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Natural modes of climate variations such as Indian Ocean Dipole (I0OD), El Nino/Southern Oscillation (ENSO) and recently
identified ENSO Modoki have huge impacts on many parts of the world. For example, some of the extreme flooding events ir
East Africa and droughts in Australia are associated with the positive I0Ds. The impact was severe when in a rare turn of the his
tory three positive dipole events evolved back to back during 2006, 2007 and 2008. In addition, more number of EI Nino Modoki
(which causes a different teleconnection pattern as compared to that of ENSO) events are observed in recent decades. Tht
climate phenomena also influence high-frequency weather events by either anchoring or destroying the triggering mechanism
Furthermore, these climate variations influence the coastal securities by modulating coastal sea level variations on interannu
to decadal time scales. Therefore, it has become an essential task to understand these changes in the characteristics of the Ir
Pacific climate variations, apparently related to changes in the background conditions under the global warming stress.
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A coupled modeling study on roles of South China Sea Throughflow in the global climate
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Roles of the South China Sea throughflow (SCSTF) in the global climate system are investigated using a coupled gener:
circulation model called the University of Tokyo Coupled Model. We have conducted two experiments with and without the
SCSTF and shown that the sea surface temperature (SST) becomes cooler in the eastern and far western equatorial Pacific |
south of Japan, but warmer in the South China Sea (SCS) and the Kuroshio Extension region, when the SCSTF is blocked. Tt
cooling in the far western equatorial Pacific is due to a stronger southward flow in the warm surface layer of the Makassar Strait
The strong warming in the SCS occurs because the heat received from the atmosphere cannot be exported out of the SCS. Th
SST changes further modulate the Walker Circulation, SST field, and precipitation pattern over the equatorial Indian and Pacifi
Oceans such that the mean climate state becomes more La Nina-like and negative 10D-like without the SCSTF. Also, the)
affect the SST pattern on global scale through atmospheric teleconnections. Therefore, the SCSTF plays a more active role th
previously thought in regulating the global climate system.
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Impact of Global Ocean Surface Warming on Seasonal-to-Interannual Climate Prediction
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Surface air temperature (SAT) over the globe, particularly Northern Hemisphere continents, has rapidly risen over the las
2-3 decades, leading to an abrupt shift toward a warmer climate state after 1997/98. Whether the terrestrial warming might b
caused by local response to increasing greenhouse gas (GHG) concentrations or by sea surface temperature (SST) rise is rece
in dispute. The SST warming itself may be driven by both the increasing GHGs forcing and slowly-varying natural processes.
Besides, whether the recent global warming might affect seasonal-to-interannual climate predictability is an important issue t
be explored. Based on the JAMSTEC climate prediction system in which only observed SSTs are assimilated for coupled mode
initialization, the present study shows that the historical SST rise plays a key role in driving the intensified terrestrial warming
over the globe. The SST warming trend, while is negligible for short-lead predictions, has substantial impact on the climate
predictability at long-lead timesx(1 year) particularly in the extratropics. The tropical climate predictability, however, is little
influenced by global warming. Given a perfect warming trend and/or a perfect model, global SAT and precipitation could be
predicted beyond 2 years in advance with anomaly correlation skill of above "0.6.

Without assimilating ocean subsurface observations, model initial conditions show a strong spurious cooling drift of subsurface
temperature; this is caused by large negative surface heat flux damping arisen from the SST-nudging initialization. The spuriou
subsurface cooling drift acts to weaken the initial SST warming trend during model forecasts, leading to even negative trends @
global SAT and precipitation at long-lead times and hence deteriorating the global climate predictability. Concerning the impor-
tant influence of the subsurface temperature on the global SAT trend, future efforts are required to develop a good scheme f
assimilating subsurface information particularly in the extratropical oceans.

