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Changing Oceans and Global Environment
− Research and Development Center for Global Change −

Research and Development Center for Global Change (RCGC), established in April 2014, aims to 
explore the oceans to know their state and to detect signal of global environmental changes. During this fiscal year, 
Environmental Geochemical Cycle Research Group (formerly a department) was added to RCGC to strengthen 
a link from our studies to societal issues. Using multidisciplinary approach, including physics, chemistry, 
biogeochemistry, and ecology, we challenge to the unresolved issues from local to global scales. Several major 
achievements in this fiscal year are highlighted.

ENSO-scale sea surface salinity variation around the northern edge of the 
western Pacific warm pool

The western Pacific warm pool, an anomalously high sea surface temperature region in the western 
tropical and equatorial region, is considered to play a critical role in the ocean-atmosphere interactions in the low 
latitudes such as El Niño and the Southern Oscillation (ENSO) and to affect the ocean and atmosphere variations 
in the midlatitudes. Nagano et al. [2014] found a significant sea surface salinity (SSS) variation on the timescale 
of ENSO in the Kuroshio and Kuroshio Extension (KE) region. The ENSO-scale SSS variation is originated 
in the region east of the Philippines, the northern edge of the western Pacific warm pool, and is advected to the 
KE region by the Kuroshio current and the Ryukyu Current System [Nagano et al., 2014]. We examined the 
relationship between SSS and freshwater flux, i.e., evaporation minus precipitation rates, by analyzing Grid Point 
Value of the Monthly Objective Analysis using Argo data (MOAA GPV, Hosoda et al., 2008) and evaporation (E) 
and precipitation (P) rates derived from U.S. National Centers for Environmental Prediction/National Center for 
Atmospheric Research (NCEP/NCAR) reanalysis products [Kalnay et al., 1996]. Freshwater flux is evaluated by 
F=E-P.
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As a result of a canonical correlation analysis (CCA) of SSS and F in the region of 10˚S-40˚N, 
120˚E-160˚E, we obtained statistically significant coupled patterns of SSS and freshwater flux occurred in El Niño 
and La Niña as the heterogeneous regression field of SSS (psu) against the F variation of the first (accounting 
27.2% of the total variance) and second (12.8%) CCA modes, respectively (Figs. 1a and 1b). The first CCA mode 
represents high SSS anomaly (red region in Fig.1a) due to the reduced precipitation in the region east of the 
Philippines in El Niño. The high SSS anomaly is advected northward and reaches to the Kuroshio and KE region 
after approximately 9 months (Fig.2), as illustrated by Nagano et al. [2014]. The reduction of precipitation is 
caused by the eastward shift of the Walker Circulation associated with an occurrence of El Niño.

The second CCA mode represents low SSS anomaly (blue region in Fig.1b) due to the enhanced 
precipitation in La Niña. Contrary to the case of El Niño, the enhancement of precipitation is caused by the 
westward shift of the Walker Circulation associated with an occurrence of La Niña. However, due to the excessive 
evaporation in the subtropical region, the low SSS anomaly attenuates and disappears during the northward 
advection and does not reach the Kuroshio and KE region.

The results provide us important knowledge about sea surface water mass modification in the northern 
edge of the western Pacific warm pool. Based on this knowledge, we designed moored buoy observation at 13˚N, 
137˚E and initiated since December 2016. The data collected until now by the moored buoy demonstrated that a 
peculiar upper ocean structure with a significant deeper isothermal layer than the mixed layer, so-called the barrier 
layer, exists in the winter.  

In addition, the first and second CCA modes (Fig.1) indicate substantial amplitudes of the ENSO-
scale SSS variation coupled with the freshwater flux variation in the eastern edge of the Pacific warm pool. The 
indication of the relationship between the SSS and freshwater flux variations is important to determine plans of 
future observations in the eastern edge of the warm pool by research vessels. 
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Fig.1 Heterogeneous regression fields of SSS(psu) on the freshwater flux of the (a) first and (b) second CCA modes. Mesh 
shows regions where annual mean evaporation rate exceeds annual mean precipitation rate [Nagano et al., 2017].
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Fig.2 Covariance between the first CCA mode and SSS with time lags from 3 to 9 month. Mesh shows regions of correlation 
lower than the 95% significance level [Nagano et al., 2017].
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Global sea level changes in an ocean state estimation of ESTOC
Global sea level change is a direct and an important climate index associated with a change in the 

global water mass budget due to global warming and other long-term changes in climate. Lots of literatures show 
almost monotonous increase of the global mean sea level on the basis of satellite and in-situ observations [e.g., 
Church and White, 2011]. Further, recent datasets by using global Argo array and NASA's Gravity Recovery and 
Climate Experiment (GRACE) satellites revealed that the increase came both from water mass increase and rise 
in the steric height during the recent decade [e.g., IPCC, 2014]. However, there is room for clarification of the 
mechanism.

This research group intends to make a dynamically self-consistent ocean state estimation to investigate 
various aspects of basin-scale oceanic changes including a long-term global sea level changes. We carried out 
the numerical calculation with the Earth Simulator to integrate available ocean observations. A data synthesis 
experiment was conducted for the period 1957–2014 by using a 4-dimensional variational data assimilation 
approach based on the data synthesis system named ESTOC (Estimated State of Global Ocean for Climate 
Research; Osafune et al., 2015; Doi et al., 2015). ESTOC has been used for some climate researches [e.g., Kawai 
et al., 2018]. The system is newly improved from Osafune et al. to be able to integrate global mean sea level 
data consistently. The obtained product is a valuable 4-dimensional oceanographic dataset covering from surface 
to bottom. The overall characteristics of the resulting global ocean state estimate, which does not include any 
artificial sources or sinks for heat and salt, are in basic agreement with previous studies in some aspects of climate 
phenomena (not shown). 

We will apply our new dataset to investigate the role of steric-height change and water-mass budget 
change in the long-term global sea level change over 40 years. Figure 3 shows temporal development of estimated 
global mean sea level (blue) from 1967 to 2014 and two components of it, that is, water mass (green) and steric-
height (red). Our system works well to better represent a familiar gross feature of GMSL changes.

Fig.3 Global mean sea level estimated by a new ESTOC system (blue cirve). Red amd green curves denote 
components due to mass change and steric-height change, respectively.
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We have investigated a decadal change of the global mean sea level and uncovered that water mass 
changes are vital to the rate of the change of global mean sea level responsible for a 10-year cycle. This implies 
global water budget can be modified on a 10-year time scale, which is largely consistent with the intimation of 
Hosoda et al. [2009]. 
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Basin-scale distribution of NH4
+ and NO2

− in the Pacific Ocean
The inorganic nitrogenous nutrients, nitrate (NO3

−), nitrite (NO2
−), and ammonium (NH4

+), play an 
important role in biogeochemical cycles and the productivity of the ocean because their shortage is one of the 
main factors that limit primary production. The distribution of NO3

− concentrations and their seasonal variations 
are well known. In contrast, those of NH4

+ and NO2
− have not been presented yet, except for along several one-

time sections or at a few ocean time-series stations. Concentrations of NH4
+ and NO2

− are generally much lower 
than those of NO3

−; however, their behavior, as well as that of NO3
−, is important, because these reduced forms of 

nitrogen are easier than NO3
− for phytoplankton to assimilate. 

We collected more than 25,000 nutrient measurements by many research agencies, and carefully 
controlled and validated their qualities. As a result, we elucidated basin-scale distributions and seasonal variations 
of NH4

+ and NO2
− concentrations along with those of NO3

− and satellite chlorophyll-a (CHL) concentrations 
in the Pacific Ocean. The basin-scale distributions and seasonal variations of NH4

+ and NO2
− concentrations 

corresponded well with geographical features of biological production and nitrogen cycles shown by the previous 
local observational studies. The highest NH4

+, NO2
−, and NO3

− concentrations were observed north of 40°N, in 
the coastal upwelling region off the coast of Mexico, and in the Tasman Sea (Fig.4). NH4

+ concentrations were 
elevated during May–October in the western subarctic North Pacific, May–December in the eastern subarctic 
North Pacific, and June–September in the subtropical South Pacific. NO2

− concentrations were highest in winter 
in both hemispheres (Fig.5). The seasonal cycle of NH4

+ was synchronous with NO2
−, NO3

−, and satellite CHL 
concentrations in the western subtropical South Pacific, whereas it was synchronous with CHL but out of phase 
with NO2

− and NO3
− in the subarctic regions (Fig.5). 
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Fig.4 Annual average of (a) NH4
+, (b) NO2

−, (c) NO3
−, and (d) satellite CHL in the surface layer of the Pacific Ocean. Averaged 

nutrient concentrations in the window of ± 2° in latitude and ± 5° in longitude are plotted at the center of 1° × 1° grid boxes 
if the number of samples in the window was more than seven in (a–c). 

Fig.5 Seasonal changes of areal averaged NH4
+ (red), NO2

− (blue), NO3
−/20 (black), and satellite CHL (green) concentrations in 

the surface layer of the Pacific Ocean. Error bars denote the 95% confidence intervals of the means. Numbers of samples 
are shown in each panel.

 
This is the first report of basin-scale distributions and seasonal variations of NH4

+ and NO2
− 

concentrations based on the observations. Our results provide useful validation data for these models and should 
therefore facilitate further development of the models. 
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 A new provenance tracing method using cathodoluminescence spectra of single 
quartz grains 

Provenance study of suspended detrital grains in the western subarctic Pacific is critically important to 
examine the transport process (through atmosphere or riverine input) of iron, a limiting factor for phytoplankton 
growth of the western subarctic Pacific. In this study, we developed a new provenance tracing method using 
cathodoluminescence (CL) spectra of single quartz grains, which is applicable to suspended/sinking grains in the 
western subarctic Pacific (Fig.6). CL spectroscopy can detect crystal-chemical features in quartz such as impurities 
and intrinsic imperfections that depend on the conditions affecting quartz from its formation onward. As a first 
step, systematic CL analysis was performed on quartz grains representing two major East Asian deserts, the Gobi 
Desert in southern Mongolia and the Taklimakan Desert in northwestern China, to evaluate differences in CL 
spectral features. Such Asian deserts have been considered as potential sources of iron in the subarctic Pacific 
[Uematsu et al., 2003].

Fig.6 Potential soucrs of suspended/sinking grains in the western subarctic North Pacific.

