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Development of a sub-daily scale terrestrial
biosphere model using satellite data for better
understanding of anthropogenic CO, emissions
from Tokyo city and Kanto plain

RREMARFEHN SDARBIEIECO, BHHEHED =&
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YBEFILORER

(2021 £ 12 A 24 HEIEYS)

This study was conducted to develop a
terrestrial biosphere model calculating sub-daily
variation of Net Ecosystem Exchange of CO, (NEE,
the difference between gross primary production
GPP and ecosystem respiration R.) based on
satellite data and meteorological conditions, with
Tokyo and the Kantd Plain as the study target
area. During the period of 2010-2018, hourly
integrated NEE in the Greater Tokyo area (139°
E-141°E 35°N - 36.333°N) was as low as —
2261 £ 4.24 Gg CO, h'" around midday and as
much as 5.99 <+ 0.74 Gg CO, h' at night in
summer, respectively equivalent to one half and
one fifth of the hourly integrated estimate of
anthropogenic CO, emissions in 2018. In winter,
the hourly integrated NEE was one order of
magnitude lower than the hourly integrated
estimate of anthropogenic CO, emissions. The
modeled NEE results can serve as (1) reference
data to estimate potential of forests, grasslands,
and urban vegetated land to offset anthropogenic
CO, emissions from the Tokyo megacity; (2) prior
input data in top-down approach studies to
update the megacity’ s CO, emissions inventory.
Such updated megacity CO, emissions inventory
based on satellite and/or ground measurement
data of CO,concentrations is expected to serve
to (1) detect changes in anthropogenic CO,
emissions; (2) elucidate the anthropogenic source
patterns over space and time; (3) support the
assessment of emission-reduction efforts pledged
and implemented by cities such as Tokyo.
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Studies on Tropical Cyclone Influences on Climate
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Study on the determination processes of Antarctic
precipitation isotope ratio in the past and present
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Mechanisms of the land-ocean warming contrast
under global warming
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A study on coupling processes between cumulus
convection and atmospheric disturbances based
on analyses of equatorial Rossby and Kelvin waves
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A study on mechanisms of teleconnection
patterns affecting summer climate over East Asia
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Mukunda M Gogoi
A RFHEWFRFR (1K)
(Vikram Sarabhai Space
Centre, ISRO, India)

2022 7H5H~9R27H

My visit to the prestigious 1870s research university
has provided me with new insights into various scientific
information, academic environment and the research and
cultural arenas in Japan as a whole. It was a very smooth
and successful experience for me at CCSR office all the
way through. To this end, | would like to extend my sincere
thanks to Prof. Ryoichi Imasu for his heart-warming welcome,
wholehearted support, and attention to my various tasks
at AORI. | had very fruitful scientific discussions with him
about satellite retrieval of aerosols from different space-
borne sensors and assimilation of Black Carbon (BC) using
numerical model simulations. As the light-absorbing BC
aerosols have very sensitive role in affecting the Earth’s
radiation budget and climate, satellite-based retrieval of
BC from the Cloud and Aerosol-Imager-2 (CAI-2) on-board
the Greenhouse gases Observing Satellite-2 (GOSAT-2),
combining with surface measurements over the Indian region
is unique in terms of enabling retrieval accuracy as well as
expanding it to the understanding of global distribution of BC
in near-real time. At this juncture, | also wish to express my
appreciation to Dr. Makiko Hashimoto (Japanese Aerospace
eXploration Agency, JAXA) who provided insightful scientific
perspectives on satellite retrieval of aerosols using MWPM
inversion algorithms. Thanks to Prof. Imasu for taking me to
JAXA. Furthermore, it was a pleasure to visit the National
Institute for Environmental Studies (NIES), Tsukuba,
where | met Dr. Morino for scientific discussions, had a lab
tour, and looked at the high-resolution Fourier Transform

Infrared Spectrometer system. Visiting the greenhouse gas
observatory at the Center for Environmental Science in
Saitama (CESS) is another fantastic experience to share with
Prof. Imasu. In addition to the above, | visited Kyoto and met
with Prof. Sochiko Hayashida and her team at the Research
Institute for Humanity and Nature (RIHN). | thoroughly enjoyed
the scientific interaction that followed my presentation.

