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1. INTRODUCTION 
 

The Amur River is one of the largest trans-boundary river which runs through the 
boundary between China and Russia. The catchment area of the river is 2,050,057km2 which 
is the nineth largest river in the world and the total length of the river is 4,350km. Thus, huge 
amount of fresh water is supplied by the Amur river to the Sea of Okhotsk (Ducklow et al., 
2003). The Sea of Okhotsk is one of the most biologically productive regions in the world, 
and it supports high fisheries production. Recent studies show that dissolved iron plays an 
important role to maintain the biological productivity of the Sea of Okhotsk, and we suppose 
that one of the possible sources of dissolved iron is fresh water from the Amur river. Iron is an 
essential nutrient not only for the biological productivity of the Sea of Okhotsk but also for 
most biota. However, it is not well understood that how dissolved iron is produced and 
transported through the terrestial ecosystem. 

This report consists of two parts. The first part is discussing about the characteristics of 
seasonal and inter-annual fluctuation of dissolved iron concentration in the Amur River basin. 
The second part is explaining about the structure of hydrological model which incorporates 
dissolved iron production mechanism. In addition, some simulated results are also shown. 
Last, perspective for future researches will be discussed. 
 

2. TEMPORAL AND SPATIAL FLUCTUATION OF DISSOLVED IRON CONCENTRATION 
 

Figure 1 is the long term dissolved iron concentration at Khabarovsk and 
Blagoveschensk. Sampling interval is not regular, but about 5 to 10 samples were collected in 
a year. The outstanding characteristics of fluctuating dissolved iron concentration is sharp 
increase during the period between 1996 and 1998 at Khabarovsk. Not the same acute 
increase during the same period was observed at Blagoveschensk, but relatively large increase 
tendency was also observed. Though the cause of this abrupt increase is not yet clarified, 
some possible reasons of increase will be discussed later. Another interesting aspect of change 
of dissolved iron concentration is that 10 to 15 years oscillation seems to exist. The first peak 
seems to occur during the early 1980s’, and second peak is during late 1990s’. 

Figure2 shows the monthly average during the period of 1960 to 1989 and the period of 
1960 to 2006 at Khabarovsk and Blagoveschensk. The general characteristic of seasonal 
change is that highest concentration is recorded during the summer and early autumn season 



(July to October). In addition, relatively high concentration is also observed during the winter 
season and spring season, especially in March and April. This tendency can be seen much 
clearer at the Blagoveschensk. And the same tendency can also be seen in the observed data in 
the Sanjiang plain (Yan et al. 2007). The mechanism of spring season increase of iron 
concentration is not yet clarified. One hypothesis is that biological process which is related to 

the soil freezing and thawing plays an important role in the phenomena. 
To see the spatial trend and structure of dissolved iron concentration during the period 

of abrupt increase at Khabarovsk, the spatial fluctuation of dissolved iron concentration was 
analyzed. Figure3 shows the temporal change of dissolved iron concentration at the major 
tributaries which spread out in the Russian part of the Amur River basin. It seems that 
dissolved iron increase during the period between 1996 and 1998 is not localized phenomena, 
because increase trend can be observed at many observation stations. Combining with the 
observed data at Khabarovsk and Blagoveschensk, it can be deduced that spatially prevailing 
factors such as precipitation and temperature should be related. 

Some possible factors which have a potential to control increases of dissolved iron 
concentration will be discussed in the rest of this section. Here we will consider precipitation 
and agricultural activity around Sanjiang plain. Figure4 shows the seasonal recipitation in 
(June-July-August) precipitation anomaly (climate value is calculated using the data during 
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Figure1. Long term change of dissolved iron concentration at Khabarvosk and Blagoveschensk 
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Figure2.Monthly average of dissolved iron concentration at Khabarvosk and Blagoveschensk 
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Figure 3 Change of dissolved iron concentration at the major tributaries of the Russian part of the Amur river 
basin during the period from 1992 to 1998 and 2002 
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Figure4 Precipitation anomaly of during the                   Figure5 Change of the numbers of  
 period of JJA in 1997                                    irrigation wells in the three main national 
                                                      farmland in Sanjiang plain 

the period of 1970-2000) in 1997. CRU TS2.0 data (Mitchell et al, 2004) are used for 
calculation. It can be observed that extremely large precipitation around Sanjiang plain was 
occurred. If we consider the amount of precipitation in each month in 1997, there was large 
August. On the other hand, Figure5 shows the temporal change of the numbers of wells in the  
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Figure 6 River network of the Amur river basin (TRIP)     Figure7 Schematic diagram of the model  

3 national farmlands in the Sanjiang plain. Drastic increase of wells for irrigation was 
accelerated by conversion of dry lands to paddy fields during 1990s’ (Park et al. 2001, Liu et 
al. 2002, Wang et al. 2006). As Yan et al. (2007) suggested, iron concentration of groundwater 
generally showed very high concentration larger than 10mg l-1. Thus, if overflows from paddy 
fields occurred after a large precipitation, such water might contain highly concentrated iron. 
This is the one possible mechanism of high iron concentration during the late 1990s’. 
However, we have no clear evidence which supports this mechanism at now. 
 

