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(Outline) This lecture will focus on physical background on the formation and development of Planet Earth as
the Water Planet. The critical condition for the formation of ocean and presence of hydrological cycle on the
Earth will be discussed by introducing basis of planetary physics and the history of the Earth. After
introducing global scale issues, this lecture will also focus on catchment scale hydrology by introducing the
concept of Sustainable Catchment Management aiming for better protection of lakes, reservoirs and
surrounding ocean area/coastal zone. In addition, we’ll study classification of extrasolar planetary system by
learning definition of Goldilocks (Habitable) zone by using Exoplanetkyoto exoplanetary database.
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(Learning goal) This lecture aims for all students to comprehend basic knowledge of our planet earth as
“Water Planet” in the solar system by learning specific characteristics of inner / outer planets through mutual
comparison, by learning several extinction events throughout history of the earth, and by considering the
mission of our “Human being” as creature living in this planet.

(BrEREEZTOME - B

ABERICHEVTE, HMKIREMEZEZ THOETEREG OB RE DR EMIKIRIBEDMH R, SLUH
KOBERIZONT, HRAGHERRVCREBERZAGHNOZUVRASEZBRETHN FITHKRENFZE
BLTWEWA R FEAXRDAREHMREL TS, T, RE/BREFERABRICIY. CORFIZH
[THREBRENDAELICELHEDH D,

EFHEER)

IKIRIEMEEE A T ETREBELIMKBREDOMEBIEL, IKOANKBRELLTEREFTLIEN
TEREEBZERL, FTMRAROEBBEOFELEL T, ENGBFEREEKERICEENRED
ANEEMYECREZSREDLIICLTHFELTHIRENMIDVTDRREREIFRTHIENTELREIRE
ELTAHESOLWHRZHIZDITS,

(Learning goal) This lecture aims for all students to comprehend basic knowledge in the following: (1)
formation process of the planet earth as Water Planet, comparing other planets with less / no water in its
surface (2) concepts of “Goldilocks zone” through learning extrasolar planets (3) celestial bodies that induce
potential thread to human being, and (4) necessary skills and knowledge required to design Earth’s future
environment.
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First & Second: Overview of the course; Introduction of the Planet Earth as Water Planet through
intercomparison with other (Terrestrial and Jovian) planets in the solar system. .

Third & Fourth: Critical condition for the formation of ocean and hydrological cycle on the Earth; Introduction
of the basis of planetary physics and history of the Earth, throughout comprehension of Critical fluxes and
runaway greenhouse effect. Learning also important effect of solar radiation and solar activities.

Fifth: Interaction of near land surface atmospheric processes with catchment hydrologic and geomorphic
processes as well as land cover effects, examples from rain and snow dominated environments. Evaporation
and transpiration, and potential threat of shutdown all processes throughout Snowball Earth.

Sixth : Oceanic-continental mutual interaction. Introduction of ENSO and 10D as ocean-atmosphere
interactions.. Introduction of basic physical oceanography focusing on surrounding ocean area and coastal
zone.

Seventh & Eighth : Introduce Solar - Earth Interaction, space weather (Seventh) and impact of Solar activity on
Earth's long term climate.

Ninth & Tenth : Formation of the Moon based on the hypothesis of Giant Impact and its important effect on
creating current Earth’s environment.

Eleventh : Learning the root cause and its effect of Snowball earth and complete shutdown of hydrological
processes on the Earth.

Twelveth: Introducing Permian-Triassic (P-Tr) Extinction Event and potential threat of Oceanic Anoxia Events
(OAE).

Thirteenth : Learning historical extinction event induced by large asteroid attack through introducing
Cretaceous-Paleogene (K-Pg) (or Cretateous-Tertiary (K-T)) Extinction Event and K-Pg (K-T) boundary.
Fourteenth: Learning Cenozoic and Holocene catastrophic events by introducing several hypotheses of
asteroid impacts and volcanic eruptions.

Fifteenth: Learning concepts of “Goldilocks zone” by introducing solar and extrasolar planetary system using
ExoKyoto, an extrasolar planetary database system.

