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Purpose 4

® Demonstrate improved capability in the detection and
prediction of localized weather hazards

— Microbursts, tornados, heavy rainfall, flash floods,
landslides

® Expand this type of radars installed in up to 100 locations
nation-wide

— 60 radar units (80 radar sites) have already been
installed

Structure of an WITH Radar 4

® Radar unit
e Control board

® Signal processing
(USRP)

® Rotation control

!

I
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Concept of ‘WITH Radar’ P .

Airborne Weather Radar 1 '
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® ‘Supporter’ driven m

— Start observation based on supporters’ reports

— Set up WITH radar anywhere we want before a storm
happens

e Operate on 24t floor at Makuhari to nation-wide

e Collaborating observations with multiple radars

® Mounted in front of an aircraft and a helicopter

® Synchronize radar scanning with position of an aircraft;
pitch, roll, and drift

® Observe rainfall distribution in the moving direction of an
aircraft



Our Airborne Radar IR N ovel Developments B westomons 1.

Radar Rockwell Collins RTA-858 ® Radar control board should be developed in order to use
irb d th d
Trans. Freq. 9343.85 MHz (X-band) an alrborne radar on the groun
Trans. Power 31W  (Solid-state) ® Signal processing by ourselves
Weight 10 kg — No Doppler velocity
Observation Area | 120 deg in az., =45 deg in el., 50 km in range — Default datasets are ‘reflectivity in 4 levels’ and
Pulse Width Min. 1.7 us Max. 28.8 us (2554320 m) ‘turbulence alarm based on spectrum width data’
PRF 256 Hz~2.2 kHz in average (dual PRF) e Limitation of observation area in 120 degree
Sampling 0.25 deg in az., 150 m in range, 6 sec in 1 slice 8 ; d .
° men radar unit
Antenna Slot antenna, 18 inch (45 cm) in diameter asement of a radar u
Beam Width 6 deg ® Radome
Products Reflectivity, Doppler velocity, Spectrum width

Mweumzmews by Wiy

USRP (/\—F) + GNU Radio (VY 7k) BT weatemows. v

e USRPILEttus Research

e DaughterBoard
— 64MS/s 12-bit AD Converter
— max. 16 MHz bandwidth
- BIRHRE. B NEEEEE R A =/ \—F DT

o Fa—F—ICk o THRALEIRB TORRKH ATEE

® Radar
e PC with air conditioning

® Internet connection

— FOMA (3G)
— Optical internet

® Power line

— 500W in total o EZELAIHE
e Weight for strong wind o USBZEL TEIE
® Space:2x2m e GNU Radiol&7)—D{EFNIEY T+

— USRPO 1% 175 (C++ / Python)
- 1QT =2 (EXWET—5) DRFLAHE

Signal Processing / Data Transfer. S westormons. . Range Calculation B wontersons .

® Analog IF signal (~400MHz) from a radar . )  recongsgne
® AD convert and signal processing by the USRP and PC = | Transmit pulse s
— Calculate moments through a pulse-pair technique “ l

e Transfer the images (png) of moments from radar sites to a,-lll ‘
our Global Center in Makuhari through the internet [ ~

Powes: (d8)
&

— About 20 sec, including observation & processing n

— c.f. about 8 min. for JMA operational radar

vos 01 015 0z [ 03
Tima (ms)

® Receive transmit pulse by the additional receiver

— Range is calculated from the leading edge



Mobile System § Mwealhemws S WITH D—a‘—ﬂﬁﬁiﬂ 201248 H1EBS mweamemews PRp—

e \ery-Light-weight radar system ) A\
o/
® Expandable pole, telescope, upto5m (e . &
p p pe, up Sge, Zﬁ
® Radome and tools are installed in the small trailer vﬁ(}r\ e
o N
— No need extra drivers license f‘“ﬁf .
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FLERARSRE (TREXKF) (120 TR
HEBIL-A%Z T2%EH] & LTGRO L. KIC
it ERAUR A R CIRSUE - Bl - BV & OBEEL1S 2
DIFEAFAE L2 WHZEHOHRNHHH L, Zhb
Z IKHEER] & Uz, x5l 38E o E0E
FRIZ X > THERS D IEIFE 40km OFNTH 5 HTHD
23 [X, [RIZEEAGES, BEiEWR, THEUR, #R)IROBR

lwa
ss thunderstorms
EIAIIlh d stor ms

. I

1]
1999 2000 2001 2002 2003 2004 2006 2006 2007 2008 2009 2010 2011

1 1999~2011 FIZHFAERIE AR CEIBIH S
A% (EB¥: ar), 209 BbREE B (K, 2003
~2010 FIZBIFARHAE B D H HLORKWERFRF A% (B
) .

I IR BE = v B)

60

W Ar —mas= thuderstorms

O Al thunderstor ms
50 [

a0

20

N j:'—,—i—,
0

April (=% Jre Juby Aug Sen. Ot [y,

2 1999~2011 FICHFEEXRREEITRBWTEISBI S
NI-ARO B (RFERE L2095 bLoKHE B

BT A IR CTH 5.

12 FEM O EHSEFE AENT 15 B THY, 209 bR
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D 1/3 Th-oTz. SHEFRENARL 1. 4~42.4 kg m*
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U OmEBI DRI S D AR KED 7 FifE
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[ /VOBEREEL 2 m s LATF &E/NE2oTz.
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L7z (AJfb2012). 5 >OTFITE (EZRICKITH =
7 «VIL - == —TASE « LIDEN IZ L5 EHE -
Boudevillain et al. (2006) 12 & BFE/KIRED BT
HIRadVil) ZMET L7z, HERIDSBICKNZ S 726 Lz
Bkl CLIZRW T, B TRIEORE L5 & 1X
WX RNWETH, TXTOFHEZBNTEDAHZE
DSFRD BTz (X 5) . FHAT R 2 KSR ek Sz
WM AE L2 8 DMK VAT 8 24, &k
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KEMZ LS THRARY, HET 2HAMEE L3729
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23 2010 FED BRI SN TI Y, 2 H O #A4 L ff
W TR AR LT BEER B 5.

YRS IR AR [N RIS L7778
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1. Introduction

Wind profiler radar (WPR) is a useful means to
measure altitude profiles of vertical and
horizontal wind velocities with high time and
vertical resolutions (Hocking, 2011). In Japan,
Wind Profiler Network and Data Acquisition
System (WINDAS) is operated to monitor
nationwide wind profiles. The wind profiles
measured by WINDAS are used to improve
accuracy of numerical weather prediction
(Ishihara et. al.,, 2006). However, range
resolution of WPRs, which is determined by
their transmitted pulse width, is typically 100-
300 m and hence is not sufficient for resolving
fine-scale structure of turbulence.

Range imaging (RIM) is a technique that
improves range resolution down to several ten m
by using frequency diversity and adaptive signal
processing (Yamamoto, 2012a). Because high
range resolution attained by RIM is useful for
resolving fine-scale structure of atmospheric
turbulence such as Kelvin-Helmholtz billows, it
is useful not only for scientific research
(clarifying  dynamical processes in the
atmosphere) but also for practical use (early
detection of turbulence). The WPRs used for
WINDAS are planned to be replaced to RIM
radars so that WINDAS can make warnings to
aircrafts by detecting an onset of strong
turbulence (Hashiguchi et. al, 2012). Because
1.3-GHz frequency band is used for practical use
such as WINDAS, we are developing an 1.3-
GHz RIM radar.

In section 2, we briefly present the system
outline of the 1.3-GHz RIM radar. In section 3,
signal processing for the 1.3-GHz RIM radar is
described. In section 4, using the measurement
results by 1.3-GHz radar, we demonstrate that a
combination of RIM and oversampling has
sufficient capability of detecting small-scale
turbulence with a vertical scale as small as 100
m.

Color version of PDF document can be downloaded from
http://www.rish.kyoto-u.ac.jp/~m-yamamo/proceedings/2012/0830_murear_sympo/

2. 1.3-GHz RIM Radar with Software-
Defined Receiver

Figure 1 shows the outlook of 1.3-GHz RIM
radar. The 1.3-GHz RIM radar uses the antenna
and TX and RX Units designed for a 1.3-GHz
WPR referred to as LQ-7. Figure 2 shows a
block diagram of the 1.3-GHz RIM radar. The
hardware to switch transmitted frequencies is
additionally installed to implement RIM
measurement facility. In the outdoor TX and RX
Units, RF received signals collected by 7
antennas are converted into IF (130-MHz). The
converted IF received signals are synthesized
and then sampled by the indoor digital receiver
composed of general-purpose software radio
receiver designated as Universal Software Radio
Peripheral 2 (USRP2) and personal computer
(PC).

Antenna and TX and RX Units

USRP2
Figure 1: Picture of 1.3-GHz RIM Radar
developed at Shigaraki MU Observatory, Japan.

Most of the WPRs perform digital signal
processing using Field-Programmable Gate
Array (FPGA) and Digital Signal Processor
(DSP). However, FPGA and DSP require not
only expensive software development
environment but also hardware purchase cost.
Further, they  require  vendor-specified
development skill. Therefore, in order to
implement on-line signal processing necessary
for the 1.3-GHz RIM radar, we newly developed
the cheap (< 4000 USD) and high sampling (10
MHz) radar digital receiver using USRP2 and
PC (Yamamoto, et. al., 2012b).



USRP2 executes phase detection to produce
1Q signals and then transfers IQ time series to
PC through the Gigabit Ethernet. PC executes
on-line signal processing (ranging, decoding of
phase-modulated signals, averaging) and finally
stores data to the hard disk. PC is capable of
performing on-line signal processing every time
series collected by different frequencies (i.e., on-
line signal processing required for RIM) and

decoding  phase-modulated  signals for
oversampled signal.
High-range-resolution  time  series  are

computed by off-line adaptive signal processing
of RIM. The details of offline signal processing
are described in section 3.
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Figure 2: Block diagram of the 1.3-GHz RIM
radar.

3. Development of Offline Signal
Processing Software

3.1 Programming Language

Off-line radar signal processing software has
been developed in order to produce high-range-
resolution time series using RIM and to estimate
spectral parameters (i.e. echo power, Doppler
velocity and spectrum width). We developed the
software using Python and NumPy, SciPy, and
Matplotlib libraries for the following reasons:

1) Python and the libraries runs on both
Windows and Linux (i.e. high portability)
without changing program codes,

NumPy and SciPy provide methods
necessary for RIM (i.e., fast signal
processing for complex array and matrix)
and spectral parameter estimation (i.e., FFT,
fast signal processing for array), and
Matplotlib provides abundant methods to
visualize estimated values of spectral
parameters and measured Doppler spectra.

2)
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Figure 3: Histograms of phase term of cross
correlation between time series at 1357.0 MHz
and at (a) 1357.2 (b) 1357.50, (c) 1357.75, and
(d) 1358.00 MHz.
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3.2 Phase Calibration in RIM

For adaptive signal processing of RIM, Capon
method (Capon, 1969), which attains both small
computation cost and high range resolution, is
used. For Capon method, steering vector e needs
to be identified to calculate time series at
subranges. e at range 7 is given by

e = (e—ij1T+j(p1’ e—2jkzr+jtpz’ . e—2jkNr+j(pN)’
where ky, is carrier wave number and ¢y, is phase
delay throughout the transmission and reception.
In order to determine e, ¢, (or @, - @) needs to
be determined by measurement. @y, - ¢ is able
to be measured from the phase term of cross
correlation between the two received time series
at different frequencies.

Figure 3 shows histograms of the phase term
between time series at 1357.0 MHz and at (a)
1357.25, (b) 1357.50, (c) 1357.75, and (d)
1358.00 MHz obtained by the measurement on
22 June 2012. From the averages of phase term,
Om - @ (m =2, ..5) were determined to be

38.7°, 76.6°, 119.1° and 162.4° for the four cases.

Because the value of phase term increases in
proportion to an increase in the frequency
difference, the values confirm that RIM is able to
be performed with sufficient accuracy. The
values of ¢, - ¢, are used for determining e.

3.3 Flow of Offline RIM Signal
Processing

Figure 4 shows a flow of offline signal
processing for the 1.3-GHz RIM radar. In the
time series signal processing, the time series are
collected every one record and then low-pass
filtered for clutter mitigation. In order to
compute high-range-resolution time series,
adaptive signal processing using Capon method
is carried out. In the spectral parameter
estimation, the high-range-resolution time series

__iSO —

are used to calculate Doppler spectrum using
FFT. From the Doppler spectrum, noise level is
estimated. Because of low-pass filtering, near-
DC part of the Doppler spectrum is removed and
then interpolated. Finally, spectral parameters
are estimated using the interpolated Doppler
spectrum, noise level, and moment method.
Results of spectral parameter estimation is able
to be checked manually. Finally, spectral
parameters are stored to the hard disk drive.

4. Measurement Results

4.1 Mitigation of Range-Weighting
Effect by Oversampling

Though RIM attains high range resolution down
to several ten m, owing to the finite width of
transmitted pulse, received signal level decreases
at subgates near the edge of range gate. This
effect, referred to as range-weighting effect, can
hinder detection of small-scale turbulence.

Oversampling, which samples received
signals with a sampling rate higher than that
determined by the transmitted pulse width, is
capable of mitigating range-weighting effect. To
compare the result with oversampling to that
without oversampling, we used data collected by
I-ps transmitted pulse width and 10-MHz
sampling (i.e., 10 times oversampling). Data
without oversampling are produced by
resampling the original data every 10 range gates.
Because 1-pus transmitted pulse width is used,
sampling interval without oversampling is 150 m
in range. RIM was carried out at subgates with 5-
m range intervals. Figure 5a shows Doppler
spectra with RIM and without oversampling.
Because the received data were sampled every
150 m, there are significant decreases in the
received power near the edges of sample range
gates (0.675, 0.825, 0.975, 1.125 km). Figure 5b
shows Doppler spectra with RIM and ten times
oversampling. By overlapping and shifting
sample gates within the resolution determined by
the transmitted pulse width (i.e., 150 m), a gap in
the received power as seen in Figure Sa is not
observed.

Figure 5c shows height profiles of echo
power for the two cases. At the center of sample
range gate (i.e., 0.60, 0.75, 0.90, 1.05, 1.20 km),
two echo power have the same value. However,
near the edges of sample range gates, echo
power for the case without oversampling
decreases from 5 to 10 dB compared with the
case with oversampling. This result demonstrates
that oversampling is extremely useful for
improving accuracy in RIM measurement.
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4.2. Instability at the Upper Boundary
of the Boundary Layer

Figure 6 shows a result of continuous
measurement in the boundary layer on 8" July
2012. Strong echo power greater than 122 dB at
1.2-1.6 km indicates the location of temperature
inversion at top of boundary layer. Inside the
boundary layer, strong perturbations were
observed in vertical air velocity. The
perturbations indicate the presence of thermals
and air mass mixing.

Figure 7 shows an example of measured
small-scale turbulence. Strong oscillation with a
time scale of about 2 min, which indicates the
presence of atmospheric instability, is clearly
seen in vertical air velocity. Inversion layer at
the top of boundary layer, presented by echo
power greater than 122 dB, ascends or descends
in association with the upward or downward air

velocity. The results demonstrate that the 1.3-
GHz RIM radar can detect instability with a
vertical scale as small as 100 m.

5. Conclusion

In the report, first, we presented the system
outline and off-line RIM signal processing of the
1.3-GHz RIM radar. The offline signal
processing software uses Python and NumPy,
SciPy and Matplotlib libraries. The software
contains the functions to compute high-range-
resolution time series using Capon method, to
estimate spectral parameters (i.e., echo power,
Doppler velocity, and spectrum width), and to
check estimation results manually using both
console and mouse operation. Using the
measurement results by the 1.3-GHz RIM radar,
we have demonstrated that a combination of



RIM and oversampling is capable of resolving
turbulence structure with a vertical scale as small
as 100 m.
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Abstract

Progresses on studies about refractivity
turbulence based on concurrent balloon
and MUR observations performed in
September 2011 (TANUKI2011) are
reported. MUR was continuously operated
in range-imaging mode for 3 weeks and 59
RS92G Vaisala radiosondes were launched
(36 during night time). The raw balloon
data were processed using methods
recently developed by Wilson et al. (2010,
2011) for detecting overturning regions
produced by turbulent stirring or
instabilities in  potential temperature
profiles and for estimating the refractivity
turbulence structure constant C; . In the
troposphere, about 90 % of the selected
overturning regions were associated with
non aspect sensitive radar echoes,
consistent with the detection of isotropic
turbulence. The correlation coefficient
between C; and MUR echo power
(corrected from range attenuation effects)
Pr was about 0.8 in the height range of the
selected overturning regions. A statistical
analysis confirmed the proportionality
between C; and Pr permitting us to
calibrate MUR  for absolute C?
measurements in range-imaging mode.

1. Introduction

A field campaign was conducted at
Shigaraki MU observatory with funding
supports from RISH and LATMOS. MUR
was operated in range-imaging mode for
monitoring the lower atmosphere at high
time and range resolutions (~24 s and 30 m
typically). 36 Vaisala RS92G radiosondes
were launched during night time for PTU
and wind measurements. The balloons
were under inflated and the raw (1-Hz
sampling) balloon data were processed so
as to obtain a vertical resolution of 3~5 m
(instead of 10 m or more for standard

conditions). The campaign aimed at
studying small-scale refractivity turbulence
in the troposphere through original
comparisons between high resolution
balloon and MUR data.

2. Data processing

2.1 Balloon data

By essence, stirring by turbulence and
overturns due to instabilities produce
statically unstable regions (i.e., local
superadiabatic lapse rates). On certain
conditions, the latter can be detected from
the Thorpe sorting of potential density (or
potential temperature) profiles (Thorpe,
1977). The practical application to
atmospheric data was recently refined by
Wilson et al. (2010, 2011) through the
development of objective and robust
methods for rejecting artificial overturns
produced by noise. The methods are based
on an optimal filtering and a statistical test
for rejecting artificial overturns with a
given statistical confidence (e.g., 95 %).
The minimum detectable depth of the
overturns primarily depends on both the
instrumental noise level and the
background stability of the stratification.
From high resolution (~20 cm) balloon
data, Wilson et al. (2012, under
preparation) showed that the averaged
temperature spectrum and second- and
third-order structure functions in the
selected overturning events closely follow
the Kolmogorov-Obukhov-Corrsin (KOC)
model at 10°-10" m scales, at least for
segments longer than 50 m (for which
estimates can be made). This important
outcome makes it possible to estimate the
temperature structure constant C; for the
selected regions. C; is a measure of the
temperature turbulence for a stationary,
locally homogeneous, and isotropic
turbulence in the inertial subrange. C; can



be estimated from 1) temperature spectra,
2) temperature structure functions, 3)
temperature variance (Wilson et al., 2012,
under preparation). All the methods, even
though not entirely independent, provide
very similar C} estimates, giving extra-
credence into the interpretation of this
parameter into the framework of the KOC
model.

2.2 Radar data

During the campaign, MUR was operated
with five equally spaced frequencies from
46.0 MHz to 47.0 MHz. The radar antenna
beam was steered into three directions (one
vertical and two oblique directions at 10°
off zenith toward North and East). The
acquisition time for one profile is ~24.5 s.
The vertical sampling was arbitrarily set to
5 m (it is not the range resolution, since it
depends on SNR) from the altitudes of
1.245 km to 20.445 km ASL.

Because of the different nature of the
observables, an ongoing issue is how to
compare parameters estimated from radar
and balloon data. The problem is here
compounded by the fact that the
comparisons are made at unprecedented
high vertical resolutions. The temporal
averaging of the radar profiles was
arbitrarily set to 10 min and the radar
profiles were reconstructed by taking the
wind advection of the air parcels into
account.

3. Results

3.1 Qualitative comparisons
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Figure 1. (Top) Distribution of the mean height of the selected
overturns for the 36 flights. (Bottom) The corresponding
distribution of depth (< 500 m). 1.7 % only of the overturning

regions exceeded 500 m.