During my stay in Japan, | also took part in a lot of other
activities and met many wonderful people. First of all, | want
to express my thanks to Asako Ando-san for the continuous
support and help she has provided me in various aspects.
She helped me with everything from sharing my international
travel details to making arrangements at Kashiwa International
Lodge and getting a bike to roam around. Additionally, it was a
pleasure to meet Anamika Anand-san, Arthur Ho Wang LI-san,
Ardhi Adhary Arbain-san, Yutaka Arai-san, Qiao Wang-san,
Yokifan-san. As a guide to new places, shopping and foods
in Japan, Anamika-san was always helpful. Discovering live
KABUKI at the National Theatre with Anamika-san is another
delight. It was a great opportunity to experience the essence
of Kabuki, which is listed as an intangible cultural heritage of
humanity. Similar to this, | had many more enjoyable events
beyond AORI, such as visiting parks, museums and shrines
in Tokyo and Kyoto. | am happy to note that some temples in
Japan combines the Japanese double-roofed ‘irimoya’ style
and the Indian ‘tenjiku’ style in to one building.

Towards the end, | was also lucky to share the office with
Dr. Mike Fiorino from USA. We had many opportunities to
discuss the scientific issues related to climate change and to
share our experiences at Japan. Sharing the common room
with friends from different countries at the international lodge
at Kashiwa was yet another big enjoyment to have different
varieties of food, as well as discussing about science, human
life and the future of earth. It's also worth mentioning the
beautiful library on the Kashiwa Campus. Its ambience was
perfect for me to spend hours there and learn about different
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disciplines through its rich content. Thanks to the library staff
for their quick action and support in arranging the visitor card
within a day.

Overall, I am truly impressed by the laboratory facilities and
scientific research life in CCSR/AORI. Every member of the
institution shows unparalleled sincerity and dedication to their
work. It is very inspiring to the adventure of ideas and for the
search of truth for the growth of a nation.

BEHIF

Mike Fiorino
Ta—IAAVIKE (7 XU HNERE)
202249828~ 108288

This was my 14th and longest visit to Japan since attending
a 1982 Tropical Cyclone (TC) meeting in brand-new Tsukuba.
Much has changed over the 40 years, for me (and Japan).
What has not changed is my fascination with Japan and the
Japanese people and language. The opportunity to work at
TouDai with my TC data and modeling colleagues in Japan is
one of the highlights of my 44+ year career in meteorology.
The assignment was supposed to start in April 2020, but
that was the beginning of the COVID-19 pandemic/panic.
After a 2.5 year delay, | was finally able to come over for
a shortened period to develop a unique TC data set. The
visit would not have happened without the great patience
and efforts of my sponsor, Yukari Takayabu-sensei and her
administrative assistant Eiko Niikura-san. A big ‘doumo
arigatou gozaimashita’ to all!

The purpose of the trip was to build a special or ‘super’
‘best track’ (BT) TC data set for both forecasting and for TC
variability studies. The ‘superBT’ extends the post-season
BT data from the two US operational forecast centers (Joint
Typhoon Warning Center (JTWC), Pearl Harbor HI and the
National Hurricane Center (NHC), Miami FL) with storm and
environmental information from the twice-daily, 10-d global
model forecasts of the ECMWF ERAS5 reanalysis 1979-2022.
In addition to the global atmospheric reanalysis (dynamical
information), precipitation data from satellite-based global
analyses of both the US and Japan for the period 1998-2022
were added to provide information on the TC thermodynamic
forcing.

The first step was to transition my software and data from
a linux VM to the CCSR servers. To my amazement, the
process took less than a day! Thus, | was able to spend most
of my time on the data itself, rather than on technical details
that often are very time consuming. The second step was to
assess the quality of the ECMWEF reanalyses. | brought over
about 15 TB of global model data for the project. Processing
and moving such large quantities of data was a challenge,
but more importantly, the quality of the ERAS5 reanalysis TC

forecasts are excellent, even in the early years of satellite
sounding observations (1979-1990), and substantially better
than in previous reanalyses at ECMWF and NCEP. ERA5 will
provide the best, and quality-wise, the most consistent data
on the TC environment ever. My hope and expectation is that
the superBT will lead to significant advances in TC forecasting
and provide for a deeper and more dynamical understanding
of TC variability. Again, many thanks to all for their assistance
and support of the superBT and | look forward to continue
working with CCSR/AORI.

