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Frontier of detailed understanding of meteorology on Mars and approach to its
forecasting with high-resolution atmospheric simulations

Kuroda, Takeshi

3,300,000

2018

Calculations using an atmospheric model with a global resolution of
approximately 1° were conducted to examine the impact of the global dust storm on Mars as observed
in 2018 on the excitation and propagation of gravity waves. The results showed that the increase of
stability led to a weakening of the excitation in the lower atmosphere, while the wave energy was
enhanced due to changes in the zonal-mean wind field in the middle atmosphere. Also, the results of
the atmospheric model were used to discuss the characteristic variations in temperature and wind
speed fields recently observed. Furthermore, the simulation studies to investigate the possible
diffusion of water vapor from the recurring slope lineae on the surface of Mars were conducted to
discuss the observability of the diffusion, as well as the impact of the processes of water vapor
adsorption by regolith on the water cycle on Mars. These efforts resulted in the publication of five

peer-reviewed papers.



0.1°

( 6km )
(MGCM: Mars Global
Climate Model) 10 5°(  300km) 80km
~1.1° (~67 km
T106) MGCM 200km
200~350 km
( 50~80 km)
[Kurodaet al. 2015, 2016, 2019] 2018
[Aoki et al. 2019; Neary et
al. 2019]
MGCM
km
MGCM MGCM
km Kurodaet a.[2015, 2016, 2019]
2030
MGCM (
MIROC ) ~1.1°
D
2018 (Mars Year 34)
[Montabone et al. 2020] ~1.1° MGCM
[Kuroda et al. 2019]
2
Mars Climate Sounder
[Heavens et al. 2020] ( 70 km )
2 ( D
Journal of Geophysical Research Planets [Kuroda et al., 2020]
2
MAVEN ( ~80km)
MGCM 90 K
[Nakagawa et al. 2020]
~80 km 200 m st

[Miyamoto et al. 2021]



MGCM

©)

Lineae)

etal. 2017]

al. 2022]

(4)

0.9 km

[

2022

EK),

[Kuroda et al. 2019, 2020] i 7

(

RSL (Recurring Slope

L a. — - 2

& & L b 0°

[Stillman
) 800
o 800
~1.1° MGCM % e
[Altheideet al. 2009] z 200
RSL = 0
200
1: ( 61~106)
1010 ( Jkg?) Mars Year 34
( )
) [Kurodaet al. 2019]
( ) 260 Pa(~5km,
) 01Pa(~70 km, ) -
Kurodaet al. [2020] ( )
Icarus[Kurokawa et
[Jakosky et al. 1997] MGCM
(
Mars Odyssey
[Kobayashi et al. 2023]
km MGCM

2022]

20 SCALE-GM

(o) CAP (L.=59°)

(b) VM (L.=140°) wo(e) VM (L.=331%)

BON 55W 5OW 45N 4OW BOW 75W 7OW BSW 60N 550 501

SML2 (L,=301%) () SML3 (L=301%)

20!;5" 45W 40W  35W 30w mmsmw 65
(d) SML1 (L.=301°) O]

505150 170W  160W 150W 140W 130W 120’"“%0\\‘ 40W

e e
2 RSL 1 RSL
20

0.5 0.1
Kurokawaet al. [2022]