O 0000 : Global warming, sea surface warming, seasona-to-interannual climate prediction, climate model
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A regional coupled ocean-atmosphere model was developed to study the role of air-sea interactions associated with the Indi
Ocean Dipole (I0OD) and its impact on the Indian summer monsoon rainfall. The coupled model includes the Weather Researc
and Forecasting (WRF) model as the atmospheric component and the regional ocean modeling system (ROMS) as the oceal
component. The two way coupled model system exchanges sea-surface temperature from the ocean to the atmospheric mo
and surface wind stress and energy fluxes from the atmosphere to the ocean model every six hours. The coupled model w
run for a period 2001-2008. During the study period the Indian summer monsoon was affected by three positive IOD events o
2006, 2007 and 2008. From the comparison of the results between the stand-alone WRF model and the coupled model, it
found that the coupled model captures the main features of the Indian monsoon better than the WRF model during these yeal
The coupled model produces a substantially more realistic spatial and temporal distribution of the monsoon rainfall compare
to the uncoupled atmosphere-only model. The intraseasonal oscillations are also better simulated in the coupled model. The
improvements are due to a better representation of the feedbacks between the SST and convection and highlight the importar
of air-sea coupling in shaping the Indian Ocean influence on summer monsoon rainfall during the 10D events.

0 0000 : Indian Ocean Dipole, WRF, ROMS
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The impact of the Indonesian Throughflow and tidal mixing on the Seasonal Sea Surfac

Temperature in the Indonesian Seas
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We utilize a numerical ocean model to investigate how the Indonesian Throughflow and tidal mixing may affect the Sea Surface
Temperature in the Indonesian Seas. The Indonesian Throughflow is found to play a major role on the SST only during summe
especially on its spatial variability. This is because the Throughflow weakens the impact of coastal upwelling that is forced by
the Northwestern Monsoonal wind. Without the Indonesian Throughflow, a cold SST region will establish along Nusa Tenggara
in summer. The heat balance of the surface mixed layer shows the warming effect of the Throughflow comparable to the coolin
effect of coastal upwelling and wind-induced mixing. The Indonesian Throughflow does not significantly impact the SST in other
seasons. The seasonal variability of the Indonesian Throughflow transport is also found not to affect the seasonal SST variabilif
significantly. The importance of the Throughflow on the seasonal SST variability is through its net presence throughout the yeat
not its seasonal variability.

The impact of tidal mixing on the SST is found to be trapped locally on the annual mean. However, this impact is found to
contain large seasonal variability with cooling of the SST occurring mostly in summer and winter. This seasonality is induced
because the Monsoonal winds force upwelling in summer and winter. Moreover, the Ekman transport is directed toward the
interior of the Banda Sea during summer so the cold tidally mixed water is efficiently spread throughout the basin. Our model
experiements suggest that the impact of tidal mixing is likely to be limited only where tidal mixing is strong without the wind-
driven circulation. Tidal mixing on the shelves, on the other hand, is found to have only a limited impact along the shelf-break.

O00000:000000000,0000,0000,000000000
Keywords: Indonesian Seas, Sea Surface Temperature, Tidal mixing, Indonesian Throughflow
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Influence of the Indian Ocean Dipole on the interannual variability of precipitation over
the southern part of Iran
Influence of the Indian Ocean Dipole on the interannual variability of precipitation over
the southern part of Iran

Farnaz Pourasghir, Tomoki Tozukd, Saeed JahanbakHsiBehrooz Sarisarrdf Hooshang GhaerhiToshio Yamagata
Farnaz Pourasghir, Tomoki Tozukd, Saeed JahanbakHsiBehrooz Sarisarraf Hooshang GhaerhiToshio Yamagafa

LUniversity of Tabriz 2University of Tokyo
LUniversity of Tabriz,2University of Tokyo

The interannual variability of precipitation in the southern part of Iran and its links with the Indian Ocean Dipole (I0D) dur-
ing 1974-2005 rainy seasons (October to May) are examined using daily data from 183 meteorological stations. The Zagro
Mountain in the west, Persian Gulf and Oman Sea to the south, and two very dry deserts in central Iran have helped to shay
precipitation regimes in the southern part of Iran. For this reason, the region is first divided into four subdivisions based on six
factors (standard deviation, skewness, kurtosis, mean, coefficient variation, and maximum precipitation) using principal com:
ponent and cluster analyses. It is found that the interannual variations of rainfall in October and November in all four regions
have significant positive correlations with the 10D and El Nino/Southern Oscillation (ENSO). However, if a partial correlation
analysis is used to extract the sole influence of the IOD or ENSO, a significant positive partial correlation is found only with the
IOD. Also, when composites of sea surface temperature (SST) anomalies are constructed for the wet (dry) years, SST anomali
associated with the positive (negative) 10D are captured. To investigate the mechanism, moisture flux anomaly is calculated. |
was shown that the southeasterly anomaly over the Arabian Sea turns cyclonically and transports more moisture to the southe
part of Iran from the Arabian Sea, Red Sea, and Persian Gulf during the positive IOD. In contrast, the moisture flux has a south
ward anomaly over Iran during the negative 10D, which indicates that the moisture supply from the south is reduced.

