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Retrieval of Temperature Profiles using 

Radio Acoustic Sounding System (RASS) with 

the Equatorial Atmosphere Radar (EAR) 

in West Sumatra, Indonesia 

Ina Juaeni1, Hiraku Tabata2, Noersomadi2・1, Halimurrahman1, 
Hiroyuki Hashiguchi2 and Toshitaka Tsuda' 

1: National Institute of Aeronautics and Space (LAPAN), Indonesia 
2: Research Institute for Sustainable Humanosphere (RISH), Kyoto University 

Earth, Planets and Space, 70:22, doi:10.1186/s40623-018-0784-x, 2018 

We carried out eight campaign observations 
in 2016, testing the performance of EAR-
RASS. 
We intensively analyzed the RASS results 
from August 29 to September 3, 2016, when 
radiosondes were launched 12 times from 
the EAR site 

I RASS (Radio Acoustic Sounding System) I 

(1) To emit sound pulse by a 
high-power acoustic 
transmitter 
(2) Ref『activeindex 
fluctuations are produced 
due to density 
perturbations caused by 
sound waves 
(3) To detect scattered echo 
from acoustic wave fronts 
(RASS echo), and to 

Acoustic 
determine Doppler shift 

Transmitter 
(sound speed) 
(4) From a relation; 
temperature oc (sound 
speed) 2, a temperature 
profile is obtained. 

Equatorial 
Atmosphere Radar 

RASS Observations 

advection by wind 

Ca: Apparent sound speed 

C5: True sound speed 

v: Wind speed 

Tv: Virtual temperature (K) 

K,i=Z0.047 
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Bragg condition 

Bragg condition of RASS : 
→ ] 
2k=ka 

(l): 21-;;1 = I石|
(2): kif応

Acoustic 
wave 
f『ont

Speaker 

Condition (1) 

Because the temperature decreases along 
altitude, we need to select appropriate 
acoustic frequency that satisfies the 
condition (1) 

We employ the FM chirped signal that 
sweeps from 85 to 115 Hz to cover up to 20 
km. 

Condition (2) 

,. Antenna beam is steered into 
appropriate direction, considering the 
results of the ray-tracing ―WPR antenna 

Bragg condition to obtain strong RASS echoes 

Bragg condition 

aooost;cwaヽヒ「'""'

FM-chirped sound is used to 
satisfy the Bragg condition in a 
wide height range 

!0.0 

180 1'<0.0 

~ ぎ
1罰鬱信リ0瓜,.,

I Modulation of acoustic wave front by wind I 

The radar beam direction steering to 
windward and windward acoustic source is 
useful to detect RASS echo at high altitude 
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3D ray-tracing of sound waves considering wind measured with EAR 
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Location of Speakers 

,~PJ: 
Distribution of the RASS echoing region 
that satisfies the Bragg condition. The 
green line indicates the antenna beam 
with the zenith angle at 13" 

Spectral occupancy of RASS echo and turbulence echo 

ー100Hz -50 Hz 
I I 

79 mis -319 mis -159.5 mis 

' '  Spectral Window 
士39.1Hz=土124.7m/s

1 ~39.062 Hz IPP (200 us) x Nbe皿,(4) x Ncoh(16)x2 

古゚
Doppler Shift 

50 Hz 
I 

159.5m/s 

100 Hz 
I 
319 mis 

150 Hzl 
-----' 479 mt, 

Example of RASS Doppler Spectra 
諏 :15,02-09芯：≪LTon 30 AU&四16
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Spectral fitting of RASS echoes assuming Gaussian distribution 
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ー100 -50 0 50 100 
Doppler veloc;ty [m/s] 

Doppler spectra for RASS echoes observed at 00:14 LT on 

September 3, 2016, with the radar beam pointed at (90°, 13°). 
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Location of Acoustic Speakers 

ロ
wind velocity profiles 

observed with EAR at 

14:30 LT on May 31、
2016 ロロ
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Cross sections of the ray-tracing results with an azimuth angle of 60" 

assuming wind velocity profiles on May 31, 2016 at 14:30 LT 

Speakers 
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RASS echo power at selected altitudes 
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All speakers 

were turned off 

at 14.37 LT 

15,15 •~.JO 

1.64km 

7.92 km 

4.48 km 

Operation of the speakers was changed at the timing of the vertical dashed lines 

Time and height variations of the temperature observed 

with EAR-RASS from 16:0S to 16:38 LT on May 31、2016. EAR-RASS observation from Aug 29, 2016 to Sep 3, 2016 

RASS echo intensity at selected altitudes 

叫2016-05->1 b • 867 r• .. 897, • 926 

：胃 ．．．
Black: 8.67 km, 10.2 dB to 17.8 dB (7.6 dB) 

Blue : 8.97 km, -7.9 dB to 8.6 dB (16.5 dB) 

Red : 9.26 km、-16.9dB to -2.9 dB (14.0 dB) 
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lOlog信）2~8dB 90 Hz⇔ 287 m/s⇔ 205 K (-68゚C)
100 Hz⇔ 319 m/s⇔ 253 K (-20゚C)

115 Hz⇔ 367 m/s⇔ 335 K (+62゚C)

Time variations of EAR-RASS mean temperature from five beams 

::r..L 
i:: 
~10 

~' 
: 1譴l闘紬』，
0戸

J minut<S 1in,c匹 luliOII一I,I ..I. A-.ilabnit)'Role 
I I I 

一 脳 ml

- lkaal2 
-&  .. nol 
- n..~, .. 
一 転 m;

n -・ 

ぷ
.oool p
 

.llSc ，．
 
.0
0
0
 

12125 

.0001 g
 ，
 
＇ 
A
 

.2
 
ooll 8 

ー

，
 

A
 

2
 t
 

.o
o
l
 
g
 

l

u

 ^い

.0029 

0~642086920 

,．
I

I

I

I

I

 

(
U
-
1
F
u
p
_-l

――-
V
 

.lime rcsolulioo 
, I, I, I 

: I ,' .I
 ＇
 

〗口220 6 
』

200 l 

゜0 011 Ol O.ll I 
The availability rate at 2-6 km is about 50-80% and up to 14 km about 10% 
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Comparison of the EAR-RASS temperature profile 

and radiosonde results 
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Disturbance event on Sep 1, 2016 
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こ~~~;三；；；~;,言：[;~ 三亨~~:

Satellite images at 09, 13, 17 and 21 LT on September 1, 2016. 

1j~ J1: 

Concluding remarks 

• We carried out EAR-RASS observations during 2016 and examined the Bragg 
condition of RASS echoes. 

• We adopted the 3-D ray tracing of acoustic waves for determining the 
appropriate antenna directions for obtaining RASS echoes 

• We investigated the acoustic sources, including the location of speakers and 
the sweep frequency range of the FM-chirped acoustic signals. The speakers 
located in the center of the EAR antenna were most effective, but speakers 
outside the antenna were also useful for obtaining the RASS echoes in the 
lower altitudes when the wind velocity became large. 

• The RASS temperature with 10-min resolution was determined at 2-6 km with 
50-80% availability, and up to about 14 km with about 10% availability. 

• The standard deviation from the mean temperature difference was about 
0.4 K. 

• We found a few interesting meteorological disturbances that occurred 
between August 30 and September 1, 2016. A preliminary report was 
presented on the behavior of the wind velocity and temperature variations in 
association with the rain data and satellite images on September 1 
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