Most quartz grains from both deserts showed two CL emission bands in red and blue regions, which 
were deconvolved to at most five emission components, each representing a specific defect due to an impurity 
or imperfection. Statistical analysis using the ratios of emission components obtained different compositions of 
clusters between the quartz grains from the two deserts, probably reflecting the lower abundance of volcanic rocks 
in the Taklimakan Desert compared to the Gobi Desert (Fig.7) [Nagashima et al., 2016]. Consequently, the CL 
analysis is useful to identify single grains from Asian Deserts, and probably from other potential sources although 
we need further CL analysis using samples from additional source areas. This new method will make it possible 
to estimate provenance of detrital grains in the western subarctic Pacific and relative abundance of iron supply 
through atmosphere versus river/ocean.

Fig.7 Relative abundance of the three clusters for quartz grains in samples from the Taklimakan and Gobi Deserts. Modified 
after [Nagashima et al., 2016].
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Wildfire Likely to Have Larger Impacts on Climate Change
Pollutants emitted from wildfires in boreal Eurasia can be transported to the Arctic, accelerating global 

warming by inducing melting of sea-ice and glaciers. Based on a validation of burned areas using ultra-high-
resolution images from commercial satellites, we found that burned areas in boreal Eurasia are likely to be 
underestimated, which implies that the atmospheric transport of fire-emitted pollutants, such as black carbon 
particles, have larger impacts on global warming than currently thought [Zhu et al., 2017]. 

Fig.8 Distributions of 12 validation regions in boreal Eurasia over a wide range of vegetation types. High-resolution satellite 
products, Landsat 7 ETM+ reference images, are numbered in black. Reference images from commercial satellite products 
are numbered in red. Only the major vegetation types studied in this work are labeled. The vegetation type data are from 
the MODIS MCD12Q1 product.

 
Boreal Eurasia is a region in which large areas of land burn every year. Forest fires in Russia are 

one of the largest contributing factors to Arctic surface temperature change. The moderate-resolution imaging 
spectroradiometer (MODIS) is generally used to estimate fire emission products; however, its moderate resolution 
of 500 m results in uncertainties. As a new approach, we carried out a size-dependent validation of the MODIS 
data with reference to data from three commercial satellites, RapidEye, WorldView-2, and GeoEye-1, which 
provide ultra-higher resolutions of 2–5 m, as well as Landsat 7 satellite data with a high resolution of 30 m for six 
ecotypes over 12 regions of boreal Eurasia in 2012 (Fig.8). During the year, the area experienced severe wildfires, 
while the sea ice extent in Arctic reached a historic low. We suggest that the MODIS data presents only 13% of  
burned areas in croplands because of the inadequate detection of small fires in areas smaller than 100 ha (Fig.9). 

Fig.9 MODIS detection rate of burned areas in major vegetation types in northern Eurasia during 2012. Burned areas 
detected by ultra-high- and high-resolution satellite images are used as the true values. The figure shows that existing 
methods detect only 13% of burned areas in croplands compared to the true values. Over all ecotypes, the actual burned 
area in boreal Eurasia (15,256 km2) may have been ~16% greater than the area suggested by the MCD64A1 (13,187 km2).

I. Research Activities and Results
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In other words, 87% of burned areas have yet to be validated.  
These results indicate that burned area data and quantities of pollutants such as black carbon require 

revision, and should be reflected in simulation models of global warming. New insights would be introduced for 
discussion at the Arctic Council and the Intergovernmental Panel on Climate Change (IPCC). 
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Microbiological process in pelagic ecosystems
− �Marine Functional Biology Group /  

Research and Development Center for Marine Biosciences −
Microbes play important roles in major marine biogeochemical processes, such as nutrient cycles and 

inorganic/organic matter fluxes. However the dynamics of microbes are not used as parameters in global matter 
cycle models. To embed the contribution of microbes into a global matter cycle model, it is necessary to determine 
high-resolution geographical variations of their abundance, production and community composition of functional 
groups in the global pelagic systems. In this project, we examined both prokaryotic and viral abundance, 
prokaryotic community composition, and prokaryotic activity with depth and across regions to clarify prokaryote-
mediated carbon flux mechanisms in the pelagic systems.

In FY2017, we conducted prokaryotic community analysis in the water columns of the Southern 
Ocean along 126 degrees west line from 68 degrees to 52 degrees south in MR16-09 cruise, in order to reveal 
geochemical and geophysical impacts of this pelagic realm on microbial ecosystems as follows.
　1) To determine the microbial community composition and diversity throughout the water columns. 
　2) To estimate the impacts of biogeochemical cycles in the epipelagic layer to the abyssopelagic layer.

Microbiological processes throughout water column of the Southern Ocean
Prokaryotes play a major role in marine biogeochemical fluxes. Microbially mediated biogeochemical 

transformation rate is one of the major research topics in marine microbial ecology. However the linkages between 
prokaryotes activity and biogeochemistry in the epi-, meso-, bathy- and abyssopelagic layers are not systematically 
investigated despite of the efforts that highlighted the role of microbes in the cycling of inorganic/organic matter. 
In FY2017, we determined prokaryotic compositions in water samples taken along the water columns in the 
Southern Ocean transect of MR16-09 cruise (Fig.1). We here highlight a part of results of FY2017 research that 
distribution pattern of prokaryotic composition throughout water column of the Southern Ocean.

Fig.1 Sampling stations (blue dots) during MR16-09 cruise. This figure was created using Ocean Data View (http://odv.awi. 
de/).
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Distribution patterns of prokaryotic diversity and community composition in the 
surface, meso-, bathy- and abyssopelagic layers of the Southern Ocean along the 
125 degrees west. 

The results showed that depth profiles of prokaryotic abundance and diversity in the Southern Ocean 
display similar vertical patterns of general pelagic ocean systems (Fig.2). The abundance of prokaryotes 
exponentially decreased with increasing water depth, from an average of 2.9 x 105 cells mL-1 in the epipelagic 
layer to 1.8 x 104 cells mL-1 in the abyssopelagic layer (Fig.2a). Number of OTUs of prokaryotes increased from 
the epipelagic layer to abyssopelagic layer, and presented more latitudinal variation below the mesopelagic layer 
(Fig.2b). Diversity index (Shannon) also increased with increasing water depth and harbored more latitudinal 
variation below the mesopelagic layer (Fig.2c).

The predominant prokaryotic phylotypes (94 OTUs out of 9369 OTUs) were identified by SSU rRNA 
gene amplicon sequencing. A clustering analysis of the predominant phylotypes showed depth-dependent 
distribution pattern (Fig.3). Prokaryotic community in the epipelagic layer were distinct from the other layers, and 
the other communities also showed the depth dependent clustering pattern.

The data set revealed the distinct patterns of both prokaryotic diversity and community composition 
along the depth, and substantial variations of latitudinal pattern of prokaryotic diversity in the Southern Ocean 
realm.

Fig.2 Depth profiles of prokaryotic abundance (a), Number of phylotypes (≥ 97% similarity, UNOISE3) (b) and Shannon 
diversity index (c) in the Southern Ocean through the water column.
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Fig.3 Heatmap representing the abundance (number of reads) of the dominant phylotypes (columns) among the sampling 
stations (rows).
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Climate and ocean variability and 
predictability studies for societal applications
− Application Laboratory −

Research studies are carried out in the laboratory to improve our understandings of the ocean and climate 
processes and to improve the predictability of the ocean and climate variations. Researchers at the laboratory have 
been developing various kinds of ocean/climate models, data analysis tools, and data assimilation techniques to 
help in the analysis and predictions of ocean and climate variations on times scales of days to decades. 

Seasonal to interannual climate predictions based on the SINTEX-F coupled model are regularly 
produced by the Climate Variability Prediction and Application Research Group (CVPARG). The SINTEX-F 
model of CVPARG has successfully predicted the occurrence of a positive IOD in the summer of 2017. On 
the other hand, though the model, initialized in spring and summer, has also predicted a moderate El Niño that 
condition did not evolve after an initial warming observed in early summer. Nevertheless, initialized in fall, the 
model successfully predicted a weak La Niña that was observed toward the end of the year.  

Our ocean weather forecasts, similarly to atmospheric weather forecasts, are regularly produced by the 
Environmental Variability Prediction and Application Research Group (EVPARG) in the lab based on the Japan 
Coastal Ocean Prediction Experiment (JCOPE) system developed at EVPARG. The JCOPE has predicted a 
Kuroshio large meander in August 2017. The meander was predicted to intensify in September 2017 (Fig.1) before 
reaching its peak in October 2017. This prediction was reported in several in-house blogs (e.g. http://www.jamstec.
go.jp/aplinfo/kowatch/?p=5076). A large meander did appear finally in the summer/autumn of 2017, for the first 
time in the last 13 years. That time, the meander was seen in the August of 2004 and lasted for almost a year. The 
2017 Kuroshio meander is reported to have a significant impact on the fisheries, ship routing and local weather in 
the region and has, therefore, drawn a lot of media and public attention.

Fig.1 (a) JCOPE subsurface current and temperature at 200m depth showing the boreal-autumn evolution of Kuroshio 
meander during August-October 2017 (from left to right), predicted on 3 August 2017. http://www.jamstec.go.jp/jcope/

Several fascinating research studies were also reported by CVPARG and EVPARG researchers. For 
example, by conducting atmospheric general circulation model (AGCM) experiments with the AFES model, 
Yoshida and Minobe [2017] reported impact of sea surface temperature (SST) front on the extra-tropical storm 
tracks. Using the results of the SINTEX-F coupled model, Morioka et al. [2018a] have found that the sea ice in 
the Weddell Sea has a significant impact on the atmospheric and climate variability of that region. The SINTEX-F 
coupled model also exhibited high skills in the prediction of decadal climate variations in the southern Atlantic 
and Indian Oceans [Morioka et al. 2018b]. Further, by assimilating subsurface ocean data into the prediction 
system, Doi et al. [2017] reported better skills in the predictions of the Indian Ocean Dipole (IOD). In other 
studies, Richter et al. [2017] discussed the role of seasonal migration of the ITCZ in equatorial Atlantic variability, 
Sasaki et al. [2017] explored the seasonality of sub-mesoscale and mesoscale turbulence in the North Pacific 
Ocean, Behera et al. [2017] reported a quasi-asymmetric Indian monsoon rainfall response to the IOD, Zhang et 
al. [2017] studied East China Sea water exchange and Chang et al. [2017] explored the formation processes of 
phytoplankton growth and decline in mesoscale eddies in the western North Pacific Ocean.
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Climate link to malaria incidence in South Africa
Malaria poses a great challenge to public health and the sustenance of human wellbeing in many parts 

of the world. It affects several hundred million people, every year. Apparently, anthropogenic global warming is 
expanding the spatio-temporal extent of the disease; incidences are now reported beyond the tropics and in non-
endemic seasons. This emerging trend of climate change has increased the malaria risk factor for millions more 
across the globe. While global warming remains a key factor to address future adaptation and mitigation measures, 
the existing association between climate variation and malaria prevalence needs careful observation and analysis, 
in addition to non-climatic factors.