Kuroda et a., 2015: A global view of gravity waves in the Martian atmosphere inferred from a high-
resolution general circulation model. Geophysical Research Letters, 42, 9213-9222.
Kurodaet al., 2016: Global distribution of gravity wave sources and fields in the Martian atmosphere
during equinox and solstice inferred froma high-resolution general circulation model. Journal of the
Atmospheric Sciences, 73, 4895-4909.
Kuroda et al., 2019: Annual cycle of gravity wave activity derived from a high-resolution Martian
general circulation model. Journal of Geophysical Research: Planets, 124, 1618-1632.
Aoki et a., 2019: Water vapor vertical profile on Mars in dust storms observed by TGO/NOMAD.
Journal of Geophysical Research: Planets, 124, 3482-3497.
Neary et al., 2019: Explanation for theincreasein high- altitude water on Mars observed by NOMAD
during the 2018 global dust storm. Geophysical Research Letters, 47, e2019GL 084354,
Montabone et a., 2020: Martian Year 34 Column Dust Climatology from Mars Climate Sounder
Observations: Reconstructed Maps and Model Simulations. Journal of Geophysical Research: Planets,
125, e2019JE006111.
Heavens et al. 2020: A multiannual record of gravity wave activity in Mars’s lower atmosphere from
on-planet observations by the Mars Climate Sounder. |carus, 341, 113630.
Kuroda et al. 2020: Gravity Wave Activity in the Atmosphere of Mars During the 2018 Global Dust
Storm: Simulations with a High-Resolution Model. Journal of Geophysical Research: Planets, 125,
€2020JE006556.
Nakagawa et al. 2020: A Warm Layer in the Nightside Mesosphere of Mars. Geophysical Research
Letters, 47, e€2019GL 085646.
Miyamoto et a. 2021: Intense Zonal Wind in the Martian Mesosphere during the 2018 Planet-
Encircling Dust Event Observed by Ground-Based Infrared Heterodyne Spectroscopy. Geophysical
Research Letters, 48, e2021GL092413.
Stillman et a. 2017: Characteristics of the numerous and widespread recurring slope lineae (RSL) in
Valles Marineris, Mars. Icarus, 285, 195-210.
Altheide et al. 2009: Experimental investigation of the stability and evaporation of sulfate and chloride
brines on Mars. Earth and Planetary Science Letters, 282, 69-78.
Kurokawa et al. 2022: Can we constrain the origin of Mars' recurring slope lineae using atmospheric
observations? |carus, 371, 114688.
Jakosky et al. 1997: The Mars Water Cycle: Determining the Role of Exchange with the Regoalith.
Icarus, 130, 87-95.
Kobayashi et al. 2023: Effect of water vapor exchange between the regolith and the atmosphere on the
Martian water cycle on Mars GCM. International conference on new insights into Mars achieved by
remote-sensing observation, numerical simulation, and laboratory experiment of trace gases.

2022: . 2022



7 5 5 7

Miyamoto Akiho, Nakagawa Hiromu, Kuroda Takeshi, Takami Kosuke, Murata lsao, Medvedev Alexander 48

S., Yoshida Nao, Aoki Shohei, Sagawa Hideo, Kasaba Yasumasa, Terada Naoki

Intense Zonal Wind in the Martian Mesosphere During the 2018 Planet- Encircling Dust Event 2021

Observed by Ground- Based Infrared Heterodyne Spectroscopy

Geophysical Research Letters €20216L092413
DOl

10.1029/20216L092413

Kurokawa Hiroyuki, Kuroda Takeshi, Aoki Shohei, Nakagawa Hiromu 371

Can we constrain the origin of Mars® recurring slope lineae using atmospheric observations? 2022

Icarus 114688
DOl

10.1016/j . icarus.2021.114688

Kuroda Takeshi, Medvedev Alexander S., Yigit Erdal 125

Gravity Wave Activity in the Atmosphere of Mars During the 2018 Global Dust Storm: Simulations 2020

With a High- Resolution Model

Journal of Geophysical Research: Planets €2020JE006556
DOl

10.1029/2020JE006556

Kuroda Takeshi, Yigit Erdal, Medvedev Alexander S. 124

Annual Cycle of Gravity Wave Activity Derived From a High- Resolution Martian General 2019

Circulation Model

Journal of Geophysical Research: Planets 1618-1632

DOl
10.1029/2018JE005847




Nakagawa Hiromu, Jain Sonal K., Schneider Nicholas M., Montmessin Franck, Yelle Roger V., Jiang 47
Fayu, Verdier Loic, Kuroda Takeshi, Yoshida Nao, Fujiwara Hitoshi, Imamura Takeshi, Terada
Naoki, Terada Kaori, Seki Kanako, Groeller Hannes, Deighan Justin 1.
A Warm Layer in the Nightside Mesosphere of Mars 2020
Geophysical Research Letters €20196L085646
DOl
10.1029/2019GL085646
Kuroda Takeshi, Kurokawa Hiroyuki, Aoki Shohei, Nakagawa Hiromu, Kobayashi Mirai -
Approach to the Mapping of Water Environment on Present Mars - Validation of Possible Water 2022
Vapor Emission from Recurring Slope Lineae Using a GCM
Abstract book of "Seventh international workshop on the Mars atmosphere: Modelling and -
observations*®
DOl
A. S. Medvedev, E. Yigit, E. D. Starichenko, D. S. Shaposhnikov, T. Kuroda, P. Hartogh -
Gravity Waves and Their Effects During Quiet Times and Dust Storms 2022