Sixteenth: Feedback

Astronomical observation events for inner/outer planets are scheduled in Kyoto (at Kwasan Observatory, and
surrounding area etc.) using refracting telescope and binocular telescope for those who wish to join.
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An examination will be given at the conclusion of the course; students will also be asked to submit a “final
report”. Grades given in these two components will determine the grade assigned to each student.
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To be recommended during the lecture
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ExoplanetKyoto- ExoKyoto www.exoplanetkyoto.org
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[t is strongly recommended for all student to constantly browse information concerning spatial science
update and educational program available both internet and television program.
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As astronomical observation events for inner/outer planets are scheduled in Kyoto (Kyoto university’s
surrounding area etc.) using refracting telescope and binocular telescope during the semester, those students
who wish to join must participate necessary student insurance recommended by the university. We anticipate
all students both with and without Earth & Planetary science background.
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EHIIZ e-mail TPRERSZE. A—JLTFL R yamashikiyosuke.3u@Kkyoto-u.ac.jp

Please contact through e-mail at Yamashiki.yosuke.3u@kyoto-u.ac.jp
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SHR B NEEAY. FE (B OEREFEAREFZEBELENALERT S, RFIC, REEFTITRREIN:
ABERNABEIZODWTHALMNMEZLEICHEL. BALEERTOERDNEFZTILY —VEEHIZDNTE
Bl EGPEETIAREEOHDINERTILREDEH/EERT S,

Ff=, Vasvb I LV EEEERAVWVERABREZBLTCABROBREBL T L —EEOEE - AV IXIKIZD
WTHEE T %, NASA O JWST, HST 4o, L WO WERFELZEITDNTHBERFTI,
FMBRFEOFEEEFELTEEERRDOEAE R L, BERRCKXERTOEAN L 0T RIERZENERIC
DNWTEY, TOVRATLHEEEL G TROBIHBRICDOVTES, FRERREREFEETHILIC
KUY, HIBRAERES R T LZMFTA-ONDERICOVTEY., NEOEFED-ODEELEREMNEZHICONT
EET S, RAFIC. KEIL7-BEILT7IZESEH - THEHRAEADZEICOVTLEET S,

A ILAS E2F—I&, 2015 EEISR7 Y EILLCHRBESNATUK. 9 EHORELLDH. 2016-2023 FEIC
IEKRBERNEE T —HFX—X ExoKyoto % ILAS 3 F—2EEN DL EL TR AFAZTHL. BAEHKA
BB THRINTWS, FHRGEEFEREXKENER. SICEAFTHEERR LU 4—. THEHEWFEEIS
CEELODHEES VRN BE LIS — HAZHRE T IHE. BRERXRFIFZET>THY. ZDLIBT IR
—FEENDRME® ILAS I —R TR OMEEHEELBZELL TS,

(FIEBE)

NEZT L= (TILTAAVIRT =) IZDNTOHOEMREFED Bk D KT ERL G EET IR
EITIOVTOEBRHIEHITONTERT D, BALGKRAKIZHELA . REASRICOVWTOERMRFILEHIZD
1%, 3512, NESLUVEROMHEIFOLOITBRELGREOFHICOVTEY., KERNAREOHEICIGAL
Db, NEEEGDEBFEDEOHIZE L NAZELTRENMIDVTHREETD,

RKABESDORED, RABRET—IN—RADRHFK. 7—02avTPEBEELTCOAMKFTEELT.THR
ISR N=KRFIEL T, BIBMICERFBIETEDIRELLDILEFL5—DODBEEET S,

(BEHBEENR)
UTDT—RICONTEREZITIFTETHD. 4H. 2aVHLZEA X EH KM LB ESRERFRTOE
BIZFETH,

1. B BREZTNTNOLRZECTE=ZFREDHHREICOVTES, MIEREREZTNZTNIZTDOVTOKX
BER-BRETILAREFI AL =S T AR E (/KB E Blackbody Temperature) EEZRBL T, EREIZH T
LSRR DEHLLEELZDEREMRDENICIDNTES,

2. NEFTLEEDEH1 —2EEHILYRERERR (Runaway Greenhouse Effect) & 5% Hi fR 5 (Critical
Flux)[CDWVTES, E5IT Bk ES BN HBEETN TN DOHKBLEZDOER, FE—FRX-THIRTLRIZK
BRI AV DG EEL IR BHISOEEHICDOLVTES,

3. NEAT LB D& M2 —F E#EK(Snowball Earth)ZfFlI&Y, KXTAERDEEHRICDOLTESR, Ch
5M 5., Kopparapu et al.2013 [S&B/N\ERT LY —UFREITDNTES,

