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GRUAN: A reference upper-air sounding network for climate monitoring
#Masatomo Fujiwara®)
(IFaculty of Environmental Earth Science, Hokkaido University

The Global Climate Observing System (GCOS) Reference Upper-Air Network (GRUAN, https://www.gruan.org/) is an
international reference observing network of sites measuring essential climate variables above Earth’s surface, designed to
fill an important gap in the current global observing system. GRUAN measurements are providing long-term, high-quality
climate data records from the surface, through the troposphere, and into the stratosphere. These are being used to determine
trends, constrain and calibrate data from more spatially-comprehensive observing systems (including satellites and current
radiosonde networks), and provide appropriate data for studying atmospheric processes. GRUAN is envisaged as a global
network of eventually 30-40 sites that, to the extent possible, builds on existing observational networks and capabilities. In
the presentation, an overview of GRUAN as well as GRUAN data products for radiosondes will be given.
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Altitude Control Technique with Latex Balloons for Advanced Upper Air Obser-

vations
#KENSAKU SHIMIZUY), TAKUJI SUGIDACHI")
(IMEISEI ELECTRIC CO., LTD

For over a century, latex weather balloons have served as a crucial tool for launching radiosondes into the stratosphere,
providing fundamental data that supports current weather and climate observation and forecast systems. These balloons are
characterized by their low cost and ease of handling. A latex weather balloon costs less than 1/100th of the price of a plastic
film balloon carrying the same payload and can be launched anywhere in the world without the need for special facilities.
Additionally, as they are primarily made of natural rubber, they are expected to be biodegradable after falling. However, latex
weather balloons can only lift payloads of a few to 10 kg and can only fly for a few hours as they expand due to the low
pressure in the upper atmosphere and eventually burst.

Until now, long-duration flights of more than a day have only been possible with plastic film balloons. However, if a latex
weather balloon could be used for long-duration flights, weather observation from the stratosphere could be achieved at an
unprecedentedly low cost. Meisei Electric is developed a buoyancy control system (BCS) with a payload of less than 1 kg to
enable long-duration flights in latex weather balloons.

According to the ”Rule of the Air” in ICAQ, light balloon category can launch with up to a 4kg payload. Therefore, a latex
weather balloon equipped with a BCS can launch up to 3kg of mission payload and fly for more than a day. The BCS can
reduce or increase the balloon’s buoyancy, allowing the latex weather balloon to be stopped at the target altitude, re-ascended,
and re-descended.

Currently, this technology is intended for use in inexpensive drop-sonde observations over ocean and for use a communi-
cation relay hub.
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On perturbations in middle and upper stratosphere obtained from high-altitude
radiosonde observations using large rubber balloons

#Takenari Kinoshita?), Shin-Ya Ogino®), Junko Suzuki'), Ryuichi Shirooka®)

(1Japan Agency for Marine-Earth Science and Technology

The stratosphere, especially above 30 km altitude, is a region with fewer in-situ observations compared to lower altitude
regions since the end of standard rocketsonde observations in the 1990s. Consequently, progress in understanding interaction
between wave activities and dynamical general circulation in the middle and upper stratosphere has been delayed. With
the purpose to evaluate the interaction, we have been conducting high-altitude radiosonde observations using large rubber
balloons to obtain in-situ observation data in the middle and upper stratosphere. In this presentation, we will present the results
of our investigation of the remarkable temperature-depleted layer and waves observed during the intensive observations in
Okinawa since 2022, the initial results of the high-altitude radiosonde observations conducted from June to July 2024 on the
Oceanographic Research Vessel “MIRAI”, and future observations.
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Continuous Human Resource Development Initiatives using Stratospheric Bal-
loon Experiments.