In a study conducted under the SATREPS framework, supported by JICA and AMED and in 
collaboration with Nagasaki University, ACCESS and several other institutions in South Africa, Ikeda et al. [2017] 
investigated the impact of climate variations on the interannual variability of malaria incidence in South Africa. 
In South Africa, malaria is endemic in the northeastern provinces of Limpopo, KwaZulu-Natal, Mpumalanga. 
Incidence is particularly high in the northeastern districts of Limpopo province, which neighbor Mozambique, 
Zimbabwe and Botswana. Malaria prevalence in those districts is distinctly seasonal, with most of the cases 
reported during the warm and rainy months of September- May, with the seasonal peak in temperature and rainfall 
coinciding with that in malaria incidence. Results from Ikeda et al. [2017] suggest that climate anomalies in 
the tropical Pacific (La Niña) and the southern Indian Ocean (subtropical dipole) bring changes in precipitation 
and temperature in South Africa, which then affect malaria incidence a few months later. Taking advantage of 
this delayed effect, a malaria prediction model was developed based on statistical relationships and by utilizing 
artificial intelligence and machine learning techniques. These predictions are expected to be extended for a lead 
time of a couple of seasons by utilizing the SINTEX-F climate predictions. The malaria model forecast will then 
be utilized in an early warning system to mitigate malaria outbreaks in the affected regions of South Africa. 

Fig.2 Schematic diagram showing climate the impact of climate conditions on malaria incidence in South Africa. La Niña or 
Indian Ocean subtropical dipole events increase rainfall in South Africa, which leads to increased mosquito abundance. 
When a female mosquito takes a blood meal from an infected human, the parasite develops in the mosquito. Subsequently, 
the infected mosquito can spread the disease when it takes a blood meal from another human. The parasite then develops 
in the human, making him/her sick requiring medical treatment.
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Role of mesoscale eddies in the migration of Japanese eel larvae
The relationship of oceanic mesoscale eddies to marine animals has been recognized for decades. 

Mesoscale eddies have been observed to be a favorable habitat for marine organisms such as fish larvae and 
penguins due to their abundant bioproductivity. Particularly, it is suggested that migratory fishes display affinities 
for fronts and eddies. 

Chang et al. [2017] have examined the dynamical role of mesoscale eddies in the migration of Japanese 
eel larvae in the western North Pacific by taking the example of fish larvae migration associated with eddies in the 
Subtropical Counter Current. An idealized experiment is conducted to isolate the effects of eddies, and use a three-
dimensional particle-tracking method to simulate virtual eel larvae (v-larvae) migration, including swimming 
behavior. 

It is found that the impact of eddies strongly depends on the swimming speed of v-larvae relative to the 
eddy speed. v-larvae speeds are accelerated by the eddies when they swim slower than the propagation speed of 
the eddy. On the other hand, v-larvae are dragged by eddies when they swim faster than eddies. 

The non-uniform trapping of v-larvae in mesoscale eddies are explained by a modified stream function 
that incorporates biological swimming ability. A high swimming speed and/or a small eddy rotation speed results 
in a weak trapping capacity. Simulations of v-larvae migration in realistic eddy fields indicate that the abundance 
of eddies significantly affects the duration of larval migration, the effect being largely dependent on the larvae 
swimming speed. A negative relationship is noted between the observed annual eel recruitment index in Taiwan 
and the eddy index of the subtropical countercurrent region, which suggests a potentially important role of 
mesoscale eddies in eel larvae migration.

Fig.3 Distributions of v-larvae on day 0 (black, gray), day 100 (red, pink), and day 200 (blue, cyan) for swimming speeds of 
(left) 0.01 m s−1 and (right) 0.06 m s−1, under conditions of (a, b) no eddy, (c, d) warm eddy, and (e, f) cold eddy based on the 
idealized experiments. Green contours are the sea surface height anomalies, showing the positions of eddies. Dark and light 
colors indicate v-larvae originating from the inner and outer core of the eddy, respectively. 
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Changing Arctic
− Institute of Arctic Climate and Environment Research −

The decrease of Arctic sea ice is attributed to the effects of “global warming.” The Arctic is the world 
region that is warming the most. Warming in the Arctic will proceed at least twice as fast as the world average. 
Such rapid change will not only reduce sea ice, but also drive the melting of permafrost, glaciers, and ice sheets. 
Further, this is having impacts on not only the Arctic Ocean and its surrounding region, but also on oceans 
and countries around the world, including Japan. Change in the Arctic climate will bring about change in the 
ecosystems of marine organisms living there. In fact, changes occurring in the Arctic Ocean, where the effects of 
global warming are quickly manifested, could at some time occur in the world’s other oceans. Arctic problems 
are no longer confined to countries bordering the Arctic Ocean; so, we must think of these problems as global, 
affecting the whole world. The Japan Agency for Marine-Earth Science and Technology (JAMSTEC), which had 
been conducting Arctic research since the 1990s, established the Institute of Arctic Climate and Environment 
Research (IACE) in April 2015 to further expedite its Arctic research and to broadly benefit international society. 
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Winter transport of subsurface warm water toward the Arctic Chukchi 
Borderland

The Arctic sea ice retreat is remarkable, particularly in the Pacific side. Changes in wind-driven export of 
the Arctic sea ice to the North Atlantic and atmospheric heat fluxes are known to be important factors for sea ice 
reduction. In addition, ocean heat transport from sub-arctic seas is another candidate to decrease sea ice volume. It 
has been indicated that the subsurface temperature maximum in the Canada Basin reflected intrusion of the Pacific 
summer water. Substantial parts of upper ocean heat have a potential to affect sea ice freezing/melting. However, 
spatial and temporal variabilities in the corresponding warm water transport still remain uncertainties.

In the present study, winter transport of subsurface warm water toward the Arctic Chukchi Borderland 
was investigated by mooring measurements and modeling analyses [Watanabe et al., 2017]. In mid-winter or 
spring of 2011–2014, subsurface warming signals under sea ice were detected by the multi-year bottom-tethered 
mooring data in the Chukchi Abyssal Plain (CAP) of the western Chukchi Borderland. Lateral advection of shelf-
origin ocean heat is a key process for the subsurface warming. To address the detailed pathways and processes of 
subsurface warm water transport, an interannual experiment for 2001–2014 was performed using a pan-Arctic sea 
ice–ocean model “COCO (Center for Climate System Research Ocean Component Model) version 4.9” configured 
in a high-resolution framework. The horizontal grid size was set to approximately 5 km so that narrow intense 
currents along complex sharp topography could be resolved. The model result captured the similar seasonality 
of subsurface temperature in the CAP region and produced interannual variability in the ocean heat content 
associated with the shelf-origin water distribution around the Chukchi Borderland. In addition to the Barrow 
Canyon throughflow, westward jet streams along the steep flank of the Chukchi shelf break constituted a primary 
pathway for the subsurface warm water transport toward the Chukchi Borderland. Since the shelf break jet was 
much faster than main streams of the Beaufort Gyre, its individual role as an efficient ocean heat conveyor should 
be considered separately. Whereas ocean heat in the Chukchi shelf break region was partly lost via wind-driven 
turbulent mixing into upper halocline depths, a substantial amount of the subsurface warm water remained even 
after mid-winter. The highly stratified condition due to anomalous sea ice meltwater was further preferable for the 
winter heat transport.

Fig.1 IACE mooring locations of Stations Chukchi Abyssal Plain (CAP), Northwind Abyssal Plain (NAP), and Barrow 
Canyon (BC) are indicated by red, blue, and green dots, respectively.
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Fig.2 (a) The simulated ocean (shade) temperature [°C] and (vectors) horizontal velocity faster than 5 cm/s at 60–100 m in 
January 2013. White contours show the seafloor depths of 1,000 and 3,000 m. Red contours show the Pacific water tracer 
edge defined by the concentration of 0.1. (b) Interannual time series of potential temperature (black) measured by mooring 
and (orange) produced by the COCO model in the Chukchi Abyssal Plain from 2010 to 2014. (c) Vertical profiles of the 
simulated (shade) westward ocean velocity [cm/s], (orange contours) potential temperature, and (black contours) salinity 
across the Chukchi shelf break in January 2013.
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Technology development for under-ice measurement in the Arctic Ocean
We started development of an underwater smart drone (USD) for under-ice measurement in this fiscal 

year, a year earlier than originally planned. This drone will enable us to extend its observation range over 10 km 
from ice edge, and be equipped with a camera and a multi-beam sonar for observation of ice bottom shape, a 
CTD meter and a fluoro-turbidity meter. The first test run in ice-covered sea will be launched as early as FY2019. 
A great difficulty in drone operation under ice is measurement of position of the drone. Traditional acoustical 
positioning from a support vessel is only available in range of a few kilometers from ice edge. We have thus 
proposed a new under ice positioning method using low frequency (LF) electromagnetic wave (EMW), addressing 
the study of underwater antennas and propagations since 2016. In March, 2018, we carried out an under-ice 
propagation test in Saroma Lake which is a brackish-water lake and found that LF EMW can travel distance of 
over 50 m under-ice in a lateral direction. A part of the works was awarded from the International Symposium 
on Antennas and Propagation [Sato et al., 2017]. In the work, simulation and experiment were performed for the 
antennas: 1) an electrode antenna, 2) a full sheath antenna, and 3) a half-sheath antenna as shown in Fig.3. The 
result realizes that the half sheath antenna has the best performance in impedance matching and transmission 
efficiency (Fig.4).