4. MIKBREWMROEL1 - AREBREICDODVNT, DXAT UM AUNIMREDEICHESRL. A DFELMIKIR
RORE. BEEHOREICDLNTES,

5. HER 2 AL D FE R 2 — F E Bk (Snowball Earth) B X DEEHLEF D KRR~ DEE GBEEKEDE
R & BEEFREEREMER) . B EECKIBERBELOZEIZIDONTES,

6. WERBREBMADERI—RILLEPRKEMRHE (P-T EREL)LEEEMFEZ (Oceanic Anoxic Events -
OAES)IZDULVTEA,

7. MEREEMEOELI-ABLRKEMRK(K-T BREBL)LERERER. FTOMMEIND K-TER
BDA)SHLIZDNTES,

8. MBkXEMHDERS — AR -THHOKEERDAIREEICDLNTES,

9. KIERNBKE1 - RNRERRODEBLLTOFERBRER) . 7 I7—FHERBFLISVDOYMNEITD
WTEA,

10. ABRNBEB2-RNREDHNFE - B (RybP 24— Ry R TFa—0  A—IN—TF—RGE)EF
UK. RN BREDRBETREM D S EAEICDOVTES,

11. KGRI REI - RN ERE T —EIR—X“ExoKyoto"Z AT, NEATILEREZFIFEY . TDBETREM
[CDVWTEREITI.

12. KTL—REN\VISUTDI—IFRZLELV, ERFEOEREREE. TREEL—FE. A IXEKIZD
WTHEERT B,

* XM EFRESBRRFERENHRESERFTE7 A6 B-7 A7 B(XEB-BER)
(SRR E KL KA AT B RS REAFT
http://rcfed.dprikyoto-u.ac.jp/frs/shirahama/index.html

HEK&EE

(Bitip hBE (FE)IRE Rz (EER)
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(PEERA(ZBLEER)IXEE JSRAEAROFHEHAER) +BEER(SMARICESTEL) (FFEER.
NRIZTLETHEH - SEELNA\RABHTHNIEREE (TN
* EUEBORBEANAIREL LN IE, Z{EAFIRETT,
http://www.kyoto-u.ac.jp/ja/about/facilities/outside /fa_sirahama.html
(RB)EEBRBRAFAORE R—MILPBREE BRRE) LRFEZAVREHR (KIERE)

* ZREICEERYICEESMOVECFETE A, SMTELVELEIFAIEEZHELET,
*2023 FEFEETOREREFLEBLEL -,

(BEEEH)
FHOMBK-OXRERIIDVTEKOHIFETHDI L,

(RAEEHB DA% - R)
FERORDBVLKR—tERBRLR—MIES,
EBEOEMB RERLFHICOVWTOHEKGLELFET 5.

#HHE)
RERIHETTS

(BEFEH)
R EEME ) —ARRADRNE F—% ANEOFCFHI(BAFRL)
B ERMFE ) —ZBKDRNE FhE KERERZEN(BARFHRT)

(BHE URL)  http://www.exoplanetkyoto.org ((]HTHDHARETHDKRBRINEKE T —HXN—X, K ILAS +3I+—18
LFLILAS LI —RBEFELSPDITHESTIDT—EIN—REEELTIVS, )
http://www.gwrlab.org GEZEEH & DHAEER—LR—)

(FENZEE(FE-BEE)SH)
NASA %0 ESA DFR—LAR—Y NHK HBLETOFHEERH. BERTHRN I IREBETOHEEHELES
MIZ2ET S,

(ZDM(FT4RT T —%))
ERFEPIRFEEZAN I —ILETORGKEALERHRE D ICHERENT S FETHOIN. RATHF Y
NANTERET DEELUNIDABTOBBZHIO T, SMHLDZE IR K (ZELERARKESGE
RIR- T HBEFEERRD) ITMATILENHYET F-. BHXBEIHFEESHDES. FPEDRER
BIZTITIHELHYFES,

