Group 8: Natural variability of the hydro-meteorological and hydro-chemical conditions and numerical modelling of basin-scale hydrology and iron transport
1. Progress up to now (Summary)
The research objective of group 8 was originally set as investigation of natural variability of the hydro-meteorological and hydro-chemical conditions of the Amur River basin and the Sea of Okhotsk. In addition to this objective, construction of hydrological model which incorporates dissolved iron production mechanism of the basin was also set as the other important objective of the group since the second year of the project. Research progress and findings along those objectives can be summarized as follows.

1) Amur River discharge and Okhotsk Sea ice is significantly negatively correlated and both are mainly governed by annually integrated Arctic Oscillation (AO).
2) Main sources of precipitation of the basin in summer season are East Asia monsoon and inner Siberia.

3) Dissolved iron concentration of the main course of the river shows high inter-annual and seasonal variability. The causes of this variability are supposed to be both natural and anthropogenic.
4) Hydrological model which incorporates dissolved iron production mechanism is developed. The accuracy of calculated discharge is enough at the time resolution of one month. On the other hand, predictability of dissolved iron flux does not reach to the highly reliable level which can be used for future projection under the different land-use scenario.
2. Future issues (Summary)
Based on above mentioned findings and progress of the group, we can address the following objectives for future research of the group.
1) In spite of the strong effect of AO both on Amur River discharge and Okhotsk sea ice, influence of water discharge from the Amur River on the formation of Okhotsk sea ice is remained unclear. Thus, clarification of the freshwater contribution to the sea ice formation is needed.
2) The factors which govern the inter-annual and seasonal variability of the dissolved iron concentration are not fully uncovered, because of the complex nature of terrestrial biogeochemical processes. Thus, it is highly needed that identification of the mechanism of dissolved iron production from the viewpoints of both natural and human induced processes.
3) The construction of main structure of the hydrological model which calculates discharge is completed. However, predictability of dissolved iron productivity has much room to be improved because of the reason which mentioned in 2) Thus, improvement of the model by considering possible processes which determine dissolved iron production is needed.
3. Results of each group
3-1 Natural variability of the hydro-meteorological condition
Newly obtained observational discharge data reveal the cause of a significant negative correlation between Amur River discharge and Okhotsk Sea ice at multiyear timescales. The annually integrated Arctic Oscillation (AO) influences both summer discharge and winter ice. Summer discharge is larger and winter ice is reduced during positive AO years. Annual AO also influences the annual horizontal moisture flux convergence in the river basin. When the annual AO is positive, the annual mean air temperatures are warm over Eurasia, particularly over the Amur River basin and the Okhotsk. Consequently, autumn SSTs are warmer in the Okhotsk Sea. The warmer autumn SSTs suppress ice formation during the following winter. Freshwater from the river is not the main control of multiyear ice variability. Consideration of the annual AO provides a new look at climate system persistence at multi-seasonal scales.
[image: image1.emf]
Figure 1 Amur discharge（left）and Okhotsk Sea ice（right）regressed against annual mean SLP fields (Ogi and Tachibana, 2006)
3-2 Construction of hydrological model which incorporates dissolved iron production
  The developed model consists of two modules; one for dealing with the physical process that calculates runoff (TOP-RUNOFF), and the other for dissolved iron production process (TOP-FE). Performance level of TOP-RUNOFF without any calibration assessed by Nash and Sutcliff criteria against observed discharge at several points are fairly well except for catchments affected by anthropogenic impact such as dam. Comparison of observed and calculated discharge along the main course of the Amur river is shown in Figure2. On the basis of TOP-RUNOFF, TOP-FE was formulated as a function of water content, organic compound, air temperature, and one parameter representing the degree of redox condition. Calculated values were compared with observed value at the several tens of points. The result shows that the model reached the level which can predict annual iron flux. However, it can not simulate abrupt increase of dissolved iron concentration during the period of 1996 to 1998.
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Figure2 Validation results of hydrological model (Onishi et al. 2008)
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Figure3 Comparison of observed and calculated annual dissolved iron flux at Khabarovsk (Onishi et al. 2008)
4. Problems and possible solution
None
5. Past grants and funds related to the project
None
6. Future activities in the next year
1) Evaluation of the effect of Amur River discharge on the sea ice formation: By applying the same method which was employed to calculate net atmospheric input into the Amur River basin to the Sea of Okhotsk, atmospheric impact on the sea ice formation will be evaluated. Based on this calculation, direct impact of freshwater fed by Amur River discharge on the ice formation can also be estimated.
2) Parameterization and validation of the simulation model by using the observed stream water quality data from the different land coverage under the tight collaboration with group4.
3) Clarification of the dissolved iron production processes at the basin scale: By attempting to incorporate the possible factors such as flooding and groundwater pumping into the present model, dissolved iron production mechanism will be inferred by modeling study.
4) Evaluation of the impact of land-cover conversion on dissolved iron productivity: Under the possible land-cover change such as wetland conversion into croplands, forest fire, forest logging, anthropogenic impacts on dissolved iron production will be assessed.
Reference

Ogi M. and Y. Tachibana (2006): Influence of the annual Arctic Oscillation on the negative correlation between Okhotsk sea ice and Amur River discharge, Geophysical Research Letters, 33, L08709
Onishi T., M. Yoh, H. Shibata, S. Nagao, V.V.Shamov, M. Kawahigashi (2008): How dissolved iron is produced and transported in the Amur River basin?, AGU fall meeting
×1011g/year