#KEISUKE MAEDA!), HIROAKI AKIYAMA?
(IKyushu Institute of Technology, (*Wakayama University

We have been conducting a stratospheric balloon experiment with Institute of Engineering and Technology (IET) and
Mongol Kosen College of Technology in Mongolia since 2016. Based on these results, we have conducted space education
activities in Japan using stratospheric balloon experiments as space education tool. We have successfully conducted three
stratospheric balloon experiments in Fukuoka, Kochi, and Ehime prefectures. From September 2022, we have held a joint
stratospheric balloon experiment for university students and a stratospheric balloon KOSHIEN for high school and technical
college students in Ehime Prefecture. And starting in 2023, we have conducted a joint stratospheric balloon experiment
project for Japanese and Mongolian students. This paper is study of capability of stratospheric balloon experiment as space
education tool in Japan and abroad.
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Recent Progress and Future Prospect of JAXA Scientific Balloon Program
#Hideyuki Fuke!)
(1Japan Aerospace Exploration Agency
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Long-duration continuous observation of planets by the circumpolar strato-
spheric telescope FUJIN

#Makoto Taguchi®), Daisuke Kohno'), Rintaro Eguchi'), Yukihiro Takahashi?), Mitsuteru SATO?), Seiko Takagi?,
Tatsuharu On02), Ko Hamamotoz), Yasuhiro ShojiS), Motoki Sarai3), Toshihiko Nakan04), Masataka Imai®

(ICollege of Science, Rikkyo. University, (?Graduate School of Science, Hokkaido University, (*Graduate School of Science
and Engineering, Kanazawa University, (*National Institute of Technology, Oita College, (°Graduate School of Science, The
University of Tokyo

It is essentially important to capture temporal and spatial variations for a long period for understanding phenomena in
planetary atmospheres and plasmas. A balloon-borne telescope FUJIN has been developed for a long-duration continuous
observation of planets from the polar stratosphere which is the ideal place for an optical observation of planets. It will be
possible to utilize FUJIN as a quasi-permanent observatory floating in the stratosphere, if a durable super-pressure balloon is
available. This paper describes an overview of FUJIN and expectation for practical application of the super-pressure balloon.

The initial goal of the FUJIN project is to achieve success with a short flight, lasting about half a day, over Australia [Imai
et al., 2023]. In this experiment, a zero-pressure balloon will be sufficient to meet the flight requirements.

The next step for FUJIN is to aim for long-term continuous observation of planets through a polar orbit experiment.
Potential locations for balloon experiments include the Arctic and Antarctic regions. For experiments in the Arctic region,
the balloon will be launched from ESRANGE in Kiruna, Sweden. The scenarios considered include a 1-2 day flight within
the Scandinavian Peninsula during the period when the stratospheric wind direction changes and wind speed weakens, as
well as a polar orbit flight or part of its route during summer or winter, when the east-west wind speed is stable. The polar
orbit flight could last up to about two weeks. For experiments in the Antarctic region, a flight circling the continent during
summer is envisioned, similar to the Polar Patrol Balloon experiment previously conducted at Showa Station.

Except for experiments confined to the Scandinavian Peninsula, all of these scenarios can utilize super pressure balloons.
Unlike zero-pressure balloons, where the flight duration is limited by the amount of helium gas and ballast, the use of
super pressure balloons greatly increases the freedom of the experiment. This also allows for the possibility of multiple
circumnavigations in the polar jet stream.

As a conceptual idea, there is also the vision of a semi-permanent floating observatory in the stratosphere using super
pressure balloons. In the stratosphere near the poles, high-pressure or low-pressure vortices (polar vortices) form depending
on the season. Since the horizontal wind speed at the center of a polar vortex is zero, a balloon could be floated there to
remain stationary at the center of the vortex. If a gondola, lifted into the stratosphere by a super pressure balloon, is equipped
with a propulsion mechanism to actively move horizontally in the air, it could be moved to the center of the polar vortex,
realizing a floating observatory. This floating observatory would be launched at the appropriate time of year and would take
about a month to move to the center of the polar vortex. It would then conduct regular observations of various celestial
bodies and, after six months to a year, would be brought back to its home base over a period of about a month for recovery.
The recovered gondola would undergo maintenance and be prepared for the next flight. In this scenario, the super pressure
balloon would need to be durable enough to last for more than a year.

A floating observatory would offer far better seeing conditions than large telescopes installed at high altitudes on the
ground, allowing observations under conditions with almost no infrared absorption from water vapor or carbon dioxide.
Additionally, it would benefit from regular maintenance services on the ground, something that is not possible for satellite
telescopes. The practical application of highly durable super pressure balloons is a key technology for realizing a floating
observatory.