A total of 1044 overturning regions were
ascribed to atmospheric turbulent layers
with the criteria described in section 2.1
(and 1038 were attributed to noise effect).
72 selected regions were found below the
first altitude sampled by MUR and, thus,
were not used when comparing with radar
data.

Figure 1 shows a relatively homogeneous
frequency distribution of the mean altitude
of the 1044 selected regions up to the
altitude of 13 km (with a noticeable peak
around 11 km). The decreasing distribution
above 13 km is likely not meaningful
because, at least, partly due to the
variations of the tropopause height. There
is also a maximum near the ground (384 m
ASL) and may be ascribed to turbulence
that is commonly observed in the planetary
boundary layer. The minimum and
maximum depths are 12 m and 1539 m,
respectively. The depth distribution has a
narrow peak around 30-40 m. The mean
and median values are 99.1 m and 60.0 m,
respectively. 43.4 % of the selected regions
are thinner than 50 m and 1.7% of these
regions are deeper than 500 m. In average,
the selected regions fill 18.2 % of the total
depth of the troposphere. 84.4 % of the
rejected regions are thinner than 50 m.
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Figure 2: Vertical profiles of Prj’* (black line), Pr}V?,,,h (gray
line) and AR'0 (dotted black line) up to the thermal tropopause
associated with the flight 37. The superscript indicates the
averaging time (here, 10 min). The variability of the radar data is
given by the standard deviations (horizontal solid lines) every
150 m (not every 5 m, for legibility of the figure). The gray
rectangles depict the vertical extent of the overturning regions.



Figure 2 shows the 10-min averaged
profiles of radar echo power (dB) corrected
from the range attenuation effects (i.e.
P'% xr?hereafter noted Pr'®) for the vertical
and north beams and the corresponding
radar aspect ratio AR = P/°/ P\, (dB) for
the flight 37. It clearly appears that the
deepest overturns are associated with peaks
of echo power and weak aspect ratios
(AR" ~0 dB) at the altitudes of 4.2 km, 6.6
km, 7.3 km and 8.5 km. Only a single
overturn is associated with strong aspect
ratio (AR" ~10dB) below 6.0 km. In the
height range 9-13 km where large aspect
ratios were observed, no overturning event
was detected.

All troposphere all flights

[}
[=]
[=]
[=)

4000+

2000

Number of occurrences

o

Aspect ratio (dB) (<P\1/D> (dB)-<Pr1\,D>(dB))

In the selected overturning events
1500

1000}

5001

Number of occurrences

10 20

uli
Aspect ratio (dB) (<P\1/D> (dB)-<Pr1\,D>(dB))

-10 30

Figure 3: Frequency distributions of radar aspect
ratio AR for the 36 flights: (Top) all the
troposphere and (Bottom) in the selected
overturning events. Results of Gaussian fits to
aspect ratios between -2 dB and +2 dB are shown in
black curves.

Figure 3 shows the frequency distribution
of AR for the 36 flights for all the
troposphere (top panel) and in the selected
overturning events (bottom panel). In the
top panel of Figure 3, the asymmetric
distribution of AR'" around ~0 dB was
obviously due to enhanced radar echoes
overthead in some ranges of the
troposphere. On the contrary, the
frequency distribution of AR'™ in the
selected overturning events was narrow
and nearly symmetric around ~0 dB. More
than 90% of the selected regions were
associated with 4R'*<5 dB. It is consistent
with radar backscattering from nearly
isotropic turbulence, and a fortiori with the
turbulent nature of the selected overturning
regions.

In Figure 2, thin overturning regions were
also found near the edges of echo power
maxima or at minima of echo power (e.g.,
at the altitudes of 1.7 km, 3.0 km and 13.8
km). It is impossible to evaluate the
relevance of these observations. Even if the
radar and the in sifu sensors detected the
same turbulent events, a slight tilt of the
layers  would  produce  significant
differences in altitudes. For example, a tilt
of the isentropic surfaces of 0.1° with
respect to the horizontal plane would
produce a height difference of 68 m for a
horizontal distance of 40 km between the
balloon and the radar. Such a height
difference, albeit small, is of the order of
the depth of the selected regions.
Consequently, possible sloping surfaces
produced by synoptic scale structures and,
beyond, by gravity waves can be a source
of significant biases when making
quantitative comparisons.

3.2 Comparisons between moist C} and
radar echo power.

From C7estimates described in subsection
2.1, dry ¢} estimates were deduced from
the measurements of pressure and
temperature according to the expression
given by Tatarski (1971). The effect of
humidity was taken into account by
estimating the squared dry and humid
refractive index gradient so as to obtain the
moist C? (see, e.g., Luce et al., 1996, for
more details).

Direct comparisons between C? estimated
in the selected regions and radar echo
power in the same altitude ranges are
relevant for the following reasons:

1) If the radar echoes result from isotropic
and inertial  turbulent  backscatter,
then C? = K Prwhere K is a function of the
radar  operating system  parameters.
Because K is not well-established for
MUR, the comparisons will be made in
relative levels.

2) From a statistical point of view, the
radar echoes associated with the selected
layers are not aspect sensitive (Figure 3). It
is a necessary condition, consistent with
the mechanism of backscattering from
isotropic turbulence.

4) The knowledge of the fraction of the
radar volume which is turbulent (discussed
by, e.g., Van Zandt et al, 1978) is less a
problem here because the range resolution
is greatly improved by the range-imaging
technique. This is a crucial advantage with



respect to previous studies based on radar
data at a coarser range resolution.
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The scatter plots Versus height of C2 —(C?

(dB) and Pr}?,,—(Prl..) (dB) for the 36
flights are shown in Figure 4a. A 3" degree
polynomial fitting was applied on C? and
Pri)., (solid gray and black curves,
respectively). The two polynomial trends
are almost identical (except a difference of
a few dB below ~3 km). The decrease of
c? and Prld,, 1n the mid-troposphere
(about -2.5 dBkm™) is consistent with the
trend reported by, e.g., Nastrom and Eaton
(1997) for seasonal variations. Figure 4b
shows the distributions versus height of the
detrended values. The spread of ¢? (dB)
versus height is very similar to the spread
observed for Pri)., (dB) (Figures 4a and
4b). A maximum of spread is found in the
height range 4.0-6.0 km (with a dynamics
of ~50 dB). The spread decreases from 6.0
km, very likely due to decreasing water

vapour contain. Below 3.0 km, relative
humidity was less variable than above (not
shown), consistent with a smaller spread.
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Figure 5: Prl’,, versus moist C}f (dB). Black and
lightest gray crosses correspond to the lowest and
highest altitudes, respectively. The solid gray line is
the result of a linear fitting using an orthogonal
regression.

Figure 5 shows the scatter plot of radar
echo power Pr})., versus C2. Nine aberrant
values (among the 972 estimates) have
been removed. The scatter plot shows a
large spread (over 40 dB) but, as already
shown in Figure 4, both parameters show
similar dynamics. The slope of the linear
tendency obtained from an orthogonal
linear regression is 1.033 (i.e. close to 1)
confirming the proportionality between Pr
and C?. This result gives extra-credence to
the interpretation of the radar echoes in
terms of pure turbulent scattering. It also
upholds the interpretation of the selected
regions from balloon data in terms of
turbulent layers. The large spread of the
scatter plot suggests however that these
conclusions are only relevant in a
statistical sense (as previously cautioned).
However, these results make it possible to
perform an empirical radar calibration for
absolute C? measurements from MUR
when operated in range-imaging mode by
applying a value of ~-176.2 dB for the
constant K. By rejecting aspect sensitive
echoes, and assuming that all the non
aspect-sensitive echoes are related to
isotropic turbulence, time-height cross-
sections of C? at high resolutions can be
obtained from MUR.

Figure 9a takes together all the 963
estimates of C? —(C2?) and Pr°—(Pr}°) for
the 36 flights. The plots are divided into
two panels for legibility. The saw-toothed



shape of the plots results from the decrease
with height of ¢2? and Pr)° (Figure 4a)
related to the decrease of humidity. The
plots are alike and the cross-correlation
coefficient is ~0.819 with a 95 % interval
confidence of +/-0.02. Such a high
correlation is mainly due to the systematic
decrease of C? with height. Using the
detrended profiles (Figure 9b), the
correlation coefficient is ~0.482 +/- 0.049.
It corresponds to a degree of resemblance
between the values deviating from the

“general trend” given by the polynomial fit.

In order to better evaluate the significance
of the estimated cross-correlation
coefficients, we performed tests consisting
in rearranging randomly the order of the 36
balloon flights. For this purpose, 20
realizations were made. The correlation
coefficients were found to be ~0.62-0.64
without detrend. Such high values can be
explained by the systematic decrease of C?
with height. Nevertheless, it is significantly
smaller than ~0.819. After detrending, the
correlation coefficient was ~0. We thus
suitably removed the contributions of the
“universal” decrease of C? with height.
Cross-correlation coefficients of ~0.50
from detrended profiles are thus significant
values and demonstrate that our statistics
are also representative of the specific

turbulent events detected during each flight.
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We performed similar statistics for selected
regions deeper than 100 m, expected to be
detected by the radar with a larger
confidence. Cross-correlation coefficients
of 0.859 +/-0.031 and 0.549+/- 0.088 were
found for the original and detrended series.
It is significantly higher than the
correlation found for the whole dataset,
indicating that discrepancies are mainly
due to the thinnest layers.

eeeeeeee

i WLWW A M{WMNWW

B8)

el

Carrelation 0481 92 0.048623

4% 50 100 00

Layer nu o

P i

Figure 6b: Same as Figure 6a but after the
polynomial detrend in order to remove the main
tendency.

Finally, cross-correlation coefficients were
also estimated when comparing with radar
data averaged over 60 min. We obtained
~0.832+/-0.02 and ~0.501 +/- 0.047
without and with detrend, respectively.
Better correlations can be explained by the
higher representativeness of the radar
profiles in a statistical sense.

4. Conclusions

The detection of refractivity turbulence in
the troposphere and the quantification of
its intensity from balloon and VHF radar
data were the main topics of this work. For
this purpose, we used data collected from
MUR and 36 Vaisala radiosondes during
field campaign in September 2011.

- The mean and median depths of the
overturning regions detected from the raw
balloon data were 99.1 m and 60.0 m,
respectively. Because the range resolution
of MUR in range-imaging mode is
typically a few ten meters in the
troposphere (instead of 150 m in standard
mode), they can be resolved by the radar.
The filling factor of the radar volume when
estimating C? from radar measurements
(e.g., VanZandt et al., 1978) should not be
a problem for most selected regions if their
horizontal extent exceeds the first Fresnel
zone.

-About 90 % of the selected overturning
regions are associated with nearly isotropic
radar echoes, consistent with the detection
of isotropic turbulence (from both balloon
and radar measurements).

-Conversely, zenith aspect sensitive
(vertically-enhanced) radar echoes were
generally not associated with selected
overturning regions. Albeit thinner
turbulent layers, impossible to detect from
balloon data, can be the cause of this
observation, this result still supports that
diffuse reflection from rough or corrugated
stable (non turbulent) layers can more



likely be the cause of the echoes (e.g.,
Rottger and Larsen, 1990). Indeed,
anisotropic turbulence should also produce
overturns in the same way as isotropic
turbulence.

-The relative values of radar echo power
(corrected from range attenuation effects)
are consistent C? estimates from balloon
data in the selected regions. We found
correlation  coefficients between the
balloon and radar estimates of ~0.81-0.83.
Linear regressions indicate proportionality
between C? and radar echo power. From
these results, empirical radar calibration
for absolute C? estimates from MUR
measurements in high resolution mode was
proposed. A value of ~-176.2 dB for K can
be applied for absolute measurements of
¢} from MUR observations in range-
imaging mode.

This work constitutes an important
outcome for the  detection and
quantification of refractivity turbulence
from balloon and radar data. These data
will be used as reference for cross-
validations of measurements of turbulence
from lidar observations planned to be
performed in autumn 2012 at Shigaraki
MU observatory by RISH in collaboration
with LATMOS.
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Development of a lidar for observation of ozone profiles in the
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Table.1 Parameters of QPM and BPM devices
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KTP BPM 2.4 0.35~35
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Abstract

We present a relationship between water vapor mixing ratio (WV) and ozone mixing ratio (O3)
measured by Aura/MLS in the tropical upper troposphere and lower stratosphere. Seasonal
variability is analyzed in WV and O; using MLS data. During summer (April-September) WV and
O;scatter plots are used to examine the relationship between them at different pressure levels.
Around 100 hPa and above, there is an increasing linear tendency between WV and O;with a high
correlation coefficient. However, during winter (October-March) an association between WV and
O, decreases. From the scatter plots of WV and O, it appears that during convection WV is injected
from troposphere to lower stratosphere in the tropical region. The increasing amount of O;and WV
just above tropopause appears that it is dynamically controlled during summer. The O; values are,
in general, larger by a factor of ~2 during summer at 100 hPa as compared to winter. The
temperature during summer found to be higher by ~ 6-7 °C as compared to winter above tropopause.
Our analysis suggests the need to study jointly O; and WV that would help in better understanding
the transport in the TTL region and above. Role of vertical wind using EAR has also been identified

in transporting the minor constituents in the UTLS region during convection period.
1. Introduction

Water vapor is a strong greenhouse gas and plays a major role in ozone chemistry and serves as a
reliable dynamical tracer because of its long lifetime. It has important impacts on atmospheric
circulations through latent heat exchanges and redistribution of energy (Schneider et al. 2010).
There has been a considerable concern about regional increases in tropospheric concentrations of
ozone. The distribution of ozone and water vapor in the stratosphere strongly affects the radiative

heating field and the stratospheric dynamics. Annual cycles are evident in the concentrations of



water vapor [Mote et al., 1995] and ozone [Thompson et al., 2003; Folkins et al., 2006; Randel et al.,

2007], with the maximum mixing ratios occurring during Northern hemisphere (NH) summer.

The region of minimum temperatures around the tropical tropopause poses strong constraints on the
amount of water vapor entering the stratosphere (Brewer, 1949; Holton and Gettelman, 2001;
Bonazzola and Haynes, 2004; Fueglistaleret al., 2005). Also water vapor mixing ratios in the extra
tropical lowermost stratosphere are strongly related to tropical temperatures (Hoor et al.,2010).
Panwar er. al., 2012 has shown that the transport of water vapor takes time (~1-2 months) to reach
from troposphere to stratosphere. Avallone and Prather (1996) showed that in the tropical lower
stratosphere the chemistry is dominated by ozone production from photolysis. Correspondingly, the
annual cycle in lower stratospheric ozone concentrations has been linked to the annual cycle in
upwelling of the stratospheric residual circulation (Randel et al., 2007), but seasonal variations in

mixing of extra tropical air masses may also play an important role (Konopka et al., 2009, 2010).

Tropical tropopause layer (TTL) is of interest not only because of being the interface between two
very different dynamical regimes but also because it acts as a gate to the stratosphere for
atmospheric tracers such as water vapor and so-called very short lived substances, which both play
an important role for stratospheric chemistry (Fueglistaler et al., 2009). Randel et al. (2004) showed
that temperature and water vapor are correlated (r=0.73) in the TTL using NCEP temperatures and
UARS/HALOE satellite water vapor data. In this study we investigate the role of water vapor and
ozone to better understand the dynamics and chemistry in the TTL. For this purpose, we use data
from NASA A-Train satellite instrument MLS and determine the correlation between water vapor
and ozone in the TTL. The role of vertical wind during summer and winter is also examined using

Equatorial Atmosphere Radar (EAR) located in Indonesia (Fukao et al., 2003).
2. Data

Aura- EOS MLS version 2.2 data of water vapor mixing ratio and Ozone have been used in this
study during 2005-11 at different pressure levels (147, 100 and 68 hPa). Aura MLS are available
from beginning of mission (August 2004). The latitude extent of MLS L2GP data is from -82° to
82°N and longitude wise from -180° to 180°E. The temporal resolution of data is ~25 seconds and
the horizontal resolution varies with parameters. The useful pressure range for water vapor data is

from 316 to 0.002 hPa and for ozone 261 to 0.02 hPa. Direct measurement of vertical wind data



have also been used from Equatorial Atmospheric Radar (EAR). EAR is a VHF Doppler radar with
an active phased array antenna system with an operational frequency of 47.0 MHz and peak output

power of 100kW (Fukao et al. 2003).
3. Results
3.1 Water vapor and ozone in the TTL

Brewer (1949) suggested that air mass entering the stratosphere in the tropics must pass through the
low temperature at the tropopause with substantial dehydration. The process of temperature
dependent dehydration can be observed in the so called atmospheric tape recorder (Mote et al.,
1996). It is important to understand the behavior of water vapor and ozone to quantify the transport
in the upper troposphere and lower stratosphere (UTLS) region. Figure 1 shows the scatter plots of
water vapor and ozone with respect to temperature at three different pressure levels viz. 147, 100
and 68 hPa. It is clear from figure 1 that ambient temperature at those pressure levels during
summers show higher values by ~ 6-8 °C in comparison to winters. The ozone values and water
vapors, in general, are higher during summer. Ozone is larger by a factor ~2-3 ppbv, while WV by a
factor ~1-2 ppmv. At 147 hPa level there is no significant difference during summer and winter in
water vapor and ozone distribution. However, a clear seasonal variability can be seen at 100 and 68
hPa levels. At 100 hPa level and above, an increasing linear tendency noticed between water vapor
and ozone with a high correlation coefficient throughout the year. The increasing (decreasing)
tendency of water vapor and ozone during summer (winter) and high correlation between the two
minor constituents has been noticed in all the consecutive years (Sequential panels are shown in

summer and winter seasons in figure 1 during 2005-2007).
3.2 Role of vertical wind

To quantify the role of vertical wind in transporting the water vapor and ozone in TTL, we have
utilized the EAR vertical wind data. Time-height sections of EAR derived vertical wind velocity
averaged over 3 hours were constructed during 2005-11. As the radar is located at equator, therefore
vertical wind shows a regional behavior. The wind components have missing data points in the
UTLS region, however we are in a position to observe increased updrafts or downdrafts during
convection (vertical velocity was not indicated in this region with missing data values more than

70% on the time average of 3 hours). In Figure 2, we show a sample of vertical wind during May



2006, on certain time, we could see the increased vertical wind around UTLS region. It suggests
that vertical wind has a strong role in transporting the minor constituents in the UTLS region. Note
that vertical wind showed increased values during Oct-Nov also, which is a season of rainfall over

this area. Whenever, there have been convection events we observed enhanced vertical wind over

EAR site (Dhaka et al., 2005, 2006).
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Figure 1 Scatter plots of water vapor and ozone with ambient temperature shown along from
January 2005 to March 2007, covering two seasons of summer and winter. Correlation coefficients
are mentioned in each panel at upper left corners. 147 hPa, 100 hPa, and 68 hPa are plotted from
left to rights in different seasons
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4. Discussion

This paper presents the relationship of ozone and water vapor in the TTL region. Seasonal behavior
of these two minor constituents shows higher values during summer as compared to winters. A
strong correlation between water vapor and ozone at 100 and 68 hPa level shows the importance of
these two minor constituents to understand the transport in the UTLS region. Strong upward
motions of vertical wind up to 17 km were observed frequently during convection that shows the
importance of vertical wind in transportation of water vapor and ozone. Further investigation is

needed and we are pursuing to reveal the intra-seasonal behavior of ozone and water vapors.
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Abstract

This paper describes a case study of orographic precipitation in west Sumatera. The
case of orographic precipitation taken from XDR data showed that different types of cloud
precipitation occurred in Padangpanjang and surroundings. Sea breeze plays the role from
morning until evening. It causes orographic precipitation in Padangpanjang which is
located in the west part of mountainous barrier and perpendicular to wind direction. We
suggest that the mechanism of precipitation cloud development at 14 LT and at 16 LT as
convective triggered and seeder feeder enhancement respectively. This is proven by the fact
that the rain rate at 18 LT doubled from the rain rate at 14 LT.

1. Introduction

Sumatera is one of the largest islands in the Indonesian Maritime Continent. It is
located at the eastern edge of the Indian Ocean (around 100° E), and has a high mountain
range along its south-western coastline. As shown in Fig. 1a.