Fig.3 Underwater antenna configurations. (a) 
sheath less or electrode antenna, (b) full sheath 
antenna, and (c) half sheath antenna.

　　　　

Fig.4 Efficency of underwater transmission obtained 
bythe simulation for each antenna.
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Chasing what’s happening in the tropics
− Department of Coupled Ocean-Atmosphere-Land Processes Research −

The Maritime Continent (MC) and adjacent seas host a source of the global atmospheric circulation 
owing to the huge amount of heat release from active cumulus convections. Since this region is characterized with 
complicated topography with steep mountains and surrounding warm waters, interactions among ocean, land, and 
atmosphere are thought to play a critical role in regulating weather and climate systems, which have impacts onto 
not only the tropics but also higher-latitudes. Our research goal is to improve our understanding of weather and 
climate in this region through observations from the viewpoints of ocean-atmosphere-land interactions. While 
we deploy our observation network for long-term monitoring at various sites in the MC region based on the 
collaboration with local agencies including the Philippine Atmospheric Geophysical and Astronomical Services 
Administration (PAGASA) of the Republic of the Philippines and Aero-Meteorological Observatory of National 
Hydro-Meteorological Service (AMO/NHMS) of the Socialist Republic of Viet Nam, we have organized an 
international field campaign, Years of the Maritime Continent (YMC), as one of core institutes. YMC is a multi-
national effort, which aims to expedite the progress of improving understanding of local multi-scale variabilities 
of the MC weather-climate system and its global impact. Its observation phase has started since July 2017 and is 
scheduled to continue until early 2020. During this campaign period, we at JAMSTEC have conducted several 
intensive observations with Indonesian Agency for the Assessment and Application of Technology (BPPT) and 
Indonesian Agency of Meteorology Climatology and Geophysics (BMKG) in addition to PAGASA and AMO/
NHMS in their respective countries in 2017 and 2018. More detailed information about the YMC can be found in 
YMC JAMSTEC site at http://www.jamstec.go.jp/ymc/. Figure 1 summarizes our major land-based observation 
sites.

Fig.1 Major observation sites, where DCOP deploys their own instruments for long-term monitoring and/or conducts 
intensive observations under the YMC project. Red circle/triangle indicate YMC-IOP/long-term monitoring sites, while 
star indicates both have been carried out.
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Coastlines in the tropics act as a key player for regulating global atmospheric 
water circulation through dehydration process?

Many previous studies on rainfall over the MC region pointed out that much precipitation occurs along 
the coastline (Fig.2). In particular, diurnal cycle of rain is dominant, and they are usually associated with land-
sea breeze. For example, Ogino et al. [2016] showed that tropical precipitation amount peaks at the coastline, and 
precipitation within 300 km from the coastline accounts for about 34% of the total amount over the entire tropics 
using satellite-based 13 years data. Thus, the first YMC intensive observation, which aimed at studying interaction 
between diurnal cycle of rain and the Madden-Julian oscillation, was taken place at/off Bengkulu in the southwest 
coast of Sumatra Island, Indonesia from November 2017 through January 2018.

Fig.2 Annual mean precipitation observed by satellite TRMM during December 1997 through January 2011 [Ogino et al., 
2016]. Star indicates the YMC intensive observation site around Bengkulu, Sumatra.

Ogino et al. [2017] extended their previous work mentioned above to the entire the globe using the 
Japanese 55-year reanalysis (JRA-55) product [Kobayashi et al., 2015] for 30 years from 1981 to 2010. They 
calculated water vapor flux divergence, and then expressed them as a function of distance from the coastline for 
different latitudinal bands (the northern extra-tropics: 20.625°N-90°N, the tropics: 20.625°S-20.625°N, and the 
southern extra-tropics: 20.625°S-90°S). The results as a quantity of “landward water vapor transport,” which 
is expressed as “TL” for brevity, are shown in Fig.3. Global mean behavior of TL (Fig.3a) shows increase over 
the ocean toward the land and decrease with distance inland region. In particular, their peak is not found at the 
coastline, but 150 km off the coastline. This asymmetric pattern indicates that much precipitation occur over the 
coastal region and they do not reach over the land but return to the ocean through rivers or groundwater discharge. 
When the same variation is examined in the different latitudinal bands, only the case of tropics shows the similar 
variation (Fig.3c). In other words, Fig.3 indicates that the coastline in the tropics acts as a “dehydrator”, which 
consumes water vapor before reaching the inland, and regulates large portion of global water circulation.

 
Fig.3 Variation of landward water vapor transport as a function of distance from the coastline for (a) the entire globe, (b) the 

northern extra-tropics, (c) the tropics, and (d) the southern extra-tropics. Adapted from Ogino et al. [2017].
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Based on this result, Ogino et al. [2017] proposed that water circulation over the entire globe is captured 
precisely by classifying three regions: open ocean, coastal region (within 150 km from the coastline), and inland 
region. In addition, this result suggests that ocean surface salinity distribution near the coast is not determined only 
by the amount of freshwater supply through the rivers and groundwater discharge, but also coastal rain. Influence 
from the coastline onto precipitation should be considered to improve the numerical model.

Fig.4 Schematic view of water circulation over ocean and land. (a) classical two-region concept. (b) proposed three-region 
concept. The numbers inside indicate the amount of water vapor or water transport in 103 km3 yr-1. Here, coastal region is 
defined as that within 150 km from the coastline. Taken from Ogino et al. [2017].
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Toward Comprehensive Projection of Global Change
− Department of Integrated Climate Change Projection Research & Project 
Team for Advanced Climate Modeling −

Department of Integrated Climate Change Projection Research works on researches on mechanism for 
oceanic and atmospheric variations including water and biogeochemical cycles, and assessment of human impacts 
on those variations. Our main research tools include an atmosphere-ocean coupled model dealing with physical 
variables such as temperature and precipitation, and an earth system model (ESM) incorporating oceanic and 
terrestrial biogeochemical dynamics important for formation of the global environment. Activities also include 
observational research on permafrost, in order to develop a land process module to be a part of the ESM. It is 
hoped that our researches lead to contribution to the society in addition to improved understanding on how the 
nature works.

From FY2017, JAMSTEC started undertaking “Integrated Research Program for Advancing Climate 
Models”, or TOUGOU (abbreviation taken from its Japanese name) funded by Ministry of Education, Culture, 
Sports, Science and Technology (MEXT) by establishing a dedicated project team. Under this program and based 
on the protocol for global change projection experiments being discussed by scientists from across the world 
(CMIP6 protocol), we perform experiments using the models developed at JAMSTEC. This annual report includes 
results obtained under this program.

In FY 2017, an idealized global warming experiment with 2000-year integration was performed using 
our earth system model in order to make comprehensive evaluation on irreversibility of the global environment. 
Results were analyzed focusing on carbon cycle response. Last Millennium experiment was also conducted for 
estimating impacts of human activities on climate variations in historical data.

Part of CMIP6 experiments have been started after finishing fine tuning for the climate model that has 
been developed toward next round of IPCC and preparing boundary condition data such as aerosol emissions. 
Completed experiments include the historical experiment that reproduces climate variations since mid-nineteenth 
century. Earth system version of our climate model has also been set up for operation and preliminary experiments 
toward CMIP6 have been performed.

An improved scheme, which calculates processes of cloud microphysics more accurately with lesser 
computational demand, has been incorporated into our global cloud resolving model. As a result, it is now possible 
to apply the model for CMIP6 protocol. Some of the achievements have been reported to the public by the media. 
Furthermore, impacts of terrain resolution and vertical resolution on the cloud behaviors have been investigated, 
which led to important perceptions for precisely representing cloud-radiation feedbacks.

Millennium time-scale experiments using an Earth system model
More attention to climate stabilization has been paid after Paris agreement. If atmospheric CO2 

concentration can be reduced and stabilized, some subsystems in the Earth, like ocean circulation and the 
biogeochemistry, are expected to continue to respond to the forcing change with some time-lag, from centennial 
to millennium time scale. In order to investigate how long such subsystems of the Earth can continue to respond 
behind the anthropogenic forcing change, global warming experiment with millennium time scale are executed in 
this study, by using an Earth system model. In order to focus on the time-lag, the scenario applied to the simulation 
is simplified: only CO2 concentration is abruptly doubled from pre-industrial level and held constant. Figure 1 
shows the results: global mean temperature anomaly is shown by black line in the upper left pane. Two more 
idealized experiment were also conducted: experiments where CO2 concentration is doubled but only carbon cycle 
sees the change, and that where only radiation process sees (blue and red lines, respectively). The model projected 
that climate stabilization is achieved within 2000 years, while the ocean continues to the carbon uptake.

In addition, a last millennium experiment (A.D. 850-1850) is executed using an AOGCM: this serves 
as the test of the physical core of our new Earth system model. We first confirmed that the spin-up procedure (i.e. 
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stabilizing model variables with fixed forcing and making an initial condition for simulations) was successful: 
global temperature didn’t show long-term trend (gray line of lower panel in Fig.2). Then, the last millennium 
experiment was executed by applying natural (solar, orbital parameter, and volcano) and anthropogenic (land-use 
change and GHGs) forcing to the model (red line). By this, it is confirmed timing (and duration) of global cooling 
induced by volcanic eruptions were adequately captured by the physical core of the new Earth system model.

Fig.1 Global surface temperature change where atmospheric CO2 concentration is abruptly doubled and then fixed during 
2000 years (black lines). Red lines represent the simulation where CO2 concentration is doubled but only radiation process 
detect the change, while blue lines for the experiments where only carbon cycle sees the change.