References

Imai et al.: Spectroscopic and Imaging Observation of the Venus Atmosphere by a Balloon-Borne Stratospheric Telescope
FUJIN-2, JESA / 33rd ISTS, 2023.
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Systematic observations of greenhouse gases and related constituents in the strato-
sphere by using balloon-borne air sampler

#Shinji Morimoto®, Satoshi Sugawara®), Shigeyuki Ishidoya®), Sakae Toyoda®), Daisuke Goto®, Kazuki Kamezaki®),
Hideyuki Honda®

ElGraduate School of Science, Tohoku University, (*Miyagi U. of Education, ®AIST, “Tokyo Institute of Technology,
°NIPR

To understand the current state of greenhouse gases in the atmosphere and predict future changes in the atmospheric envi-
ronment, it is necessary to figure out their spatiotemporal variations in the stratosphere. Observations by direct sampling of
stratospheric air using scientific balloons have great advantages in terms of a number of analyzable components and measure-
ment accuracy. In Japan, our group developed a cryogenic air sampler (cryo-sampler) using liquid helium in the 1980s and
has used it in Japan and overseas experiments. In particular, the observations over Japan have continued every 1 to 5 years for
about 40 years since 1985. In addition, the ”J-T sampler” was developed also by our group by 2007 to collect stratospheric air
using liquid neon produced from high-pressure neon gas, and has been used in overseas experiments. The observations have
revealed the vertical distribution and secular changes of greenhouse gases, major atmospheric components such as oxygen
and argon, and their isotope ratios in the stratosphere. Using these results, we have obtained new findings such as long-term
changes in the time elapsed after air parcels are transported from the troposphere to the stratosphere (atmospheric age), the
existence of vertical distributions of the composition of major atmospheric components, and estimation of the photolysis and
reaction pathways of CH4 and N20.

To clarify the temporal variations in physical and chemical processes in the stratosphere from the long-term changes in
greenhouse gases and major atmospheric components, it is crusial to continue observations by direct air sampling of strato-
spheric air using scientific balloons. To this end, it is necessary to reduce the man-powers required for balloon observations
by improving cryo-samplers, and to improve the accuracy and efficiency of atmospheric component analysis. In addition,
observations of new atmospheric components are expected to provide information on air transport in the stratosphere and
material exchange between the troposphere and stratosphere.
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Development status of super-pressure balloons for long-duration flight
#Yoshitaka Saito")
(1Japan Aerospace Exploration Agency

The super pressure balloon is a new type of balloon that maintains a constant volume regardless of sunlight, for stable
buoyancy and long-duration flights. Conventional zero-pressure balloons, which have been widely used in scientific experi-
ments, are equipped with exhaust ports at their tails to equalize the internal gas pressure with atmospheric pressure, preventing
rupture due to gas expansion caused by ascent or sunlight. However, zero-pressure balloons have the limitation of reduced
volume and buoyancy loss at sunset, making long-duration flights difficult. The super pressure balloon was designed to solve
these problems, requiring both pressure resistance to withstand increased gas pressure due to sunlight and gas-tightness to
keep gas over long periods. Large super-pressure balloons have been used in scientific experiments by NASA since 2016,
but their flight altitude remains limited to 33.5 km, indicating that the technology is still in its developmental stages. From a
scientific perspective, their ability to maintain a constant altitude makes them suitable for atmospheric science experiments,
and their capacity to carry approximately one ton of equipment and remain in the upper

atmosphere holds potential for applications in astronomy and cosmic ray science experiments. In 2010, we succeeded in
developing a lightweight, pressure-resistant balloon by covering the membrane with a high-tensile-strength fiber net, and we
have continued to develop this type of balloon since then. In 2018, we further enhanced gas-tightness by introducing double-
layered membrane structure, and in 2022, we conducted the first scientific experiment in Japan using a super pressure balloon
with a volume of 200 m® in Antarctica. We also tried a flight test of a 2,000 m® balloon in 2024. In this presentation, we
will introduce the principles of this type of balloon and report on the current status of its development.
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Preliminary results of LODEWAVE Phase 11