The mountain plays a role as a barrier of flows and clouds coming from the Indian
Ocean. Rainfall amount in the western side of the mountain districts of Sumatera Island is
larger than in the eastern side, suggesting that this difference might be induced by the
moisture which comes from the Indian Ocean and is trapped on the western slope [1].

The main purpose of this paper is to present preliminary results of mountainous
enhancement and orographic precipitation enhancement mechanism in West Sumatera
based on observation.

Precipitation from another cloud layer aloft may be enhanced as it falls through the low-
level feeder cloud. By itself, the low-level cloud might not precipitate [2]. Triggered
convection manifested itself as an increase in the fraction of time spent raining, seeder-
feeder enhancement is manifested primarily through an increase in the rain rate [3]. Seeder-
feeder or the washout of low-level cloud droplets by raindrops falling from above can
produce local precipitation rate doubled or tripled [4].
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Fig. 1. (a) Sumatera Island (b) Research Location
2. Data and Methodology

Data analyzed for this study is mainly taken from XDR radar. The XDR was installed at
Sungaipuar (0.36°S, 100.41°E, 1121 m above mean sea level), located 20 km to the south-
southeast of the EAR site at Kototabang (0.20°S, 100.32°E). The location of observation of
XDR is shown in Fig. 1b. The XDR collected three dimensional reflectivity and Doppler
velocity data every 4 min, through a series of conical scans with antenna elevation angles
from 0.6° to 40°. The observation range of XDR is 83 km in radius. Due to the topography
in observation area the data within 1 km above the ground level was not used to remove the
effects of ground clutter [5].

In addition to the XDR, surface rainfall in Padangpanjang and Sicincin area were taken
by raingauge typing bucket type was employed. Surface wind data in Padang and
Kototatabang were taken by AWS (Automatic Weather Station) was employed as well.

3. Result and discussion
3.1. Rainfall in the inactive phase
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Fig. 2. Day-Hour of rainfall in Padangpanjang on April 2004.



Fig. 2 presents the rainfall in Padangpanjang obtained by raingauge. In the inactive
phase rain occurred in the afternoon and in the early morning. In the active phase rain
occurred in the morning. This result is consistent with the previous result that precipitation
in the inactive phase is caused by systems that formed within the observation area. Shallow
convective cells appeared in the mountain range around midday, which subsequently
developed into deep convective systems [5].

3.2. Rain distribution

Rain distribution around mountainous area which is taken by XDR on April 2004 is
compared with rainfall on the same day is shown in Fig. 3. We used two places of rainfall
to compare rain echo which was detected by XDR. The places are Padangpanjang and
Sicincin. CAPPI echo shows that much echo occurs in Padangpanjang than Sicincin.
Rainfall data shows that no rain detects in Padangpanjang at 13 LT. The intensity of radar
echo in Sicincin stronger at 14 LT than 13 LT. In Padangpanjang the intensity of radar echo
shows similarly at 13 LT. Rainfall at 14 LT in Padangpanjang is smaller than Sicincin. The
condition at 15 LT looks similar with condition at 14 LT. We suggest that mountain effect
play the role. The wind which blew from the coastline (sea breeze) was blocked by
mountain barrier and lifted up. This caused rainfall in Padangpanjang retained.
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Fig. 3, rain distribution in mountainous area shows by CAPPI of XDR at height 3 km on
April 10" 2004 compares with rainfall in Padangpanjang and Sicincin.



Echo intensity of CAPPI at 16 LT and at 17 LT in Padangpanjang and Sicincin shows
smaller than previous time. Similarly, no rainfall is detected both in Padangpanjang and
Sicincin.

The echo intensity of CAPPI in Padangpanjang is much stronger than Sicincin at 18 LT.
This result is consistent with rainfall in Padangpanjang which is detected by raingauge.
Rainfall detected in Padangpanjang but no rainfall detected in Sicincin. This condition is
different with the condition at 13-15 LT. We suggest that sea breeze at 18 LT is much
slower than at 13-15 LT. The difference of temperature between sea and land is not so large
due to slower wind at 18 LT. Rain in Padangpanjang is not retained. The intensity echo in
Padangpanjang is weaker at 19 LT. There is no rain detected in Panjangpanjang. However
rain is detected in Sicincin at that time.

3.3. Types of precipitation cloud

Fig. 4 shows the reflectifity at cross section of -0.45S at 1300 LT. Precipitating cloud
developed verticaly and reached 8 km above Padangpanjang (PP).
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Two other clouds developed verticaly above Sicincin (SCC) and above location “near”
by Padangpanjang, but the height of those clouds is lower than the cloud above
Padangpanjang. We suggest that mountainous barrier blocked the sea breeze above
Padangpanjang and lifted up moist air to the higher place. This condition produced a cloud
of comulunimbus type. Fig. 6a shows wind profile in Kototabang at 1300 LT. Mostly wind
blows to the west in Kototabang at 1300 LT as shown in Fig. 5a. It suggests that
convergence occured and resulted as precipitation cloud above “near” Padangpanjang. At
that time there was no rain detected at the surface in Padangpanjang but less rain was
detected in Sicincin.

The cloud expanded and rain rate in Padangpanjang was 8.4 mm/hr at 1400 LT is
shown by Fig. 4. Precipitating cloud decreased above Padangpanjang at 1500 LT. New
precipitating cloud with less reflectivity was detected by radar at 1600 LT and at 1700 LT
above Padangpanjang. There was no rain detected by rainrauge at the surface of
Padangpanjang.

Two levels of precipitating cloud developed at 1800 LT with strong reflectivity. We
suggest that the upper level cloud was the seeder cloud and second level cloud was the
feeder cloud. At this time seeder feeder enhancement plays the role and resulted rain rate
about 15.6 mm/hr at the surface of Padangpanjang. Rain rate almost doubled from 1400 LT.

There was no precipitating cloud with strong reflectivity at 1900 LT above
Padangpanjang. It seems precipitating cloud with less reflectivity expanded from the
surface up to 9 km in vertical height. Decreasing of temperature at 1900 LT might be the
reason why the moist air expanded near of the surface. Wind direction at Fig. 5b shows that
wind blew to the east in Kototabang at 1900 LT. It suggests that the sea breeze still occurs
at that time. Fig. 5c shows that wind blew to the west above 5 km. It might be the reason of
rain which occurred in Sicincin at 1900 LT. Precipitating cloud was brought by the wind
from Padangpanjang to Sicincin.
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Fig. 5. Zonal wind profile on April 10™ 2004 in (a) Kototabang at 1300 LT. (b) Padang at
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4. Conclusions and future work
Short discussion has been made and we conclude as follows:

1. The sea breeze blew to the mountainous area at 14.00 LT, and cumulonimbus cloud
above Padangpanjang developed as a result of upslope triggering of convection.

2. The seeder-feeder mechanism orographic enhancement detected at 18.00 LT in
Padangpanjang. It was shown by reflectivity of XDR that two levels of cloud detected
and higher rain rate occurred at the surface.

3. Wind blew to the west at mountainous area (Kototabang) at 19.00 LT, and it brought
precipitation cloud to the west (From Padangpanjang to Sicincin).

In the near future we will analyze another set of data to find other cases of orographic
precipitation in Padangpanjang.
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Hydrometeorological Significance of C-band Radar Echoes Migrating over Ciliwung
River Basin, West Jawa

Reni Sulis‘[yowatil’z’3 , Ratih Indri Hapsaril, Fadli Syamsudin3 , Shuichi Mori2,
Satoru T. Oishil, Manabu D. Yamanaka®>'
'Kobe University, Japan
*Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Japan
3Agency for the Assessment and Application of Technology (BPPT), Indonesia

Tropical rivers returning water to ocean compensate water vapor supply from ocean
to atmosphere, and resultant tropical rainfall produces latent heat, which sustains the
global climate. Recent studies have suggested that water input from atmosphere to
rivers by rainfall in tropical coastlines has dominant diurnal cycle. Here we show
evidence of persistent existence of diurnal cycle in a tropical river water level, which is
consistent with that in rainfall. The river diurnal cycle has a local-time locked 24-h
periodicity and a 10 cm-order amplitude, distinguished from effects of oceanic and
atmospheric tides. Observationally derived rainfall-water level relationship with a time
lag may be important as a practical criterion to issue flood warning which is causing
serious disasters in tropics.

The tropical water cycle contributes to the global energy budget through heating
because of water vapor infrared absorption and cloud latent heat release, as well as cooling
due to cloud top albedo'. In the tropics, the maximum of convective cloud activity and
rainfall is located in Indonesian maritime continent (IMC)2’3, where world’s fourth largest
population is concentrated along rivers near coastline of large islands. Therefore, the
hydrologic cycle over IMC is important both climatologically and socially.

Jakarta, the capital city of Indonesia, located in the lowlands at an average altitude of
2.4 m above sea level, is flooded almost every year recently. The most important river is
Ciliwung, which runs from a southern highland through two provinces, West Jawa and
Jakarta, has downstream in the center of Jakarta city before finally flowing into the Jawa
Sea. The length and catchment area of Ciliwung River are 97 km and 476 km? respectively.
It has long narrow watersheds and steep slopes in the upstream to the middle, where runoff
is very small because of a concentration of dense population only in the downstream.
Therefore extreme rainfall that occurs in a short time at the upstream can lead to the flood in
Jakarta area in the downstream®.

Several studies™® have shown rainfall with diurnal cycle over major islands of IMC
including Jakarta area, which is induced by development of cloud system accompanied with
local (sea-land breeze) circulation. In the case of a severe flood event in 2007, rainfall with
clouds migrating from south (mountain) to north (coast) mainly after sunset was amplified
with a strong persistent trans-equatorial monsoon from the Northern Hemisphere7, which
has been confirmed by time-lagged ensemble downscaling experiments with a regional
atmospheric model (JMA-NHM)®. Water level data of Ciliwung River during this flood and
one flood event in 2002 have shown about 2 m raises after peaks of rainfall with the diurnal
cycle (Kusakabe, T., private communication).

We have carried out observations of the diurnal-cycle rainfalls over Jakarta area
during January 15 — February 15, 2010, as the final intensive observational period of
a S-year project called Hydrometeorological ARray for Isv-Monsoon Automonitoring9
(HARIMAU 2010 IOP). We have been operating a C-band Doppler radar (CDR) installed at
Serpong (106.70E and 6.40S; 46 m MSL), and five stations for rawinsonde and surface
meteorological observations. The CDR can observe rainfalls over Jakarta area with a time
resolution of 6 min and a horizontal range of about 105 km, from which we have used 2 km



constant altitude plan positioning indicator (CAPPI) data over Ciliwung river basin
(6.17S — 6.82S; 106.75E — 107.25E) for the present study. The 6-min radar reflectivity is
converted into the surface rainfall in the Ciliwung river basin using Marshall-Palmer
formula (Z=200R"®).

We have also obtained automatic water level recorder (AWLR) data at Manggarai
(6.21S, 106.85E) which is located in the downstream of Ciliwung River during the
HARIMAU 2010 IOP. The water level is measured by AWLR and transmitted by automatic
telemetry with time resolution of 15-min.

Fig. 1 shows temporal variations of the water level at Manggarai, compared with
rainfall and rain cloud migration during the HARIMAU 2010 IOP. Some small floods
occurred but are not so serious as in 2002 and 2007. At Manggarai, the mean water level is
3.72 m. We find clear persistent systematic appearance of a diurnal cycle with amplitude of
about 0.1 m the water level, corresponding to about 32 m’/s in the discharge. Fig. 3 shows
anomalies of the water level from each daily mean value. The diurnal cycle of water level
anomaly has the minimum value in the morning (07-08LST) and the maximum in the
afternoon (1617 LST).

Fig. 4 shows histogram of average hourly precipitation observed by 5-AWS over
Jakarta regions. Time series of rainfall indicates that there exists diurnal variations

component and it has similar pattern with diurnal cycle of water level.
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Figure 1. Temporal variations of water level recorder at Manggarai Station for one month period (a);
average rainfall from CDR data (b); and time-latitude cross section of rainfall over Ciliwung
river basin (c) at 2 km CAPPI data.

Some foregoing studies have reported diurnal cycles of rivers in mid-latitudes'*"",

which are mainly due to daytime increase of evaportranspiration, infiltration or snow-
melting under less rainfall conditions, and much weaker than the present case. Artificial
water controls might cause a diurnal cyclelz, but there were no such operations during the
observational period. We have done a spectral analysis (see Fig. 2) and wavelet analysis



(figures omitted here) and have confirmed that the diurnal cycles repeated throughout the
observational period.

The diurnal cycle of water level during this period is not explained by the oceanic
tide. The diurnal component is dominant as shown in Fig. 2. The phase of the diurnal cycle
is fixed to local time (see Fig. 3) without essential modification by the lunar cycle, and does
not vanish even in monthly average. Although Batavia (the old name of Jakarta) was a place
of discovery of the global atmospheric tide dominant around equator13 , its diurnal
component is again weaker than semidiurnal, and the surface pressure amplitude is about
0.6 hPa, corresponding to a water level down/up with 0.6 cm at 2 and 14 LST, which is
clearly smaller than the observed diurnal cycle.
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Figure 2. Spectral analysis of water level recorder at Manggarai Station. Maximum values indicate the
diurnal oscillation (period of 1-day), also half-day and 4-day periodicity.
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Figure 3. Diurnal variation of water level anomaly at Manggarai Station for one month period (thinner
line) and averaged for those period (thicker line), from 15 January to 15 February 2010.
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Figure 4. A histogram of rainfall data over Jakarta regions for each hour during 15 January to 15
February 2010.

Therefore the cause of observed diurnal cycle of Ciliwung River should be almost
uniquely explained by that of rainfall, which has been shown in Fig. 1. From the AWS data,
the maximum of the latter diurnal cycle occurred around 17LST, which is almost



simultaneous to the former. However, local instant rainfall (maximum about 10 mm/h for
4 hours, which is about 40 mm in daily rainfall) cannot explain the water level increase of
0.1 m or 100 mm, so we must consider transport of water provided already by past rainfalls
in the upstream catchment area. The CDR data support this, and also show migrations of
rainfall areas or clouds in the meridional direction. For example, on February 12 and 14,
rainfall concentrated in the southern (mountain) side in the late afternoon, and migrated
northward with velocity of 3—6 m/s (Fig. 5). On February 13 or between those two days,
rainfall started in the northern (sea) side in the early morning, and migrated southward with
velocity about 3 m/s. The maximum rainfall area of about 48 dBZ (roughly corresponding to
36.5 mm/h) migrated meridionally during a life time of around 2-3 hours every day (about
109 mm in daily rainfall), which is close to the maximum rainfall at a fixed station and its
life-time total seems comparable to the water level rise of 10 cm.

The rainfall and cloud diurnal cycles are associated with sea-land breeze
circulation'!, which is generated by sea-land heat contrast and is dominant along long
coastlines around large islands of IMC in the equatorial region free from the synoptic-scale
meteorological disturbances (cyclones)15’16. The rainfall and clouds are activated over a
convergence between the sea and land breezes, which migrates in the meridional direction
from land to sea in the evening and from sea to land in the morning, as observed here. The
meridional migration is almost parallel with flow direction of Ciliwung River. When the
rainfall migrates in the meridional direction, it provides massive water in a broader area of
the Ciliwung river basin, which causes an increase of the water level in the downstream on
the next day. Especially if rainfalls migrate continuously from the mountain side to the coast
(northward), floods may be more dangerous to Jakarta area, as actually occurred during the
flood in 2007’ During the present observational period, flood occurred smaller than in 2007

on February 10 and 13, 2010.
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Figure 5. Time-latitude cross section of 2 km CAPPI CDR data during 12 — 14 February 2010.

It has been found through this study that the diurnal cycle with water level
amplitudes of 10 cm are generated in Ciliwung River by the rainfall diurnal cycle with about
40 mm in average over the catchment area, if it is migrated then radar echoes have shown
the rainfall area is about 400 kmz, which i1s almost similar to the catchment area. If the
atmosphere and land surface are almost saturated, we estimate that 20 times of river water
level (2 m) for a serious flood event may be generated by 20 times of rainfall (800 mm).
Because of a time lag between rainfall and water level rise, we may use the value 800 mm of
rainfall as a critical value for warning a flood.
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1 Introduction

Raindrop size distribution (DSD) reflects the physics of rain
and has broad list of applications in meteorology, hydrol-
ogy, and related sciences. For weather radar data interpre-
tation, the DSD is required to derive radar reflectivity (Z)-
rainfall rate (R) relation which is important for converting
Z from the radar to the parameter of interest (R). The Z—R
relation can be governed by using long-term observation of
DSD. However, it is well known that the DSD varies not
only within a specific storm type but also across differing
storms types and climatic regimes [1, 2, 3], which leads to
the variability of Z — R relation. Such variability substan-
tially limits the accuracy of radar-derived rainfall estimates
and becomes one of error source of rainfall estimates from
the radar [4].

Madden—Julian Oscillation (MJO) is a dominant compo-
nent of intraseasonal variability (20-90 day) over the tropics
[5] and in some regions can have immense societal and eco-
nomic impacts. Kozu et al. [6] and Marzuki et al.[7] have
analyzed the effect of MJO on the DSD, and they found that
the DSD during inactive MJO was broader than during ac-
tive phase, particularly for heavy rain (R > 10 mm h™!).
It was coincident with higher radar reflectivity during the
inactive phase than in active phase, for same rainfall rate.
However, their analysis is only based on one month data
that may cover only few MJO phases. Further advances in
understanding must be made in order to improve our over-
all understanding of the natural variability of the DSD in
response to MJO. This proceeding presents a long-term ob-
servation of DSD by disdrometer (2003-2010) in different
MJO phases, to further clarify the influence of the MJO on
the DSD variability, particularly in the convective regime
where rainfall is abundant.

2 Data and Methodology

2.1 Disdrometer measurement

The precipitation observations are conducted in the equato-
rial Indonesia, particularly at Kototabang (hereafter called
KT), west Sumatra, Indonesia (0.20°S, 100.32°E, 864 m
above sea level). The DSD observation was from a 2D-
Video Disdrometer (2DVD). The components and measur-
ing principles of this instrument were given by [8]. The
2DVD has been collecting samples of raindrop spectra
nearly continuously over eight years (end of 2002-2010).
We constructed the DSD for two-minute intervals, adopt-

ing a 0.2 mm channel interval [9] from 0.4 mm to 10.25
mm. The drops in excess 10 mm are presumably not real
drops. We also disregarded very light rain (R <0.1 mm/h)
or minute DSD recording less than 4 consecutive bins with
non-zero values. The possible effect of enclosure and the
location of the instrument are still not considered. A thresh-
old of fall speed by using Gunn and Kinzer (GK) observa-
tion results [10], is employed to filter out measured spuri-
ous drops. In this study, we retained the drops within 65%
of GK observations. Furthermore, as mentioned above that
we disregarded the drops smaller than 0.4 mm, this will also
reduce the number of spurious drops.

The normalized gamma distribution was employed to
model the measured DSD, given by [3] as

Nyf(D/Dp),

where N(D) is the DSD in unit of 1 m~>mm, N,, is the
scaling parameter for drop concentration and D,, is mass-
weighted mean diameter. When the DSD follows the
gamma distribution, f(D/D,,) and N,, are defined by

N(D) = (1

_ 6 4T DR (2
f(D/Dm) — 44 1_,(#_'_4) Dm (4 D s (2)
4% LwWe
Nw - 757wa7§,£’ (3)
Dy = My /M3, 4)

with p,, is water density, M3 and M, are the third and the
fourth moment of the DSD, respectively. Liquid water con-
tent (LWC) is related to the third moment of the DSD. The
value of u is calculated by

2
_(Om\ _
= (D > 4, s)
D,
max D Dm 2D3N(D)dD
Gm f D, ( ) . (6)
JPres D3N (D) dD

2.2 Radar measurement

We analyzed six years data of 1.3 GHz wind profiler. The
profiler was located at Global Atmosphere Watch (GAW)
observatory of Indonesian Meteorology and Geophysics
Agency (BMG), about 300 m away from the EAR site. The
profiler echoes were considered as the echoes from pre-
cipitation, if rain at the ground surface was detected by
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Figure 1: Averaged drop size distributions for six different
rain intensity intervals. The boundaries of rain rate and the
MJO phases are given. P1 to P8 indicates the MJO phases.

the 2DVD. To ensure that both instruments (2DVD and
1.3-GHz wind profiler) are simultaneously observing rain,
the observations are screened to require that the profiler
has reflectivities greater than 18 dBZ and mean downward
Doppler velocities greater than 3 m/s, while the 2DVD is
required to have observed at least 0.1 mm/h rainfall rate
in the minute sample. The wind profiler data are used to
classify the precipitation type. Precipitations were divided
into four categories of rainfall (i.e., stratifrom, mixed strat-
iform/convective, deep convective and shallow convective)
based on the algorithm developed by [11].