0 0 0O 0 O : Precipitation, Indian Ocean Dipole, Iran, Interannual variation
Keywords: Precipitation, Indian Ocean Dipole, Iran, Interannual variation
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On the growth of the subtropical dipole mode in the South Atlantic
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Using observational data and outputs from an ocean general circulation model, the generation of the subtropical dipole mod
in the South Atlantic is investigated. The subtropical dipole mode is the most dominant mode of interannual variability in the
South Atlantic and its sea surface temperature (SST) anomaly shows a dipole pattern oriented in the northeast-southwest dire
tion. Both positive and negative SST anomaly poles start to grow from austral spring, reach their peaks during summer, an
decay during fall. To examine the evolution of these SST anomaly poles, the mixed-layer heat balance is calculated. The po:s
itive (negative) SST anomaly pole develops because the warming of the mixed-layer by the climatological shortwave radiatior
is enhanced (suppressed) by the thinner (thicker) mixed-layer than normal. This mixed-layer thickness anomaly is due to th
suppressed (enhanced) latent heat flux loss associated with the variations in the subtropical high. This result is in contrast |
the previous studies, which suggested that the latent heat flux anomalies directly cause the SST anomalies. The present stt
demonstrates that the interannual variations in the mixed-layer thickness play an important role in the growth of the subtropica
dipole mode.
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We analyzed recent variations in the sea surface temperature (SST) anomalies of Pacific Oceans to understand their roles
extreme discharge of Amazon River Basin. In general, higher than monthly average discharge appears when La Nina conditic
forms and lower than monthly average discharge appears when El Nino condition forms. We also investigated the relationshi
between SST anomalies and recent floods in Brazil during the period of 1980-2010. Severe floods (e.g. 2003 and 2010 Rio ¢
Janeiro-Sao Paulo Flood) in austral summer occurred when EI Nino Modoki appears in the Pacific Ocean. In addition, warm wa
ters in tropical South Atlantic Ocean between American and African Coasts also helped the moisture convergence to the affecte
region. These warm temperatures sometimes together with La Nina or La Nina Modoki give rise to extreme flood events. Fo
example, the extreme flood and sediment disaster that occurred in the beginning of 2011 is a typical case as it happened duri
an intense La Nina event together with extreme warm water in tropical South Atlantic Ocean. The occurrence of extreme SST il
Atlantic Ocean may be a cause of the continuation of disasters in that region. That also explains the non-linearity in the tropica
Pacific influences on the local rainfall extremes.

00 000: SST, ElNino, La Nina, Modoki, Warm water, Atlantic Ocean
Keywords: SST, El Nino, La Nina, Modoki, Warm water, Atlantic Ocean
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Decadal variations in the southern tropical Indian Ocean: A case study for 1990s
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Decadal variations in the southern tropical Indian Ocean and their relation to variations of Southern Cell, a part of shallow
meridional overturning circulations in the Indian Ocean, during 1990s are investigated, using outputs of a high-resolution OGCM
called OFES, and a simple reduced-gravity model. OFES reproduces mean conditions and interannual to decadal variations of
Southern Cell, which consists of southward surface Ekman flow and northward subsurface geostrophic currents. During 1990
the Ekman flow is weakened in a northern part of the cell associated with weakening of the southeasterly Trade Winds, while
it is strengthened south of 10S. The subsurface meridional currents at the depth of the thermoclline show the flows opposite 1
the surface in a region north of 20S. These results suggest that the Southern Cell weakened/strengthened during this particu
period only partly and not the whole cell. Mechanisms responsible for this weakening in the northern part of the cell are relatec
to a dipole structure in sea surface height and the thermocline depth anomalies, which are generated by wind stress curl ov
the southeastern tropical Indian Ocean and subsequently propagate westward as downwelling and upwelling Rossby waves. T
simple reduced-gravity model well reproduces the thermocline depth anomalies during this period, supporting the importance ©
the baroclinic Rossby waves in the decadal variations there.

