Oct 16, 2018 @ SUPER DARN work shop (Nagoya Univ.)

Plan for coordinated observation of Noctilucent clouds in
Mid-latitude region. (PEEFICHE TERAZHAETE)
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ol NLC Photo taken by MF. M. Shisa on 21 Jun, 2015 from Otaru Hokkaido ¢
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Hidehiko Suzuki(Meiji Univ), MTI-NLC science team



Introduction
PMC : Polar Mesospheric Cloud

Fig. 6. CIPS daily mean image showing coverage for a full day of CIPS images on
July 17, 2007. FOV overlap from one orbit to the next occurs at --70'N. The lowest
latitude in the plotis 58°M.

PMC distribution over arctic region
captured by CIPS instrument (@265nm)
onboard NASA’s AIM satellite in 2007.

Aeronomy of the Ice in Mesosphere / Cloud Imaging and Particle Size instrument.)

PMC i1s the most highest cloud in the
Earth which appears in a mesopause
region (80-90km) during summer
season in both polar regions.

Extremely low temperature (<140K) in
the summer mesopause region makes
water vapor condensated.
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Fig. 4. CIPS Instrument



360

340

320

300

280

C0O2 CONCENTRATIOM (ppmv)

260

Introduction
Model prediction of an expansion of PMC zone due to increase of greenhouse gasses.
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Introduction
Monitoring of PMC(NLC) in a

lower latitude region is 50deg
important. :
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an NLC in Japan
on Jun 21, 2015!

First




Selected photos of the NLC taken from multiple sites in
Hokkaido in the early morning on June 21, 2015.

(a) Nayoro 02:26:07 LST

(c) Monbetsu 02:30:13 LST (d) Rikubetsu 02:24:54 LST (¢) Otaru 02:27:77 LST

Nearly simultaneous 1imaging from 6 locations in Hokkaido
were successfully carried out. [Suzuki+, EPS, 2016]
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Introduction : Why the NLC had not been previously sighted in Hokkaido ?

Horizontal wind data by MF radar support
“Transport scenario’ for the event.
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1. Generated in high latitude region (i.e.

colder region)
2. Transported by continuous southward

wind.

3. Sighted as an NLC from Hokkaido.
90 W

Question.

Atmospheric conditions (temperature and an
amplitude of a tidal component ) at upper
mesosphere were not extreme in 2015.

Why the NLC had not been previously

Composed albedo map of PMC observed by sighted in Hokkaido ?

AIM/CIPS on June 20 UTC.
(Data from http://lasp.colorado.edu/aim/browse- Why 2015 is the first time for NLC

images.php) detection in Japan ??



Introduction : Why the NLC had not been previously sighted in Hokkaido ?

One of possibilities is simply the bad weather
conditions during the NLC season.

Actually, MSE (PMSE) have been frequently
observed by the VHF radar at Wakkanai (Ogawa
et al., 2011).

Number of MSE events between June 2009 and
September 2015 were

65 events.

According to database by Japan Meteorological
Agency (wWww.]ma.go.jp/),

Only 10.8% (3 N 0/0) of morning (night)

twilight times were clear (amounts of clouds = 0)
on the days of MSE events in Wakkanai.

This fact cannot rule out the possibility of bad
weather as an explanation of why the NLCs had
not been captured in Hokkaido before this event.
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Example of MSE echo observed
by VHF radar at Wakkanai.
(Case on the NLC event day
Jun 21, 2015)



http://www.jma.go.jp/

Plan for coordinated observation of Noctilucent
clouds in Mid-latitude region.

Observation from platform over lower clouds would be effective
to achieve continuous monitoring of the mid-latitude NLC.

Typical NLC region

Satellite
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Method 1 : Observation from an aircraft.

Imaging from a cockpit of aircrafts connecting Japan and Europe (and North America)
is one of the effective ways.
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Beautiful NLC pictures taken from a cockpit of an aircraft are introduced in the
published book by K. Kokubun (2012, ISBN-13: 978-4486018384).

Observation plan has been already under discussion with Japanese airline company.



Method 2 : Observation from a balloon.

Balloon observation is another way which is not interrupted by lower clouds.

& aérc;sf:-;’.:'féﬁ'iggNe;:;:oace.ru
Swedish team (PI: Dr. Peter Dalin) has successfully imaged NLC
picture from a small balloon above Moscow on July, 2018.

Swedish team will provide us a technical knowhow of the balloon observation.
New communication technology using LoRa band will be used to monitor the trajectory of
the balloon. The scheme is now under test by Kochi technical college team.




Method 3 : Observation with improved ground system
cooperated with satellites.
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Figure 1. (a) An original true-color image (composites of the 3 visible bands) around northern high latitudes at 21:00 UT on 9 July 2016.

- Himawari-8 is capable for NLC detection.
.................................. & [Tsuda, AMT discussion paper, 2018]

140 150

Equatorward expansion of NLC region is detected by HIMAWARI-8.
|

Alert to ground observers !

N

Network cameras start observation with high temporal resolution.




Noctilucent cloud as a tracer of local dynamics in mesopause
region

V.S. Airglow imaging method

1. More sensitive to small scale structures. Z
Typical thickness of the NLC layer is 2-3 km
which is smaller than that of OH layer (8-9 km). 8-9km Airglow (OH]

2. High temporal and spatial resolutions
NLC is brighter than airglow.

This allows shorter exposure time for NLC observation g
than airglow observation. |

NLC: ~ 1 sec, Airglow : 10 sec — Several minutes.
Also Imaging sensor with small pitch can detect NLC.

o

Concentration

3. Needs small instruments
Ordinal digital cameras is sufficient to image NLC structure.

4. Observable location and time are limited.
NLCs are observable only during the summer season

In polar mesopause region. Also, an observation is limited
during twilight time. The camera installed in a all-sky dome.




LATITUDES [deg]

Further expectations for simultaneous observation of
NLC and (P)MSE.
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Fig. 8. Spatiotemporal variation of the strong echo region (> 20 dB)
tor the ground range between 150 and 300 km. The wind vector at
the PMC altitude (86.6 km) scaled by the distance of wind advection
for one hour is also shown.

Spatio temporal variation of PMSE Echo
region observed by Syowa HF radar
during ~1 hour.
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Result : Structure likely to be related with instabilities

Type 1 (Spatial distribution) Type 2

Phase lines are nearly parallel with QM Phase lines are perpendicular with QM

2016081500504 PFRR.FFL. iog 20150815112704_PFRR_fft_HP. jpg
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Three instability regions exist within

Eight instability regions exist within
100 km x 100 km area at 9:55:04.

200 km x 200 km area.
Each cell is confined in area smaller
than 30km x 30km.



Summary

* NLCis considered to be an one of possible tracer of
lobal warming. In particular, NLC occurrence in Mid-
atitude is one of the important factors to use NLC as a
proxy of the global change.

e Coordinated observation of Mid-NLC by using an
aircraft, a compact balloon and ground-based imaging
system is suggested.

* Fine NLC images obtained by these observations would
be powerful tool to investigate the dynamical
relationship between NLC(PMC) and (P)MSEs.
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