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Middle and Upper Atmosphere Radar (MU radar, MUR)
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The MU radar is an atmospheric radar for studying the middle and upper atmosphere, as well as the troposphere with fine time and spatial resolutions. It is the
most capable system in the world, and is one of the biggest atmospheric radars in the Asian sector. Since its establishment in 1984, the MU radar has been
operated under the inter-university collaborative program to study variability of the Earth’s atmosphere from meteorology to upper atmosphere dynamics. The

MU radar, which is the first large-scale MST radar with a two-dimensional active phased array antenna system, was selected for an IEEE milestone. Aiming
for network experiment with other radars in the world, the collaborative program was merged with that of the Equatorial Atmosphere Radar in 2012.
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Advantages of atmospheric radar
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i &/ Location %fi%*ﬁfﬁ%%m/smgaraki. Shiga, Japan
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Covers large height region.
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Long-term continuous observations. 77+ / Antenna BERNAKRTZYTFHATEA /475 Crossed Yagi antennas

#  EStructure BEE103mARTLA/ Circular array with a diameter of 103m

3{{'5%‘ c:Eﬁgh‘f ‘:’# H%ﬁiﬁ]] m‘ﬁg‘f“g‘o H BE/ Function EBFE—LAMBEE ./ Electronic beam steering

o E'— A&/ Beamwidth 3.6 (E{ERHE / half-power full width)
Unaffected by weather conditions.

E(EHF./ Output power IMW (REEEF/ peak power)
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Characteristics of MU radar observations
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The MU radar transmits and receives signals using 475 Yagi antenna elements, each with its own solid-state TR (transceiver) module.
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The antenna beam can be electronically steered pulse-to-pulse to observe 3-D atmospheric structures such as wind and turbulence.
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All sub-systems are computer-controlled, allowing rapid setting of and switching between complicated observation configurations.
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MU Radar Imaging Observation System
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This system was installed in 2004 to enhance the performance of the MU radar. Ultra multi-channel digital receivers realize 3-D
imaging of small-scale structures of atmospheric phenomena. The MU radar continues to contribute to the understanding of the

fundamental processes that determine the Earth's environmental variations. The sensitivity of the MU radar has also been improved

with the installation of a "high-sensitivity observation system" in 2017.
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Schematic diagram of the MU radar (after upgrade)
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Equatorial Atmosphere Radar (EAR)
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EAR is a large atmospheric radar located right over the equator in West Sumatra, Indonesia. It operates at 47 MHz and consists
of 560 Yagi antennas in a near-circular field with a diameter of 110 m. At the bottom of each Yagi antenna, compact
transmit-receive module is equipped. EAR has almost the same functionality as the MU radar except that its output power is 100 kW.
It can observe winds and turbulence in the height range of 1.5 km to 20 km (troposphere and lower-stratosphere), as well as
ionospheric irregularities over 90 km. EAR is operated under the close collaboration with the National Research and Innovation
Agency (BRIN) of Indonesia, and has been continuing long-term observations of the atmosphere/ionosphere since July 2001.
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Establishment of Radio Atmospheric Science Center,
Kyoto University. Real start of the MU radar project.
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Land purchase for Shigaraki MU Observatory (8 ha).
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Height variation of characteristics of atmospheric gravity waves Characteristics of mesospheric turbulence layers
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20 | ..._rj ‘; clarified characteristics of atmospheric
gravity wave and their effects on the Variation of VHF echo intensity in the mesosphere (60—90 km)
10 Earth's general circulation and temperature
% | structure.

Atmospheric waves propagating upwards become unstable and generate turbulence, which has
been studied in detail from radiowave scattering of the resulting turbulence.