00000:0000,000000,000000
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We examined the effect of the 11-year solar cycle and quasi-biennial oscillation (QBO) on the 27-day solar rotational period
detected in tropical convective cloud activity. We analyzed the data of outgoing longwave radiation (OLR) for AD1979-2004,
dividing into four different cases by the combination of high and low solar activities in terms of the 11-year variation, and east-
erly and westerly stratospheric winds associated with QBO. As a result, 27-day variation has been most significantly detecte
in high solar activity period around the Indo-Pacific Warm Pool. Based on correlation analysis, we find that solar rotation signal
can explain 10-20% of OLR variability around the tropical warm pool region during the high solar activity period. The spatial
distribution has been, however, apparently different according to the phases of QBO. It is suggested that the 11-year solar cyc
and stratospheric QBO have a possibility to cause large-scale oceanic dipole phenomena.

oo0o000:0000,0000 2000000Q0QBOO,00000,000
Keywords: Outgoing Longwave Radiation (OLR), solar activity, solar rotation, Quasi Biennial Oscillation (QBO), Western Pa-
cific Region
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The climatology of stream-flow at the Fazenda Santa Maria gauge station of the Paranaiba River in Brazil shows significan
flow during November to May and very less flow during June-October.. The variation in this seasonal stream-flow significantly
affects the human population. So, it is important to understand the underlying mechanisms that cause that variation. Since tt
variability of climatic conditions in Pacific Oceans are main driver of the rainfall variability over the La Plata basin, their roles
in river stream-flow is explored in this study. A scientific analysis is made to link the stream-flow variability with the rainfall
and SST variations over the Pacific Oceans on daily time scale. The observed discharge data from 1974-2006 (33 years) at t
Fazenda Santa Maria, the down most outlet of the upper catchment, shows a strong correlation with the El Nino/Southern Osci
lation (ENSO) and recently recognized ENSO Modoki events. In the December-February low stream flow events are influence
by EI Nino Modoki and high flow events are influenced by La Nina. In March-May seasons high stream flow events are La Nina
and few events are also influenced by La Nina Modoki, whereas this rainy season low flow events are influenced by El Ninc
Modoki than EIl Nino.The climate change induced ENSO Modoki events needs scientific study for this La Plata basins for the
societal benefits.
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Response of nutrient concentrations and primary production over the shelf in the Eas
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A three dimensional coupled biophysical model was used to examine the response of nutrient concentrations and primar
production over the shelf in the East China Sea to the changes in oceanic and riverine nutrient input. The model consisted ¢
two parts: the hydrodynamic module was based on a nested model with a horizontal resolution of 1/18 degree, whereas the k
ological module was a lower trophic level ecosystem model including two types of phytoplankton, three elements of nutrients,
and biogenic organic material. The model results suggested that seasonal variations occurred in the distribution of nutrients ar
chlorophyll a over the shelf of the ECS. After comparison with available observed nutrients and chlorophyll a data, the model
results were used to calculate response of nutrient concentrations and primary production over the shelf in the East China S
to the changes in oceanic and riverine nutrient input with several additional calculations in which the nutrient concentrations
in the Kuroshio water and in the Changjiang river water were artificially increased or decreased. Model results suggested the
the oceanic nutrients were distributed in the bottom layer from the shelf break to the region offshore of the Changjiang estuan
from spring to summer and appeared in the surface layer from autumn to winter. The calculations also implied that the suppl
of oceanic nutrients to the shelf can change the consumption of pre-existing nutrients from rivers. The influences of riverine
nutrients on primary production were confined to the offshore of estuary.

O O O 0O 0O : Oceanic nutrients, riverine nutrients, ecossytem model, East China Sea
Keywords: Oceanic nutrients, riverine nutrients, ecossytem model, East China Sea
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An eddy-resolving coupled physical-biological ocean model has been employed to investigate physical influences on the me
rine ecosystem variability in the South East Asian region. The region is characterized by various temporal and spatial oceani
phenomena (e.g., mesoscale eddies, ocean currents, throughflow, coastal upwelling and tidal mixing). Additionally, the Asian
Australian monsoon, El Nino Southern Oscillation (ENSO), and the Indian Ocean Dipole (IOD) also affect this region. The
model captures the seasonal and interannual variability of chlorophyll distribution associated with the mesoscale eddies, oce:
circulation and upwelling generated by the monsoon. The model reproduces the high chlorophyll concentrations along the nortt
western coast of Luzon and Kalimantan during the winter monsoon and along the southern coast of Java-Sumatra, along tt
coast of Vietnam and in the Arafura Sea during the summer monsoon. In these regions, the upwelling generated by the monso
uplifts the nutrient-rich waters and increases biological production. During boreal summer-fall, the phytoplankton bloom along
the southern coast of Java-Sumatra extends westward by the surface current and to offshore in the southeastern tropical Indi
Ocean by the cyclonic eddy. The spreading of phytoplankton bloom is strongly linked to anomalous winds associated with the
ENSO and 10D events.