(4) ROV EBE-FEBECAT L SEEE-]
ZmESE

NISPAEEN KFEIYV-2 7 ARENFHET UL NEETOT I L. TOUEDIRADEE
SERE T3, 2022 FE(IIFEBEDIRTE - RRICOWTI, 2023 F [ FEBECEIRITIHH
FEBERMIEVIT - TRBLTEEUZ. ATOYS ARG RBAFZAFREEETFEE
BHLUREPAE SIC BAFHFEMRREI-ROWWBERAENTOI S LZHEEL. s=RITIHD
HEFERENTEZTOT I LERO>TVET, o, E—TEKRA ST AKREEE&OA)IKEN]
—TYR—H—%F5H. 3EBZIZ 3 2024 FE(FMIRROBEFBE-FEHBECHITHAEBE- 1L
WOT—XT. EHR(CHBI2FEBAECAIITZERDEMAHIDOVWTHI B EN TEIEERN BT LR
STVFET, FEHTHSEBEI ZEVIFFEICHLT. FEHTOERF. AMRAORELVOIRIER
REIELIITR EBREOER. ¥R - LV EBE AT LADBE, EOREfHEV IS FH
RAIENSELEEENENTEET, BETIE. HE AR LSRR HEPIEFRDE—IRTE
HESNTVBARIVURNDTS 2 (. FEBELVSHBET—YDOEEE O TVELEEET . IR XK,
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2024 £ 3 B 21 BIZREBRFR)IIR—IVICT, 28 2 [BFEAMFBS RSO LZRELEL
2o SHSNSELELERHL T JBNTLTVEXT.

(1)FEHZERTOARMOYIEZRIL
~FHRESR(EXBAS) &t LR~

RBARFXRFREFHABSMHABRFEIRN FHIIZ
1. KMOFHRERR

FEAMIOSIINTE 2024 EECKEANTESE
(LignoSat)m#T5 EIFZETEILTWS. ATREZIHAT
BB DIRIRIC T DAM DM EZ EEE I Bizsblc, 2022
F(CAMOFHIRERRZ R MU, HER(CHUIARM
(F. ALBIE2CBARCERI 32 RETL TV (R
A)F. VD5 9582)0) eLke (K1) ,56x9x%
5mm O/NEREHERAZ S 2 AARU T, 722U LRI
TEEULRERAE JAXA ([CiRUE (K2) .

2022 £ 2 A 20 H(B)Fa1 2 B 40 9 (AST)ICKE/IN—>Z70 NASA D0Ov T ARATHEZSH
5¥T5 EIFsn. BBICEMHEMEERFEAT 23> (1SS)ICRIB U, AMOFEHIRFEHERD
RB(EEL T THnd.

2021/9/21 : IRFEABR{AZ JAXA ([R5
2022/2/20 : 72ALA00YRTH B LS
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3/4 1SS PRSMNREERIIA
12/23 : ISSARAICEIYN (BREEHAR 294 H)
2023/1/11 : RSO 4f#EHD 26 SH#E (SpX-26) HIOVFHEHRAEBK
3/27 :JAXA h'BBIEEL

|| ARy r7—4
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° M, |

MARRT Iy b74—4

1 REHARICHUEAM 2 FHRERRE 3 T35 1MNEBRTSY T
(EWBYIHD3, 95 H2)0, OFR#PKRF ., ©OSpace BD #—I ©Space BD
KAJE) OREPAS

2. ExBAS HEIN/ODHHER

MERERER JAXA DSBS EEINICFHIRFEROIERAL. F15 LITRIORREXBRADLLEZ
4 (R9 . BRTEAMOKREACHILEIER TSRO,

BEDH | RKEATLEEZIRAITITEOMEKIEKHIE(LEO) THEHMEIOSLICOVT. &
HILEEENADNEZEERIMRE(VUV) PR TFIRELZR (AO) TH D, 435 AO (CLBZRE (erosion) T
REDHERINEZSND. UNU. BRETECOICEEZLETOINUNRK, BITERIDEVDIFER
hofee SHICEFULVERTE. MUK FEREV BRI TESHSN TV,

M4 FHRERREZOAMARGERE (F4/+) OHEXER
T FHIRERA A KRIREHERA
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3. KEAIHECERTIEHEDRE