Fig.2 Surface temperature change in Northern hemisphere during A.D. 850-1850, from IPCC-AR5 report (upper panel) and 
MIROC5.2, which is a physical core of our new Earth system model (lower panel). Note the lines in upper panel are the 
result smoothed by 30 years averages, while lines in lower panel are annual values.
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CMIP6 experiments using the latest version of ESM and MIROC6
The latest version of our Earth System Model (ES2L) and its physical core climate model (MIROC6) 

had been developed up to the last fiscal year. In this fiscal year, we conducted several sets of climate simulations 
which had been designed by the sixth phase of the international collaborative framework, the Coupled Model 
Intercomparison Project (CMIP6). Climatic-mean states and typical internal climate variations on intraseasonal-
to-decadal timescales, such as winter/summer East Asian Monsoon, Madden-Julian Oscillation, and the Pacific 
decadal oscillations, are better represented in MIROC6 than in MIROC5 which was an official climate model 
for the fifth-phase of the CMIP. For example, as shown in Fig.1, the observed northwesterly wind anomaly on 
the 300 hPa pressure height and a meridional dipole structure of the 300 hPa pressure height anomalies around 
Japan, which are occurred associated with the winter East Asian Monsoon variability, are consistently represented 
in MIROC6. Underestimation of amplitude of the interannual activity of sub-weekly atmospheric disturbances 
in MIROC5 is much alleviated in MIROC6. As well as internal climate variations and climatic mean states, 
a centennial global surface air temperature variation including the rapid warming after the 1970s is generally 
well reproduced in the historical simulations from 1850 to 2014 where external forcing of green-house-gas 
concentrations, aerosol emissions, the incoming solar irradiance and so on are prescribed based on observations 
(Figs. 4 and5). Although the future climate projections and the seasonal-to-decadal scale climate predictions are 
still in preparation due to the delay of forcing data provision from the CMIP6, the better representation of the 
present climate in the ES2L and MIROC6 may promise more reliable information on the future climate change. 
After the future climate projection and prediction experiments are done, by publishing the data to domestic and 
international societies and science communities, we are aiming to contribute to risk assessment studies on climate 
changes. Also by analyzing the data by ourselves, we will be tackling a wide range of climate science issues for 
deeper understanding on the physical processes which cause errors and uncertainties of future climate predictions, 
which gives us insight on imperfection of simulation models, what processes are needed to the models, and 
development directions towards more advanced, sophisticated, and versatile comprehensive environment 
prediction system.

 
Fig.3 Wintertime East Asian Monsoon patterns for the storm track activity (shades; K m s-1), the 300 hPa pressure height 

(contours; m), and the 300hPa wind (vector; m s-1). Note that the storm track activity is defined as the atmospheric 
meridional heat transport associated with sub-weekly disturbances on the 850hPa pressure height.
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Fig.4 Timeseries of the global-mean surface air temperature anomalies with respect to the 1961-90 mean (°C). The black line 
indicates observations, the red line MIROC6, and the blue line MIROC5, respectively. A five-year running-mean filter is 
applied to all the timeseries. Shades indicate 1 standard deviation of ensemble simulations with slightly different initial 
conditions at the year 1850.

Fig.5 Same as Fig.2, but for the ES2L. The red, blue, and green lines indicate individual ensemble simulations with slightly 
different initial conditions at the year 1850. 

Activity of the NICAM research: Model Improvement and analysis of cloud 
changes due to global warming

We improved especially the microphysics component to make it allow a larger time step for numerical 
integration with suppressing numerical errors. In the previous scheme, the productions of cloud condensates 
strongly depend on a sequential order of their tendency terms, and the influence becomes larger with a time 
step. A newly introduction of a scheme to reduce such dependency enables to use a larger time step, leading to a 
reduced computational cost of NICAM simulations. We are planning to apply the improved NICAM to CMIP6 
simulations, and to open the high-resolution datasets to the international climate research community.

Additionally, NICAM data analysis from various perspectives in the present fiscal year revealed 
followings. A study of horizontal resolution dependency confirmed the improved simulation of orographic cirrus 
clouds due to, for example, steep mountain ranges including the Andes with improving the resolution. We also 
conducted dependency of vertical resolution on changes of clouds due to global warming, and revealed behavior 
of high clouds can changes even qualitatively in different resolutions. Such a systematic investigation has not 
been done previously in the GCM community, and thus will provide useful knowledge to the climate research 
filed. Detailed changes of an internal structure of typhoons in future climate are also investigated using NICAM to 
reveal a more expansion of strong-wind regions due to a more slant eye-wall clouds.
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Toward better understanding of the multi-scale processes in the 
Tropical Atmosphere
– Department of Seamless Environmental Prediction Research –

Better prediction of the severe weather events that may induce meteorological disaster is a socially 
demanding problem. Understanding of the interaction between the large-scale environment and the local weather 
events is essential to this problem. To achieve this, we have been developing a global high-resolution atmospheric 
model that is capable of simulating the local to global scale convective phenomena in a seamless framework. 
Subseasonal to seasonal variability is one of our major targets, which gives great impacts on the local weather 
over the globe. In FY2017, by making use of the global cloud-system-resolving simulations, we demonstrated 
the multi-scale processes within the intraseaonal oscillation events, which occurred during the JAMSTEC field 
campaign. This makes a stepping-stone toward more comprehensive understanding of the scale interactions and its 
proper representation in the model. 

Quantification of the effects of high-frequency variability in the ISO events by 
global cloud-system-resolving simulations

The Madden-Julian Oscillation (MJO; [Madden and Julian, 1971]), or intraseasonal oscillation (ISO) 
is a dominant tropical variability accompanied with a large-scale (i.e., several thousand kilometers) envelope 
of organized convection. Because of its global impacts on weather and climate, such as tropical cyclogenesis, 
heavy rain events, and extreme surface air temperature, the ISO is receiving much attention from operational 
forecast centers. In JAMSTEC, the ISO has been intensively investigated by international field campaigns [e.g., 
Yoneyama et al., 2013], as well as by global cloud-system-resolving simulations using Nonhydrostatic ICosahedral 
Atmospheric Model (NICAM; [Satoh et al., 2014]) [e.g., Miura et al., 2007; Miyakawa et al., 2014; Nasuno et al., 
2017]. 

Recent researches emphasize the importance of moisture variability in the dynamics of the ISO. The 
convective envelope of the ISO consists of cloud system with various spatio-temporal scales, of which the basic 
component is cumulonimbus (~10 km, 1 hour). The moisture transport and condensational heating within these 
cloud systems are a key to understand and predict the ISO. The global cloud-system-resolving simulation has 
a merit that the vertical motion and condensational heating data are available at dense, broad coverage. This is 
difficult by field observations or low-resolution simulations. Making use of this merit, we quantify the effects 
of high-frequency variability (i.e., cumulonimbus) on the large-scale, including the ISO, by using the near real-
time forecast dataset for the Cooperative Indian Ocean experiment on Intraseasonal variability in the year 2011 
(CINDY2011; Yoneyama et al., [2013]) [Nasuno et al., 2017]. The target region here is the equatorial Indian 
Ocean domain (60°-90°E, 10°S-10°N).

Figure 1a shows the vertical profile of the simulated vertical advection of moisture, which accounts for 
a major part of moistening, nearly in balance with condensation. The advection associated with the low-frequency 
variability (e.g., ISO) and that associated with the high-frequency variability (e.g., cumulonimbus) were separated 
by applying time filtering (7-day average) to each variable. It was found that the low-frequency advection induced 
bottom-heavy moistening. The lower tropospheric moistening supported the large-scale convective envelope of 
the ISO through cloud formation, and was maintained by intensification of circulation by condensational heating. 
In contrast, the high-frequency advection induced drying in the lower troposphere, unfavorable to form the large-
scale convective envelope. This is owing to strong upward transport of moisture by short-lived vigorous clouds. 
Such effects of high-frequency variability was not evident In European Center for Medium-Range Weather 
Forecasts Reanalysis (ERA)-Interim (Fig.1b) because the analysis is based on operational model that implicitly 
represent the effects of cumulonimbus with a coarser horizontal resolution. 
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Fig.1 Vertical profiles of period-mean vertical advection of moisture over the equatorial Indian Ocean (60°-90°E, 10°S-10°N) 
in (a) the simulation and (b) ERA-Interim. Advection associated with the low-frequency (7-day mean) variability (black) 
and that associated with the high-frequency (<7 day) variability (red) are plotted.

In order to clarify the role of the high-frequency variability in the life cycle of the ISO, time evolution 
of the moisture advection was examined (Fig.2). It was found that the deep moistening by vertical advection due 
to the low-frequency variability well synchronized with the active period of the ISO (Fig.2a). During the active 
period, the upward transport of moisture due to high-frequency variability, as seen in the mean profile (Fig.1a), 
was more enhanced (Fig.2c). This helped deepening of the convection in the ISO, as well as limiting the duration 
of the moisture supply to the ISO convective envelope. An important finding is that moistening associated 
with the high-frequency advection was pronounced in the lower to middle troposphere during the inactive to 
preconditioning periods of the ISO (Fig.2c), together with the moistening due to horizontal transport of moisture 
in the middle troposphere due to the low-frequency variability (Fig.2b). 

This study demonstrates the possible role of high-frequency variability in the preconditioning and mature   
stages of the ISO over the Indian Ocean. The results suggest that a better representation of these effects may 
lead to a correct prediction of the onset timing and subsequent development of the ISO. The effects of the high-
frequency variability and its impacts on ISO is expected to be more significant over the maritime continent. This 
issue is under investigation as a part of the Years of the Maritime Continent (YMC) project (cf. DCOP).

Fig.2 Time-height section of the anomalous advection of moisture over the equatorial Indian Ocean (60°-90°E, 10°S-10°N) in 
the simulation. (a) Vertical and (b) horizontal component associated with low-frequency (7-day mean) variability and (c) 
horizontal and vertical advection associated with high-frequency (<7 day) variability. The deviations from period-mean 
profiles are plotted. The gray and black bars at the bottom indicate the preconditioning and active periods of the ISO 
(Reproduced from Fig.11a, b, and d of [Nasuno et al., 2017]).
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Understanding of marine nitrogen cycle based on stable isotope analysis 
and modeling
− Department of Biogeochemistry −

The purpose of this group is to understand key processes and regulation mechanisms of nitrogen cycle in 
the ocean. For this purpose, we made various kinds of water sampling for nitrogen isotope analysis and measured 
nitrogen isotope ratios of each component of marine nitrogen cycle, such as phytoplankton, chlorophylls, nitrate, 
ammonium, particulate organic nitrogen, and so on, with our elemental analyzer–isotope ratio mass spectrometers. 
Based on these measured values, we developed 1 dimensional (1D) marine nitrogen isotope models (Fig.1) to 
comprehensive and quantitative understand the marine nitrogen cycle. In this year we newly measured nitrogen 
isotope ratios of nitrate along the east-west transect in the subarctic and subtropical North Pacific. Based on these 
measured values, we will extend our 1D isotope model to a 3D isotope model in the future.