O 00O 0O 0O: Indonesian archipelago, marine ecosystem, coastal upwelling, Asia-Australian monsoon, high-resolution ocear
model
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Introduction

As resolution of regional ocean models is refined to hundreds of meters and less, it becomes possible and necessary accurat
simulate interaction and impact of rivers on the coastal ocean circulation and environment. Ocean-rivers interaction includes
lot of complicated aspects; one of most important is modification of coastal waters salinity. Rivers also modify coastal circula-
tion both directly, by momentum advection, and through the ocean water density modification. Rivers could transport a lot of
suspended and dissolved materials that could significantly impact the coastal environment in river mouth proximity as well as or
relatively large distance from it. To count for these processes, discharge of main Japanese rivers was included into the real-tin
tide resolving regional ocean model for the coastal waters of Japan (JCOPE-T) developed and operated by RIGC (JAMSTEC).

System structure

JCOPE-T system is based on the generalized vertical sigma coordinate model version of POM (Princeton Ocean Model) witl
1/36 degree horizontal resolution and 47 vertical levels. It is nested to the North-Western Pacific (NWP) JCOPE real time model
ing system. Later model provides weekly updated daily values for the open boundary conditions. Tidal processes are introduce
in to the model at open boundaries using Japan National Astronomy Observatory model (NAO, Matsumoto) tidal elevation anc
volume fluxes. Astronomic tidal potential variations are also counted in the model; total up to 20 tidal harmonics could be simu-
lated.

At the sea surface momentum, heat and water fluxes are estimated using latest available meteorological numerical weath
analysis and forecast data.

At this moment, the freshwater discharge of major 35 Japanese rivers prescribed as monthly mean values is considered in t
model. Depending on information availability, it is planned to replace it with the real-time daily information. As for many rivers
model with employed horizontal resolution of order 3 km do not gives possibility to resolves directly river estuaries, the mouth
depth is specified and if an adjacent coastal ocean model cells is deeper than river mouth, the fresh water is intruded into tr
upper model layers only.

JCOPE-T system runs daily generating hourly ocean state forecasts for approximately one weekly. System operations are a
tomated and simulation results are downloaded to the JCOPE web server at http://www.jamstec.go.jp/frcgc/jcope/vwp/

Some results

Figure 1 demonstrates modeled distribution of ocean water with salinity less then 34.1 psu at the sea surface around Japan
February 1, 2011. Except of significant intrusion of law salinity waters from the Okhotsk Sea along the eastern coast of Hokkaido
rivers discharge forms the lower salinity water belt along the Japan Sea coast as well as impacts salinity distribution along th
northern Honshu and in almost all bays along the Pacific coast of Japan: Tokyo Bay, Ise Bay, Seto Inland Sea (especially in th
Osaka Bay), and in the Ariake Sea near Kyushu island.

Apart of impact on salinity distribution, rivers discharge changes the coastal ocean density field and causes modification o
local horizontal and vertical ocean circulation. For example, model reproduces upwelling zones adjacent to river discharge loce
tions. Due to the induced pressure gradient, bottom waters are pushed to the river mouth direction forming bottom-concentrate
coastline-directed current and coastal upwelling. In summer time this upwelling could be clearly seem in surface temperatur
distribution.