Another radar is 24 GHz Micro-Rain Radar (MRR)
which provides the vertical profile of raindrop size distribu-
tion. For convective rain, we need to concern about the rain
attenuation of 24 GHz radio frequency of this radar. The
characteristics and performance of the MRR was described
in detail by [12].

2.3 Classification of MJO Phases

To examine the characteristics of DSD in different MJO
phases, it is necessary to define the phase of the disdrom-
eter data. The amplitude and phase of the MJO are de-
termined by using the Real-time Multivariate MJO (RMM)
index derived by [13]. The RMM index is constructed by
the two leading principal component time series (RMMI1
and RMM?2) of the empirical orthogonal functions of of the
near—equatorial (15°S—15°N) daily zonal winds at 850 and
200 hPa, and OLR (see[13] for further details). The winds
are from the National Centers for Atmospheric Prediction
(NCEP) and the National Center for Atmospheric Research
(NCAR) reanalysis, while for the OLR data is that mea-

sured by the National Oceanic and Atmospheric Adminis-
tration (NOAA) polar-orbitting satellites. The RMM1 and
RMM2 provide the two-dimensional phase space of MJO
and indicate the location of MJO in phase space as a point
(RMM1, RMM2). The amplitude of MJO is determined
by the distance of a point from the origin. The MJO phase
space is divided into eight sectors, from which the loca-
tion of the MJO convective center between Africa and the
eastern Pacific can be inferred. The phases are: phase 1 de-
notes the period, when the centre of the convective activity
(i.e. low-level convergence) is located near Africa, phases 2
and 3 over the Indian Ocean, phases 4 and 5 over the Mar-
itime Continent, phases 6 and 7 over the western Pacific
and phase 8 over the eastern Pacific. The cases with the
amplitude of MJO being greater than unity were assumed
as strong MJO phase.

3 Results

3.1 Averaged raindrop size distributions

To examine the characteristics of the DSD among the MJO
phases, we first averaged the DSD from 2003-2010 obser-
vations for six different rain intensity intervals (Fig. 1).
At very light and light rain rates, the difference in the
DSD among the MJO phases is not obvious. However, at
heavy rain, concentration of medium and large-size drops
are higher in phases 1, 6, 7 and 8 than in other phases. Very
heavy and extreme rain rates have similar trend. In next sec-
tion, because there not enough simultaneous observation of
the wind profiler and the 2DVD to study the diurnal and
precipitation type variation for the eight individual phases
of the MJO, the observations are instead classified into only
three categories, i.e., (i) active, (ii) suppressed and (ii) weak
MIJO phases. Active and suppressed MJO are strong MJO
phase in which the amplitude of MJO is greater than unity.
At Kototabang, active convection occurs when the MJO is
in phases 2, 3, 4, and 5, and suppressed convection occurs
when the MJO is in phases 6-8 and 1. All cases with the
amplitude of MJO being less than unity were assumed as
weak MJO phase. By this classification, we can observe
that the DSD during inactive is broader than during active
MJO phases, consistent with [6] and [7].

3.2 Precipitation type occurrence in different
MJO phases

As shown above, we classified rainfall rate into several in-
tensities. Rainfall rate in excess 10 mm/h are generally
convective rain, but lighter rain may be produced by either
type. Therefore, an analysis of the DSD through a better
rain classification is required. Figures 2-3 shows the diur-
nal variation of the percentage occurrence and contribution
of rainfall at KT for each MJO phases. The main peak of
convective rains appears around 14:00-17:00 LT with the
main peak at 16:00 LT observed for deep convective rain.
Stratiform rain shows bimodal variation with the main peak
around 00:00-02:00 LT and a subpeak at 21:00 LT, particu-
larly during active and weak MJO phases. Our result is gen-
erally consistent with the diurnal rainfall variation reported



by [14] and [15], but the percentage of shallow convective
rain in our result is larger than theirs.
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Figure 2: The diurnal variation of precipitation type occur-
rence at KT from 6 years wind profiler data. The percentage
expressed in the figures are relative to the total number of
profiles for each MJO phase.

An interesting result can be also seen from Fig. 2 in
which the percentage occurrence of shallow convective rain
at KT is higher during active than during inactive phases.
Furthermore, during active MJO phase, the duration of rain
event may be longer than during inactive phases, but its
intensity is lower. As consequence, although the number
of the rain profile is larger during active than during inac-
tive phases, the total accumulated rainfall at the ground is
smaller than during inactive phases (Fig. 3).

3.3 N,-D,, and Z-R Relations

Figure 4 shows D,, and N,, plot along with the data from
Bringi et al.[3]. Bringi et al.[3] found that, on average, the
two parameters (N,, and D,,) for stratiform rain distribu-
tions lie on a straight line with negative slope resulting from
composite disdrometer/radar retrievals that encompass a va-
riety of climatic regimes from near the equator (Papua New
Guinea) to the High Plains (Colorado). The two parame-
ters vary from about 2.8 and 1.8 at Colorado to 3.95 and
1.2 at Papua New Guinea. In the present study, the average
value of N,, for stratiform rain is close to those found for
Papua New Guinea (the closet region to KT). For the con-
vective rain, [3] grouped their data into two distinct cluster
corresponding to maritime-like and continental-like clus-
ters. Maritime-like cluster are located around < D,, > o<
1.5—1.75 mm and < N,, > < 4—4.5, varying from near the
equator (Papua New Guinea) to subtropics (Florida, Brazil)
to oceanic (TOGA COARE data). Continental like cluster
is characterized by < D, > o 2.0 —2.75 mm and < N,, >
o< 3 — 3.5, varying from near the U. S. High plains (Col-
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Figure 3: The diurnal variation of the rainfall at KT. The
percentage expressed in the figures are relative to the total
number of the rainfall for each MJO phase.

orado) to continental (Graz, Austria) to subtropics (Sydney,
Australia). It can be seen that average value of N,, and D,,
for KT is smaller than the result of [3]. Bringi et al.[3] used
a simple scheme to separate stratiform and convective rain
types based on the standard deviation of rainfall rate over
5 consecutive DSD samples. If the standard deviation is
< 1.5 mm/h then it is classified as stratiform, otherwise it
is assumed to be convective. Another point that should be
noted in their result is that they only plotted the convective
rain with R > 5 mm/h. Therefore, their values for convec-
tive may cover both convective and stratiform type. If we
use the same rain classification as [3], our results lie around
tropical/maritime-like cluster of [3], shown in Fig. 5.

The diurnal variation of the DSD is obvious in Figs. 4 and
5 in which the DSD in the first half of the day (00-12 LT) are
narrower than those in the second half of the day, as also has
been found by [16]. The DSD is often analyzed in the con-
text of weather radar application such as the Z — R relations
(Z = AR"). Figure 6 shows the plot of dBR vs. dBZ value
on diurnal basis for all precipitation types at KT, during ac-
tive, inactive and weak MJO phases. To minimize the effect
of the spurious variability on disdrometric data we applied
the sequential intensity filtering technique (SIFT) proposed
by [17]. Variations in A and b of Z — R relation reflect a real
physical difference between the types of rainfall to which
the Z — R relations apply. However, the Z — R relations are
also dependent on the regression line and on the choice of
independent variable. In this work, we generated the Z — R
relations by using the linear regression on log-transformed
values, for a regression R over Z. Since R is the estimated
variable from the measured value (Z), the relation is actu-
ally derived in reverse order (R — Z). It can be seen that the
diurnal variation of DSD lead to diurnal variation of Z — R
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relations (Fig. 6). Therefore, besides the rain type depen-
dence, the diurnal variation of DSD which links to Z — R
relation must be taken into account when converting Z from
weather radar to R.

From averaged DSD (Fig. 1), we have observed that
the DSD during inactive is broader than during active MJO
phases, particularly for heavy and extreme rains in which
concentration of medium and large-size drops are higher
during inactive than active phases. This characteristic is
corroborated by Figs. 4 and 5. Kozu et al. [6] and Marzuki
et al.[7] used AZMP, which is defined as the difference be-
tween a measured radar reflectivity in dB and that from the
Marshall-Palmer (MP) Z-R relationship (Z = 200R'-%) as
DSD parameter. They found that during inactive phase of
MIJO, AZMP are generally positive, indicating that DSDs
are broad, while they decrease toward negative values as
the phase of MJO shifts to active ones. Their finding is con-
sistent with our result particularly for deep convective rain,
given in Fig. 6.

4 Conclusions and discussions

Our result shows that the DSD during active and inactive
MIJO phases is different in which the DSD during inactive
MIJO is broader than that during active phase. Surprisingly,
these results which are based on long-term observation of
DSD (8 years) are consistent with previous studies during
the first campaign of Coupling Processes in the Equatorial
Atmosphere (CPEA) [6, 7]. Therefore, besides the rain type
dependence and the diurnal variation, intraseasonal varia-

(a) CONVECTIVE (R > 0.1 mm h™' and G, > 1.5 mm )

Tropical/Maritime Convective
1. Darwin (JWD)

3P
4. Florida (2DVD)
5. TOGA-COARE (airborne)

Continental Convective
] 6.Graz2pVD)
7. Sydney (JWD)
8. Arecibo (JWD)
1 9 Colorado (2DVD)

IﬂgH N and standard deviation
IS
1
o

v
[
N
<
—
=
TTTrrrreT

LI L e B L B
0.8 1 12 14 1.6 18 2 22 24 2
<D >, mm

m

(b) STRATIFORM (R > 0.1 mm ' and 6, < 1.5 mm h™)

Tropical/Maritime Stratiform
WD

4.8 — 1. Darwin (.
- 2.5C

4.6 - 3. Papua

Continental Stratiform:
6. Colorado (2DVD)

44
424
4] 3
38

3.6

N and standard deviation

W

34—

©10

log

Figure 5: Same as Fig. 5, but rain classification is based on
Bringi et al.[3].

tion (in response to MJO) of DSD which links to Z — R re-
lation must be also taken into account when converting Z
from weather radar to R.

Because the limitation of the space of this abstract, it is
beyond the scope of this paper to extensively explan the
physical basis behind the present results. However, we pro-
vide a short discussion of several possible factors affecting
the DSD for each MJO phases. Cold cloud propagation
from cloud-top brightness temperature data shows that
most clouds over Sumatera during active MJO phases are
initiated from Indian ocean while during inactive phases,
the contribution of open ocean cloud is very small. The
difference in cloud origin, would cause the difference in the
DSD. Frequency-by-altitude diagrams (FADs) of wind pro-
filer data indicates that the convective processes are more
intense in the inactive MJO phase than in the active phase,
which would also cause the difference in the DSD[6, 7].
Moreover, FADs also shows that downward decreasing of
Z below freezing level (FL) of stratiform which associated
with low-level evaporation, is higher during inactive than
active phase. On the other hand, downward increasing
below FL which associate with low-level rain drop growth
by collision-coalescence and a low cloud base, is higher
during inactive than active phases. Such microphysical
process would also cause the difference in the DSD. The
FADs characteristics are consistent with the 18 dBZ echo
top analysis, and vertical profile of DSD obtained by MRR.

Acknowledgment: 2DVD and 1.3 GHz wind profiler
observations at Kototabang are supported by Grant-Aid for
Scientific Research on Priority Areas funded by the Min-
istry of Education, Culture, Sports, Science, and Technol-
ogy (MEXT) of Japan. The authors wish to recognize the



Morning Evening
| .

Radar reflectivity

7=285R"! (4)
Z=314R"4 (1)
= = = Z-305RM? (W)

Radar reflectivity
3

Radar reflectivity
3

Z=131R"% (A) '/f G 2-197R12 (A)
Z=261R™! (1) 'f y L 104 Z=291R"3 (1)
== = z=187R' 2 (W) st = = = 2z=195R"¥ (w)
p
k10
072
o
097 N
o E 10y
P
5 DEEP CONV. DEEP CONV.
. 10' -4
10 10° 10 10° 107 10 10 10°
L 10° L L
. Y. 3
Z-136R"* () 5 Z=175R"35 (A) o

,

7=158R"2 (1)
== =z=158R' 3 (W)

7=213R"*¥ (1)
= = =z=180R"* (W)

SHALLOW CONV. SHALLOW CONV.

v T 10' b . .
10' 10" 107 10° 10' 10°

Rainfall rate Rainfall rate

Figure 6: The Z — R relations on a diurnal basis for active
(A), inactive (I) and weak (W) MJO phases for stratiform,
deep and shallow convective. Thick-gray dashed lines de-
notes the MP model (Z = 200R!9).

substantial discussion and data of Prof. V. N. Bringi of Col-
orado State University, USA. Dr. Marzuki is under finan-
cial support of Japan Society for the Promotion of Science
(JSPS) Postdoctoral Fellowship Program for Foreign Re-
searchers.

References

(1]

(2]

(4]

Ulbrich, C. W., 1983. Natural variations in the analyt-
ical form of raindrop size distributions. J. Clim. Appl.
Meteorol. 22, 1764-1775.

Tokay, A. and Short, D. A., 1996. Evidence from trop-
ical raindrop spectra of the origin of rain from strati-
form versus convective clouds. J. Appl. Meteorol. 35,
355-371.

Bringi, V. N., Chandrasekar, V., Hubbert, J., Gorgucci,
E., Randeu, W. L. and Schoenhuber, M., 2003. Rain-
drop size distribution in different climatic regimes
from disdrometer and dual-polarized radar analysis. J.
Atmos.Sci., 60, 354-365.

Maki, M., Park, S.G., and Bringi, V.N., 2005. Effect
of natural variations in raindrop size distributions on
rain rate estimators of 3 cm wavelength polarimetric
radar. J. Meteorol. Soc.Japan. 83, 871-893.

Madden, R. A. and Julian, P. R., 1971. Detections of
a 40-50 day oscillation in the zonal wind in tropical
Pacific. J. Atmos. Sci. 28, 702-708.

Kozu, T., Shimomai, T., Akramin, Z., Marzuki, Shiba-
gaki,Y., and Hashiguchi, H., 2005. Intraseasonal vari-
ation of raindrop size distribution at Koto Tabang,

(7]

(8]

[9]

[10]

[11]

[12]

[15]

West Sumatra, Indonesia. Geophys. Res. Lett. 32,
L07803, 10.1029/2004GL022340.

Marzuki, Kozu, T., Shimomai, T., Randeu, W.L.,
Hashiguchi, H. and Vonnisa, M., 2010a. Raindrop
size distributions of convective rain over equatorial In-
donesia during the first CPEA campaign, Atmos. Re-
search. 96, 645-655.

Schonhuber, M., Lammer, G., and Randeu, W. L.,
2008. The 2-D-Video-Disdrometer, in: Michaelides,
S. (Eds.) Precipitation: Advances in Measurement,
Estimation and Prediction. Springer, ISBN: 978-3-
540-77654-3.

Marzuki, Randeu, W.L., Schoenhuber, M., Bringi,
V.N., Kozu, T., Shimomai, T., 2010b. Raindrop size
distribution parameters of disdrometer data with dif-
ferent bin sizes, IEEE Trans. Geosci. Remote Sens.
48, 3075-3080.

Gunn, R. and Kinzer, G., 1949. The terminal velocity
of fall for water droplets in stagnant air. J. Meteorol.
14, 243-248.

Williams, C. R., Ecklund, W. L., Gage, K. S., 1995.
Classification of precipitating clouds in the tropics us-
ing 915-MHz wind profilers. J. Atmos. Oceanic Tech-
nol. 12, 996-1011.

Peters G, Fischer B, Andersson T. 2002. Rain ob-
servation with a vertically looking Micro Rain Radar
(MRR). Boreal Env. Res. 7, 353-362.

Wheeler M.C, Hendon H.H. 2004. An all-season real-
time multivariate MJO index: Development of an in-
dex for monitoring and prediction. Monthly Weather
Review. 132, 1917-1932.

Renggono, F., Hashiguchi, H., Fukao, S., Yamanaka,
M. D., Ogino, S. Y., Okamoto, N., Murata, F., Sitorus,
B. P, Kudsy, M., Kartasasmita, M., and Ibrahim,
G., 2001. Precipitating clouds observed by 1.3-GHz
boundary layer radars in equatorial Indonesia. Ann.
Geophys. 19, 889-897.

Mori, S., Hamada, J., Yudi, I. T., Yamanaka, M. D.,
Okamoto, N., Murata, F., Sakurai, N. and Hashiguchi,
H., 2004. Diurnal landsea rainfall peak migration over
Sumatra Island, Indonesian maritime continent ob-
served by TRMM satellite and intensive rawinsonde
soundings. Mon. Wea. Rev. 132, 2021-2039.

Kozu, T., Reddy, K. K., Mori, S., Thurai, M., Ong,
J. T., Rao, D. N., and Shimomai, T., 2006. Seasonal
and diurnal variations of raindrop size distribution in
Asian monsoon region. J. Meteorol. Soc. Japan, 84A,
195-209.

Lee, G. and Zawadzki, 1., 2005. Variability of drop
size distributions : Noise and noise filtering in disdro-
metric data. J. Appl. Meteorol. 44, 634-652.



X\ RERL—45 —ZRAWE
SRS DRMIRAIE D T DHETE

- BEECHFIXIN> RL—F—DRRRE

REBRF L SARFTRR LLIEI5A5
REPRFZAF B T FATR BRI
REBARZ SRR rhbsR—

EhEDOL—4F—3v NDO—2
o T\l

Distrib.: 5-10 min

X-band Radar
Obs.: every 1 min
Distrib.: 1-2 min

O 26 C-band Conventional
1 C-band full Polarimetric
since April 2009

O 11 X-band Doppler Polarimetric
since April 2010

m 16 X-band Doppler Polarimetric

R :
ZEX/> RMPL—49 3Ry RD—JZBWT,
=S - ZRIFSETDSDERET D

rastructure, Transport and Tourism)

EAOY 7t
B : B EIRHL —5 —% ALV

BERTF EDHE

Brandes et al.(2004)DEAF L 1=
DSDHETE D F % EA

HEEREOMBEROER

HFRORFE

BALE f EEROF A

JEIR IR L —H —~DSDIEHRD

AR EORZBIEICS TS
FIAIZLDRBRKERE

DSD/ ST A—2 D4

RRAIEN HHEDEZ T

The mitigation of the heavy rainfall disaster is our mission.

The raindrop size distribution (DSD) is a key factor.

