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ABSTRACT

Tajikistan is often affected by atmospheric min-

eral dust. The direct and indirect radiative

effects of dust play a sensitive role in the

climate system in Central Asia. The Cen-

tral Asian Dust Experiment (CADEX) provides

first lidar measurements in Tajikistan. The

autonomous multiwavelength polarization Ra-

man lidar PollyXT was operated for 1.5 years

(2015/16) in Dushanbe. In spring, lofted lay-

ers of long-range transported dust and in sum-

mer/autumn, lower laying dust from local or

regional sources with large optical thicknesses

occurred.

1 INTRODUCTION

Dust influences weather and climate on earth

by direct and indirect effects. Central Asia is

strongly affected by climate change which is

manifested in Tajikistan in a severe glacier re-

treat [1]. Glacier melting rates are also in-

fluenced by dust due to the darkening of the

glacier’s surfaces [2]. The glaciers of Tajiki-

stan are the major water resources of the rivers

which were originally feeding the Aral Sea,

which now became itself a strong dust source

[3]. Therefore aerosol observations in Tajiki-

stan are extremely valuable to understand re-

gional and global transport of mineral dust.

Only few experiments were performed to cha-

racterize the aerosol over Central Asia. During

a Soviet-American campaign in 1989 two dust

storms were observed [4]. During these dust,

storms aerosol optical thicknesses (AOT) of up

to 3.5 (at 550 nm) were measured and a couple

of vertical profiles of the dust distribution were

measured by aircraft [5]. Dust transported from

the Aral Sea region, from the Middle East and

from the Taklamakan desert was reported from

more recent lidar measurements conducted in

Kyrgyzstan [6, 7]. Nevertheless, the knowledge

of the vertical aerosol distribution over Tajiki-

stan and especially the transport of mineral dust

over Central Asia is still poor. Therefore the

Central Asian Dust Experiment (CADEX) was

performed to obtain long-term data on vertical

profiles of optical aerosol properties.

2 INSTRUMENTS AND METHODS

The CADEX campaign was conducted at a

field site of the Physical Technical Institute

of the Academy of Sciences of Tajikistan in

Dushanbe. Its coordinates are 38◦33’34" N,

68◦51’22" E, and its altitude is 864 m a.s.l..

A multiwavelength polarization Raman lidar

PollyXT [8] is used for the continuous lidar mea-

surements. All PollyXT systems emit linearly

polarized light at 355 nm, 532 nm, and 1064 nm

wavelength generated by a Nd:YAG laser and

2nd and 3rd harmonic generators. Vertical pro-

files of the particle backscatter coefficient are

determined for the three emitted wavelengths.

The system measures cross-polarized light in

two channels to retrieve the particle linear depo-

larization ratio (PLDR) at 355 nm and 532 nm

wavelength. The inelastic channels at 387 nm
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and 607 nm allow to determine particle extinc-

tion coefficients at 355 nm and 532 nm with

the Raman method [9] at night-time. For wa-

ter vapour measurements a channel at 407 nm

is installed. The system’s vertical resolution is

7.5 m and the data is stored with a temporal re-

solution of 30 s.

Additionally, a CIMEL sun photometer from

the AERONET station in Dushanbe is collo-

cated with the PollyXT lidar to measure the AOT

and retrieve further particle properties.

The dust and non-dust mass concentrations are

indirectly calculated with the polarization lidar

photometer networking method (POLIPHON)

[10, 11].

3 RESULTS

The PollyXT performed measurements from 17

March 2015 until 31 August 2016. During that

period, data was acquired for more than 3 hours

at 407 days and at 307 days even for more than

20 hours. The quicklooks of all measurements

are available at http://polly.tropos.de.

During spring, numerous lofted dust layers up

to 10 km above ground were observed. The

summer months in Dushanbe are commonly

dusty from the ground to certain heights with

large AOT. For example, the mean AOT at

500 nm measured with the sun photometer

(AERONET level 1.5) in August 2015 was 0.41

and in August 2016 it was 0.28.