WIND VELOCITY (m/s)



/99]

/992 1995

/994

ABHRRT R ¥ —ERRERMEEE(STEP)(1990-1995)

/995 1996

FREL—5-(BLR)
-5

Kyoto Boundary

Layer Radar (BLR)

L N

ia

Solar-Terrestrial Enérgy Program (STEP)

DRUAVBLR. | YMUL -5 -EBH
REL—Y— - o
Serpong BLR and T—HNEIRT L

Meteor Radar

The MU Radar Real-time

Data Processing System

MASYiKILs
MAS Symposium | 4o 7icinisa
5B M

Start of continuous
radar experiment
in Indonesia

JASEREORE
Clarification of
atmospheric
boundary layer from
BLR experiment

ORXBRBRED
Optical -radio
collaborative
observations

) BE2650

EXEZ-HA
Direct passage of
Typhoon 9426
over Shigaraki and
its observation
by the MU radar
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Studies of Global Environmental Change with Special Reference to Asia
and Pacific Regions (New Program for Creative Basic Research Studies)
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ERREXSEEHZEEE(EPIC)(1998-2002)
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Equatorial Processes Including Coupling (EPIC)

PREREERERSERNSZ7AL(PSMOS)(1998-2002)

Planetary Scale Mesopause Observing System (PSMOS)
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in Southeast Asia
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Kototabang Special observation
BLR of Baiu front over
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Radar observations
of winter lightning
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Lower-Thermosphere Outburst of Leonid
Profiler Radar(LTPR) meteor shower over
Japan
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Simultancous observations
by ultra-high resolution
balloon and the MU radar
(Japan-France collaboration)
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Serpong Observatory (Indonesia)
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IS (Incoherent Scatter) observations of the ionosphere
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Discovery of midlatitude ionospheric irregularities
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Boundary Layer Radar (BLR) observations

MUL—9—ZN\BE LB REBL—Y—ZHR L. EEZBLD
AVRRI T THALTHBELRFTOAIEREOEZEREN
ZASMCLR LT,

Fluctuations of Signal Intensity
15—NOV—1990 08:01 — 15—NOV—1990 15:56
Pass band : 70 (min) — 90 (min)
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Local Time

Local Time Local Time

Strong echoes perpendicular to the geomagnetic field were
observed, and in conjunction with sounding rockets and optical
instruments the mechanism of midlatitude ionospheric
irregularities has been clarified.

Variability of the upper atmosphere (ionosphere) has been
observed with the MU radar, the only IS radar in the Asian
sector.

Several types of BLRs were developed based on experience with the MU
radar, and differences in the boundary layer between midlatitude and
equatorial regions were elucidated.
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Comparison study
between TIMED satellite
and the MU radar
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Climate And Weather of Sun-Earth System (CAWSES)
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MU Radar Imaging Observation System
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Startof the detailed vertical
atmospheric structure
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interferometric imaging of
the MU radar
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Elucidation of ground-based atmosphere observation network in equatorial Asia (1SPS Asia Africa Science Platform Program)
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Inter-university Upper atmosphere Global Observation NETwork (MEXT)
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Temperature and Humidity Analysis with the GPS occultation technique
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(Japan Earth Observation System Promotion Program)
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Research Enhancement and System Establishment for Space Weather in Indonesia (Strategic Funds for the Promotion of Science and Technology)
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Kyoto University'Active Geosphere Investivations (KAGI) for the 21st Century Center Of Excellence Program
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Development of the real-time monitoring system of Precipitable Water Vapor (PWV)using a dense GNSS receiver network for QZSS (Coordination Funds for Promoting Space Utilization)
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Development of turbulence detection and prediction techniques with next generation wind profiler radar

for aircraft s
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orial Atmosphere (CPEA) (Grant-in-Aid for Scientific Research for Priority Areas)

afety (JRTT+Program for Promoting Fundamental Transport Technology Research)

JB—/NVCOEZOY L "Bk S REBMH ROEFH S (GCOE-ARS). (2009-2013)

Sustainability Science for a Resilient Society Adaptable to Extreme Weather Conditions (The Kyoto University Global COE Program)

HIRERRAS A TLABEIEET 7 NBAEL —5 —Ry N7 —J#E (2005-2009)
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Lower Thermosphere Profiler Radar

L/INVRTEiREL —5 —
-band Lower Troposphere Radar

© BEDRE KD A

Measurement of eye and cross-section of typhoons

MERGEATEIMUL Y —F LR TRERE/HSEX
MBERIREATERPNERIELEI, 1994FDAE 265
FEREZEZRD GROKEOF ML BEEZRASIE

IZH LKL,
TANGENTIAL WIND

2930 SEP 1994 (m/s)
18 7 — I
3
16 =
14 E Mo
7 20
A2 16
g0 12
R :
< = i 4
6 - 0
n -4
-8
3 |
@ . om 20 6

DISTANCE FROM TYPHOON CENTER (km)