TR (SHE) BREOEMRE

B2k E#E (QPE using radar)
(] ive Precipitati imation)

Rainrate = F(
L

orop e o)

R L —45 —D#Ei) 5 A—%5 L DSDIEEIRE

L—4—RSAF(2,,(KkTF)z,, (FEHE)[dBZ])
BAKERICHILTEOHEECRL, BHLH0 [FEH R L 2EENEER]

e N ST )
L—S— RS EFE (Z,5[dB]) e wams i
Horizontal Verucal(NiCT#H &Y)

Z,,[4B]= 10log,, 21
DT EEBORRITA S HRERED )
BEATIEE (1~2d8), B ASL (BEEFIRTE @D @ O
LTLVB) [REZIEKRELES, 4mmo | 37mm | 29mm

GIRGIIEE EALE (Kyp[deg/km])
{iK el 248 2 Differential Phase (@y;[deg])
RABISHSRAREAL E. KR IRA S 07 HYE E R R R
HEYBREN, KFEEEORMBENELE]
B2 B EL
P

-S> FRETRAENELS,
Pop = it — by
oy BB TS LI=b DKoy
Ko = Poe() =45, (1)
BT

E—LKRH

BI AR
DSD (WENT) \SA—F
N(D)= N, D" exp(-AD)

- Constrained gamma method -

Constrained gamma method
(Brandes et al. 2004,
Anagnostou et al. 2008)

o[a] © oo

Dy(mm) =0.5+1.57,, ~0.4Z2, +0.03Z5,

2u]la]

D, 1367
A

A(mm™) =y + fu+ o’

%[n]

il 2 1 W =107 7,100
D (Diameter) [mm] N 7&(&]

T . \D,
3, |: skl
Median Volume Diameter

Tl 02050067

Zpg BN—REUHTEFE




TERTFIEIC K B DSDHEEFRE DIREE

. Rainraye [mm/h]
Constrained gamma method 25 T m
(Brandes et al. 2004) 2 Mﬁ\%ﬁm DVD) 50
8 DSD/ S A—BDHEREIS ,; AN \D\)(\’ﬁ ,'X\AJ Hx M o
ZDRE)‘4DIZ{§O_CL‘%) 1 o 150
0s L—4. N j)“ 200,
i%gfmfg':ﬁmbtﬁ% . (c:naainea Gamma Met;mm Aj'fJ
RF#HR) 12 \
|
o EARIOME ) EHBL T Kos MMJ}\ MV‘AK %{ \4'\
i (00:40~00:50) CHDMHE TN 0a Y| et —
EHREAIEL o X L
RESTALIZ, ABE L2 0 = b
ORFEAEL 5
— A KR B AL Radar /‘r//
&, LN
- VW
K EBUONEETHTLRE | LAR Y
BDSDHEETESDTIE ? o Necs.
0:10 0:20 0:30 0:40 0:50 1:00

2010/07/14 00:00~00:59 at DPRI, Kyoto Univ.

HMEDTEN

WHRFEDRER

K& AW =3 FEDFRRE

TR

SREEDFKEBREICHS T FEREL—F —~DSDIFHR

BDSD/ AT A2 D

DFAITEBEKEHE

— == -
KDPZRAWEHUWHEEFZE : DO
DO[mm]
DO is estimated by the FE
relationship between KDP
and ZHH " ’
E / Do[mm]
o 5 i
ZHH is used the alternative of Nw '5' "
> F i
2l 2
1. Making the table by the i} w
interpolation ,\f or
os
2. Plot the observed (KDP, ZHH) —_— "
Kpop_2DVD[® /km]
(4 >
Ko 00621801957 , L +”)(3.67+y)‘ (44+0)%
Zope 2 T (T D}

0.45-0.78 when p vary from 0 to 10.

it Emi@Et (2DVD) ZRWESRIIRE

s
5

FEFoTND FE520TWS

2o R RFE Kop BIIBEZALE

Almm A=
Almm 1] 4EE

7 EOML Kop - K FLEE Kor/ N,
B2 (5t ﬁﬂgﬁ@*‘;@ Ko B Zop EEIHED 122
Y 7)) 2 HBREFD/$TA—
BEEIEFLLEY st Py e
WE IR
DSDHERE F ik WAME | KEFEOME | osoREME
WRFE 7R AR X) O O GGRFRFF %)
BEFRAEL Kpp (] FELGL -
FEE? Kpp/Ny, [e) o PEERFELREE
orZhLlE?

KDPZRAWEFHUWEEFE : DO

DO[mm]
DO is estimated by the 5
relationship between KDP
and ZHH

ZHH is used the alternative of Nw

1. Making the table by the
interpolation

Zu_2DVD[dBZ

2. Plot the observed (KDP, ZHH)

1 2 3 . 5

Kpp_2DVD[® /km]

Ky 180, & T(4+u) > 1
2o 20062221022 p € 3.67 44 p)—
Zomn 7 e l'(7+/1)( ) (4 )

0.45-0.78 when p vary from 0 to 10.

KDPZRWEHUWHETFE : Nw&A

- ”[ Vaa
o . P
o A < .1 '
Kpp/N,,_2DVD Kpp/N,,_2DVD
—> approximation - approximation
Ky =10°D> K, 0366 .
N, o A=0.142 ~ A =9.600D,"
- theory - theory
; \
Ko _ 180 10° 4+u Kpp _ A 10° [((4+m)(367+n)
N C[3.67+,,]D3 T TR = A e Ca— J




DSDH#ETE D 1 F ik

HFEOHETERZR
RRIEDIZDVVTDHETEFRER 2010/07/14 00:00~00:59 SR
20VDD T—AR R/ $5A—4, DSD/{5A—5) 1, DD ——tewteros e N
PERFEICHANTHREFT WA A
BRI D DHFEDFEENF L v At 50 z
€15 N 10 £
3 w AN
WERFEEHFEDRAD o . \v § 03
Zukon DB gmemmLErLTURA | Lz [ \\' *”*i'( .
’ K,,%Nfggoa) DS o ___om__ow 10 o1
1 P ) W
L—5— v
BAED
—amml Dy=(Zy1.Kpp)
HEFEORMFE

1
|
L—5cx B

CHpEn. AN

Zy.Kpp
EEDOTN
il F A D ¥ EEHE RO
3 HBARM 0093 | 2 HHBAERM 0286 :,,*mq;hl] WEFEDOREREL
# # ]
k- ¥, B
'a'o 'ﬂé 33 N » = Pax.
“ | v : HFEORE, HT7ILTIXLDESE
o 05 1 2 3 0 05 1 2 3 -
Dy:2DVD Dy:2DVD
ﬂ%@?ﬁz@&iﬁ%ﬁﬁ{{?‘éﬁfﬁ(b\OI_(QE&)I:OL\'CEE?'F TR RS fAiEROF B
o RERFEEHFERELATRNHEL TORIEEMN S
| FERARMAEA A TR SR HFREORTARIELT ) FREL 5ol
DSD/\TA—A D DFIAIZ
(RWECRBFAORENEL | z

H7NTVXLERVEERAD an

DSDDEFZER 7 rﬁ.ul | RO
Dymm): PR 20100707 12:25 logNy 9IA 100707 1225 Al HEE 20100707 1325 N . =
- N - WERFEDRBERELE
gl— ) - l -

BHFEDRE, 7TV LOEE

BRI E D IEEROF A

SREEDFZEBIRRICHT FERIEL—F —~DSDIELR
ZDSD/ AT AR D DFIAICKZMEKEHTE




HFTNITIXLERVEBRQ

Tz—XRTLARL—5—

o BRZEICESTHRATIAMER
HBIEMTED

o HI0MEHTOREEIIAEH
SEUEFE S AL

o RIRAEIE BT, QRMIZEELL
SEBIEShZ0E 7, ERVTS—R
BT

Oklahoma Univ.

Ir—ZRFLABL—F— TSN DZ,, 12,
RRL—F—hDHEESNBDDIEHREEZSHIET,
Bk EHERENE LT DM

L
FEHES MOHERER LEBIEL T, KHEREL—
-t ERERE RV THLWEEFRERRELE
. EREEALEKIT M T AEEES A BILT, K EALHLL
DSDIEEF R ERFLL

Fz, FFREREFERAORAEENLILT VTR LE
FLTHEEL7=DSDIERER D2 DIFIAL 1=

© EERTROAND, HEOTFHEZNENOEMAHEBMELNS
PR B EHERILDOBIEERABIEMN TS
> AT AR 04 REBRITHITHOD/ TAFDH
HERASNDTREMERLI

« BREAL—Y—ORSEREDHEREKEHTEOBRRICDSDFR
EMAT-ECH, DSDIEMEEHEL THEAHEEELYBEH R LLT

[FIRAER AR A%
B BORREAE
BEESCRMHEN
REETAIT

EXmEE
REROBRFHEN | ERERE

| ] ' | ] y

RERL—4—|, | BERES T
DIRZEFHE d):mv_r.ﬁ?ﬁ

EEHESAEEETIL
CEYEITOER
JRiEL—4—8E

4O L—5—
NESREERTRNERS T

i

v ARmES
DIREFHE

L | iEL—F—mEHD
7 L3A L Web/APA

H7NITIXLERVEGREQ
FREL—F—~DF A

+ JHRRL—F —TZ, WEONBERELT, RKEL—5 —hoiEES
NhZDSDIFHEMRKEBHE~NFAT 25 EE2DIRE
- ERRIKDHE(RN(D)E) - FRERANICESHER-DOE)
R=F(Z, N(D))  z=BR' .
Q__rw [@]w

N R

N,

R (Zyy, 1. N,)

-

o N\

B_beta ==—=R_ND /LR,DO \\

=E120VD

DSDIE$RE S Z F-R-N(D)EE o

RDEDVNTNEHEERE < =

NEhlehtbnd E
iz, x\UFRDs, pEEM H
ELTRWTHELBKE |8 »
EEUBEATAELY &

10

DSDDNTA—BEEHELIZSE

EFFIV T
(100mEIR THRE)

EXmEH
(15mx 15m)

EH~ AR

EEMUY A b |



Ku # &5 EBR OBERBERME L Lo EE & OBRIZOWT

Gl E AL S=XE PN EAS R EPNC D)
1. XCBHIT

VAR ERIE R T, 10GHz UL LD JEIR IR O EIL 2V AN O S DI H D A3, HEkD
C # (6/4GHz) OEW % H\\ 515 AT OEFEEIZH T, Zofk7ze X0 BRSO WER %
WD B @ HAREWNT Of 285/ 2R TR L2 2L Z 1070 &0 ) [E A
TEET 5O, KMFZE TIEIMU L — & — 3L FEFJHO —B & L T20024E X W K104 < I2h7= > T,
FAESRFEH MU BT (MU, W8 REET) . KRB e (RISH, REFFIRT)
BIOKRERBEKRY (OECU, KEFER)IT) TEIZ BS Kkl (BS. 11.84GHz) #H
WTIT- TE 7 Ku HAREEN ORI — SRR S & O x| md— 1 O#LE TR TR
FBEEXIR DO —2>TH DIV A NELAN—2T 4 ZEHA LG EORRICONTEE L it 21T-
T&E T, ZORR, XANR—2T 4 %175 3 MR OO 272 53, HUROALERIFR & ik
DM ST A N H A N—=2 T (12 KD EERBEREERN R CTHRERZE 2 Rie3 2 &n
IRENTE, X BHIT, Rk @A 5 AR O LRI S RUE O 7 e L b IEE O
BERERNR S DL by oTE-O, AF MU L—# —HEFHIC L > THRE L MU L—&—
EZEDF I T EERHEE (E R 2~6km) O K- EGE & | BRI BERIGE 3 Bl HHEE L7- [
OB & AL R Lo THiET 5,

2. BERVEER 3 RBLAIIC & 2 RUsii@ i B 3 K OVEi@ 7 [a) DHERE

X 112 2002 4 9 H2v5 2008 4E 5 H O MU, RISH, X OECU TORENHE 3 S8
B> BHEE U 7z () @ IEE FE & (b) R 7 M & . KRR 5 #e A B - 7o iR & E 0O @i
W L@ A e LR A iR, iy ik E & 00 & LT, BEEHEID o
AETRLTHD, 7 RITERFMBREORRFREOFHETH Y | REATHR, ZHATR.
BLOERATROINIR L TH D, KA DO EEAESE & 5 & AR5 B, BEERHR
CFEIBR OG- TT ST FEORRRICEE R H M E Uiz, Zhicxt L, (SRR OSEA 1T
B2/ NRBEORKENBIRT 2 & &, ZoRKIEOFLOBE T RZ AW, K1 XY@
WoEEHEE, (b)EGEE G E b, mEORICIEFICEWHEBEO®H 5 2 L2350 . EOFBIREK
DOfEIEX 0.9 FRE L 725, 16~ T, BERBEO 3 B b B - Atk o @i & & 7,
KA EORHFCIEKEOBE L 12F T2 Z RSN 5,

WIZ, K212 60 3 5B S5 57X 1 b)DNEBE oW, 10 EREOH 7
T 7 TENLOSZ, g, 25, SRR, BEXOBEROGEORERZ A 7RI R LIZb O
Thb, BRIZLDERNFRONEBENIIRKKOIHREEN S CIIARHTH L8, 3 BT
AR LN A DT 2 TEHFFIRLTH D, o, R LIZINODOREMRZ A I L 5BMS
BORAEMEEBE MO EEEEZ RS, K2 £ 1 L0, WikoBE I, BERZ A 73]
(R 72 T R EE L. N EEOE D 0 £20~30° FLEOFWEEFHIIZIE AT D 2



EWNy D, bbb, BERRRCHE OGS TR HAbm &2, SRR CIZALTE 2 5 B EE 7 1)
2. BRI CIEEA S R EIZ, BRZ A Ik > TURIERE - 7= IS @ LT <
ZEDVBREND,

3. MU L—F—i2 k3% EZ20RAE & D

X 3 1% 2005 4E7> & et @ 2011 4= F TORNIAT - 7 FERGE 3 S8 X 0 HEE L 7= (a) ik
WIHE & (b) N IgGEIE A, MU b— & — TEBRICHIE L7z 22 2~6km (2351 2 KRS K
OVEA) & el L7 fERIZ DWW TR LI O TH D, MU L—F —0O7 — X (3EH —HEREEE
AT TV D GRATMAC 1 [RIE1H 0 it P i Jeg P R HE LI o0 Hh CRERN 28 b o T2 Il D b
D& AW, FAERE & AE 0T —ZICOWTIE, ST 1 km R T. FERIEIE 3 A8
P TR RN FRICA DY THRREFEE, ThEnFEH L TH D, K3 (@I 0, Ml &
EZEOAERGEDNZIL, 72D DIXLOXIEH D HOORRIE Y HEZLFEEENFRD Hiv, 1 km i
FRCHEEDN EAT 51250 TC, ENENOEIFEMR TRIND L HIZ%S MU L—&—THIES
NI BGED T B3I 28 mIchH 5 2 L n b, £2K 3 ()T, ME@mE T & E2Eomm o
MOBMRIZIS HIZIEL2ERETHLOD, KRE L THLIREREOHBEANFAEL, 1km METH
FEN ERT D L WEOEREARITICEE AR Y . ZAUT EEORES TG B & O
90° HIMNCIREBIZEALT H 2 LA/REND, ZORRIC 2~6km TOKNEILFIEGEE & T Tk
27 BJAEE & b —FT 500, EEIFERBEICEENRE L, T L bR HE &
2R U A AR S 4L, ZAUXE HIC EEO EExHEE TEET 2V = v MR OEEIZ LD b
DEEZLND, o THIRII OFE TIHMEREIZ X DO AIZIR > T, BRI x LI
W A RBaEE O A & ACERDR—HT 2600, EEAMTUEEY = v MRIROFH RIS
- THEGEANY LB AN H 6 X ITHE U DRE TR ENTZE SR 5,

4. Bz

2002 57> 6 BUEIZE D £ THECRS: MU E2EBIHAT MU) , st R EFEERT (RISH) |
BLOKKEXBEERFD 3 L TITOATWS Ku i (11.84GHz) @ BS o 2 AW -
B RN T — & & FV i I3V 2 o @il & G oHEE & {T> T MU L—4—T
HIE STz 2~6km OJEGHEER & DI A 1T > 72, O @EE & EZ2OKPERIGHE L T—8T 5%
AT 2705, BZETAT <UE EJRUEAHY U CRIAIER M I U2 Hm A R o n7c, 202 L,
RIS 31T 5 E2E DR NI AKCEROSME AR (7)) NHET 2MEZER L. WL
ZEDIK G F DEEAKL T OB E AT H U TIIRE S EET 20T, TER /K FARBE O R & O
PR D WITSERBGHAIE (XPD) DA% L <#imd DB, BEITNEHBELF A5,
BE R
(1) BH S, T =—7 Y Iy Nl R IBE", A — 24, 1997.

(2) Y. Maekawa, T. Nakatani, Y.Shibagaki, T. Hatsuda, “A Study on Site Diversity Techniques

related to Rain Area Motion using Ku-Band Satellite Signals,” IEICE Tran. Commun.
Vol.E91-B, No.6, pp.1812-1818, Jun. 2008.



(a) Sep.2002—-May 2008
w30~ .
2 g it e

20 A o gg§'¢
€ 8
e ooﬁ g
e og 22 +
O
Q
el il
% 10 ° ; aAb © Warm fronts
o g A A Cold fronts
< - ,8 AA + Stationary
@ 8 . 1 1 . ]
S o

0 10 20 30
Passing speed from Chart (m/s)

——5E

(180" )

2. FERIZ A 7 Bl R 5 18 O 534

(a)

—e— BEEATHR
—e— EATTER
—e— FTATIR

(b)

Passing angle from Att. (deg)

Sep.2002—-May 2008

180 —
° Hal
90| & .4
°°e.ot,
 $
, A
A
o
o -
© o Warm fronts
,‘? [ A Cold fronts
AT + Stotionary
-90 a ] ] ]
-90 (o] 90 180

Passing angle from Chart (deg)

1. MU, RISH. & XU OECU TOREMIEER 3 RBLHRIA HHEE L 7= (a) Nl & (b) RV
I 7T & RAUKNT K 2 BRSO S D i@t i & Jia 7 7] & o bk,

1. BEWNEROIRALE W@ )5 o4 E

EZRHAE] | Fi9E[deg]
REEATIR 91 14.57
FENATHR 117 133.56
EiFATHR 45 98.95
=y 25 -4.50
E2RMER 278 76.33

(b)

EER

T8 00 B S [/s)

0 5 10 15
MU =/ @ EE [m/s]

20 25

30 35

BT o )3 A8 [deg)

40 60

80 100
MU L& @ E i [degl

3. BEIEE 3 SN X v HEE U 7= () i@ & (b)flgamia Hm & . MU L— & —(Z L&
% 128 2~6km (23517 2 ARG & &l m o SEHINE & O bhig,



MU L —Z =B EE S WK ZE A Y A 7 — VAREL O $R EA S

ser R He R KB iE2 2. Hubert Luce’. [k . EE—ER°
(10 KPRE@ A, 20 31k RISH. 3: Toulon K. 4: JAMSTEC. 5: 5UK)

1. 1IL®IC
KR, BASNEA~DOBEDOEET I, F)N D O @i 200 70 22507058 e EE AT
WACHE S AL, AARSHUCKHE S AT AL AWM LW ERR bbb, 20X 57k
KLY AT LOFAE - FEMEOMRIIZIZ, VHF H K&V —%—I2 X 5 &R - &
SIRBEIC BN T2 SR B ESE) O BB L EARR R TH D,

AWFFETIE, VHF # 0 MU L —& —@8ll7 — 2 2 T, 201149 H 16 HIZHE A
PETHFIZ BN T v A T DO EREE IOV TR 1:28), £7-. iy 2T
LOBEOMEEZC D720, @mEZILERIDOREGT CHRRL —F —T — 4 %
JiELAY

2. BIHIT—4

ARFZETIE, 2011 4E 9 HIZ Luce fHIC k> Tirbh /= MU L—F—D L A A
—V U BT — 2 2 L, ZoBITIE. B—akEE R mE 3 HmCRIEH R &
KIEA 10° 7248 - FAICIRE L. FFT OBSICA— =BTV 75475 2 &
HT, RO XTEE(GRATMAC)BURI ORFRI - MFEEER 1 43 K 0 b, 12 BEFEO &R
W — 2 RGO TWD, o, LA A=V BN X0 & sm Eo T —
D ZENTE DD, AT CIEEE ST ZIUZ E @S WO MREEITNE & LTz
D, 2OV ATEQ u IZHYS T2 150 m BB T — & 2 H L7,

—J., BEZIOREBE L —F—T =X X, 10 SRR TR 2—LA2X ¥ UM ThbiT
BV, 20104 3 ANDERGT TAR SN TS 200 km, % 15km £T?D 1km
Ay ¥ 2 DRENRET — % 2 Hnie,