3. STRUCTURE OF HYDROLOGICAL MODEL 
 

3.1 Concept of the model 
The whole river basin is first divided into 0.5°x 0.5°grid. We consider each grid as one 

basin like usual Land Surface Model used in GCM. Discharge from each grid is calculated by 
using TOPMODEL concept as explained below. And discharge from grid is routed along the 
river network TRIP (Oki and Sud, 1998) shown in Figure6. Runoff routing process is 
calculated based on prescribed runoff velocity. 

TOPMODEL that is frequently used in the hydrological modeling is one of the 
semi-distributed hydrolgoical models (Beven 1979, Beven 2001). Though many variations 
from the original version of TOPMODEL have been developed, the basic concept is not 
changed and effective. TOPMODEL concept was originally derived from a small scale 
catchment, the same concept is also used in the global scale LSMs such as MATSIRO (Takata 
et al., 2003). 

In the model, each grid (0.5°x 0.5°) is again subdivided into 0.01°x 0.01°grid, and runoff 
from each subdivided grid is calculated. Schematic diagram of the model of each subdivided 
grid is shown in Figure7. The model consists of two parts. One is for dealing physical process 
which calculates runoff (TOP-RUNOFF), and the other is for dealing chemical process which 
calculates dissolved iron production (TOP-FE). The key concept in the model is that 
topographic index is related to the productivity of dissolved iron. 
 

 



3.2 Topographic index and dissolved iron concentration 
Based on the finding of relation between topographic index and dissolved iron 

concentration (Shibata et al. 2004, and Onishi 2007), we formulated the relationships between 
dissolved iron concentration and topographical index at each grid. Formula is constructed for 
wetland paddy fields and forest. For other land uses, it is assumed that there occurs no 
dissolved iron production. Figure8 shows the assumed relationships between topographic 
index and dissolved iron production at each grid. There must be other constraining factor of 
dissolved iron production such as dissolved organic carbon and annual precipitation.  

 

 
3.3 Evapotranspiration 

We used Penman-Monteith (Monteith, 1965) equaiton to calculate evapotranspiration rate 
as shown in the following equation. 
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Here, E: evapotranspiration rate [mm d-1], Rn: net shortwave radiation [W m-2], L: net 
longwave radiation [W m-2], G: soil heat flux [W m-2]ρa: density of dry air [kg m-3], cp: 
specific heat capacity of air [J kg-1 K-1], es: saturated vapour pressure of the air temperature 
[Pa], ea: vapour pressure of air [Pa], λv: latent heat of water vaporization [J kg-1], Δ: rate of 
change of saturation vapor pressure with air temperature [Pa K-1], γ: psychrometric constant 
[Pa K-1], ga: aerodynamic conductance [m s-1], gs: surface conductance [m s-1], and, λv is set 
as 2.5 x 106,γis set as 0.66.  
 
3.4 Snow accumulation and melting 

Before snow accumulation and melting, precipitation amount is divided into rainfall and 
snowfall according to the air temperature. An algorithm to divide precipitation into rainfall 
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Figure8 Assumed relationships between topographic index and landuse type 



and snowfall is shown in the following equation. 
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Here, Train and Tsnow: upper and lower threshold value of rainfall and snowfall division [K], 

Ta: mean daily air temperature [K]. In the snowpack melting process, our model adopted the 
simplest form of degree day method as shown in the next equation 
 
 ( )Fa TTFM −= ,0max        (3) 
where M: melt rate as a water equivalent per unit area [LT-1], F: degree-day factor [LT-1K-1], 
T: mean daily air temperature [K], and TF: threshold temperature [K]. 
 
3.5 Data source and parameters 

Stream flow data was obtained from two sources. One is Global Runoff Data Center 
(GRDC), and the other is from HYDROMET. Daily discharge amount of main stream of the 
Amur river is observed at Khabarovsk, Komsomo'lsk-Na-Amore and Bogorodskoy. The 
observed period is from 1940 to 1987 for Khabarovsk, 1940 to 2004 for 
Komsomo'lsk-Na-Amore and 1963 to 1987 for Bogorodskoy. 