Abstract book of "Seventh international workshop on the Mars atmosphere: Modelling and
observations*®

DOl

26 3 11

T. Kuroda, H. Kurokawa, S. Aoki, H. Nakagawa, M. Kobayashi

Approach to the Mapping of Water Environment on Present Mars - Validation of Possible Water Vapor Emission from Recurring

Slope Lineae Using a GCM

Seventh international workshop on the Mars atmosphere: modelling and observations

2022




T. Kuroda, H. Kurokawa, S. Aoki, H. Nakagawa

Simulation of the water vapor emission from recurring slope lineae using a global climate model

44th COSPAR Scientific Assembly

2022

T. Kuroda, A. Kamada, M. Kobayashi

Current State of DRAMATIC Mars GCM: Simulations of Gravity Waves, CO2 Snowfall, Water Cycle and Beyond

AGU Fall Meeting 2022

2022

RSL

2021

2021

64

2020




T. Kuroda, Y. Kasai, T. Yamada, H. Maezawa, R. Takahashi, S. Nakasuka

TEREX-1: A Micro-satellite Terahertz Lander for the Exploration of Water/Oxygen Resources on Mars

43rd COSPAR Scientific Assembly

2021

T. Kuroda, A. Kamada, N. Terada, Y. Kasaba

DRAMATIC on Mars: 3-Dimensional Simulations of Atmospheric Waves, CO2 Snowfall, Water Cycle and Paleoclimate

The 4th International Conference on Lunar and Deep Space Exploration (LDSE)

2019

, A.S. Medvedev, E. Yigit

GCM

2019

2019

HDO/H20

2019

2019




T. Kuroda, A. Kamada, K. Toriumi, Y. Kasaba, N. Terada, H. Nakagawa

Simulation of the Water Environment on the Present and Past Mars Using a Global Climate Model

Planet 2/RESCEU Symposium 2019

2019

146 SGEPSS
2019
T. Kuroda

GCM Simulations of the Martian Winter Polar Atmosphere and C02 Snowfalls: Dependence of Horizontal Resolution and Radiative
Effects of C02 Ice Clouds

Seventh International Conference on Mars Polar Science and Exploration

2020

Simulation of Possible Water Emission from RSL on Mars using a High Resolution GCM

The 21st Symposium on Planetary Sciences

2020




T. Kuroda, A. Kamada, M. Kobayashi

Overview of DRAMATIC MGCM: Simulations of gravity waves, CO2 snowfall, water cycle and beyond

International conference on new insights into Mars achieved by remote-sensing observation, numerical simulation, and
laboratory experiment of trace gases

2023

M. Kobayashi, A. Kamada, T. Kuroda, H. Kurokawa, S. Aoki, H. Nakagawa, N. Terada

Effect of water vapor exchange between the regolith and the atmosphere on the Martian water cycle on Mars GCM

International conference on new insights into Mars achieved by remote-sensing observation, numerical simulation, and
laboratory experiment of trace gases

2023

The regolith-atmosphere interaction on the amounts of water vapor on Mars

2022

2022

GCM -

152

2022




M. Kobayashi, T. Kuroda, A. Kamada, H. Kurokawa, S. Aoki, H. Nakagawa, N. Terada

Diurnal variation of water vapor due to the regolith-atmosphere exchange simulated in a Mars Global Climate Model (MGCM)

AGU Fall Meeting 2022

2022
GCM
24
2023
2020
2020
2021

2021




2021

2021
2021
2021
2022
2022
2022

2022




2022

2022

https://pat.gp.tohoku.ac.jp/

Homepage of Takeshi Kuroda (Planetary Atmosphere)
http://kuroda.dramatic-planets.com/

Researchmap
https://researchmap.jp/takeshi_kuroda/

(Medvedev Alexander S.)

(Yigit Erdal)

(Nakagawa Hiromu)




(Terada Naoki)

MPI for Solar System Research

George Mason University

University of Colorado

University of Arizona

LATMOS




