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Study on multiple equilibria of the Atlantic
meridional overturning circulation under glacial
climate
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A study of the global atmosphere ocean
circulation and surface environment from the
Cretaceous to the present day using climate

simulations
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Yujia Fan (EEES5557)

Study on the Distribution of CO2 Concentrations
in the Ocean Using Solar Spectrometers Installed
on Japan Meteorological Agency Observation
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Tropospheric ozone retrieval over urban areas
using TIR band of TANSO-FTS-2 on GOSAT-2
(GOSAT-2 D#FRNEV Y —ZAVNEHFICHT S
FERE AV > OYFIERET)

Ozone (O3) is one of the most important
gaseous chemicals in the atmosphere, it is
regarded as the third most potent anthropogenic
greenhouse gas, following CO and CH4, and
short-lived climate forcer (SLCF) . As O3 formation
is predominated by catalytic cycles of nitrous
oxides (NOx) and volatile organic compounds
(VOCs) , the urban areas are therefore considered
as a major source of tropospheric O3. Limited by
sparsely distributed monitoring stations, a
vertically resolved global observation dataset is of
fundamental importance in proper mitigation of
potential damage. The aim of this study is to
construct the first vertical O3 dataset using
Japanese Greenhouse Gases Observing Satellite-2
(GOSAT-2) .

In this project, we apply thermal infrared band
(TIR) of the nadir-looking instrument TANSO-
FTS-2 onboard GOSAT-2 to retrieve O3 profile.
The retrieval is focused on the Kanto area, Japan

by the targeting mode of FTS-2 with around 40 X
40 km2 domain. In the retrieval process, we apply
the optimal estimation (Rodgers, 2000) and the
Line-By-Line Radiative Transfer Model (LBLRTM) as
the forward model, with the spectroscopic line
parameters from HITRAN 2016 database.
Meanwhile, we utilize sequential retrieval
approach, using the JRA-55 reanalysis data and
the MIPAS O3 data in Tokyo as the a priori profile.
For validation, we conduct theoretical error
analysis and compare the retrieval with
ozonesonde data obtained in Tsukuba, Japan
(36.06°N, 140.13°F) .

The sensitivity of O3 is the highest at lower
stratosphere where O3 varies significantly, with a
DOFS of 3.21. The peak region of averaging
kernel (AK) area extends 4 to 60 hPa for O3,
signifying the retrieval’ s sensitivity to true profile
in this range. An experimental run is conducted to
examine the retrieval program, revealing a range
of BIAS from -0.3% to 0.4% for T, -12.2% for H20,
and -7.2% to -1.9% for O3. A total of 130 datasets
are obtained after filtering out cloudy scenarios,
mainly in July 2019 and January 2020. The spatial
distribution of O3 generally reviews tropospheric
features, where discrepancies over the surface
urging further investigation. In summary, this
project provides state-of-the-art O3 data focusing
on urban areas using satellite, enhancing our
understanding of O3 chemistry and its impact on
climate and air quality.
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1 / I, My memory and educational
\\\ l{ experience at AORI during
: May- July 2024

It is my immense pleasure to formally document my

research experience at the Atmosphere and Ocean Research

Institute (AORI), CCSR, University of Tokyo, where | had the

privilege to work with Professor Imasu’s research group from

May 7, 2024, to August 3, 2024. This would have not been

possible without the generous support of Prof. Imasu with

whom | have been keeping a long association over a period of
2 decades.

During my stay at AORI, | focused on studying small-
scale agricultural burning using Sentinel-2 satellite data,
integrating advanced deep learning models for enhanced
analysis. This work was in good progress already with
Prof. Imasu’s Lab. The primary goal of this research was to
assess the environmental impact and detection capabilities
of remote sensing technologies when applied to agricultural
burning. Leveraging Al and machine learning techniques,
we aimed to develop more accurate models to classify and
predict burn areas, an area that has critical importance in
both environmental conservation and sustainable agricultural
practices.

Throughout this period, Professor Imasu’s expertise and
guidance were invaluable to our collaborative research
progress. His insights into the complexities of Earth
observation data and Al modelling significantly contributed to
the development and refinement of the research methodology.

During my stay in AORI, we also completed a preliminary
study on the investigation of solar cycle linkages to wind,
temperature, and surface pressure using a combination
of MERRAZ2 data and sunspot records over Indian region.
Solar cycle intensity has shown a gradual decline over the
past four decades. Wind speed data collected from several
metropolitan cities across India demonstrated a consistent
decrease. The reduction ranged from 0.3 to 0.6 m/s, with an
average decline of about 0.5 m/s. Particularly, wind speed
reduction was more noticeable around the latitude of 10°N.
This trend was especially significant during the winter season
in Northern India. The reduced wind speeds are likely to

contribute to worsening air quality due to limited dispersal
of pollutants. The decline in wind speed, particularly during
winter months, has serious implications for air quality in
India. The observed climatic trends suggest that the reduced
wind speeds may result in diminished pollutant dispersion,
potentially exacerbating air quality issues in the region in the
future. We would like to expand this study on a larger scale as
an outcome of our collaborative work.