Compared with other ocean desalination processes like atmospheric precipitation, rivers discharge has fixed geographical |
cation, it is continuous in time and, as result, its impact could have accumulative nature. Accounting for it seems to be importan
and necessary for the correct modeling of coastal circulation and environment.
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Suspended sediment concentrations (SSCs) affect river water quality and can be a threat to aquatic life. Moreover, the annu
rate of reservoir storage capacity loss to sedimentation in the world is 0.5?1%, and it varies dramatically for different river basins
due to their forest cover and geological conditions. Therefore, estimation of SSCs is essential for characterizing water qualit
and water resources management. In this study, the total amount of suspended sediment load carried by Japanese streams is
cussed. Firstly, the relationships between suspended sediment load and hydrogeography were examined by analyzing river wa
SSCs observation data at about 400 agricultural and forest watersheds in Japan. Suspended sediment transport was found tc
importantly affected by changes in river discharge and watershed characteristics. Then, multiple regression models were built 1
test the national scale estimation for the indicator of SSCs. The resulted estimation of SSCs provided satisfactory simulation
in terms of the selected performance criteria comparing well with the observed SSCs. Finally, the potential suspended sedime
load in Japanese rivers under climate change was estimated by considering the future changes of river discharges simulated
a national scale distributed rainfall-runoff hydrological model. The temporal and spatial distribution of suspended sediment loac
in Japan was then evaluated under future climate change scenarios.

goooo:0boo,00,0d
Keywords: Climate change, River, Sediment
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We are developing a regional coastal ocean ecosystem model for SEA-WP (South East Asia and West Pacific) regions, whic
encompass the exceptionally dense and rich marine biodiversity area in the world. The ecosystem model is coupled with a hig
resolution regional ocean model, which can resolve complicated eddying motion of currents in SEA-WP regions. The model ha
been largely extended from a simple NPZD (Nutrient-Phytoplankton-Zooplankton-Detritus) ocean ecosystem model so that i
can be applied to SEA-WP regions. One of our research concerns is to highlight some relevant aspects of coastal phenomena
the SEA-WP regions into the regional ecosystem model and thereby to demonstrate the complexity of coastal processes in t
regions. Our preliminary results show that the surface chlorophyll-a values simulated by the model reproduced well to those de
tected by the ocean color satellite imagery showing high concentrations of surface chlorophyll in the coastal regions in SEA-WP

especially in Indonesian archipelago, and low concentrations in the subtropical ocean regions.

O O 000 : coastal ocean ecosystem model, regional ocean model, SEA-WP regions
Keywords: coastal ocean ecosystem model, regional ocean model, SEA-WP regions
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Sensitivity analysis of a distributed hydrological model: application of SWAT model in
the upper stream of Yoshino River
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Due to the uncertainties of the hydrological model calibration associated with input-output data, model structure and parame
ters, the over-parameterization is a hot topic related to the hydrological model. Sensitivity analysis of those models is supporte
to set up least parameters for fitting with the input-output data in a best condition. This sensitivity analysis can identify pa-
rameters which do or do not have a significant effect on the model simulations. The purpose of this study is to understand th
sensitivity of parameter when the model was calibrated under the present and future condition. Firstly, the Soil and Water As
sessment Tool-Calibration and Uncertainly Programs (SWAT-CUP) model was used to analyze the global sensitivity of the Soi
and Water Assessment model in a Japanese river catchment. Two approaches such as the Generalized Likelihood Uncertail
Estimation (GLUE) and the Sequential Uncertainty Fitting (SUFI-2) were used for the global sensitivity analysis. For calibrating
and validating the SWAT model by using the observed stream flow data, we selected 10 parameters such as initial SCS runo
curve number (CN2), base-flow alpha factor (ALPHBA), groundwater delay time (GMELAY), Manning’s "n” value for
the main channel (CHN2), effective hydraulic conductivity in main channel alluvium (@), base-flow alpha factor for bank
storage (ALPHABNK), available water capacity of the soil layer (S@WC), saturated hydraulic conductivity (SCK), moist
bulk density (SOLBD), and snowfall temperature (SFTMP). The calibration period is from 2003 to 2005, and the validation
period is from 2006 to 2008. The calibration result by using GLUE shows better results than those by using SUFI-2. But the
processing time of the GLUE approach was longer than the SUFI-2 approach when they were run in the SWAT-CUP. According
to this global sensitivity analysis, it shows that CN2 and ALPBRA have the most sensitivity on the calibration of SWAT model
for this catchment. The 5000, 10000 and 15000 samples of GLUE and 500, 1000, 5000 samples of SUFI-2 were tested in thi
study. Result shows the identifiability was increased with the increasing sample size of these two methods. Finally, the sensitivit
analysis under the future condition was studied by using the output from Global Climate Model (GCM20).

0 0 0 0O 0O : sensitivity analysis, SWAT, GLUE, SUFI-2, GCM
Keywords: sensitivity analysis, SWAT, GLUE, SUFI-2, GCM
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