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[Overview and purpose of the course]

/ Course Description

ExoKyoto
#11835
English

This lecture focuses on the planetary-scientific conditions that enabled the Earth to form and evolve asa*“
Water Planet.” Through comparisons with other terrestrial planets, students will examine differences
between radiative equilibrium (blackbody) temperatures and observed planetary surface temperatures
obtained by space missions, and analyze how atmospheric greenhouse effects vary among planets. The course
also explores the conditions under which a planet can exist as awater planet, using runaway greenhouse
effects and Snowball Earth scenarios as key examples.

Through the study of Earth’ s history, students will learn about the formation of the oceans and atmosphere,
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as well asthe climate-stabilizing roles of ocean circulation and the hydrological cycle. The lecture also
addresses extreme events that may arise when these systemsfail to function.

In addition, by examining past mass extinction events, students will consider the essentia factors required to
sustain Earth’ s ecological systems over geological timescales.

The course further introduces extrasolar planets that may possess Earth-like environments. Students will learn
methods for classifying exoplanets and defining the habitable zone using the ExoKyoto exoplanet database.

/ Learning Objectives

English (Revised)

This lecture aims to deepen students  understanding of both the uniqueness and commonality of the Earth
system within the solar system. Through the study of Earth’ s history, students will examine how oceans and
the hydrological cycle have contributed to the stability of Earth’ s climate system and the development of
ecosystems.

By critically analyzing past mass extinction events, students will further consider how humanity in the
Holocene might avoid the ongoing risk of a new mass extinction. Through short reports and in-class
discussions, the course seeks to cultivate each student’” s ability to think independently and critically about
complex planetary and environmental issues.

/ Interdisciplinary Education Overview




This course aims to provide students with a foundational understanding of the formation of terrestrial planets,
the mechanisms that sustain Earth’ s environment, and Earth’ s geological history, drawing on awide range
of research outcomes and visual materials. The course is designed not only for students specializing in Earth
and planetary sciences, but also for those from humanities and social science backgrounds.

L ectures are conducted in both Japanese and English, with the additional goal of enhancing students
academic English skillsin the field of Earth and planetary sciences.

[Course objectives]

English

The objective of thislectureisfor students to develop a solid understanding of the formation processes of
terrestrial planets and the conditions that enabled the Earth, uniquely, to function as a water planet capable of
sustaining life.

Through the study of Earth’ s environmental evolution over geological time, students will also examine the
foundations of modern human society supported by abundant oceanic and freshwater resources. The course
aims to cultivate graduate-level knowledge and critical thinking skills that enable students to identify key
challenges and explore viable solutions for maintaining and designing Earth’ s future environment.

[Course schedule and contents)]
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#11835
L ecture Contents (English)

First & Second

Overview of the course. Introduction to the Earth as awater planet through intercomparison with other
terrestrial and Jovian planets in the solar system. Radiative equilibrium (blackbody) temperature cal culations
using solar constants and planetary albedo, and comparison of atmospheric composition and greenhouse
effects among planets.

Third & Fourth
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Critical conditions for ocean formation: runaway greenhouse effects and critical fluxes, using Venus as a case
study. Therole of solar radiation and solar activity in shaping planetary environmentsis also discussed.

Fifth
Conditions for ocean formation 11: Snowball Earth as an example to study the formation and shutdown of
hydrological processes.

Sixth
Atmosphere#8211ocean interactions. El Ni#2410#8211Southern Oscillation (ENSO) and the Indian Ocean
Dipole (I0OD), with an introduction to basic physical oceanography.

Seventh
Impacts of solar activity on the Earth’ s environment: space weather.

Eighth
Long-term variations in solar activity and their influence on Earth’ s climate: space climate.

Ninth & Tenth
History of planetary formation I: formation of the Moon based on the Giant Impact hypothesis and its
importance for the present Earth environment.

Eleventh
History of planetary formation I1: geological evidence of Snowball Earth, its effects on atmospheric
composition, and the consequences of a complete shutdown of ocean circulation.

Twelfth
History of planetary formation I11: the Permian#8211Triassic (P#8211T) mass extinction event and Oceanic
Anoxic Events (OAE).

Thirteenth
History of planetary formation |V the Cretaceous#8211Paleogene (K#8211Pg / K#8211T) mass extinction
event, asteroid impact hypotheses, and iridium anomalies at the boundary layer.

Fourteenth
History of planetary formation V: potential mass extinction events in the Cenozoic and Holocene, including
hypotheses involving asteroid impacts and volcanic activity.

Fifteenth

Concepts of the“ Goldilocks (Habitable) Zone” through the study of solar and extrasolar planetary systems
using ExoKyoto, an exoplanet database, and discussion of conditions required to sustain water planets and
life.

Sixteenth
Feedback

Optional astronomical observation sessions for inner and outer planets are scheduled on clear nights during
the course period, using refracting telescopes and binoculars.

Continue to (O




[Course requirements]
None

[Evaluation methods and policy]

English
Grades will be determined based on short reports assigned during the course and a final report submitted at
the conclusion of the course.

[Textbooks]

To be recommended during the lecture
[References, etc.]
References, etc.

2023

Related URL
www.exoplanetkyoto.org(ExoplanetKyoto- ExoKyoto )

[Study outside of class (preparation and review)]

English
Students are strongly encouraged to regularly follow information related to space science, including updates
and educational programs available through the internet and television.

[Other information (office hours, etc.)]

26 30

e-mail

yamashiki.yosuke.3u@kyoto-u.ac.jp
During the course period, optional field-based astronomical observation sessions using tel escopes and




binoculars will be announced.

Except for observations conducted within Kyoto University’ s 'Y oshida Campus, these activities may involve
small-group travel. Therefore, students wishing to participate are required to be covered by the student
accident and liability insurance recommended by the university.

For observation sessions that involve travel, transportation costs may be borne by the students if the number
of participantsislarge.

In previous years, observations of Mars, Jupiter, and Saturn were conducted with enrolled students in areas
surrounding the university.

This course welcomes students not only from Earth and Planetary Sciences, but also from a wide range of
academic backgrounds.

Students who wish to participate in observation activities or seek individual consultation should contact the
instructor in advance by e-mail.

Contact:
Y amashiki.yosuke.3u@kyoto-u.ac.jp

[Essential courses]