In addition to the research, | had the opportunity to
participate in an academic tour from the University of Tokyo to
Gunma Prefecture, organized by Professor Imasu’s research
group. This tour provided an enriching experience, allowing
me to engage with lab researchers and observe practical
field applications of remote sensing technologies. We also
got an opportunity to visit Gunma astronomical observatory,
which was truly an amazing experience for me to learn the
capabilities of telescope to see much deeper in the space
and bring back the hidden information and knowledge to the
scientific community and public. | am happy to mention my
successful academic visits to Nagoya University and Kyoto
University during mid-July where | got an opportunity to
discuss our collaborative research work with Prof. Y. Matsumi
and Prof. S. Yoden, respectively.

These visits also facilitated interdisciplinary discussions
and collaborations, which deepened my understanding of
the broader context of my research. | would like to record
my sincere thanks to the students and researchers of Prof.
Imasu’s laboratory. My special thanks to Arthur (Li Ho Wang),
Arai Yutaka, Xie Fengxin, Hasegawa Asaka, Hu Qiduo, Anand
Anamika, Owada Hiromi, Miyauchi Oura, Yamada Anri, Wang
Qiao, and lwasaki Chisa.

Surely, | would express my gratitude to Ms. Asako Ando
for her consistent support for my day-to-day life in Kashiwa
International lodge and in AORI. Also, my thanks to her
colleagues in her office who have been very kind throughout
my stay.

The entire experience at AORI was highly educational and
transformative. It enhanced my technical skills and provided
me with a broader perspective on how satellite data and Al
can be applied to address environmental challenges.

| am grateful for the opportunity to have worked at such a
prestigious University, and | deeply appreciate the mentorship
and support provided by Professor Imasu and the entire
research team. | look forward to applying the knowledge and
skills gained during this period to future research endeavours.
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Bt = —5RE (2024.1 ~ 2024.10)

2024/1/30 15:00-16:00
Dr Alexander Fraser (Senior Research Scientist, Australian
Antarctic Program Partnership)
Title: Remote sensing of Antarctic landfast and marginal
ice zones: New datasets to increase our baseline
knowledge and assess changes
5T SRETIER 270
2024/2/21 13:30-15:00
Masahiro Momoi (GRASP SAS, France)
Title: Development of a “radiative transfer solver” for Earth
observation and life in France
5T ST 270%F
2024/3/21 13:30-15:00
=71 F (BERZKRT RIBERZH)
Title ) TEXRDIER SN T 5 EFHEMEEE DL
5T SEIER 270%F
2024/5/29 15:00-16:30
5 %18 (Bjerknes Centre for Climate Research)
Title: Evaluating fine-scale ESMs for Southeast Asian
Climate and Extreme
15 $e G 270 =
2024/7/16 10:00-11:30
Prof. Graeme Stephens (Jet Propulsion Laboratory)
Title: Tropical Deep Convection, Cloud Feedbacks and
Climate Sensitivity
15T SG TR 270 =
2024/7/24 10:00-11:30
BiE T KRUBFIRZER)
Title: ARV hP MU E 21— 3 ViRIED Iz b DFF A
S #eE R 270 F (xrI0+D AL GERE)
2024/7/25 13:30-15:00
Prof. Yi Huang (McGill University)
Title: Dissecting climate and climate models with the aid
of radiative kernels

SN o8y sl =4k N
B RIIL  REESR EELRE
2023/12/25 NERZEMRERTEE [SIRZE TR SinH
® OS5 L] SHUSEERRY VRI DA
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A7y REHE)

NER 2 AR ETEE [IRZE TR SinH
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WELEHEE

Ms. Peng Si (FE KEMRE) 2024/10/1-2025/9/30

2024/3/5

2024/10/20

ST fREITTR 270 %
2024/8/28 15:30-16:30
Matt Luongo (Scripps Institution of Oceanography)
Title: Subsurface Adjustment and Heat Transport
Response of the Tropical Pacific to Hemispheric Energy
Forcing
ST ST 270
2024/10/7 9:00-17:00
ELRNCEIFePEFHEERS
BAT: A v /N REBFEE 1 SE105SE (+ RPOATEF
T —FICERUTHIE)
2024/10/9 10:00-11:30
L T2 CRugFizeam)
Title: BEBEBRKL —IERIC X2 BMAOEXFES L UZ
DFFRZLTA
ST SEHIER 270 F (xJURI0OFD AL EERME)
2024/10/21 13:00-14:30
Jun Ying (R&UEHMRMBEMRE. State Key Laboratory
of Satellite Ocean Environment Dynamics, Second
Institute of Oceanography)
Title: Effects of present-day SST biases on the projections
of the tropical Pacific SST warming pattern
5P MRS 270%
2024/10/22 13:30-15:00
Prof. Samar Khatiwala (Waseda University)
Title: Efficient spin-up of Earth System Models using
sequence acceleration
5T ST 270 %
2024/10/28 10:30-11:30
Dr. Marie Kapsch (Max Planck Institute for Meteorology,
Hamberg, Germany)
Title: Coupled climate-ice sheet simulations of the long-
term past and future
BT fSRETR 270
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2024/10/30 10:00-11:30 2024/10/31 10:00-11:30
Prof. Kira Rehfeld (University of Tbingen, Geo- and Dr. Laetitia Park (French National Centre for Scientific
Environmental Research Center (GUZ), Germany) Research)
Title: Bridging between weather and climate from high- Title: The impact of rain on the global ocean carbon
resolution to long timescale phenomena uptake
BT SO 270 (xR I0FD ACEERRE) BT Se R 270 %
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