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Middle and Upper Atmosphere Radar (MU radar, MUR)

g

MUL—#—13H g k% (Middle Atmosphere) & 8 & K& (Upper Atmosphere) Z2 Bl 35 72 0IZ/ES iz KB R A B L —5—
T9o IOICTEOMNEEDFMICBW T LI LB TEET, HARRMERIDT V7 Wl RO KRB —5—T, 198440
SERYK [ EIEFAHEE ] L LCEHNAOMEEICHHIN, RS BRIV MR K AEBOMHICHMRLTVET
HRIDT 7747+ T2=AF T VA HRDORAV ==L LT, [EEERANVAM=VICOREINhTVET, FEHL—F—
2T =7 OMEHE L2 L) BICHEE T 2720, 2012480 S FAHOEE 2R E KRRV —F—LHEALTVET,

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

MUL —4—347C. MU radar specifications

fiL & Location #E 12 R {5 2T/ Shigaraki, Shiga, Japan
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MEVKER/ Center Frequency 465 MHz
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Covers large height region.
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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 make possible
3-D imaging of small-scale structures of atmospheric phenomena. The MU radar continues contributing towards understanding the

fundamental processes determining the Earth's environmental variations. A MU radar high sensitivity observation system was
installed in 2017 to improve the sensitivity.
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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 the 110 m diameter. 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 close collaboration with the National Institute for Aeronautics and
Space (LAP AN) of Indonesia, and has been continuing long-term observations of the atmosphere/ionosphere since July 2001.
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Woodman discovers mesospheric turbulence echo

using Jicamarca VHF radar (Peru), and invention
of MST radar observation technique.
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Planning of Japanese IS radar by Ionosphere

Research Laboratory (a past name for the current
institute), Kyoto University (halted 1976).
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Announcement of first MUR proposal.
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Start of meteor-radar experiment in Shiga
Feasibility study in Jicamarca (Peru) f
Japanese giant atmospheric radar.
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Observational study with Arecibo IS radar (Puerto Rico).
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Establishment of Radio Atmospheric Science Center,
Kyoto University. Real start of the MU radar project.

1982
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Land purchase for Shigaraki MU Observatory (8 ha).
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Characteristics of mesospheric turbulence layers
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IS (Incoherent Scatter) observations of the ionosphere
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Variability of the upper atmosphere (ionosphere) has been
observed with the MU radar, the only IS radar in the Asian
sector.

Discovery of midlatitude ionospheric irregularities
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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.

Boundary Layer Radar (BLR) observations
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Several types of BLRs were developed based on experience with the MU

radar, and differences in the boundary layer between midlatitude and
equatorial regions elucidated.
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MU Radar Imaging Observation System
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Start of the detailed vertical
atmospheric structure
observations with the
frequency-domain
interferometric imaging of
the MU radar
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Start of the improved high-
sensitivity meteo observation
with the multi-channel MU
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Elucidation of ground-based atmosphere observation network in equatori
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Climate Variability Study
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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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Development of the real-time mo

Kyoto University Active Geosphere Investivations (KAGI) for the 21st Century Center Of Excellence Program
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Coupling Processes in the Equatorial Atmosphere (CPEA) (Grant-in-Aid for Scientific Research for Priority Areas)
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Applications of Precise Satellite Positioning for Monitoring the Earth's Environment

(Special Coordination Funds for Promoting Science and Technology)
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Lower Thermosphere Profiler Radar
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Measurement of eye and cross-section of typhoons
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The MU radar can measure the 3-D wind, and is a powerful tool for

studies of weather phenomena. Typhoon 9426 passed over the

Shigaraki MU Observatory, and detailed structures of the typhoon

cross-section were clarified.
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RASS Observations of meteorological disturbances
W ENSHTEFRTCOERBEZHALTARDOBREZETRT
BRASSYATLZRAFELELE, AROMELESRBEZ
ZhETICEVER S FEETERAL. BHLRRAROXEZ
BASMICLELRE, £ MUL—S—8RAIEIL AT LZAL
FeMSAEEEERA 7 DU XLEAREENTOET,

IS
|

@
n

Altitude (km)

2 4 6 8 10
Temperature (deg.)

0 23 22 21 20 19 18 17 136

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 hider temporal
resolutions. Temperature profile within a radar range gate was analyzed
by using the MUR imaging observation system.
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The MU radar can measure backscatters from meteor trails even in
all weather conditions. The horizontal sturucture of wind ve
successfully analyzed by using multi-channel facility of the MUR
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Variability of the Sun and Its Terrestrial Impact, (VarSITI)
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Equatorial MU Radar Project
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Remote-sensing of water vapor amount with the MU radar
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Detailed turbulence structure monitored with the MU radar imaging observation
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Detailed atmospheric structure with the excellent temporal and vertical resolutions
was monitored with the MUR imaging observation system. The detailed variation of
turbulence and layered structure was successfully elucidated with the imaging results.
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By analyzing echo power intensity, water vapor amount can be estimated in the lower
atmosphere regardless meteorological conditions. Humidity profiles with the MU radar
will be helpful to analyze severe meteorological disturbances.



TREMUL—%—(EMU)1DREA

Toward establishment of “Equatorial MU Radar (EMU)”

TME T, EEMREFRINZATBEDPERTY . TNCKUESAZATUEBD LZICIEHDSD I ET. IRILF—DHR
HEPSEVBEICHDEHBEETEIINET ., £k FEICIE. PEBEEDPSATHEDPEFRLTEETH. ZhbEIC
wE LTSN, WREREZEB LT HKLEKICEXINEY, BEEOEMBETOT/SAVORI(FERE)PREIVET.
ZDEDIC. FEHDOLTOREEBTHND. IXLF—EYEOHANZ [FBET7 77U T2 ELTRA. ZORBHEER
578, FEMUL—F—(EMU)DHFHHBZRELTVWET. MUL—F—ERFORE - aEZzHF I HEMUIE. 20014
LIk, 12 RRZTOBEAYPIICEVWTGERAL TELFEATL —X — (EAR)ICHEN10EL LOREZHBEY, EMU%Z
FERMBO—DET D [KBHHRRFEABEZOMRERY K] (ZHABERAR)IE. BAZWNEFEDOVYAL—TZ22014ER
ABARFES SOXHBREEOO—RNTY F2014ICBESNTOET,

Cumulonimbus convection is active in the equatorial

atmosphere. It generates various types of atmospheric —
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waves that propagate upward to transport energy and ’ ]
Equatorial fountain
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The solar radiation becomes
the maximum on the equator.

momentum into the upper atmosphere including the
ionosphere. Also, different kinds of materials
(atmospheric minor constituents) originating at low- and KBRS T 2L E—
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

plasma disturbances, and equatorial ionization anomaly
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(EIA) is generated around the equator. We will capture
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the energy and material flow that occur in all height [E i

ranges to the equatorial atmosphere as “Equatorial
Fountain”, and study it by using radars and other
facilities. We are proposing the “Equatorial MU Radar
(EMU)” that is 10 times more sensitive than the EAR.
The study of the Equatorial Fountain and the
establishment of EMU is an important part of the
research  project  “Coupling process in  the
solar-terrestrial system” that is one of 27 high-priority
big research projects in the Master Plan 2014 by Science

Council of Japan, and is selected as one of 10 new
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projects in the Roadmap 2014 by Ministry of Education, Tropopause X,

Culture, Sports, Science and Technology (MEXT).
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- il Shigaraki MU Observatory of Research Institute
for Sustainable Humanosphere (RISH), Kyoto University

T529-1812 HERRBARHSHKATMHIL
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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