Figure 1: Vertical profiles of Raman-retrieved
optical properties (with 563 m vertical smoothing)
at each possible night (N=28) during August 2016.
Blue for 355 nm, green for 532 nm, red for 1064 nm

wavelength, black for Ångström exponent for the
355/532 nm extinction pair. The fat profiles denote

the average over the respective profiles.

Figure 1 shows the optical properties measured

during August 2016 at each night at which it

was possible to retrieve profiles of the opti-

cal properties with the Raman method. The

extinction coefficients at 355 nm and 532 nm

are similar, on average decreasing from about

100 Mm−1 to 0 at about 5 km. The average li-

dar ratio between 1.5 and 3 km is 45 ± 1 sr at

355 nm and 36 ± 3 sr at 532 nm. Note that

these cases are not only pure dust cases, but in-

clude polluted dust and also pollution events.

The PLDR values are large even on average,

namely 0.12 ± 0.01 at 355 nm and 0.20 ± 0.01

at 532 nm.

An outstanding profile with larger PLDR values

in both wavelengths is measured on 16 August

2016 and will be discussed in detail below. The

temporal development of the range corrected

signal at 1064 nm at that day as well as the

profiles of the optical properties averaged on 16

August 2016, 18:00-19:00 UTC are shown in

Fig. 2.

Figure 2: Top: Temporal development of the
range-corrected signal at 1064 nm wavelength on

16 August 2016. Bottom: Averaged vertical profiles
of the optical properties on 16 August 2016,

18:00–19:10 UTC (pink rectangle on the top).
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On this day, there were sporadic clouds and

even some rain occurred in the morning. Af-

ter 12:00 UTC and after 16:00 UTC aerosol

plumes were rising up to about 2.5 km height.

The backscatter and extinction coefficients at

532 nm wavelength have their maximum at

1.35 km height with about 3 Mm−1sr−1 and

150 Mm−1 respectively. The PLDR values are

large between 1.3 and 3.5 km altitude and indi-

cate dust dominated conditions. The calculated

dust mass concentration reaches 164 µg m−3

and the integrated dust mass is 442 mg m−2.

Table 1 summarizes the averaged intensive opti-

cal properties and the AOT measured on 16 Au-

gust 2016, 18:00–19:10 UTC. The PLDR val-

ues are lower than known values for pure (Sa-

haran) dust (0.24–0.28 at 355 nm, 0.30–0.32 at

532 nm) [12]. The values at 355 nm are compa-

rable with PLDR values of transported (Saha-

ran) dust (0.21 at 355 nm) [13]. The measured

lidar ratios are lower than for Saharan dust (35–

70 sr at 335 nm, 45–65 sr at 532 nm) [14] and

comparable to Middle Eastern/West-Asian dust

(34–39 sr at 532 nm) [15].

Table 1: S355,S532 lidar ratio, δ
p
355,δ

p
532 PLDR,

τlidar AOT from lidar at 532 nm wavelength, τSPM

AOT from sun photometer at 500 nm wavelength,
α̊355/532 extinction-related Ångström exponent.

Date 16 August 2016

Time [UTC] 18:00–19:10

Layer range [km] 0.9–3.8

Averaging [km] 1.7–3.0

S355 [sr] 47.7 ± 3.1

S532 [sr] 35.5 ± 3.7

δ
p
355 0.22 ± 0.01

δ
p
532 0.26 ± 0.01

τlidar 0.42

τSPM (13:08 UTC) 0.33

α̊355/532 0.38 ± 0.24

4 CONCLUSIONS

The CADEX campaign provided first long-term

measurements of vertical profiles of aerosol

optical properties over Tajikistan. The pre-

sented measurements from August 2016 show

dusty summer conditions in the atmosphere

over Tajikistan. The aerosol measured on 16

August 2016 is identified as mixed dust with a

significant dust contribution.

A comparison of CADEX lidar data with che-

mical analysis of the aerosol at ground as well

as with satellite measurements can be found in

another contribution to this conference [16].
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