3. FRHTHRE R

X 2%, 9 A 16 H 19 ¥} 50 43l ’w%v 2 —CEIR STz @mE 2 km OFERNT =2 —
A CTHDH, MU L—F—H 1 b EZE2i1E, £ 20 km A7 — /L OIS AT ADMLE
L. JbdbmEIc#9 16 m/s O E TR E) waio ZOREY AT xR ETEE DMK
AT AL, 18 K 30 pEEICALFHLUHTIC B, £ 0%t L4 igw, MU b — & —i@ifH

ERNZEKS AT LD—D L L’C%E%Lﬁo

X 3 1%, 19 B 10 43~20 I 10 432 MU L—& — f%ﬁ/ﬁuut AEL DR « &Sy
HTHDH, M AT L0 MU YA ]\75_’ U 7= R IE, 1 EE 50 mm/h & 2 5



FAY 10 2L BBV S 7=, SRELTRIX TIERRR IS 96 B LTV 523, /KRR
IZ1% 3 m/s %ﬁx_égﬁbﬂ:ﬂmm)mr6"'10ka BT AR LT,

wIz RSB L —F —TH LT 19 B 50 23 OXfE s AT L OET 7 O E
Lﬁﬁ.%ﬂ‘ﬁ"o ZIZT MY AT AEAER L OWEOIEERYG 2 572012, iy
AT LAOEEFEEEZFEL, MU L—¥ —0REHg % BEd bz, BEiEHEOKENX
MEHTTDERENE T 0 . BTN % 25 L W4T 07 1 O KRG 57 A K T
KLY AT 2k, MU A oS EEEE—12~5 km (A& L, FJ@ TZORITNHRE
AT R EE 12 km A E T EF L TW5, ZORHRE Y 2T AR & AT T Ex
PR —25~—20 km (/7 & T 5 DERWEEFHIO)EK S 2T AP HIREIAALTND
Ko, fENO 30 dBZ UL LD a— i TRE B> TWe, £, xfii
BFIZHENTH T THIICR Z AT B D DGR S L7z, S 51T, M 8~10km T
X, FE AT ANT EF LIZJBUL, AIFOREKYS AT A &% T ORBIREIZ D> TR
SHL TV,

X 5 1%, xS AT ANT 12 BRIFEIC S DA 7= $hE EE B 0 & B 45 O HEBL A 2 o)
T, ZOXNG, WE@%}E’C“EE?EUéﬂf:kﬂ{)lufﬁ@qj TR Tmls D O EE
85 km THAINT, /o, WMLWEERAH ETIZEA SN TWDE 2, & 4 km PL
T TR S AT DO B D K9 Z2BERRICEE 2 TRV NIRRT & A EAFAE
B, O AT DT ELFEEHOHHZ R L TWD Z ENHERTE 2,

4. L

AAFFETIE, MU b— & — D & R o iEREBLHI M T o 7o IR . FEEHE O it >
27A®%éu&%%xé_&_&%LKJQ§M®%%V~E~®3&ET~&&@
LR - FEAIT R0 . 2 ORI Y AT MTRTH OFESS LI fEK S AT L6 O T @R
’%W%XT %W WL NI, £o, iy AT ANE L OE A~
OISR EIRREIE L R T 2 LN TE T,

A%, RO ERRSHREET —Z 00 b ., S BICKHRNESZ ORI ~ORJEER ., ¥ X
ORIt 7 D gk e a —NORIHEE 2 5202 L T & 720y,



1950 LST 16 Sep dB7

lLatitude(deg)
w
.
-]

34.5 4

34 .4 T T T T T : :
135.7 135.8 135.9 136.0 138.1 136.2 136.3 136.4 136.5
Longitude(deg)

4 2:9 J 16 H 19 f 50 43 D= 2km D
B = = — A (FHIE MU A1 1),

13 m/s
e _l‘ “I —,’_,_—_L : i I\—< : —] g —— : ! [ — -1 [ (a)
2] TS .- = I T ==[
= ) kf§ 5 L (—g_ tH 3
11 - % - < ) > < e <:)f§; (= T
( . { - s _ = L
107 > ) L/ % \C;\?// ! / 2
o — S { . f/ﬁ / S / \,/i L
’E ; ) {*t/ o= o s j ﬂ{j} i 4’/>ﬁ? \7 — —:— g
& 8 > . — D g \ ‘ TN \5 Sl
171 5 o f@\k?%\ S D Jome
3 - _
oo D0 VIR T A
Tl TN = e e P
a4 <> ) 83270 /K\\%j b )G?_E
3 - S 5 L
- Q) == { N > = I
5] > ?} N, /\3 @/\k\/ 5 . ) &_ - D) L B 3
O TN no T T A
1 T T T T T — —4
19:10 19:20 19:30 19:40 19:50 20:00 20:10
16 Sep 2011
— Local Time
& 1 1 1 1 1
g ] (b)
£ 100 -
E ]
~ 50 .
I
] ]
d 0 T T T T T
:‘g 19:10 19:20 19:30 19:40 19:50 20:00 20:10
16 Sep 2011
Local Time

3:(a) 2011 4£ 9 A 16 H 19 HF 10 49~20 Hf 10 4312 MU L —& — CHUA & 7R E R O
RER « B EZEAR(96 B EH)), I8 X ONb) [RIFEA o045 881 I T o B R B oD FF R 2241,

3€

2E

2C



Altitude(km)

1950 LST 29

14

e

TR
NV
\)
ry

b
S
bSO

~
L LY

/

e

[

»
- /
VA -
A A
/ ~ 7

-15 =10 -5 0 5 10

Distance from MU site (km)

25 T
]

15
VELOCITY

40 i S AT L OHELT T A O e (S AERR ) & RE B (ORED),

1935-1950 LST

12 A

10 A

Altitude (km)

z-ﬁ—V—Y—Y—Y—V—V‘J

-8 6 -4 -2 0 2 4 6
Vertical velocity (m/s)

T

8

m.

30.
20.
15.
12.
10.

[AS IS I
c o o U o U o o o o

o
-

50 12 FOMINRET— 4 % PRV T e e 38 AR R ] 0D S B S D HH B

o o o o o o o o o o



The MU radar observation and the gravity wave saturation

Susumu Kato, Kyoto University; kato@rish.kyoto-u.ac.jp

1. Outline

The saturation of atmospheric gravity waves (GW, hereafter) is an
important process in the atmosphere dynamics, releasing the momentum to
the ambient atmosphere. Now, the middle and upper atmosphere radar (the
MU radar) is successful in determining the GW saturation spectrum and
momentum release (Tsuda et al., 1989, 1990; VanZandth, 1987). It is
significant to understand the observational facts, theoretically, as simply as
possble. Since the process is non-linear, any strict approach of the problem
would be difficult. However, we can understand the essence of the process
with help of the gravity wave linear theory which is established (Hines,
1960; Kato, 1980).

We consider that the dynamic saturation occurs in balance between the
amplifying linear-effects of a monochromatic gravity wave and the impeding
non-linear effects against the amplification effects for the wave traveling
upwards. There is another kind of the saturation which is a
thermodynamical process. The amplified gravity waves cool the atmosphere
down to super-adiabatic lapse rates, producing convective instabilities
intermittently, prohibiting any further amprification, showing a saturation.

The saturation velocity, either dynamical or thermodynamical, is found to
be close to the wave phase-velocity of GW. It is remarkable that the
saturation spectrum based on our simple theory is in a good agreement with
the MU radar observations. The observation and our simple theory also show
that the momentum release upon the saturation is consistent in quantity
with the required mesosphere circulation (Matsuno, 1982).

Figs. 1 and 2 illustrate that the present simple theory is, in essence,
consistent with the MU radar observation though the observation is for
inertia GW (3-dimension) instead of acoustic GW (2-dimension) in our theory.
The theory shows that the power spectrum density ®(m) with respect to m,
the vertical wave-number, is «m™ and consistent with observation (Fig. 1,
right, Tsuda et al., 1989, 1990a). The power spectrum density of the radial
velocity along radar beam with respect to w, frequency, ®(w)x ® for the
zenith angle #=0 and <@ for §=7/4 which is fairly consistent with
observation (Fig. 1, left, VanZadth, 1985). As to the momentum release (Fig.
2, Tsuda et al, 1990b) the present work gives |6U / 6t| =50 m/s/day, showing a
good agreement between the result of the present theory and the
meteorologically expected quantities (Matsuno, 1982).

We may conclude that our present simple theory is valid, evidencing that
our atmosphere is full of saturated GWs at any height with any ,k,m, the
idea, on which our theory stands.
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2 . Discussion

The saturated spectrum is known to be globally identical, an important
fact, which must be explained by any theory, either simple or complicated.
Contrary to complex theoretical works (Hines, Part.1 and Part 2, 1997; Vedas
et al, 2003, 2004) we attempt to consider the saturation on the basis of Hines’
linear theory (1960) which is well established and applied to understand
successfully various small scale atmospheric wave disturbances in the lower
atmosphere as well as the ionosphere. GWs are characterized by the
dispersion which makes GWs to tend to be monochromatic during its
propagation. Also the characeristics play a role to suppress non-linear effects
for spreading the GW spectrum.

Simply, observed GWs look like harmonic waves with a fairly definite
frequency and wave-length (Georges, 1968; Yamamoto, 1987). It would be
appropriate that each observed GW be approximated as monochromatic,
keeping the GW dispersion property of the linear theory. Our approach starts
with a hypothesis that the GW dynamical saturation is caused in balance
between the amplifying linear and impeding non-linear effects on a GW as
shown in the Navier-Stokes equation. The hypothesis is as follows:

oV Lol =|(V-V)V|

where Vis the velocity and ¢1is the time. Vequals the phase velocity.
As to the thermodynamical saturation we understand as follows:
(0T /82)>(g/C,)

Dp/ Dt =-C*(Dp/ Dt)
where 7' is the temperature (K), g the gravity, C, the heat capacity under
constant pressure, p the atmosphere density and C the sonic speed. When

GW 1s amplified to the phase velocity the atmosphere is cooled down to the
super adiabatic lapse rate, attaining an instability or a saturation. Note that
the inear theory gives —07/0z=0.7T" where I'" is adiabatic lapse rate.
Upon the dynamical saturation we obtain the momentum release
contributing to ambient dynamics as wind acceleration, turbulence
production and GW birth through (1/p)div(pVV). Though the

thermodynamical saturation seems to be reached even by the linear
amplification leading to convective instabilities. Note that no momentum
release can occur with the linear theory because div(pl'7)=0.

Strictly, the linear theory is applicable only to an infinitesmously weak
GW so as to neglect non-linearity in the equations. Thus, the GW saturation,
the present main subjects, is outside the applicable region. However, if the
subjects in some important aspects can be successfully explained by using
some relations of the GW linear theory as the dispersion etc., it should be
significant to go along such a simple way as ours. One reason why the linear
theory is helpful might be that the non-linear effects propagate with GW and
are different from other non-linear and yet non-traveling processes as
turbulence (Batchelor, 1953).

We consider that numerical simulations approach for non-linear GWs be



helped by simple understandings of the basic physics as in our present
attempt.
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1. ICHIT

KPUEFETEEN I C RO IG TR A L R R T AR 30 VT B E IR O KL B T
LT DB K RO LB EEHEE 77 X~ DISEEIEL  FRERK E TR A &R+ L%
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BARASTAE R T D,

2. BEE 150km =2—DEH|
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TEY., BRIRERFA OBSR THHEHE 25TV [Tsunoda and Ecklund, 2004], L2L .
VT, AR HH A (BEEUIRFA: 12.5°) [Choudhary et al., 2004]5°0A > KR T « b3 (H#
KR :-21.2°) [Patra et al., 2008]72 L B IRENHBEN 74 TH 150km FAT == — 23S
NABZENDN e E L N CE - ma—OA R ERAREHS A I -7,

2010 45 7 A XY, BlAH IR RIS [ 0 R 1o 7 FH R R IEOHERE SRS D7
. EAR ITL% FAL HHeBIHIASBHAAS LT, ABFZETIL, 2010 4F 7 735 2012 42 8 HETIC

(XD FALBLHIT — 2 & f#HT L. 150km FAI =1 — D3 A BEE O FRE AV A i~
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HiZbZ Rl BERMEICBRRAHIMOFEIITZEA L BRIS W, ERESITND,
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1984], AA /> 7 ZF AL ER OB RUITE B L, mHLRICB VT F s EOZ b
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KB RENT/NERIC B ) B BREEEELDER

Bl %75, Robert F. Pfaff’, Patrick A. Roddy?,
LA ) ORI M —1

VRERR A7 EIFSEAT, 2NASA Goddard Space Flight Center, USA,
3Air Force Research Laboratory, USA, * %47 B KSR EREREE BT 2L T

lE Lol

IR K& 72 78 5 SEEEEIE T OP RS e THZEM 2B OERHEKTH D, 2 DM, b
WWREDFIET 2 T DB S RRIAGHSENZ R ENT WD, EBEEEO TS X< E 2 OEH PR K
EDEZRICK > T I ENT WS T, HFHERSK E BRSO AN Z I % C L& O
Y@t 2 i d 2 ECIFEICEETH S, —F7. BEEEN TIEHIEREEE I > THEERDIFR I < |
BRI K DB FEEINT VS, RFTNE TS A< EEONRRINES Z 1 5 BEEESL R E LGS
IiE, BIOWEE, MHORZMAEE (L >FL—ay)WEL 378, GPSHIC K5 FHiEICHA
IEhEEZ RIET T EAHISEN TS, ESF OEARNRME &R MBI U TEBHCIAS M E k> T
%W, ESF FEAEDHLZL ERERIFIEIC DWW TIERIEM S & 75> TRV, ESF O RS2 ]
L. 0D TECTT) ESFORET 202 THId 5 EI3FEHmN S L HELFETH S, AW T,
TRBEICRAE OEEEIL Th S //EA T Ly R F OKEHEEMNAIC BT 25772, REka L —
Z'— (Equatorial Atmosphere Radar; EAR) & K[E C/NOFS 2% H W\ THH 5 /I L7z (Yokoyama et
al., 2011a, b),

&

EAR SREAHERE 10.36°S I L. EAR OB — L 5 mEHERBGE AT IAICmr 5 2 ic kD, 3%
BEB DN E AT — )V OEHEEETL (field-aligned irregularities; FAT) 28145 Z LM TE %, 2009
A7 H 20 HIC EARIC X 0 Bl E N7 FBEEE F 55 FAT O T 0 —58E O R & W B (altitude-time-
intensity; ATI 7’0y ;) ZK 11”9 (LT=UT+7h), H&M 5 15UT £ TORFEH Tl a—I1 X8
ENT, 1UT S 1I8UTICMF THWI I—WEEE R T LA U, ZNLRERO NS EEZ NI
M HHBEE Tkt 2R A RGNS, Thid, @I MU L—X—T@EIlIE NizHhigE 2 1 7D
F fHI FAI OIZIR & IEFICHIL L TH D (Fukao et al., 1991), HEEEIC I % FAT LRGN EAR A
NMiE T B EEEHICBOTEEO TV S AEEEZ RS LT\ 5,

212, X1 0 FAI Za—HEHIE NIHERH O 16 ©— LBHHIZE AR Uz FAI O 2 ot #7179,
16UT I = a—4 EAR BIIOHEBORMA S HE U, FERSITER LD S Z20RICHEL TV S HET
DRSNS, 18UT LUKIE. Ta—DEMAARE > E 089, Eil LA SIRLICEET 2B
Hxniz,

EARIC K D FAI BBl E N TV WIS, C/NOFS i M RFE R 2 @i Uiz, T Olf, EAR B
JIFEIEK & [ — W IR 2 MY > TR O liE OBHAGS R 2 BRI Ch > THESURETICRE T 5 2 ki
X0, WEDLBMNHEL 5%, K 3ICHK/MEICE LIz EAR ZTa—& . C/NOFS 2 DO#uE [T
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2009 4EIC EAR IC K W Bl & /2 F fEIK FAI T — & C/NOFS #28H & Dz, £9°K65
TREIMCOCH &M NETClE. BIITE N5 ESF OFERL, Az mic B gD REoN 5 T AL
Elxote, KEEEIMAIAICIE, HIRERICREL, RaRIcEifd 2 75 X7 IVICHES FALAK
F i ah, MUNICE, BERPBEICREL, Bl 57 —AhE < MU L—X—5%T
Bl S N-BS% S LU 2R R A O T EAVRE Nz, —J7. C/NOFS HEH EAR BHIFHE
N7 B < TR R Y] - T2 RO f 2 BT — 2 & EAR B Lig U 7SR, B ORADHE e L—
A—Ta—OHBITEED—H L THED. TORITBNTINERD T T X /NT)VICHED FAL & RN —
WML TWe, DX D, JREEE PREEEICE T 3 EHHSORHMOmE Z i eHi> TW\a T LARBE
Nb, TOEEHPED FAIZFHEOT 2R E LT, KEEIC X2 REEOZICEH L, Fhm
XD L EREEHOBEFRMENE R 5N D, Ko, PR THAE LIRS RE X TEl U 74
B, BESF 2 ZRIMNCH [ Z T I AMGEICOVWTEEZ b b, AWIFHCK D, KEETEEIHUINAIC BT %
{KAEE F L FAT ORHEDHID TR E MDY, 5% E S 5E 28007 — 2 OEMMNLRETH %,

BEHR

Fukao, S., M. C. Kelley, T. Shirakawa, T. Takami, M. Yamamoto, T. Tsuda, and S. Kato, Turbulent
upwelling of the midlatitude ionosphere, 1. Observational results by the MU radar, J. Geophys.
Res., 96, 3725-3746, 1991.
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Morphological Study Of Equatorial Spread F Occurrence And E-F Region Coupling

Dyah R. Martiningrum, Tatsuhiro Yokoyama, Mamoru Yamamoto

Abstract

Study of Equatorial Spread F (ESF) plasma irregularities made during 2008-2011 using 47
MHz Equatorial Atmosphere Radar (EAR) in Kototabang, Indonesia (0.20°S, 100.32°E;
10.36°S dip latitude). ESF occurrence classified based on structure of ESF backscattered
echoes power of EAR radar both of spatially and temporally. We confirm earlier work by
Yokoyama et al. [2011] showing that postmidnight irregularities during low solar activity are
morphologically different from those detected during high solar activity. Furthermore, Large
Scale Wave Structure (LSWS) analysis based on Bac Lieu (9.3°N, 105.7°E; 2.0°N dip
latitude) and Ho Chi Minh (10.8°N, 106. 7°E; 3.8°N dip latitude) used for studying an
important role of LSWS in development of ESF. Analysis of ESF backscattered echoes for E

layer and F layer and fansector map used to describe E-F region coupling.

INTRODUCTION

Equatorial Spread F (ESF) is the phenomena in which highly irregular plasma density
with a large range of scale sizes and amplitudes at almost all altitudes throughout the latitude
and longitude sectors. The ESF predominantly occur at nighttime. The complex dynamical
phenomena and plasma instability play an important role in development of ESF. The
horizontal geomagnetic field lines at the magnetic equator perpendicular to gravity, and also
prevailing natural wind and background electric field, compose unique phenomena to develop
the plasma irregularities. These plasma irregularities are generally magnetic field aligned.
They have zonal widths of typically a few tens of km and extend along the magnetic field
lines for hundreds to thousands of km depending on the peak altitude of the irregularity
(bubble) development [e.g., Sobral et al., 2002], while their vertical heights range from a few
tens of km to several hundred km [e.g., Labelle et al., 1997]. When radio signals propagate
through these disturbed regions, they cause scintillation. This results in a fade in received
signal power, meaning a loss of signal.