Climatic data which is needed for model simulation are net shortwave radiation, net long 
wave radiation, air temperature, wind velocity, specific humidity, and precipitation rate. In our 
analysis, we extracted these data from the National Centers for Environmental  Prediction 
(NCEP) / National Centers for Atmospheric Research (NCAR) Reanalysis1 data sets. In 
generally, NCEP reanalysis2 data is reliable than reanalysis1 data. However, the main object 
of this research is to construct the framework of the model structure. Thus, in this analysis, we 
used the NCEP reanalysis1 data tentatively. 

Land use and DEM data which are needed to calculate the dissolved iron productivity is 
compiled based on GIS data made by Pacific Institute of Geography (Ganzei et al., 2007). 
Hydraulic conductivity of each grid was made by linear interpolation of ISLSCPⅡdata (Hall 
et al. 2005). Before running the model against the whole basin, various combinations of 
parameters were tested against several small sub-basins to select a reasonable parameter set 
which can roughly simulate runoff. 
 

4. RESULTS AND DISCUSSION 
 

4.1 Discharge 
Figure 9 shows the observed and calculated discharge at Khabarovsk observation station 

from 1960 to 2002 with daily basis and monthly basis. It seems that seasonal trend of 
discharge can be simulated fairly well. However, discharge of summer season (from July to 
September) flood is generally under estimated. And, timing of peak in the simulated value is 



faster than the observed value. These discrepancies between observed and calculated value is 
not peculiar, because one parameter set was applied to the whole river basin in spite of spatial 
variability of hydrological parameters. It can be said that we can simulate a rough trend of 
seasonal discharge despite of using only one parameter set. 

To investigate the spatial distribution of discharge, observed value and calculated value 
at the several observation stations. Though there is a limitation of accuracy because of the 
lack of calibration data points, general characteristics of discrepancies between observed and 
calculated value is that discharge in the Songhua river basin is underestimate and discharge in 
the headwater area such as Amgun and Shilka basin is overestimate. 
 
4.2 Dissolved iron concentration 

Figure 10 shows the observed and calculated value of dissolved iron concentration at the 
Khabarovsk station. In general, the result of iron concentration in winter season is relatively 
good, but the increasing trend during the summer season can not be simulated. The reason of 
summer season discrepancy might be attributed to the processes the model considers. 
Hydrological processes which the model considers is basically the degree of soil saturation. 
Based on the saturation degree and the duration time of saturation, redox condition of each 
landuse is parameterized. However, there are additional two processes which must be 

considered. One is increase of iron concentration in soils as the redox process proceeds. The 
other is the summer time flooding. Though it is suggested that flooding from rivers also plays 
a great importance to the iron transport from the findings of the project, the model does not 
consider the flooding process. Thus, it is suggested that flooding process must be incorporated 
in the m odel. In addition, the unknown mechanism of spring time increase is also not 
considered. This unveiled process might have less importance to the total dissolved iron flux 
in one year, because winter and spring time discharge is low.  
 

5. SUMMARY AND FUTURE PERSPECTIVE 
 

In this report, we first discussed about the characteristics of seasonal and inter-annual 
fluctuation of dissolved iron concentration in the Amur River basin. Through the analysis of 
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Figure 9 Comparison of discharge between observed    Figure10 Comparison of dissolved iron concentration 
observed and calculated value                              between observed and calculated value 

observed 



long-term iron concentration change at the Khabarovsk station, drastic increase during the 
period from 1996 to 1998 was found. Possible causes such as precipitation and agricultural 
activities were analyzed. However, mechanism of dissolved iron increase is not yet proved. 

Next, structure of hydrological model which incorporates dissolved iron production 
mechanism was explained. And some simulated results were shown. Seasonal change of 
discharge at Khabarovsk station is relatively well simulated. However, peak discharge in 
summer time was underestimated and timing of the peak was obviously fast. If we looked into 
the detail of spatial variation of discharge, discharge of the Songhua River was 
underestimated. In addition, hydrological and chemical processes which must be incorporated 
into the model were discussed. 

From the analysis of spatial variation of dissolved iron concentration during the period 
from 1992 to 1998, increasing trend of dissolved iron concentration was commonly observed. 
Thus, the increase of dissolved iron must have some relation to the large scale phenomena 
such as precipitation and temperature. Regression analysis between iron concentration and 
climate parameters is a future research task. Related to the model, first, optimization of 
hydrological parameters to improve the predicting accuracy of flood peak discharge amount 
in summer time is needed. Second, progress of redox process and flooding process must be 
incorporated into the model.  
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