The MU radar can measure the 3-D wind, and is a powerful tool for
studies of weather phenomena. Typhoon 9426 (Orchid) passed over
the Shigaraki MU Observatory, and detailed structures of the
typhoon cross-section were clarified.

ical ARray for ISV-M

AU ing) (Japan Earth Observation System Promotion Program)
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RASS Observations of meteorological disturbances
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RASS was developed for remote sensing of atmospheric temperature, and
uses sound wave to backscatter for the MUR. Complicated meteorological
disturbances i.e. front systems, can be studied with higher temporal
resolutions. Temperature profile within a radar range gate was analyzed
by using the MU radar imaging observation system.
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Lens antenna wind profiling
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Horizontal distribution of horizontal wind velocity with meteor
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The MU radar can measure backscatters from meteor trails even in-
all weather conditions. The horizontal sturucture of wind vel
successfully analyzed by using multi-channel facility of the MU radar
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Variability of the Sun and Its Terrestrial Impact (VarSITI) Predictability of the Variable Solar-Terrestrial Coupling (PRESTO)
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Master Plan "Coupling process in the solar-terrestrial system" (Equatorial MU Radar project) Future Science Promotion Plan
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an-Indonesia collaborative study of vertical coupling of the equatorial atmosphere
with large atmospheric radars (Bilateral Joint Research Program)
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trail observations Remote-sensing of water vapor amount with the MU radar Detailed turbulence structure monitored with the MU radar imaging observation
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daytime and under By analyzing echo power intensity, water vapor amount can be estimated in the lower Detailed atmospheric structure with the excellent temporal and vertical resolutions
ocities field was atmosphere regardless meteorological conditions. Humidity profiles with the MU radar was monitored with the MUR imaging observation system. The detailed variation of

will be helpful to analyze severe meteorological disturbances. turbulence and layered structure was successfully elucidated with the imaging results.
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Toward establishment of "Equatorial MU (EMU) Radar"
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Cumulonimbus convection is active in the equatorial

atmosphere. It generates various types of atmospheric o)
RETFIITY

waves that propagate upward to transport energy and ‘ i
Equatorial fountain

FEZEFIE L TELE
The maximum solar radiation
over the equator

momentum into the upper atmosphere including the
ionosphere. Also, different kinds of materials
(atmospheric minor constituents) originating at low- and
middle-latitude regions converge into the equatorial
region, and are blown upward through the tropopause;
they eventually reach the middle atmosphere and spread

to the whole globe. In the upper atmosphere, there are
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plasma disturbances, and equatorial ionization anomaly
(EIA) is generated around the equator. We will capture

the energy and material flow that occur in all height (3)77;(777'7‘/ T

ranges of the equatorial atmosphere as “Equatorial
Fountain”, and study it by using radars and other
facilities. We are proposing the “Equatorial MU (EMU)
Radar” that is 10 times more sensitive than the EAR. The
study of the Equatorial Fountain and the establishment of
EMU radar is an important part of the research project
“Coupling process in the solar-terrestrial system” that
is one of high-priority big research projects in the MEMUL—4—

Equatorial MU Radar

Master Plan 2020 and the Future Science Promotion Plan

2023 by Science Council of Japan.

Global observation network
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Shigaraki MU Observatory of Research Institute
for Sustainable Humanosphere (RISH), Kyoto University

T529-1812 %R EPE S 3EET# L
Kouyama, Shigaraki, Koka, Shiga 529-1812, JAPAN
Tel. 0748-82-3211 Fax.0748-82-3217
Phone +81-748-82-3211 Fax +81-748-82-3217
E-mail : mu@rish.kyoto-u.ac.jp

URL : http://www.rish.kyoto-u.ac.jp/mu
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Natlonal Research and Innovation Agency (BRIN)
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Changes for the Better
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Design and manufacture of the MU radar and EAR