Extensive experiment has been performed in the last 80 years to study ESF. Several
techniques have been used to reveal the spatial and temporal characteristics of the F-region
irregularities responsible for the phenomenon. Among them, that is radio star scintillations,

trans-equatorial radio propagation, satellite scintillations, radar backscatter, satellite and
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rocket in situ measurements, airglow, total electron content (TEC) techniques using the
propagation of satellite radio signals and, recently, radar imaging techniques [Woodman,
2009]. Theoretical efforts are as old as the observations. It is generally accepted that the
Rayleigh-Taylor (R-T) instability mechanism is responsible for the generation and growth of
the ESF. The growth rate of the R-T instability depends on the external driving forces, such
as neutral wind, electric and magnetic fields, together with background ionospheric properties
[e.g., Sultan, 1996; Abdu, 2001]. In this study, we discuss about structures and development
of field aligned irregularities (FAI) observed by Equatorial Atmosphere Radar (EAR) as
proxy of equatorial plasma bubbles/equatorial spread F occurrences. Field aligned
irregularities of E and F layer also discussed to understand E-F region coupling process.
Furthermore, Large Scale Wave Structure (LSWS) analysis based on Bac Lieu (9.3°N,
105.7°E; 2.0°N dip latitude) and Ho Chi Minh (10.8°N, 106. 7°E; 3.8°N dip latitude) used for
studying an important role of LSWS in development of ESF.

2. DATA OBSERVATION

The EAR is capable of viewing the ionosphere in directions perpendicular to the
geomagnetic field. When the antenna beams are directed perpendicular to the magnetic field
the EAR can detect coherent backscatter echoes from field aligned irregularities that satisfy
the Bragg backscatter condition. Thus, A is the wavelength of the transmitted signal,
irregularities of scale size 0.5 A are detectable. In this study, FAI data of E and F region
analyzed in the period from 2008 to 2011. Figure 1 show examples of FAI of E and F region
observed by EAR. The EAR is also capable of viewing spatial structure and evolution of
ionosphere irregularities (ESF) by utilizing rapid beam-steering that provide fansector map

data.

Figure 1. Plot of FAI of E and F region for post-sunset (left) and post-midnight (right)
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The second data used in this study is the ionospheric total electron content (TEC)
measured by GNU Radio Beacon Receiver (GRBR). The principle of the experiment is based
on the frequency dependence of the refractive index of radio waves in the ionospheric plasma.
The most commonly used frequencies are 150 and 400 MHz. The relative TECs are obtained
from the differential phase information, using the 150 and 400 MHz transmissions.
Furthermore, this technique have been extended to obtain the absolute TEC, analyze Large
Scale Wave Structure (LSWS), scintillation, and index of scintillation (S4). Those can be seen

in figure 2. [Yamamoto, 2008; Thampi, 2011; Thampi, 2012].
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Figure 2. Irregularities of Ionosphere observed by GNU Radio Beacon Receiver

3. RESULTS AND DISCUSSION

Field Aligned Irregularities (FAI) occurrences observed by Equatorial Atmosphere
Radar (EAR) at Kototabang during 2008-2011 were classified based on time appearance.
Figure 3 shows comparison between FAI occurrences during low solar activity of 2008-2009
and those during higher solar activity of 2010-2011. In the low solar activity condition of
2008-2009 FAI are mostly confined to post-midnight hours mainly during June and July,
while on the contrary, FAI are mostly confined to post-sunset in the higher solar activity
condition of 2011. Those mainly occur in March and October. Although solar activity start to
step up in 2010, Post-sunset type FAI is enhanced in the equinoxial months of March/April
and September/October. While post-midnight FAI still occur mainly during May, June, and
July. In the low solar activity altitude of FAI varies between 260 km to 500 km while in the
higher solar activity most of FAI extended to 500 km of altitude.
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Figure 3. FAI occurrences during 2008-2011 (a-d),
classified by post-sunset and post-midnight

The postsunset ESF are generally thought to be associated with the evening
prereversal enhancements (PRE) of vertical drift velocity [Fejer et al.,, 1999]. Under the
action of the PRE, the ionosphere is rapidly elevated to higher altitudes, where collision
frequencies are low, favoring the growth of the irregularities by the R-T instability
mechanism. The postmidnight ESF are mainly due to either the passage of fossil plumes
generated elsewhere since ESF can drift eastward or westward [MacDougall et al., 1998;
Bhattacharyya et al., 2001], that is, the continuation of the generation and dynamics of the

postsunset irregularities, or the irregularities freshly generated at postmidnight hours owing to

local plasma instabilities.
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Figure 4. Development of Equatorial Plasma Bubble/Equatorial Spread F
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The earlier works to study ESF have described some characteristics of ESF such as its
seasonal and longitudinal variations of occurrence [Maruyama et al., 1984; Aarons et al.,
1993], efects of solar activity [ Yokoyama et al., 2011], seasonal meridian winds [Krall et al.,
2009], and magnetic field declination [Abdu et al., 1992]. However, the day-to-day
variability of ESF occurrence have not been solved. [Thampi et al., 2012; Tsunoda et al.,
2011] suggest a method to analyze Large Scale Wave Structure (LSWS) based on GRBR
receiver data. LSWS plays an important role in development of ESF (figure 4). There are
three stages consider for the EPB/ESF development, which are seeding, upwelling, and
growing. No doubt the Rayleigh Taylor instability is the primary governing mechanism
manifesting the postsunset pre reversal enhancement (PRE) in the zonal electric field.
However, the bottom of F-region of ionosphere require a perturbation for seeding Rayleigh
Taylor instability due to the slow growth rate of Rayleigh Taylor instability. The earlier
works have been shown that upward propagating gravity waves, tides, and planetary waves
play an important role for seeding perturbation in the bottom of F-region of ionosphere
[Taylor et al., 2009; Takahashi et al., 2009]. On the other hand, earlier works also suggest
that a quasi sinusoidal perturbation not always necessary because of shear flow at the bottom
of the F-region can generate plasma structures providing seed for the excitation of plasma
irregularities [Kudeki, 2007]. The second stage is upwelling due to the large scale wave
structure (LSWS) in ESF development. This paper discuss this stage further. Using FAI data
from EAR and LSWS analysis from GRBR for March to May of 2011 can describe
relationship between FAI occurrence and LSWS. The last stage is growing of EPB/ESF.

There are three cases have studied related to role of LSWS in ESF development which
are first case; when FAI occur and LSWS is found (figure 5 (a-c)) , second case; when FAI
occur and LSWS is not found (figure 6 (a-c)), and third case; FAI does not occur and LSWS
is found. Results from this study found 28 occurrences for first case, 5 occurrences for second
case, and 23 occurrences for third case. An example for first case found on 1 March 2011.
Figure 5 shows FAI occurrence (a) related to LSWS (b). This case consistent to earlier work
that suggested an important role of LSWS in ESF development. From fansector plot data can
be seen evolution FAI 1 March 2011 (figure 5 (c)). Equatorial Plasma Bubble appear at
12:48:29 UT (19:48:29 LT) and 300-400 km altitude. This EPB develop and propagate
eastward and then at 14:32:27 UT (21:32:27 LT) almost disappear. EPB altitude reach 500

km.
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Figure 5. FAI occurrence from EAR (a); LSWS from GRBR (b) and fansector plot from EAR
for 1 March 2011
Only 5 occurrences of FAI were not followed with LSWS, figure 6 (a) and 6 (b) show
example of this case.. From fansector plot can be seen development of EPB of 19 March
2011 (figure 6(c)). Similar to first case, EPB appear at 200-300 km in the west side of
fansector, but EPB could not reach higher altitude. Those results indicated that most of EPB
developed and propagated upward due to LSWS. In this study, third case would not discussed

furher. It needs specific study to disscuss this case.
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Figure 6. FAI occurrence from EAR (a); LSWS from GRBR (b) and fansector plot from EAR
for 19 March 2011
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By using FAI data from Equatorial Atmosphere Radar Kototabang obtained
preliminary result which describe coupling between E and F region of ionosphere. First case
shows strong echoe scattering in E region followed EPB in F region (figure 7(a)). Second
case shows EPB in F region was not preceded by strong echoe scattering in E region (figure 7

(b)). The further study is needed to obtain explanation related to these cases.
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Figure 7. FAI data indicate coupling process between E and F region of ionosphere

4. CONCLUSION

Observation of FAI occurrence shows that when solar activity low, occurrence of post
sunset spread F decreases, while the occurrence of post midnight spread F increases. The
postsunset ESF are generally thought to be associated with the evening prereversal
enhancements (PRE) of vertical drift velocity [Fejer et al., 1999]. Under the action of the
PRE, the ionosphere is rapidly elevated to higher altitudes, where collision frequencies are
low, favoring the growth of the irregularities by the R-T instability mechanism. The
postmidnight ESF are mainly due to either the passage of fossil plumes generated elsewhere
since ESF can drift eastward or westward [MacDougall et al., 1998; Bhattacharyya et al.,
2001], that 1s, the continuation of the generation and dynamics of the postsunset irregularities,
or the irregularities freshly generated at postmidnight hours owing to local plasma
instabilities.

Most of the ESF events observed over Kototabang were preceded by LSWS. LSWS is
a necessary precursor signature for the generation of ESF. EAR data shown the possibility
that although the LSWS is absent ESF may occur during following hours.

Preliminary result which describe coupling between E and F region of ionosphere was

obtained from FAI data analysis, but it needed furher study.
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Abstract
GNU Radio Beacon Receiver (GRBR) is a simple digital receiver developed to measure the
ionospheric total electron content (TEC) from the satellite-ground beacon experiment (Yamamoto, 2008).
In this paper, the meridional TEC distribution over Thailand-Indonesia sector are observed by the five
GRBR receivers and seventeen GPS stations in March 2012. GPS-TEC was employed as a zero-guess to
estimate the bias for the GRBR-TEC calculation. As a result, meridional TEC of the low-latitude
ionosphere over Thailand-Indonesia sector was obtained with good spatial resolution and accuracy for

both with and without plasma bubble occurrence.

Introduction

Thailand-Indonesia sector locates at the low-latitude area where includes the equatorial
ionization anomaly (EIA) region. The meridional TEC distribution above this region is drastically
changed from time to time. One of the recent procedures to measure the TEC is to use the GPS network,
which can capture the large-scale structure of the ionosphere. In addition to the GPS network, GRBR
network can be used to capture the small-scale structure of the ionosphere. While the GRBR-TEC
estimation has been developing, the GPS-derived TEC process was well developed and reported by many
researchers (Otsuka, ef al., 2002, Ma and Maruyama, 2003). The GRBRs can detect the meridional TEC
distribution in high spatial resolution and wide coverage. However, estimate of the absolute TEC is
complicated. The challenge of the GRBR-TEC derivation is the bias-estimation process. We suggest
employing the GPS-TEC as the zero-guess to estimate the bias. The methodology and preliminary results

of the meridional GRBR-TEC distribution are presented in this paper.
Data and Methodology

The data used in this work are obtained from GRBR and GPS networks over

Thailand-Indonesia sector in March 24, 2012. Five GRBR receivers are located at Kototabang (0.2040S,
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100.3212E), Phuket (7.8959N, 98.3862E), Chumphon (10.7247N, 99.3744E), Bangkok (13.7307N,
100.7778E), and Chiang Mai (18.7609N, 98.9324E). The beacon signals received from the COSMOS
satellites are chosen to observe the meridional GRBR-TEC distribution. Seventeen GPS stations

distribute from 25N to 10S and 98E to 108E in the geographic coordinate.

The GPS-TEC derivation method reported by Otsuka, et al., 2002 was used to derive the
GPS-TEC in this work. The GPS-TEC at the IPP along longitude 100E are selected and grouped into five
groups regarding to five GRBR stations. The GRBR-TEC derivation method reported by Yamamoto,
2008 was used in this work. The bias estimation process is separated to two iterations. For the first
iteration, the mode value of the GPS-TEC of each group is calculated and used as a zero-guess. Five
zero-guesses are set to be the centers of the bias searching pool with plus and minus twenty-five TECU
windows, and sampling rate five TECU. The biases from all five-bias combinations within the searching
window are used to calculate the GRBR-TEC and the RMSE. The bias set which yield the smallest
RMSE is used to be the initial bias set. For the second iteration, the initial bias set obtained from the first
iteration is the center of the précised bias searching pool with plus and minus three TECU windows, and
sampling rate one TECU. The bias set, obtained with the smallest RMSE in this second iteration, is used

to calculate the GRBR-TEC in this study

Results

The GRBR-TEC distribution aligning on Thailand-Indonesia sector was produced on March
24,2012 as preliminary results. Without an inactive plasma bubble, the GRBR-TEC of each station well
agrees each other as shown in Fig. 1. The background TEC is 3.50 TECU. The RMSE of the GRBR-TEC
is 0.14 TECU that is 0.04% of the background TEC. With an active plasma bubble, the proposed method
can still produce the GRBR-TEC of each station quite well as shown in Fig. 2. The background TEC is 30
TECU. The RMSE of the GRBR-TEC is 2.64 TECU that is 0.08% of the background TEC. The southern
crest of the EIA enhancement could not be seen yet. Considering the variation trend in Fig. 2, we presume
that the most-south station, Kototabang (0.2040S, 100.3212E), does not enough cover the area where the
southern crest of the EIA enhancement is present.

Conclusion

Employing the GPS-TEC as the zero-guess for the GRBR-bias estimation is an applicable
technique as confirmed by the preliminary results. The GRBR-TEC of each station well agrees each other
and quite smoothly continues when the plasma bubble is inactive. With the active plasma bubble, the

proposed method can still produce the GRBR-TEC quite well.
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Routine Observations - Ionosondes

I + Near real-time observations at
g““‘"i”s‘"’“t’“ four ionosondes in Japan
% (Wakkanai, Kokubunji, Yamagawa,
- g Okinawa) and one ionosonde in
3 Kokubusgt Syowa base, Antarctica.
; zvamagawa * Observations routinely every 15

min (up to 1 min in special
observations).
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Forecasts of foF2 by ANN

24 hours forecast Description HOME

lonospheric variation forecast (24 hours) over Tokyo
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Routine Observations — GPS-TEC

* GPS-TEC observation data in Japan
derived from more than 1,200 GPS
receivers (GEONET) provided with several
hours delay by Geospatial Information
Authority of Japan (GSI).

%
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GEONET GPS Receivers )

(Tecy)
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Quasi-realtime TEC map

GPS-TEC maps in Japan
http://seg-web.nict.go.jp/ GPS/GEONET
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CEONEY G-V mentms Fir | G- et | Betine L8 vor)

GEONET GPS-TEC maps over Japan
(latest 24 hours with 1-hour interval)
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Future plan of domestic ionosondes
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We are going to replace all the ionosondes with new one, which must be
suitable for routine operation as well as research purposes. A VIPIR which is
operated in NOAA is one of candidates. The VIPIR can observe ionospheric
echo in the O- and X-mode separately with 8ch Rx antenna array and make it
easy to scale ionospheric parameters such as foF2 and h'F automatically.

e
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Forecasts of TEC over Japan by ANN
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High resolution GPS-TEC maps in Japan
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GNSS Receiver Networks Dense Regional And Worldwide INternational
GNSS-TEC observation (DRAWING-TEC)

.

We have collected all the available GPS receiver data (more than 6,000 receivers
as of Jan. 2012) and made the database of TEC data in the newly developed
“GNSS-TEC Exchange (GTEX)” format.

We plan to provide these GTEX-TEC data, regional/global high-resolution TEC
maps via the NICT science cloud, OneSpaceNet.

To expand TEC observation area, especially in the Asia-Oceania region, we have
conducted a GTEX-TEC sharing project in the collaboration with KMITL (Thailand),
LAPAN (Indonesia), CMA (China), and KMA (Korea) through the Asia-Oceania

Space Weather Alliance (AOSWA). @

.

Earthquake- and Tsunami-induced TEC variations SEALION
r (SouthEast Asia Low-latitude IOnospheric Network)

2 S Japan (GEONET): ~1,200 receivers

g ‘ Korea (KMA): ~80 receivers ] :o ’v::s\in)df

,:/ : (KMA_ collects Korean GPS receiver data and OGPSSYFL -3
A ; provides GTEX data) GPS Scintillation
P 73 i © GPS2RFH
BN g e ow GPS TEC

05:00:00(UT) 0311 2011 13:00:00UT) 0311 2011 [} -1 ,4 o
0 TEC 10’} Magnetometer

ﬂ' @ 2EXERHAS
All-Sky Imager

SEALION is a joint project among the following institutions and countries:
National Institute of ion and Ct icati (NICT), Japan
King Mongkut's Institute of Technology Ladkrabang (KMITL), Thailand
Chiang Mai University (CMU), Thailand
National Institute of Aeronautics and Space (LAPAN), Indonesia
Hanoi Institute of Geophysics (HIG), Vietnamese Academy of Science and Technology, Vietnam
Center for Space Science and Applied Research (CSSAR), Chinese Academy of Sciences, China
University of San Carlos (USC), Philippines
Kyoto University, Japan

g N0 0T K, R e

SEALION Data Service
SEALION Research Targets hitps//wdc.nict go.Jp/IONO2/SEALION/

NOTE: The data in this site are just for browsing purpose. Please e-mail to iono@ml.nict.go.jp
before using these data for any publications and/or presentations.

LToppage 4 indes ot Phas Thuy on 8 Mar 2008 (2008-064)

lonosode
* lonogram
* Daily Summary

Magnetometer

GPS-TEC
* Slant TEC
*ROTI
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Some results of SEALION and GNSS-TEC observations

Latitudinal profile of absolute TEC during 2006-2010
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Differences between h'F observed [ W
at Kototabang and Chiang Mai. [Saito and

Maruyama, 2006] Latitudinal profiles of daily average of TEC along 100 deg E

longitude during 2006-2010 for plasma bubble (left) and no
plasma bubble observed days. [Courtesy of Dr. M
Nishioka (NICT)]

+ North-south asymmetry of plasma density structure suppresses the plasma bubble [Saito

* ElAis even in the nighttime for post t plasma bubble observed days.
* ElAis very weak or negligible for no plasma bubble observed days.

and Maruyama, 2006)
w1y

Plan to install GNSS receivers

JAXA's multi-GNSS JAXA's multi-GNSS
receiver will be receiver will be
installed in Mar, 2012 installed in Mar, 2012
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Magnetometer
@ 2EXEADAS
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HF-TEP Research Targets

HF Transequatorial
Propagation Experiment
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[Maruyama and Kawamura, AG, 2006]
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Some results of SEALION and GNSS-TEC observations
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Contour plot of the EEJ ground strength during the period ) i
from November 2007 to October 2008. [Uemoto et al., ]

2010)
Dependence of the ESF occurrences on the peak h' F of
« The h'F and ESF onsets at Chumphon were PRE (a) daytime (&) and pre-sunset IEEJ (c). Solid and
Compared with EE) round stength st Pkt 2 e s I ES 5
during Nov. 2007 — Oct. 2008. number of days in each bin is given on the top of each bar.
* Increase in the F-layer height and ESF onsets during  [Uemoto et al. 2010)
the evening hours were well connected with the
EEJ ground strength before sunset.
+ E-region dynamo current and/or electric field are
related to the F-region dynamics and ESF onsets

Latitude [deg)

around sunset.
NP

Research-Oriented Observations — HF-TEP

HF-TEP Experiment « High-Frequency Transequatorial
50 Pr ion (HF-TEP) Experiments
40 between Oarai, Japan and Shepparton,
10 Australia
20 x « Oarai direction finder (ODF) consists of
0] E seven crossed-loop antennas 2 m in

9 Magn = diameter that are located on a circle
vt 2 with a 60 m diameter.

-10) ~—r =
-20)
= AL 8N

3 5 epparton
40 B A T e

Radio Australia

-50
90 100 110 120 130 140 150 160 170 180-170-160
Longitude [deg]

Global GNSS receiver networks

g g et

SR R, ety :"ff' =3
-20 0 20 40 60 80 100120140%180-136?401201 00-80-66 -4
As of 2012, we are collecting all the available GNSS receiver data (more
than 6,000 receivers) which belong to GEONET, UNAVCO, SOPAC, IGS,
CORS, EPN, etc (more than 20 providers).
We have developed regional/global high-resolution maps of absolute TEC,
detrended TEC, ROTI, loss-of-lock on GPS signals. NIC




Southeast Asian GNSS Networks

GPS Observation Data (RINEX format)

Available for lonospheric Researches ilename: ssssdddh.yyo
2.00 OBSERVATION DATA G (@S RINEX VERSION / TYPE ssss: marker name
ddd: day of the year
DATZRIN 2 35« GS1. JAPAN 2 16:13:17 ama RUN BY m'E .
Present Near Future Image 4 R OGRAPHIEAL SURVEY ,,5,,,“,‘ i R e h: file sequence number
85 _100 105 110 115 120 125 130 135 140 85 _100 105 110 115 120 125 130 135 140 440101351 TRIMBLE 5700 0.00 I!C 2/ e yy: 2-digit year
> TRUA1249. 00 13/ TYPE
' SUGAR = d 0001
ums}scmc = mtmxmn < -3522845. 0167 277714) 5661 4518959 0276 APPROX POSITION XYZ
‘ IGSISOPAC 1 0.0000 0.0000 0, 0000 ANTENNA: DELTA HEN
. MYRTKNet
1 1 WAVELENGTH FACT L12
4 10 o om emm‘fsw 08SERY | L Header Part
i
0 00000000 s TINE OF FIRST 08S
W-Ul 10. ?DIPA~R|SC|:0 l 10.32 03]=+|=| COMMENT
weeee RINEX MEADER SPECIFICATION 1,00 sesee COMMENT
END OF HEADER J
02 3 9 0 0 00000000 0 % 1626 3613615617622625631 €————— year, month, day, hour,
-19012371. 666 23262028 %65 -anm 9624 23282034 2034 min, sec, flag, # of
JEMR B AT s 1561009 04 22333776 2234 PRNS, PRNS
5 \ 2000563 68342 143 -22836235 684 g
~10611214 7I5 23501437 T34 8249844 7244 23501441 9304
€5 100 105 110 175 1207 1ﬁ'ﬁu m'mr -21574263 491 21813118 €25  -16787240 0654 218131213704 b 1 epoch
19466956 219 22672753 922 15147494 2964 22612757 9324
* Dense and wide-coverage GPS receiver network can reveal their spatial structures, propagation _iﬂ.";"’;z; m 5’;}‘}2‘53 g: .;sgmﬂ ﬁ;: ﬂ#&}lﬁ Z.;&
i i i -8256352 III 22876974 961 -6407292 0364 22876978 9264 J
directions, and temporal evolutions. D 96 16 20 3613615617622625631
N . ) ~18996509. M? 23285000 305  -14779913 4304 23285006 4574
* The GPS-TEC maps greatly contribute to the ionospheric researches and the nowcast/forecast of ~20169633. 218 22312814 289  -15606125 TI34 22312816 5204
space weather.

institute data policy.