Fig.1 A schematic representation of the marine nitrogen isotope model. The symbols NO3
−, NH4

+, N2, PHY, DIA, ZOO, PON, 
and DON represent the nitrate, ammonium, dinitrogen, phytoplankton, diazotroph, zooplankton, particulate organic 
nitrogen, and dissolved organic nitrogen concentrations, respectively. The N2 fixation based on Yoshikawa et al. [2013] and 
denitrification based on Shigemitsu et al. [2016] were added to a marine nitrogen isotope model developed by Yoshikawa et 
al. [2005]. The dashed and solid arrows indicate nitrogen flows with and without isotopic fractionation, respectively.

Nitrate Isotope Distribution in the Subarctic and Subtropical North Pacific
The nitrogen isotopic composition of nitrate (δ15NNitrate) is widely used as a tracer of ocean-internal 

nitrogen cycling (consumption and regeneration) and ocean-external nitrogen inputs and losses. These inputs 
and losses include N2 fixation, which is the fixation of N2 gas into bioavailable nitrogen, such as ammonia by 
diazotrophs, and denitrification, including microbial respiration using nitrate as an electron acceptor. The oxygen 
isotopic composition of nitrate (δ18ONitrate) aids the interpretation of δ15NNitrate [e.g., Casciotti et al., 2008, Rafter et 
al., 2013, Sigman et al., 2009]. Here we report the δ15NNitrate and δ18ONitrate values in the subarctic and subtropical 
North Pacific (Fig.2) and discuss the nitrogen cycle there (Fig.3). 

Water sampling was conducted along 47°N in the subarctic North Pacific and 149°E in the western 
North Pacific during the MR14-04 cruise of the R/V Mirai during July–August 2014. For samples with nitrate 
concentrations above 1.0 μM, the δ15NNitrate and δ18ONitrate values were measured using the bacterial method 
of Sigman et al. [2001] and Casciotti et al. [2002]. δ15NNitrate and δ18ONitrate values were determined using a 
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ThermoFinnigan GasBench + PreCon trace gas concentration system interfaced with a ThermoScientific Delta V 
Plus isotope-ratio mass spectrometer at JAMSTEC.

Fig.2 Horizontal distributions of (a) δ15NNitrate values (‰) and (b) δ18ONitrate values (‰) along the cruise track. Black dots 
indicate sampling points. White lines represent the isopycnal surfaces for γN = 26.5 and γN = 27.4. The surface gray areas 
indicate nitrate concentrations below 1.0 μM. WSTG = western subtropical gyre; TZ = transition zone; WSAG = western 
subarctic gyre; CNP = central subarctic North Pacific; AG = Alaska gyre; AS = Alaska stream.

In the western subarctic gyre, known as a high-nutrient, low-chlorophyll region, the δ15NNitrate and the 
differences between δ15NNitrate and δ18ONitrate (herein Δ(15–18)) in the intermediate water were significantly lower 
than in the surrounding area. The 15N-depleted nitrate was generated by nitrified nitrate from the remineralization 
of organic matter produced by the partial consumption of the surface nitrate pool. Between the western subarctic 
gyre and the Alaskan gyre, there was a 0.2‰ increase in δ15NNitrate and a 0.3‰ increase in Δ(15–18) in the 
intermediate water associated with a 7.2 μM decrease in the nitrate concentration at the surface. Assuming 
Rayleigh distillation kinetics, the increase in utilization of the surface nitrate pool between the western subarctic 
gyre and the Alaskan gyre (from 29% to 85%) corresponds to a change in δ15N of organic matter from 2.6‰ 
to 4.9‰. The 15N enrichment of intermediate nitrate toward the east resulted from the increase in utilization. 
Moreover, the 15N-depleted nitrate in the mixed-layer water of the western subtropical gyre was affected by N2 
fixation in the Kuroshio water, whereas the 15N-enriched nitrate in the intermediate water at the western margin of 
North America was affected by water column denitrification. The δ15N sediment record in the western subarctic 
North Pacific likely reflects past changes in the high-nutrient, low-chlorophyll region but may also be controlled 
by water column denitrification and N2 fixation.
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Fig.3 Schematic diagram showing how the δ15NNitrate signals were generated and propagated in the study area. The red 
and blue shaded regions designate the intensity of 15N enrichment and depletion, respectively. The gray shaded regions 
designate nitrate-deficient areas. The wavy arrows show the sinking of 15N-depleted organic matter generated in the mixed-
layer water. KW and OSIW indicate the water masses originating in the Kuroshio water and the Okhotsk Sea intermediate 
water areas, respectively. WSTG = western subtropical gyre; TZ = transition zone; WSAG = western subarctic gyre; CNP 
= central subarctic North Pacific; AG = Alaska gyre; AS = Alaska stream.
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Research of Coastal Environment Change 
− Mutsu Institute for Oceanography −

The aims of research program of the Mutsu institute for oceanography (MIO) are to investigate coastal 
environment changes and to understand biogeochemical cycle in coastal area which area might be affected 
by the global warming and the increasing carbon dioxide concentration. For this purpose, MIO is conducting 
observational studies around the eastern Tsugaru Strait under the collaborative agreements with the Hokkaido 
University and the Aomori Prefectural Industrial Technology Research Center. 

Methods of our main researches are the measurement of surface current speed and direction using High 
frequency ocean radar system (HF radar), and the hydrographic observation in the eastern area of Tsugaru strait. 
The hydrographic observation by the training ship of Hokkaido University was started in 2009 and it has been 
conducted about 4 times a year. The surface water temperature off port of Sekinehama which was requested from 
the Aomori Prefectural Fisheries Experiment Station has been measured from 2002 to distribute for fishermen. 
The high frequent observation on the pier of Sekinehama Port was also added to detect seasonal and annual 
environmental changes after we observed the cold Oyashio Water in 2014. The in-situ observation using the 
continuous measuring pH device was enhanced in 2017 for understanding acidification effect on the coastal 
organisms in the Tsugaru Straight area.   

The HF radar has been installed and operated since April 2014. The current pattern maps obtained from 
HF radar are distributed to fishermen and others through website, MORSETS (MIO Ocean Radar data Site for 
Easter Tsugaru Strait, http: http://www.godac.jamstec.go.jp/morsets/e/top/) on September 2015. This website is 
accessed mostly from Aomori area early morning. Probably a lot of fishermen check this site before fishing. In 
FY 2017, we arranged to add the coastal seawater temperature on the distributing image of MORSES website for 
more convenient. We also started discussing to refer the sea surface temperature image obtained from the satellite 
on the MORSTES.

Fig.1 Schematic of MIO research program and website of MORSETS.
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Research collaboration

1. Domestic research collaboration
(1)	 Institute of Low Temperature Science, Hokkaido University

Theme: �Study of mechanism to sustain primary productivity and biogeochemical cycle in the subarctic 
North Pacific including its marginal seas such as Okhotsk and Bering Seas

Program: Research and Development Center for Global Change

(2)	 National Institute for Environmental Studies (NIES)
Theme: Improvement of observation using shipboard lidar for water vapor, cloud and aerosol over ocean 
Program: Research and Development Center for Global Change

(3)	 Kyushu University, Institute for Advanced Study
Theme: Deposition of aerosol particles on the North Pacific and the Arctic region 
Program: Research and Development Center for Global Change

(4)	 National Institute of Advanced Industrial Science and Technology (AIST) 
Theme: Evaluation of a densitometer based on refractive index measurement 
Program: Research and Development Center for Global Change

(5)	 The Tsurumi-Seiki Co., Ltd.
Theme: �A study on development of the next-generation deep profiling float equipped with the high-accuracy 

dissolved oxygen sensor
Program: Research and Development Center for Global Change

(6)	 JFE Advantech Co., Ltd.
Theme: �Evaluation of pressure dependency of the dissolved oxygen sensor used for the next-generation deep 

profiling float
Program: Research and Development Center for Global Change

(7)	 Research Institute for Sustainable Humanosphere, Kyoto University / Metro Weather Co., Ltd.
Theme: Observational study of wind characteristics over ocean using shipboard Doppler Lidar 
Program: Research and Development Center for Global Change

(8)	 Graduate School of Maritime Sciences, Kobe University
Theme: �Integration of observational and modeling studies of atmospheric ozone, precursors, and aerosols 

(SLCPs) over oceans around Japan
Program: Research and Development Center for Global Change

(9)	 The Center for Academic Resources and Archives, Tohoku University
Theme: �Development of ultra-microscale skeletal density quantification of marine calcifiers by the 

Microfocus X-ray Computed Tomography
Program: Research and Development Center for Global Change
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(10)	 Institute of Tropical Medicine, Nagasaki University (NEKKEN)
Theme: �Establishment of an early-warning system for infectious diseases in Southern Africa incorporating 

climate predictions
Program: Application Laboratory

(11)	 Center for Frontier Medical Engineering, Chiba University / School of Engineering, Tohoku 
University / Faculty of Engineering, Niigata University / Information Technology R&D Center, 
Mitsubishi Electric Corporation
Theme: Technology development for under-ice measurement in the Arctic Ocean
Program: Institute of Arctic Climate and Environment Change Research 

(12)	 National Agriculture and Food Research Organization (NARO) / National Research Institute for 
Earth Science and Disaster Resilience (NIED) / Akita University
Theme: Domestic observations on thermal and hydrological states on and below surface 
Program: Department of Integrated Climate Change Projection Research

(13)	 Meteorological Research Institute (MRI), Japan Meteorological Agency (JMA)
Theme: Improvement of mesh meteorological data accuracy using a regional climate model 
Program: Department of Seamless Environmental Prediction Research
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2. International research collaboration

A.	 Interagency agreement (*extracted based on the areas of cooperation related to Research and 
Development on Marine and Global Environmental Change)

(1)	 Woods Hole Oceanographic Institution (WHOI), USA
Theme: 
• Arctic Research 

Program: Institute of Arctic Climate and Environment Research 
• Physical Oceanography and WOCE Hydrographic Lines Revisits 

Program: Research and Development Center for Global Change 
• Biogeochemistry and the Carbon Cycles 

Program: Mutsu Institute for Oceanography
• Extra-tropical Ocean-Atmosphere variability and predictability 

Program: Application Laboratory

(2)	 Scripps Institution of Oceanography (SIO), USA 
Theme: 
• Study of Ocean General Circulation and Climate  