#Yoshihiro Tomikawa!-'9), yoshitaka saito?), Isao Murata®), Kaoru Sato®), Naohiko Hirasawa'), Masashi Kohma?®, Ky-
oichi Nakashino®), Daisuke Akita®, Takuma Matsuo”), Masatomo Fujiwara®, Takana Kaho?), Lihito Yoshida'?), RINA
KAWAKAMI'

(INational Institute of Polar Research, (*Japan Aerospace Exploration Agency, (*Department of Environmental Studies,
Graduate School of Environmental Studies, Tohoku University, (4Graduate School of Science, The University of Tokyo,
(5School of Engineering, Tokai University, (°School of Environment and Society, Tokyo Institute of Technology, (7School
of Science and Technology, Meiji University, (Faculty of Environmental Earth Science, Hokkaido University, (°Graduate
School of Engineering, Shonan Institute of Technology, ('°The Graduate Institute for Advanced Studies, SOKENDAI,
(11Meiji University

The second observation campaign of LODEWAVE (LOng-Duration balloon Experiment of gravity WAVE over Antarctica)
was conducted at Syowa Station, Antarctica from January to February 2024. Based on the results of the first observation
campaign, in which the flight duration was less than 3 days, we improved the balloons and succeeded in releasing two new
balloons, but the flight duration was less than 3 days in both cases. In this presentation, we will report the results of the
preliminary analysis of the data obtained from this observation and our future plan.
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Development of a small tethered balloon system for NLC observation. -Result of
the test operation in Syowa Station, Antarctica

#Rina Kawakami®), Taku Takada®), Keisuke Kato!), Hiromu Ikigame®?), Yuta Suzuki?), Akiho Endo", Lihito Yoshida®),
Yoshihiro Tomikawa®®), Takuo Tsuda®), Satoshi Ishii”), Hidehiko Suzuki®)

(IMeiji university, (*Tokyo Metropolitan College of Industrial Technology, (®Shinshu University, (“The Graduate Univer-
sity for Advanced Studies, SOKENDALI, (5National Institute of Polar Research, (6University of Electro-Communications,
(TRikkyo University

We are developing a small tethered balloon system to observe noctilucent clouds (NLCs) above lower clouds, which often
prevent NLCs observation from the ground. The first test observation using a small action camera held in Hokkaido, Japan
revealed that twisting motion around the tethering wire caused significant blurring in most images taken during nighttime. In
addition, unexpected wire cutting occurred several times due to an over-tension caused by the manually operated winch [Ishii
et al., 2023]. The second test observation was conducted by introducing the simple stabilizer with the camera and an electric
reel as a new winch in a coastal area of Ibaraki, Japan in September 2022 [Kawakami et al., 2022]. In this test observation,
we made a round-trip flight up to 2 km altitude in 77 minutes. The performance of the stabilizer was also verified in this
experiment. As a next step, we have conducted the 3rd test observation in Syowa Station, Antarctica during the summer
operation period of the 65th Japanese Antarctic Research Expedition from December 2023 to February 2024. In this paper,
we present the results of the first test observation held in a cold circumstance.

The system consists of a rubber balloon (350 g), a small action camera (GoPro HERO10), a simple stabilizer with 4 wings,
an environmental monitoring module with a transmitter, tethering wire (a polyethylene line No.8 for fishing), the winch
(Miyaepoch CZ-15), and a receiver system on the ground. The net weight of the payload is 1.1 kg and the environmental
monitoring module consists of several sensors (GPS, atmospheric pressure, temperature, UV irradiance, 9-axis motion) and
the transmitter (LoRa band) to send these parameters to the ground receiver. We consume helium gas for 1.7 m?3 in typical.

