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ABSTRACT

Observation of temperature profile in Bandung (6.9°S 107.6°E) started on April 1997 under
collaboration between LAPAN Indonesia and MRI Japan and continued until now. Under
Indonesian weather condition, observation can not be done all of the seasons. Extensive observation
can be done in dry season, and only a few numbers of data can be got for in rainy season. The
observation will be continued to clarify the long term temperature trend in stratosphere and the
shorter period extensive campaign will be held to study the short term variation.

Introduction

Stratospheric temperature is thought to become cooler when the global warming progress, so, it is very important
to measurethe temperature of stratosphere. Using Ramanscatter as well as Rayleigh scatter, it become possible
to measurethe lower stratosphere even whenthe aerosol is highly loaded into the stratosphere after large volcanic
eruption (Nagai, et. al., 1997).

Hansenet al. (1978, 1992) shows that increase of volcanic aerosol in the stratosphere caused the tropospheric
temperaturefall through a decrease in short waveradiation due to scattering and absorption. Conversion of sulfur
dioxide into sulfuric acid in stratosphere will influence absorption and scattering of sunlight, and then affected
atmospheric temperature(Kawamata etal., 1 992)

A lidar was developed to measure the temperature of stratosphere and lower mesosphere, and was transported to
LAPANBandung, Indonesia in March 1997, and completed the adjusment in September 1997. The transmitter
is shared with Communications Research Laboratory (CRL), who constructed the stratospheric aerosol lidar
system in the same place. There are different main goals for MRI's and CRL's system. CRL's system can be
used to observe aerosol layer for troposphere and stratosphere, and MRI's system can be used for observe
temperatureprofile fromtropopause up to 70 km of altitude. Wetrying to makeobservation one a week.Since
April 09, 1997.

System Description

The lidar transmitter system employ the fundamental wavelength of 1064 nm,second harmonics of 532 mn,and
third harmonics of 355 nmtransmitted fromNd:YAG laser. Each laser beam is collimated by beam expander
and transmitted vertically upward by a plane mirror, respectively. The photons backscattered from the
atmosphere are collected by 82 cm diameter telescope. To preventthe strong backscatter signals fromnear the
groundgoing into detectors, both the high speed 230 Hz rotational chopper and electrical gate circuit are used.
The wavelength of the backscatteredsignals are separatedto 3 channels. The first two channels called as "U"
and "L"are for Rayleigh scattering of 355 nm.To extend the dynamic range, the Rayleigh signal is separated to
two different strength signals. The "IT and "L" meansupper and and lower channel respectively. The third
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channel called as "N" is for vibration Ramanscattering of nitrogen molecules of 387 nm wavelength. This
channel is used to measure the temperature of the lower stratosphere even if the volcanic aerosol is existing in the
layer. Combined with these three channel, we can retrieve the temperature in the entire stratosphere and lower
mesosphere. The specifications of the developed lidar system are shown in table 1.

Transmitter
L a ser N d  :  Y A G
W av ele n g th 3 5 5  n m  (3rd  ha rm o n ics)
P u lse  E n erg y 5 4 0  m J
R ep etiti  o n 10  H z
B ea m  E xp an d er 8 X
B ea m  D iv e rg e n ce 0 .1  m ra d
O bj  e ctiv es T em p erature

Receiver
W av ele n g th 3 55  ra n 3 8 6  nm
S ca tt erin g R av lei  g h N ?  R a m a n
S u p p ressio n N /A >  10 "
T elesc op e  D ia m eter 82  cm
F ield  of  V ie w 1 ~ 3 m ra d
M ech a n ica l  C h op pe r <D 2 G O  m m ,  2 5  ~ 3 00  rev/s
B a n d w id th 3  run s u m D n m
T ra n sm itta n ce > 5 0 % 1 % > 1 9 %

D etect  o r P M T  H a m am atsu  R 3  3  1 P M T  H am am atsu  R 3 3  1 H a m a m a tsu  R 3 3  1

DataProcessing
N um ber of C hannels 3
Processing Photon C ounti n g

Tabel 1. Specification of the newly developed Rayleigh/Ramanlidar system.

Results andDiscussion

Intensive measurementis started on April 1997. The measurementdependsonthe weather.The measurementcan
be donein clear sky condition, only. This condition only true in dry season(April - September).It is very hard to
get good data out of this period. Causedby this reason,wecannot presentso muchresults.

Figure la shows result of measurementonJune 16, 1999. TwoRayleigh channel (355 nmand386 ran)areused
to retrieve the temperatureprofile. There are 2 kinds of profil shown,center of the panel for temperatureprofile
and left side of the panel for statistical error. For statistical error,there are 3 parts of profiles, and for temperature
profile there are 3 parts of profile, too. The lower profile of temperatureand statistical error correspondto N-
channel (12-30 km), the middle profile correspondto L-charmel(12-50 km), and the upperprofile correspondto
U-channel(30-90 km). This measurementis undervery clear sky condition in dry season,a half of moonseenon
the sky. Temperatureprofile from U-charmel shownin figure lb, separately,completed by statistical error
profile. Fromfigure lb, it is clear that thickness of stratopauselayer is arroimd40-53 kmaltitude. Temperature
in this layer does not so fluctuated (similar).

Figure 2 showsvariation of temperatureinversionin stratopause.Vertical left axis is for temperatureinversion
(K) and vertical right axis is for height of temperature inversioe (km). Horizontal axis is for period of
observation,9704-01 meansfirst weekin April '97 and 9906-01 meansfirst weekin June '99. The data separated
into 3 parts correspondto year c97-'99.Temperatureinversion in stratopauseis arround 271 K (-2 C) and height
of temperatureinversionis arround48 km.It is too early to decide tiiat f luctuationof temperatureinversion under
nature cycle. It needs very extensiveand continousobservation.

Figure 3 shows temperatureat alti tude of 50.04 km. Horizontalaxis is for period of observation,andvertical
axis is for temperature(K). At this alti tude, it can be said that temperatureaverageis arroimd262-270 K.
Statistical error for this is not morethan 2 K. For short termperiod,it is seen small fluctuationday to day. It is
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seen clearly in the end of the period of observation (May-June 1999). The highest temperature in this altitude
appear on June 06, 1997, reach upto 291.4 ± 0.75 K.
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Figure 1. : Temperature profile at June 16, 1999 taken in Bandung, (a) for all system and (b) for upper (U-
channel) channel only.
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Figure 2. Variation of temperature inversion and height of temperature inversion in stratopause, taken in
Bandung,on period of April 07, 1997 to June 18, 1999
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Figure 3. Variation of temperature in altitude of 50.04 km taken in Bandung
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