Programs: �Research and Development Center for Global Change, and  
Application Laboratory

• Research into Marine Biogeochemical Cycles  
Program: Research and Development Center for Global Change

(3)	 The Trustees of Columbia University in New York, Lamont-Doherty Earth Observatory (LDEO), 
USA 
Theme: Climate Change in Relation to Dynamics of Marine Ecosystem and Biogeochemical Cycles 
Program: Research and Development Center for Global Change

(4)	 The Office of Oceanic and Atmospheric Research (OAR) of the National Oceanic and Atmospheric 
Administration (NOAA), USA
Theme: 
• Indo-Pacific Tropical Ocean and Climate Research and IndOOS (Scientific and Technology Development 

Cooperation) 
Program: Research and Development Center for Global Change 

• Ocean and Climate Research in the North Pacific; Cooperation in Developing and Maintaining JAMSTEC 
and PMEL Contributions to the North Pacific Surface Mooring Network 
Program: Research and Development Center for Global Change 

• Arctic Observation and Research 
Program: Institute of Arctic Climate and Environment Research  

• CO2 and other Autonomous Biogeochemical Sensors and Platforms including autonomous surface vehicles 
and autonomous underwater vehicles 
Program: Research and Development Center for Global Change

• Computer Modeling for Global Environment Research 
Program: Department of Integrated Climate Change Projection Research 

• Ocean Acidification Observation and Research 
Program: Research and Development Center for Global Change 
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(5)	 University of Hawaii (UH), USA
Theme: Study on Climate Change and Variability in the Asia-Pacific region
Program: Application Laboratory

(6)	 University of Alaska Fairbanks (UAF), USA
Theme: 
• Greenhouse Gas Dynamics of Boreal Forest and Tundra Ecosystems Vulnerability to Arctic Warming 

Program: Research and Development Center for Global Change
• Arctic Ocean Observation Research 

Program: Institute of Arctic Climate and Environment Research
• Northern Fresh Water Cycle and Changing Atmospheric Pattern 

Program: Research and Development Center for Global Change

(7)	 The National Oceanography Centre (NOC) and The University of Southampton (UoS), UK
Theme: 
• Geology and Geophysics (Palaeoceanography) 

Program: Department of Biogeochemistry 
• Physical Oceanography (The Argo Programme, Global Ocean Circulation)  

Program: Research and Development Center for Global Change 

(8)	 The Agency for the Assessment and Application of Technology of the Republic of Indonesia (BPPT), 
Indonesia
Theme: 
• Tropical Ocean Climate Observational Studies 

Program: Research and Development Center for Global Change 
• Climate Dynamics Research over the Maritime Continent 

Program: Department of Coupled Ocean-Atmosphere-Land Processes Research 

(9)	 The Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia
Theme: 
• Heat, Carbon and other Material Transports through Ocean Circulation and their Variability
• Planktonic Community Comparisons, including those of the Continuous Plankton Recorder, in Australasian 

and Japanese regions
• Ocean Modelling and Data Assimilation
• Real-time Monitoring of the Global Ocean, including Polar and Deep-water Extensions
• Indo-Pacific Ocean and Atmosphere Dynamics 

Program: Research and Development Center for Global Change

(10)	 Department of Fisheries and Oceans (DFO), Canada
Theme: 
• Observing and Modeling Ocean Climate Variability in the upper 200-300m layer of the Arctic Ocean
• Observing and Modeling Physical, Chemical and Biological Processes of Shelf/Basin Interaction
• Determining the Freshwater and Chemical Budgets of the Bering, Chukchi and Beaufort Seas
• Monitoring and Modeling the Evolution of Ice-Thickness Variability in both Shelf and Offshore Domains 

Program: Institute of Arctic Climate and Environment Research 
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(11)	 Korea Institute of Ocean Science and Technology (KIOST), Korea
Theme: 
• Western Pacific Ocean Circulation and Air-Sea Interaction 

Program: Research and Development Center for Global Change 
• Nonlinear Wave Interaction 

Program: Application Laboratory 

(12)	 Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research (AWI), Germany
Theme: 
• Polar Research and Technology 

Program: Institute of Arctic Climate and Environment Research
• Atmospheric Research 

Program: Application Laboratory

(13)	 L’Institut Français de Recherche pour l’Exploitation de la Mer (IFREMER), France
Theme: 
• Ocean Monitoring 

Program: Research and Development Center for Global Change
• Simulation Research with the Earth Simulator 

Program: Application Laboratory

(14)	 Council of Scientific and Industrial Research – National Institute of Oceanography (NIO), India
Theme: 
• Upper Ocean Dynamics and Air-Sea Interactions in the Tropical Indian Ocean
• Ocean Biogeochemistry in the Indian Ocean and Impact on Ocean Climate 

Program: Research and Development Center for Global Change

(15)	 The Agency for Meteorology, Climatology and Geophysics of the Republic of Indonesia (BMKG), 
Indonesia
Theme: Marine Meteorology and Climate Studies over the Maritime Continent
Program: Department of Coupled Ocean-Atmosphere-Land Processes Research

(16)	 Institute of Marine Research (IMR), Norway
Theme: �Marine Research (e.g. Carbonate chemistry and Biogeochemistry, Ocean dynamics and Climate 

variability)
Programs: �Research and Development Center for Global Change, and Institute of Arctic Climate and 

Environment Research

(17)	 The Ministry of Earth Sciences (MOES), India
Theme: 
• Observation System for Ocean Climate Variability 

Program: Research and Development Center for Global Change 
• Modeling of Climate Variability and its Application 

Program: Application Laboratory 
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B.	 Research cooperation agreement between each research program and foreign institute on specific 
theme

(1)	 University of Alaska Fairbanks (UAF), USA
Theme: 
• Greenhouse Gas Dynamics of Boreal Forest and Tundra Ecosystems Vulnerable to Arctic Warming 

Programs: �Research and Development Center for Global Change, Department of Integrated Climate 
Change Projection Research, and Institute of Arctic Climate and Environment Research

• Observational Research of Black Carbon in Alaska relevant to Climate and Environmental Changes in the 
Arctic 
Program: Institute of Arctic Climate and Environment Research

(2)	 University of Hawaii (UH), USA
Theme: 
• Sub-seasonal Predictability of Tropical and Extratropical Climate Modes 

Programs: �Department of Coupled Ocean-Atmosphere-Land Processes Research, andApplication 
Laboratory

• Mid-Latitude Ocean-Atmosphere Variability 
Program: Application Laboratory

• Unraveling the Coupled Air-Sea Interaction Processes in CFES in Shaping the Monsoon-Indian Ocean 
Basic States 
Program: Application Laboratory

(3)	 Department of Fisheries and Oceans (DFO), Canada
Theme: Pan-Arctic Climate Investigation
Program: Institute of Arctic Climate and Environment Research 

(4)	 The Agency for the Assessment and Application of Technology of the Republic of Indonesia (BPPT), 
Indonesia
Theme:
• Research Collaboration in Climatology, Meteorology, and Hydrometeorology over Indonesian Maritime 

Continent 
Program: Department of Coupled Ocean-Atmosphere-Land Processes Research

• Tropical Ocean Climate Observational Studies 
Programs: �Research and Development Center for Global Change, and Department of Coupled Ocean-

Atmosphere-Land Processes Research

(5)	 Anhui Institute of Optics and Fine Mechanics (AIOFM), Chinese Academy of Sciences, China
Theme: Research Cooperation of Atmospheric Composition Change related to Environmental and Climate 

Change
Program: Research and Development Center for Global Change

(6)	 Institute of Atmospheric Physics (IAP), Chinese Academy of Sciences, China
Theme: Research Cooperation of Atmospheric Composition Change related to Environmental and Climate 

Change
Program: Research and Development Center for Global Change

II. Related Activities
Research collaboration



71

(7)	 Advanced Environmental Monitoring Research Center (ADEMRC), Gwangju Institute of Science 
and Technology, Korea
Theme: �Research Cooperation of Atmospheric Composition Change related to Environmental and Climate 

Change
Program: Research and Development Center for Global Change

(8)	 Universidad de Concepción (UDEC), Chile
Theme: �Basic Research on Paleoceanography, Biogeochemistry, Biology, Physical Oceanography and 

Geophysics in the Coastal Area off Chile
Program: Research and Development Center for Global Change 

(9)	 Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA) of the 
Department of Science and Technology (DOST), The Philippines
Theme: Monsoon Experiment in the Republic of the Philippines
Program: Department of Coupled Ocean-Atmosphere-Land Processes Research 

(10)	 Aero-Meteorological Observatory of National Hydro-Meteorological Service (AMO/NHMS), 
Vietnam
Theme: Research Collaboration on Asian Monsoon Observation over Vietnam
Program: Department of Coupled Ocean-Atmosphere-Land Processes Research 

(11)	 A.M. Obukhov Institute of Atmospheric Physics (IAP), Russian Academy of Sciences, Russia
Theme: �Research Cooperation of Atmospheric Composition Change related to Environmental and Climate 

Change
Program: Research and Development Center for Global Change

(12)	 Departement Oceanographie et Dynamique des Ecosystemes, L’Institut Français de Recherche 
pour l’Exploitation de la Mer (ODF/IFREMER), France 
Theme: Scale Interactions and Material Transport using Output from High-resolution Ocean Simulations
Program: Application Laboratory

(13)	 The Agency for Meteorology, Climatology and Geophysics of the Republic of Indonesia (BMKG), 
Indonesia 
Theme: Weather and Climate over the Indonesian Maritime Continent
Program: Department of Coupled Ocean-Atmosphere-Land Processes Research

(14) The National Institute of Water and Atmospheric Research (NIWA), New Zealand 
Theme: �Investigation of Climate Predictability and Applicability over New Zealand using Statistical 

Downscaling Method
Program: Application Laboratory

(15)	 Korean Polar Research Institute (KOPRI), Republic of Korea 
Theme: Marine Research in the western Arctic Ocean
Program: Institute of Arctic Climate and Environment Research

(16)	 The University of Oxford, United Kingdom Le Centre National de la Recherche 
Scientifique, France Indian Institute of Tropical Meteorology, India Potsdam Institut für 
Klimafolgenforschung, Germany, and Institute of Atmospheric Physics, China 
Theme: Globally Observed Teleconnections in Hierarchies of Atmospheric Models
Program: Department of Seamless Environmental Prediction Research