We conducted test observations in the main area of Syowa Station only during nighttime (20:00-23:00 in the local time) and
under calm ground weather conditions. We interrupt observation when the angle between the tethering wire and the ground
surface is below 45 degrees or the ground wind speed exceeds 3 m/s for safety reasons. Totally 6 times flights were carried
out between the end of December 2023 and beginning of February, 2024. The highest flight altitude was 1,987 m from the
ground and it cost 98 minutes for round-trip. If we exclude the time for intentional dwell at several levels it shrinks to 65
minutes. We verified the effect of the stabilizer by evaluating a variation of an angular velocity around the wire (i.e. yaw
axis) recorded by the motion sensor. As a result, the angular velocity was limited within the allowance value which is defined
based on the typical exposure time for the NLC imaging ("1 sec [Suzuki et al., 2022]) for 2066 seconds of total flight time
(2922 seconds) at the highest altitude during the flight on Jan 21.

We verified the ability of the stabilizer under relatively calm weather conditions. However, we need additional ingenuity to
surely aim the camera to a poleward direction since our stabilizer is passive to the upper wind. The upper range of the flight
altitude is also required to be extended since the lower clouds were distributed up to 374 km in the Antarctic region according
to the lidar data. We need to consider the technical solution to extend the upper limit of the altitude of our system as a next
step.
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L7223, REREEXIWABED bV OMFAEH P RETH D, HBODHRERMAEZEZ LTLE>EFEZ L OFEIE
U/zo 2 ZCHHBRBLEEB (RREITAY—) ZRK L, BES AT 2HBEH Lz, /2. BREREZIID BEES
h ADBENY — L& FWT 2022 4F 9 AR KUEERIC TR Z L. &% 2km FTOREMRGE 77 7 TEH
T3 B TER LM, 2022], ARFERTIIEAHIZE T Z2/NMUBBLEKC L 2BHARL —> 3 VRN T 572012
2023 £E 12 A5 2024 £ 2 A2 CTriE A oM L 7-REGABROME 21T 56

BRI 27 20, B, 89> a2a— b, 7223 HRXT (GoPro HERO10), 4 KPIRA XY T4 ¥ —. EFEHIEEE
OG5 2ENEEE, PR, BEWMOH, HEAT—XZERTHEREIND, 41— F (ARSI O
R ERIX 1.1kg THD, BHAZEEIISE LYY (GPS, XUE. &R, 4L, o> 3), M LEr@ET2-00E
Ta— PRI TV S, AN SEREEFED 350 g T AKEREHWTE D, BRI RAY v AR 1.7 m?/FETH
%, (REFIEPE 74 D8 BEMAL .



FEF X A AN I O BB EA TIT o 720 RRIWCBINNE FEHET 2 720 DS EEEA 3 m/s LUR, Hi_ BT
TORBROMAE 45 ELL LY L, BN 2023 4F 12 A2 5 2024 4 2 HI2Hh 3 TEF 6 [T o 7=, BLHIRERD X
20:00-23:00(LT) DERICR D, mEEhEEEE 1,987 m. Z OBEOFEFRERHIE 98 73 TH - 72 GoPro Z AW THEL
EREHET 2 L x, WA HE L BRI 1 IR TH 5 [Suzuki et al., 2022] Z & 5. WIEEZ G & #A
31 DICHBEREEERRELAZE T4 —OWREFMZIT - 720 REGFDOHI X F1IC > TERICHEL RZDI1Za—
HED OEEETH 3, Z 2T —HIE D OAEEDEICESWTEBLEEOFTMEIT o720 mERN 2km ETHRIBXE
721 A 21 HOREETIZ 2922 7 2066 AHFAAELIRTH D, AR I 4 ¥ —DOWRESHGE X Nz, A TREERN 2
km ¥ TOFERGREENIE XN 2 HERRE 2RI S 2 28 65 7 TH - 7z,

AHFE TR LIZAZE FA4 S —Z EZOREFA L ZENRLEMETHD, I AXASOHAZHIETSZZIXTE
W, L L, BAZEEEIBHNICHIST 27290 X 7 OB A 2 HIERRER S 27T 2 2B AT 20BN H 3 2 LD
BETH5, £7-. EMEFEOMAB CTHRY SN -MEIIZ. SEN 2km FTRIBIETH X 51 EEITERSB - T
2o TOZEDOLRGEEZEE 2km U ETHIXLERH D, SRIIEE 4km T TRIGSEHEZEEEREZ 28
DEBZHIET,
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