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Abstract. Cirrus cloud is one of the most commonly occurring cloud types globally. The clouds
are found mainly to consist of floating ice crystals, which can reflect strongly incoming radiation.
Lidar measurements provide an opportunity to study the microphysics and ice compositions of
cirrus clouds. We have developed a polarization lidar system to measure the depolarization char-
acteristics of the lower atmosphere over Hanoi. From our measurements of cirrus clouds over
the period from 2010 to 2012, the depolarization ratio of cirrus clouds is found to be very high
ranging from 20% up to 80%, indicating large fraction of backscattering from ice crystals. We
find a trend of increasing depolarization ratio with height and decreasing temperature. We also
compare our lidar measurements with other results obtained by lidar technique in other regions of
the world.
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I. INTRODUCTION

Cirrus clouds, usually present in the upper troposphere, play an important role in the en-
ergy balance of the Earth’s atmosphere [1,2]. These clouds consisting mainly of non-spherical ice
crystals, typically cover about 30% of the Earth’s surface and contribute to the radiation budget
through the trapping of outgoing infrared radiation (greenhouse effect) and the reflection of in-
coming solar radiation (albedo effect) [2]. Therefore, the physical and optical properties as well
as the location of cirrus clouds are important parameters to understand the radiation balance of the
atmosphere. For cirrus clouds the physical parameters of primary concern are thickness, altitude,
mean altitude and mid-cloud temperature. In addition, parameters related to microphysics of the
clouds such as the shape, size and orientation of ice crystals play an important role in determining
the cloud radiative properties [3–5].

Lidar (light detection and ranging) is a very powerful remote sensing technique to study
the cirrus clouds. The backscattering signal from the clouds provides direct measurements of their
main characteristics. Ice crystals present in the cirrus clouds are known to scatter strongly, pro-
ducing significant depolarization. Therefore, a polarization lidar system can detect cirrus clouds
and study the properties of crystal particles. At the Institute of Physics we have successfully de-
veloped a polarization lidar system to study the characteristics of aerosols and clouds over Hanoi
(21˚ 2′ 0′′ N, 105˚ 51′ 0′′ E), Vietnam. In this work we describe our lidar measurements over the
period 2010 – 2012 and the relation between depolarization properties with height and temperature
of cirrus clouds.

II. LIDAR MEASUREMENT

II.1. Polarization Lidar system
The compact polarization lidar system developed for the present work as shown schemati-

cally in Fig. 1 uses the high power pulsed Nd:YAG laser (Brilliant Quantel, France) as transmitter.
The laser delivers a pulse energy of 180 mJ at 532 nm, a repetition rate of 10 Hz and a pulse du-
ration of 5 ns. The divergence of the laser beam is measured to be better than 1 mrad. The linear
polarization direction of the laser beam can be manually rotated using a half wave plate mounted
on a precision rotary stage.

The receiver is a diameter 25 cm Cassegrain telescope ( f/D = 10). To reduce the back-
ground light we limit the field of view of the telescope to 1.5 mrad during the lidar measurement
by using a pinhole as spatial filter. We also use a high quality interference band pass filter with
band width of 3 nm at wavelength of 532 nm to remove the background light. A polarization beam
splitter is used to separate the backscattered signal into two channels of perpendicular polariza-
tion directions. The backscattered light in the two channels is detected by photomultiplier tubes
R7400U configured in analog mode as shown in Fig. 1. The signal is then digitized using a high
speed 12 bit ADC sampling at 20 MSPS. For each lidar measurement, the backscattering intensity
profile is collected for 12000 laser pulses, equivalent to 20 minutes time interval.

The gain ratio of two polarization channels is the most important parameter in our depolar-
ization measurements. To determine the gain factors, we rotate the half wave plate to determine
the maximum and minimum intensities of the backscattering signal in both polarization channels
for altitudes between 6 – 10 km where the air is known to be relatively free of aerosols, so the
depolarization ratio should be the same as for air molecules. The gain ratio is then estimated by
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Fig. 1. Schematics of the polarization lidar system.

comparing the intensities measured for each polarization channel. After the gain calibration we
check the depolarization fraction of clean air region and find a value of about 4%, consistent with
the theoretical expectation and laboratory measurements [5].