II. Related Activities
Research collaboration



72

Funded research projects

(1)	 Development of a New Ecosystem Model to Represent the Adaptive Capacity of Plankton 
Communities in the North Pacific (FY2012-2017)
Fund: Core Research for Evolutional Science and Technology (CREST) 
Funding institution: Japan Science and Technology Agency (JST)
Program: Research and Development Center for Global Change

(2)	 Research on use and improvement of ocean database (FY2015-2017)
Fund: Environment Research and Technology Development Fund (ERTDF)
Funding institution: Meteorological Research Institute (MRI), Japan Meteorological Agency (JMA)
Program: Research and Development Center for Global Chang

(3)	 Estimation of Asian CH4 emission and evaluation of emission reduction by inverse modeling 
(FY2015-2017)
Fund: Environment Research and Technology Development Fund (ERTDF) 
Funding institution: Nara Women's University
Program: Research and Development Center for Global Change

(4)	 Effective utilization of new satellite observations on air pollution at km-class spatial resolution for 
frontier science and policy on ozone and PM2.5 issues (FY2015-2017)
Fund: Coordination Funds for Promoting AeroSpace Utilization
Funding institution: Ministry of Education, Culture, Sports, Science and Technology (MEXT),
Program: Research and Development Center for Global Change

(5)	 Impacts of Short-Lived Climate Pollutants from Asia on the Arctic Climate and Environment 
(FY2015-2017)
Fund: Environment Research and Technology Development Fund (ERTDF) 
Funding institution: National Institute for Environmental Studies (NIES)
Program: Research and Development Center for Global Change

(6)	 C budget of ecosystems and cities and villages on permafrost in eastern Russian Arctic (COPERA) 
(FY2015-2019)
Fund: Strategic International Research Cooperative Program “Belmont Forum” 
Funding institution: Japan Science and Technology Agency (JST)
Program: Research and Development Center for Global Change

(7)	 Validation of GPM/DPR on the oceanic precipitating clouds by utilizing the data from R/V Mirai 
onboard instruments (FY2016-2018)
Fund: Precipitation Measuring Mission (PMM)
Funding institution:  Japan Aerospace Exploration Agency (JAXA)
Program: Research and Development Center for Global Change

(8)	 Detection of temporal variation in marine primary production (FY2016-2018)
Fund: Environment Research and Technology Development Fund (ERTDF) 
Funding institution: National Institute for Environmental Studies (NIES)
Program: Research and Development Center for Global Change
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(9)	 Acquisition of ground truth data for mapping of biophysical parameters of forest (FY2016-2018)
Fund: Global Change Observation Mission (GCOM)
Funding institution: Japan Aerospace Exploration Agency (JAXA)
Program: Research and Development Center for Global Change

(10)	 Ocean Deployment of drifting buoys with pCO2 Sensor − Toward Resolving Data Gap Area − 
(FY2016-2020)
Fund: Global Environment Research Account for National Institutes
Funding institution:  Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Program: Research and Development Center for Global Change

(11)	 Top-down model development for estimation of total carbon (CO2,CH4,CO) sources and sinks 
(FY2017-2019)
Fund: Environment Research and Technology Development Fund (ERTDF)
Funding institution: National Institute for Environmental Studies
Program: Research and Development Center for Global Change

(12)	 Establishment of an Early-warning System for Infectious Diseases in Southern Africa 
Incorporating Climate Predictions (FY2014-2018)
Fund: Science and Technology Research Partnership for Sustainable Development (SATREPS) 
Funding institution: Japan Agency for Medical Research and Development (AMED)
Program: Application Laboratory

(13)	 Assimilation of high-resolution satellite sea surface temperature data, including Himawari-8, into 
numerical ocean models and validation of the products (FY2015-2018)
Fund: A contract research funded by Japan Aerospace Exploration Agency 
Funding institution: Japan Aerospace Exploration Agency (JAXA)
Program: Application Laboratory

(14)	 Arctic Challenge for Sustainability (ArCS) (FY2015-2019)
Fund: �National flagship project funded by the Ministry of Education, Culture, Sports, Science and 

Technology
Funding institution: Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Program: Institute of Arctic Climate and Environment Research

(15)	 Improvement of forest radiative transfer model (FY2016-2018)
Fund: Environment Research and Technology Development Fund (ERTDF) 
Funding institution: Hokkaido University
Program: Institute of Arctic Climate and Environment Research

(16)	 Research algorithm development of GCOM-C1 LAI/FAPAR, and NPP (FY2016-2018)
Fund: Global Change Observation Mission (GCOM)
Funding institution: Japan Aerospace Exploration Agency (JAXA)
Program: Institute of Arctic Climate and Environment Research
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(17)	 Studies on effects of large-scale tropical disturbances upon climate in East Asia (FY2015-2017)
Fund: Environment Research and Technology Development Fund (ERTDF)
Funding institution: Atmosphere and Ocean Research Institute (AORI), The University of Tokyo 
Program: Department of Coupled Ocean-Atmosphere-Land Processes Research

(18)	 Elucidating variability of stratospheric circulations associated with a global warming (FY2015-
2017)
Fund: Environment Research and Technology Development Fund (ERTDF)
Funding institution: Atmosphere and Ocean Research Institute (AORI), The University of Tokyo 
Program: Department of Integrated Climate Change Projection Research

(19)	 Assessing dynamic permafrost degradation mechanism and vulnerability (FY2016-2018)
Fund: Environment Research and Technology Development Fund (ERTDF) 
Funding institution: Ministry of the Environment
Program: Department of Integrated Climate Change Projection Research

(20)	 Investigation of the possibility to improve an Earth system model utilizing GCOM-C data 
(FY2016-2018)
Fund: Global Change Observation Mission (GCOM)
Funding institution: Japan Aerospace Exploration Agency (JAXA)
Program: Department of Integrated Climate Change Projection Research

(21)	 Research on methane – climate feedback (FY2017-2019)
Fund: Environment Research and Technology Development Fund (ERTDF)
Funding institution: National Institute for Environmental Studies
Program: Project Team for Advanced Climate Modeling

(22)	 Sophisticated Earth system model for evaluating emission reductions needed (FY2017-2021)
Fund: Integrated Research Program for Advancing Climate Models (TOUGOU)
Funding institution: Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Program: Project Team for Advanced Climate Modeling

(23)	 Prediction and Projection of Large-Scale Climate Changes Based on Advanced Model 
Development (FY2017-2021)
Fund: Integrated Research Program for Advancing Climate Models (TOUGOU)
Funding institution: Atmosphere and Ocean Research Institute, The University of Tokyo
Program: Project Team for Advanced Climate Modeling

(24)	 Impact of Short Lived Climate Pollutants on Global Water Cycle (FY2014-2018)
Fund: Environment Research and Technology Development Fund (ERTDF) 
Funding institution: Kyushu University
Program: Department of Seamless Environmental Prediction Research
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(25)	 Meteorological and Agricultural Information System (FY2014-2018)
Fund: Cross-ministerial Strategic Innovation Promotion Program
Funding institution: �Central Region Agricultural Research Center (CARC), National Agriculture and Food 

Research Organization (NARO)
Program: Department of Seamless Environmental Prediction Research

(26)	 Globally Observed Teleconnections and their Role and Representation in the Hierarchies of 
Atmospheric Models (FY2016-2019)
Fund: Strategic International Research Cooperative Program “Belmont Forum” 
Funding institution:  Japan Science and Technology Agency (JST)
Program: Department of Seamless Environmental Prediction Research

(27)	 Development and improvement of the method for isolation and purification of various organic 
compounds to evaluate the dynamics of marine ecosystems and material cycling (FY2013-2018) 
Fund: Core Research for Evolutional Science and Technology (CREST)
Funding institution: Japan Science and Technology Agency (JST) 
Program: Department of Biogeochemistry
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Awards
●  PEPS The Most Cited Paper Award

Dr. Chihiro Kodama, Dr. Tatsuya Seiki, Dr. Akira Noda (Department of Seamless Environmental 
Prediction Research)

The Non-hydrostatic Icosahedral Atmospheric Model: description and development
(April 2017)

●  The Okada Prize of the Oceanographic Society of Japan
Dr. Takeshi Doi (Application Laboratory)

Understanding and predicting variation in tropical and coastal ocean upwelling
(May, 2017)

●  The Okada Prize of the Oceanographic Society of Japan
Dr. Koji Sugie (Research and Development Center for Global Change)

Impact of ocean acidification on phytoplankton dynamics and bioelement cycling
(May, 2017)

●  Nishida Prize for Promotion of Geo-and Planetary Science
Dr. Shingo Watanabe (Department of Seamless Environmental Prediction Research)

Studies on general circulation of the atmosphere based on high resolution GCM and earth system model
(May, 2017)

●  The Award of the Meteorological Society of Japan
Dr. Shingo Watanabe (Department of Seamless Environmental Prediction Research), 
Dr. Yoshio Kawatani (Department of Integrated Climate Change Projection Research)

Studies on the middle atmosphere general circulations using gravity wave resolving models
(May, 2017)

●  ESPEC Prize for the Encouragement of Environmental Studies
Dr. Takuma Miyakawa (Research and Development Center for Global Change)

Studies on PM2.5 aerosol characterization using next-generation unmanned observation platforms 
(August, 2017)

●  NASA Group Achievement Award
Dr. Kazuyuki Miyazaki (Research and Development Center for Global Change)

For his contributions to the KORUS-AQ projects using a multi-constituent data assimilation system developed at 
JAMSTEC
(September, 2017)

●  Extraordinary Scientist Award of the Paleosciences Society
Dr. Naomi Harada (Research and Development Center for Global Change)

Study on the subarctic North Pacific paleoenvironment in late Quaternary
(November, 2017)
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●  Hydrographic Technology Encouragement Award of the Japan Hydrographic Association
Institute of Arctic Climate and Environment Research

Development of under-ice AUV for the Arctic Ocean
(February, 2018)

●  Ecological Research Paper Award of the Ecological Society of Japan
Dr. Shin Nagai (Research and Development Center for Global Change)

Seasonality of leaf litter and leaf area index data for various tree species in a cool-temperate deciduous broad-
leaved forest, Japan, 2005-2014
(March, 2018)
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