FHIREZERBROERNS. ADF) 300 HEMKEEICREL TEERRSBILEFECRVIEN
ESRENTz, 2017 EQSHEL TV B E TOEZERIEHFR T(E~TERZEMT(E 3 BIfECKER
BOIFEREINTURL, BERRICEUEHEEOZRE L. KA+ : 445 kg/m3, Y595
594 kg/m>. 95 h>I0 : 799 kg/m? THholz. £lz. AOEINIC{EOIBEIC FEREIFIRINTF
WE—EVSDRHD, RAJE 11 I/ecm?, PIYH35 1 8 I/cm? >IN0 : 10 I/ecm?(XH)N)
tEnd (HE . ROKBER) . BEPLEINIKEORNS, Kia A LHEEDOBIKC(IRA/ F2E
FR93zeERork,

4. BSHENARHMOMECEASE (i E5ER)

EXBAS TOFEHIREERER(SHIEK L ICLEARDEETHRVBETHREEUBIL(CRD. L ETH 16
[ (CEABEHRNSHFRFIIT 2.4 22—V bOREHHRZ R(T TWSEEN D, —75. ISS iHIEH
OFERATTOREEREE. 1 BERED 0.4~1 US—A)MEELRD, 1 BTHL ETORF 4
DHHE T REHRZRIELTVD, SSICAETEERAERROMETHRER 1 FRIC 161~416
U =RIVRTEN, SBICBUVWEGTH D, ECTHREHRIARM OMEICS X 27 2RI B
. #_ETH> VERERETSBRE R AU,

SHE(LRA ) FEL. BREERER(IREAFESIR FHORZFEAFTPI /UL 60 4> VHRIRSTEHER
KECERMUL, TR SIREHREN 1kGy KRB TRHEFEALRILZERR TSN OZOT,
1kGy. 10kGy. 100kGy(200kGy)D#REE Uz, Eim(3#Y) 20 T, BRETIFRE 24 K5 (48 K
)Ll sRBRIREHBEZEL . SKREALZFCTRORIIFL IV ATE A UL, BREFEERE D
SUBRIRICDWVT X #RARAT(WAXD,SAXS). TR ZFER. 7 —TiER, INEE RIRARTZ RN
Uz, BETRERO— Bz LU T (TR T,

LA X #REFT(WAXD) : B NHRZREIUTER. 100kGy bigaeE0Z2{bidRBonghor.
I O—R(IHEHHRICTRS. SKHAT(E 1000kGy Z#BXBERELIR T IHEIND, FlTESRIEEN
BT LEFRIBUNS. FHERBE AN USDREZRITTVSEEXSND.
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— 05
e 29 " {
= % 0.48
M 2.5 08 {
I ¥2 046
Ho . ol
w28 0.44
275 0.42
2.7 0.4
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
RIRE [kGy] RUNKRE [kGy]

5 HOVRIREAMD WAXD R (£ : BERE. & : HR(tE)
0.01kGy ([FREREEERMA (I>hO-)L) ZRU. AONERTE 1Gy (F 1 S—ANLNIAEZ TS,
IR D FHER - FAIER 3 Rl EHBR(SENB)(CL 28 E i BRZ =L . BEIREN B (ER TS
FHERAFRE Kic) IR IR F —ZFHEUT . BIREIIHET(E 1kGy TEDINMME T AN
H BRI RILF—(F 100kGy TR T ZFEEE CTUIZ. AE TOREGHRENER 1 >~ NMIHR
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DHMR=54 . FRMEKRASHOD
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TAANYSACDEE T, SORIUA
DFEBEABCOVWTOMENZTXESN
5HDFEUI. LUBSEE . R DRERLT
(FTHY, RS EZ EF<FARUAMRIBEAORREO . AMFUIB(CLZRROILENTIEET,
TOILENDZENUD D, (BEDFORRDEISDEZIMIZ TR E EFCERIBECDVTOHAF
ZIRRTVEUIZ. FRTFEER. BRREBET L. FILLSUEZEREERCOVWTIRRTWEL
Izo &2 2050 F<BVCEADBE RN TOFRMNEIRAIEE TIRVNEIRRTVEUZ, HUSHER
(& SURSOLATKRKEHEDS 2 DFEEZFEIET, IFEF L eREEN3cee, BEELTREE
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FEFHDESSTITOIDNEVHNEVIRICDVWTIRARTWVWEU, EEPEL (. INFTARM OB
BECOVWTOMRTRZITOTETHN. HID TFEAMZE VL E R TRUIN, 20RO >
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TWELIZ,

Z0%(E. FHGEUERE, FEREHR. \DAA=1—IEDLIICFEEMICHEEL TLKM
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