II.2. Data analysis
The depolarization δ (z) is definited as a ratio

δ (z) =
Prs (z)
Prp (z)

where, Prp (z) and Prs (z) are the integrated returned signal powers in parallel and perpendicular di-
rections relative to the outgoing laser beam. k1 and k2 are the system factors of two depolarization
channels, respectively. The lidar equations for parallel and perpendicular directions can be written
as follows:

Prp (z) =
kpPt

z2 βp (z) .exp
(
−2

z
∫
0

τp (z)dz
)
, (1)
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Prs (z) =
ksPt

z2 βs (z) .exp
(
−

z
∫
0
((τp (z)+ τs (z))dz

)
, (2)

where Pt is the transmitted power, βs(z) and βp(z) are the volume backscattering coefficients at
perpendicular and parallel directions, kp and ks are the system gain factors in parallel and per-
pendicular channels and τ (z) is the extinction coefficient of the atmosphere. As a result, we can
express the depolarization ratio as follows:

δ (z) =
βs (z)
βp (z)

=
Prs (z)/ks

Prp (z)/kp
=

βs (z)
βp (z)

exp
(

z
∫
0
(τp (z)− τs (z))dz

)
(3)

And generally τp (z) = τs (z) then δ (z) =
Prs (z)/ks

Prp (z)/kp
=

kp

ks
· Prs (z)

Prp (z)
·

The gain ratio
kp

ks
is determinated as described in the previous section.

III. RESULTS AND DISCUSSIONS

In Fig. 2 we show the profile of depolarization ratio of a layer of cirrus cloud over Hanoi,
Vietnam, on November, 2012. The depolarization ratio reached a peak value of 62% at the height
of 14 km in the middle of the cirrus cloud layer. The high depolarization ratio in Fig. 2 clearly
indicates that the cloud layer contains mainly highly non-spherical ice-crystals, because spherical
particles are not expected to produce depolarization [5–8]. In addition, in the clear air regions
below and above the cloud layer, the depolarization ratio is about 4%, mainly due to the asymmetry
of air molecules [5].

Fig. 2. Depolarization ratio profile of the cirrus cloud measured over Hanoi in June, 3th, 2011.
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In Fig. 3 we show the depolarization ratio of cirrus clouds with height. There is a tendency
for the depolarization ratio to increase with height, similar to that found by [8] from observations
of cirrus clouds over Northern Taiwan.

Fig. 3. Dep Depolarization ratio versus mid-cloud height of the detected cirrus clouds.

Fig. 4. Depolarization ratio versus mid-cloud temperature of the detected cirrus clouds.

In the troposphere the temperature decreases steadily with height, the depolarization ratio
also exhibits an increasing trend with lower temperature at the location of cirrus clouds as shown
in Fig. 4. In this case the data for cloud temperature is compiled from in-situ radiosonde measure-
ments. We also note that the trend of increasing depolarization ratio with decreasing temperature
has been seen earlier by [11]. They suggest that the trend appears as a result of the occurrence of
complex ice crystal aggregates at low temperatures. The high depolarization values, up to 80%, for
cirrus clouds over Hanoi as measured by our polarization lidar system are entirely consistent with
the results reported earlier for other regions of the world such as Taiwan [8], China [9], India [10],
and North America [11].
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IV. CONCLUSIONS

In this paper we have presented the long term observations of the high cirrus clouds over
Hanoi by a polarization lidar system. Our measurements of the depolarization ratio during a
long period of time, from 2010 to 2012 indicate highly depolarized backscattering from the cirrus
clouds, ranging from 20% up to 80%, consistent with the presence of ice crystals in the clouds.
Combining lidar and radiosonde data we show that the depolarization ratio increases with the
cloud height and the decreasing temperature of the cirrus layer in the atmosphere over Hanoi,
Vietnam. These results are consistent with the previously reported depolarization measurements
in other parts of the world.
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