.38 -0.22 0.52

Grid 14.33 0.53 0.72 -0.66 0.47 0.53

Sub 19.84 -0.73 0.01 36.95 -0.39 0.29

Grid 10.77 0.30 0.56 16.93 0.15 0.38

Sub -1.87 0.76 0.77 9.09 0.43 0.60

Grid 8.27 0.66 0.73 23.35 -2.20 0.03

TP

ORG-N

Parameter Model

NO 3 -N

Calibration Validation

SS
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