* However, it is difficult to collect or share the GNSS data in some countries due to government&o;a

General GNSS-TEC data (ex. IONEX) IONEX format (v1.0)
- 3 ) -m(ws W  JEo o) Filename: cecedddn.yyl
Multiple GPS Receivers || RINEX Navigation Jonex m. cantaining 165, CHBINED Isnosshers maps. o : cec: Analysis Center designator
i el re -1. for dn 757 201 DESCRIPTION e: extension or region code
RINEX Observation Data Data fouex m. containing the COMBINED 1G5 TEC WAPS and OCBs  DESCRIPTION ddd: day of the year
10MEX Tiles n’ IM following I1MCs were combined cod ;ﬁ}:“; h: file sequence number
:;.\ DESCRIPT IO ¥ -digit year
DESCRIPTION 1: file type
- Bt os o8l o
Satellite/receiver biases, absolute 1200 INTERVAL
slant TEC estimation 13 LI Wrs i FiLE
-to- i ATION CUTOFF
Slant-to-vertical TEC conversion u-m.q TEC calculated ax seighted mean of ireut TEC mm@g?ﬁﬁi% D
& OF SATELLITES {— Header Part
Q g @ o BASE RADILS
3 00 'bzln bﬁf; T
Satellite Biases @ Receiver Biases 81.5 815 25 LATE / LAT2 / OAT
[ ] l l An example of IGS TEC map with -'9" 0100 50 t;lx LONZ  DLON
spatial resolution of 5° in TEC values in 0.1 tec units: 9999, if COMENT
Absolute VTEC Map Data Share longitude, 2.5° in latitude and 0CH vaioes |n namoseconds. re “of SatDCBs = 0 COMENT
(Hernandez-Pajares, 2009). @z 6092 0058 PRN / BIAS /s
« Vertical absolute TEC (VTEC) map data and instrumental biases § Toin Las oo SN / Buas / s
of satellite and receiver are simultaneously derived from the T AR
data of multiple GPS receivers and satellite orbit. . R
T o |e—
o Te | and tial luti f VTEC Map dat: t00 low t 00180 Souso ° DN Lo ot | Poch start
emporal and spa 'a_ resolu '0!1 0_ ap data are too low to 129 139 139 138 138 138 138 137 137 136 136 135 135 134 14 1B
observe small-scale ionospheric disturbances such as plasma 08 1 M 0E I0 0m 03 18 m 3 a® 2 1| 1 vTEC values for longitude bins
bubble and ionospheric waves. IC 16 o7 oG A a7 3 1 18 s | atalatitude bin
85018001800 50450 LAT 10N L OND Te ON )
Propose&NSS TEC data for data sharing GNSS-TEC exchange (GTEX) format (v0.2)
IGS Orbit Data . Filename: ssssdddh.yy_TEC
Slant TEC data. 2 TEC DATA (3 TEC VERSION | TYPE ssss: marker name
Single GPS Receiver Q including satellite and W . 3 NICT. JAPAN o VLT ddd: day of the year
RINEX Observation Data receiver biases are 0 yatuse fn 1048 tfa"t {1 TEG tmit) o 0o T Sesence number
Combined satellite derived from GPS . ; Lao '::‘:o?;?.%n (TEC-000.)  COMENT
O gnd receiver data of one receiver. s Ot sllo OEC GracontInuity)  COMENT [ Header Part
iases estimation = in COMMEN
- =6 i & NT
Slant TEC derivation » VTEC maps can be TYPES OF OBSERY = # a‘:::w urgf including bias Mu"lﬂ
- N tatus COMIENT
/ g derived using the Q11310.120 0132030, 120 2% 20 RINEX FILE NAME RINEX files used to
derive STEC
Slant TEC with Biases Combined Biases slant TEC data from o0 L i HA Y
. ~3690821. 3801 mnn m: Hanssad 4aze X POSITION X172
42 7o s F9ETion (AT (6% AT — mec. position in Lat, Lon, Alt
11

. 1 " s COMMENT 2
Biases subtraction :‘—he V';rEg ?ata can| s 7 3 LIFES OF ceseRy Types °If obs. ':IR NEX
ave high tempora o0 s 5 6 o o @5 T_ nr nm e Interval according to RINEX

High-pass filter

and spatial resolution. B
Slant-to-vertical g P 12 8110 0 0.0000000 0 921G 9G1GISG286 SG210 gc;“ncn — year, month, day, hour,
x 8
TEC i Absolute Slant TEC » The Slant TEC data 4T 0 < STEC from PRN 9, TEC flag min, sec, flag, # of
Multiple receiver p -49 7988 0 <————————— STEC from PRN 18, TEC flag PRNs, PRNs
data processing would be suitable for B e —LL L 15, TEC flag . N
S > D ————— L
O data sharing in the e o< STEC from PRIV 28, TEC 20 epoc
Southeast Asia. M 0 < sTectom PRN 27 TECflag

Slant-to-vertical
TEC conversion

Multiple receiver
data processing

48 7904 0 STEC from PRN 26, TEC ﬂag
E:IS|; g 0 300000000 0 9G216 DGIBGISE28G 56276 BG26

|:> Absolute VTEC Map Data

VTEC perturbation Map Data

« This version is presented in the ISTF/2.
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Detrended TEC over

Indonesia by SUGAR
network.

GNSS-TEC data sharing based on GTEX

« NICT have developed the database of
“GTEX" data for more than 6,000 GNSS ~ * = = .
receivers in the world. These data are - . 1
available via the NICT science cloud, ] " om
OneSpaceNet (OSN). 1 o I

« Since the 1st AOSWA workshop held in : . ;g
Chiang Mai, Thailand in February 2012, . . . . . A
we are now developing the GTEX data . R
of Thailand, Indonesia, South Korea, Thailand. [Courtesy of

and China collaborated with KMA, KMITL, i istenasanamechal

LAPAN, and CMA, respectively.

» We can provide software products
to convert RINEX data to GTEX
data (Fortran 77) , and to make
high-resolution TEC grid data
(Fortran 77) and map images (IDL).

« NICT recently released a Windows | -/ J
software “RNX2GTEX” which are
available via the NICT website.

http://seg-web.nict.go.jp/e-sw/download/index_e.html

ICAO Asia and Pacific
Ionospheric studies task force (ISTF)

» ICAO plans to use aviation navigations based on GNSS, such as
GBAS and SBAS. ICAO recognizes a necessity to evaluate the
ionospheric effects on such navigations.

« ICAO Asia and Pacific have discussed about the effect of low-latitude
ionospheric disturbances such as plasma bubble since 2009 and
established the ionospheric studies task force (ISTF) in July 2011.

« In the 2" meeting of ISTF
held at Bangkok in Oct. 2012,
the ionospheric data format
for data sharing among
countries were discussed.

» The GTEX format proposed
by Japan (ENRI, NICT) were
adopted as the sharing
format in ISTF.

« GTEX format will be fixed by
the next meeting (Jul. 2013).
/vﬁ

i et e e e e 05
- ICAD Reglonal Ofice, Bangheh, Thatland, 1517 Octaber 3013
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Asia-Oceania Space Weather Alliance: AOSWA
http://aoswa.nict.go.jp

* Objective: make a regional linkage of information of space
weather for operations and researches

* GTEX data sharing is one of important topics.

The 15t AOSWA workshop at Chiang Mai, Thailand during 22-
24 February 2012.

- 10 countries, 30 organizations, 76 participants

- 41 oral presentations, 21 poster presentations, 1 tutorial lecture

- an excursion

- business meeting

Summary

« Current status and future plans of NICT ionospheric
observations were briefly introduced.

« Ionospheric observations :
» Real-time monitoring (Ionosonde, GPS-TEC, SEALION)
> Forecast technique (ANN, )

» Dense wide-coverage (GPS-TEC data sharing, SEALION)
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Asia-Oceania Space Weather Alliance:
AOSWA

Ken T. MURATA, Tsutomu NAGATSUMA,
Shinichi WATARI and Takuya TSUGAWA

National Institute of Information and Communications Technology

Applied Electromagnetic Research Institute
Space Weather and Environment Informatics Laboratory

ne

Space Weather Regional Warning Centers of
International Space Environment Service (ISES)

Space Research Center
(Warsaw, Poland)

Lund Space Weather Center Hydrometeorological Service

(Lund , Sweden)
Royal Observatory of Belgium
(Brussels, Belgium)
Institute of Atmospheric Physics
(Plague, Czech)

(Moscow, Russia)
=

RRA (Jeju-do, South Korea)

P niCT (Tokyo, Japan)

Beijing Astronomical Observatory
(Beijing, China)
NS
National Physical Laboratory
(New Deli, India)

Hermanus Geomagnetic Observatory I ‘ 3
(Herumanus, South Africa)

Natural Resource Canada

(Ottawa, Canada)

NOAA/SWPC

(Boulder, US.A)
~

INPE (Sao Jose dos Campos, Brazi)

v

1PS Radio and Space Services v
(Sydney, Australia)

There are 5 RWCs of 14 (36%) from Asia-Oceania region!

Nﬁ

— T ]
The 1st AOSWA Kick-off meeting

uirement and demand from

Mﬁe.f&.
How to exchang
countries?

| Asia-Oceania Space Weather Alliance

12/03/2010 Bandung - Indonesia N
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ISWI (International Space
Weather Initiative) WG
2009~2011

nited Nations)

Long-Term Sustainability WG
2011~2014
EG-C (SW)
. 2011~
ICTSW (Internatior
Coordinate Team for Space
Weather) 2009~

WMO (World Meteorological Organization)

1CSU (the International Council for Science)
1931~

WDS (World Data
System)

European Space Weather
Regional Space Weather Week/Workshop

Asia-Oceania Space Weather
Alliance

International SW (operation) organizations

Space Weathérh
Workshop

Space Weather
Workshop @USA

Weilcome to the Workshop's Online Registration System

The Workbop o b bebd Aped 3730 ot the il Flstel, 1345 2968 5. Banblor, O O3 The
27408,

Reglstration and Abstract deadline: Fridafl o= 5. TGmum . TGeew Woras g J@e - o1
* + C Dudcomabe
Please wate you mast Bt Ceghicr before you can sebmit | Seventh European Space Weather
Week
If you registered last yoar: 1510 N, 2010 . Dge, Bekgam

o v € g Spmce s oee wd s
T S 1y T M 3033

Space Weather
Week @Europe

AOSWA meetings

— U EALION worksho Thailand
* Indonesia, Vietnam, Taiwan, USA, Brazil, Thailand, Laos, Philippine , China and Japan
* 24 Kick-off meeting of the AOSWA

2011.04 @NOAA, USA
* Space Weather Workshop @NOAA, USA & ISES meeting 2011
* Local meeting between A-O ISES countries

—
* AOGS; “Ce i and O of Space Weather Forecasting in
Asia-Oceania region”
* 3rd kick-off meeting of the AOSWA

 Asia-Oceania Space Weather Alliance: AOSWA session

* AOSWA informal meeting

Hosted by Center for Space Environment Research and
Forecast (CSERF), Chinese Academy of Sciences (CAS).



The First AOSWA Workshop

The First Asia-Oceania Space Weather Alliance Workshop

Call for Paper
MSWA 22 - 24 February 2012
= 3 Imperial Mae Ping Hotel, Chiang Mai, Thailand

The Asia-Oceania Space Weather Alliance (AOSWAY) is a regional forum for the
development of collaboration and promation of the space weather activities in the Asia
and Oceania region.

The AOSWA 2012 in Thailand will be held during 22 ~ 24 February 2012, in Chiang Mai,
Thailand.

The AOSWA 2012 is regional/international workshop, providing an excellent forum for
researchers and operators of space weather in Asia-Oceania and other countries to present
and discuss operational collaborations, data exchanges and some competitions, which leads
to the development of space weather activities in the region.

Everyone, who works in space weather fields in Asia-Oceania and other regions, is
encouraged to submit a paper to the workshop. New research results and operational
issues are welcome. Significant discussions are expected, especially from the view of the
Asia-Oceania regional collaborations.

Possible Topics of Presentation

1. lonospheric Variations and Their Effect on Radio Propagation
2. Geospace Variations - Causes and Effects
3. Present status and future plan of operation, service, and modeling of space weather

Important dates
1. Abstract Submission: 20 Dec. 2011 -4 Jan. 2012
2. Registration: 20 Dec. 2011 - 16 Jan. 2012

For more information / Contact

Web site: http://aoswa. nict.o.jp
Email address: sw-project-office@ml.nict.gojp

pr=m

) YSIRavI A

iy Austratian Government
2 IP5 Rinlic and Space Services

Mongalia
P
Non -
" e -
Srpen ien

Committee Chair:

TD, Japan

Co-Committee Chair:

78D, Thailand

General Committee:

Or. Ken T. Murata (NICT, Japan)

Or. Phil Wilkinson (IPS, Australia)

Or. Huaning Wang (NAOC, China)

Or. Rupesh M. Das (NPL, India)

Or. Bae Seok-Hee (RRA, Korea)

Program and Organizing Committee:

Or. Ken T. Murata (NICT, Japan)

Or. Dave Neudegg (IPS, Australia)

Or. Huaning Wang (NAOC, China)

Or. Siging Liu (NAOC, China)

Or. Xiaoxin Zhang (NAOC, China)

Or. A. K. Upadhayaya (NPL, India)

Or. Bae Seok-Hee (RRA, Korea)

O Shinichi Watari (NICT, Japan)

Dr. Tsutomu Nagatsuma (NICT, Japan)

Or. Takuya Tsugawa (NICT, Japan)

M. Shikatani (NICT, Japan)

Or. Takashi Maruyama (NICT, Japan)

Local Organizing Committee:

Or. Tsutomu Nagatsuma (NICT, Japan)

Dr. Masayuki Fujise (NICT, Japan)

Or. Akachai Sang-In(CMU, Thailand)

O Suttichai Premrudeepreechachan
(CMU, Thailand)

Or. Tharadol Komolmis (CMU, Thailand)

Or. Ukrit Mankong (CMU, Thailand)
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Associates (so far) )

associates.html

o Bafis & Atmiagherie Seirves Obiion, Matioral Phsical Laberabors OFL) / WO el

AOSWA mailing list
<AOSWA@ml.nict.go.jp>

Fxio Research isccy (FA)
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The 1st AOSWA Workshop 22-24 Feb. 2012
. W . - |
AOSWA =
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The 1st AOSWA Workshop
22-24 February, 2012

tmpertal & Hotel, Chlany WMal, Thallend.

—
Y

» sewme

» g e

» wmna

» cormece vene

10 countries, 30 organizations, 76
participants, 41 oral presentations, 21 poster
presentations, 1 tutorial lecture, an excursion,
and business meeting.

Agenda: the 15t AOSWA business meeting

Objectives of the AOSWA

AOSWA organizations

AOSWA workshop policy

2nd AOSWA workshop and beyond
Sessions of AOSWA workshops

For future...



Objectives of the AOSWA + AOSWA organizations AOSWA s open.

Industrial or governmental

— AOSWA Office (Secretariat) organizations are welcome.
* NICT(-2015)

— Membership and Associates
« Dissemination at every conference?
* Submission of a report to “Space Weather” (journal) on

¢ Collaboration

— Regional collaborations in operations and research
works, including data exchange

* Capacity Building

Attempt to promote in each
country.

— Instruction of space weather operations for new AOSWA and 1st workshop
comers — Discussion
 Information Exchange « Mailing list (at least one address from each associate)
— Information exchange on international, regional * ISES/RWC meeting (annual)

and national activities of space weather * AOGS (annual)
+ SNS?

o AOSWA WOI"kShOp pOlICy Irregular, for a while.

Attempt to be within 2 years
— Annual meeting? Regular? Irregular? EEEEIEEIENIEE .
- g7 nesular gy * Sessions of AOSWA workshops
— Application for national/international budget

« By each institute — Introduction of each institute
* By AOSWA

* 2"Y AOSWA workshop and beyond — Report of operation (with technical report)
— General Committee

— Tutorial session?
* One from each RWC/ISES RWC members, for a while.
« Other members? Contact with me, if you like. —_ |ndustria| Session?

— Research discussion

— 2" AOSWA workshop — Report of other international/regional activities?
* Organizing z?n‘d ProgranT Committee (2nd AOSWA Workshop) — Demonstration (of data and applications)?
* Local Organizing Committee (2nd AOSWA Workshop)

* General Chair (General Co-Chair) e e i G e,
porg Y China. Eventually up to Program committee.
2013 Oct — Nov (TBD).

* For future... et
— Authorization of AOSWA

* World Data System (WDS) application?
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e GPS-TEC at Sumatra islan:
-po ‘
p0 >

. o Dense and wide-coverage GPS receiver
%0 0 20 0 network can reveal their spatial structures,

propagation directions, and temporal

GPS receivers all over the world 5000 receiver data available online evolutions.

Current Near Future Plan & Vision
95 100 105 110 115 120 125 130 135 140
§5.100 105 310 $15 130,125 130 136 140
V * BAKO

* NICT * SUGAR
* IGS/SOPAC e %(s:;snéwm

TID? T 3
. e S -

or st 0z

Thank you for your attention!
See you next in China in 2013!

15t AOSWA workshop
77 participants from 25 organizations of 10 countries
© Australia, China, (India), Indonesia, Japan, Malaysia, Philippines, South Korea,

=T
SETO0 05 TH0 17820 125 190 195740

SETO0 10510 175720 155790 135740

Thailand, and Vietnam
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