BERHR

Malcolm Roberts
A RURGEFN\RL—tE YT — (EE)
2022%10828~128268

This was my first visit to Japan for several years, and my
longest stay ever — | was one of the managers of the UK-
Japan Climate Collaboration back in the early 2000s which
involved many shorter visits to the Earth Simulator in Sugita,
and to Tokyo. During that time | got to know many Japanese
colleagues at JAMSTEC, CCSR and the University of Tokyo
(as well as meeting my wife Yoko!), and we’ve kept in touch
and collaborated since those times. So when my European
PRIMAVERA project finished in late 2019, we started planning
this visit — unfortunately we all know what happened then!
After many attempts we were finally able to make the trip, very
generously hosted by Hasumi-sensei and greatly assisted by
Kitajima-san.

Due to the delay in the trip, | had to split my time and
continue more Met Office work than was ideal. This is
because we have a new European project EERIE starting
in January 2023, for which | needed to prepare and start
running a global coupled model with an 8km ocean resolution.
Fixing various model problems, and developing the required
tools to do continuous monitoring and assessment of such
simulations, took up some time. So far the model has
completed 120 years of pre-industrial spin-up, and | plan to
shortly include a 15km atmosphere resolution and do the full
CMIP6 simulations.

A key region of the real ocean is the Labrador Sea in the
North Atlantic, where ocean deep convection occurs, and
where we found problems in our previous model simulations
in CMIP6 HighResMIP. Discussions with Hasumi-sensei and
Kawasaki-san on the key processes in this region highlighted
the importance of eddying and the representation of ocean
bathymetry, and further collaboration on this would be
welcome in EERIE, where we’ll have 4 different models at
~10km global resolution in atmosphere and ocean.

As co-lead of HighResMIP (a new intercomparison in
CMIP6 to compare global models at ~25km resolutions), we
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are now discussing how to progress and improve towards
CMIP7. | had very useful discussions with Satoh-sensei on
how HighResMIP can potentially help to make links between
global km-scale modelling efforts such as NICAM and the
DYAMOND project, and longer term climate simulation at
lower resolutions. Satoh-sensei already had some ideas on a
1 year simulation designs for DYAMOND, and we’ll discuss in
HighResMIP if this could be incorporated into our designs.
We also visited various other groups for in-person
discussions. At the Hokkaido University we had productive
talks with Minobe-sensei about the diurnal cycle of
precipitation, and using HighResMIP models to understand
the causes of some recent tropical cycle trends and possible
future changes to bomb cyclones. At JAMSTEC in Sugita we
discussed ongoing work with MIROC and NICAM models,
including work on the synchronisation of the Kuroshio and
Gulf Stream which is very relevant. | also talked with Nonaka-
sensei and Nakamura-sensei and people involved in the
HotSpot2 project about mid-latitude air-sea interaction

processes which will also be extremely relevant to EERIE. We
also visited MRI and had good discussions about HighResMIP
with Mizuta-san.

As well as our work, we managed to take some time to
enjoy Japan in autumn. We enjoyed the Shinkansen on our
way to Hokkaido, and visited many fish markets, the Nikka
whisky distillery, Toya-ko and the coastline near Sapporo.
We went to the fireworks display at Tsuchiura, the Christmas
market in Hibiya Park, and the Railway Museum in Omiya,
and | also managed to climb Mount Tsukuba. It was also a
pleasure to meet Mike Fiorino and Johannes lohmann whom
we shared an office with during our stay, and we have some
ideas for future collaboration with them as well.

Overall | enjoyed a wonderful time in Japan, and now I'm
back in the UK I'm missing the Tokyo sunshine very much!
Domo arigatd gozaimashita to everyone for making me feel
welcome at the University of Tokyo, and | hope to return soon.
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