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Since the desiccation of the Aral Sea has taken place, the formation of dust and sandstorms from the dry lake 

bottom was expected. Only a few studies about this problem were known, and concrete analyses of both the 

deflation and the deposition rates of dust were missing. The aim of our study was the analysis of the spatial and 

temporal dynamics of dust deposition. From 2003 till 2012 such a dust monitoring was carried out in the Turan 

Lowland. The detected spatial and temporal dust deposition variabilities were significant and encouraged further 

studies. The dust deposition increased over time, which correlates with a decreasing trend in precipitation, 

increasing wind speeds and a shift towards northern winds. More than 50% of all dust samples collected exceed the 

health based deposition threshold and the most intense dust storm events reached ground level deposition rates of up 

to 150 g/m² per hour. This study showed the impact of the Aralkum, but also that the Kyzylkum is a far more active 

dust source. With regard to climate change and an increasing aridity in the region, it can be expected that the aeolian 

dust transport will continue to increase. 

Key words: Central Asia; climate conditions; dust depositions; spatial differences; deposition rate per month; 

dust storm events; Aralkum. 
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Поскольку имело место высыхание Аральского моря, ожидалось образование пыли и песчаных бурь 

со дна сухого озера. Было известно лишь несколько исследований по этой проблеме, и конкретный анализ 

как дефляции, так и скорости осаждения пыли отсутствовали. Целью нашего исследования был анализ 

пространственной и временной динамики осаждения пыли. С 2003 по 2012 год такой мониторинг пыли 

проводился в Туранской низменности. Обнаруженные пространственные и временные вариации осаждения 

пыли были значительными и стимулировали дальнейшие исследования. С течением времени осаждение 

пыли увеличилось, что коррелирует с тенденцией к снижению осадков, увеличению скорости ветра и сдвигу 

в сторону северных ветров. Более 50% всех отобранных проб пыли превышают порог осаждения, 

основанный на оценке здоровья, а самые интенсивные явления пыльных бурь достигли уровня осаждения на 

уровне земли до 150 г / м² в час. Это исследование показало воздействие Аралкума, но также и то, что 

Кызылкум является гораздо более активным источником пыли. Что касается изменения климата и растущей 

засушливости в регионе, можно ожидать, что эоловый перенос пыли будет продолжать расти. 

Ключевые слова: Центральная Азия; климатические условия; отложения пыли; пространственные 

различия; скорость осаждения в месяц; события пыльной бури; Аралкум. 

Introduction and Study Design 

Central Asia is a landlocked region characterized by an arid climate and widespread 

deserts and semi-deserts, especially in the lower parts of the Aral Sea basin, mainly the Turan 

lowland. Common aeolian processes in this region are the transport of dust and sand across long 

distances from the various source regions to densely populated oases and urban areas. The 

Kyzylkum and the Karakum are the two largest deserts in the Turan lowland and important dust 

sources in the region and beyond. Due to the overexploitation of the Central Asian water 

resources [1], the Aral  

Sea, once the fourth largest inland lake worldwide, has been transformed into a salty desert 

– the Aralkum – which, with an area of more than 60,000 km² has become a major source for the 

aeolian transport of lake bed sediments [2-4]. The negative impacts of this manmade desert on 

the surrounding region have been widely debated and satellite images impressively show the 

white plumes of salty dust blown from the Aralkum into the Turan lowland [5]. However, even 

though the Aral Sea syndrome and the dramatic satellite images have been in the spotlight of the 
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scientific and public discussion for years, only few projects have analyzed the aeolian sediment 

transport in detail [6]. The size of the affected area (1.5 million km² spread out across three 

countries) and its remoteness means that most studies focused on remote sensing as their primary 

data for the dust monitoring. This has led to a lack of continuous ground data for a long-term 

evaluation of the impact the Aralkum has on the region as well as for the analysis of the spatial 

and temporal patterns of the sediment transport and their connection to meteorological and 

climatic factors. 

Carrying out such a ground-based monitoring in the Aral Sea basin was the central aim of 

the EU-CALTER project [7] and in combination with two other projects (the UNESCO 

KHOREZM project [8] and the LUCA project [9]) the field measurements included a total of 23 

meteorological stations in Kazakhstan, Turkmenistan and Uzbekistan (Figure 1). Dust samples 

were collected and weighted on a monthly basis in 3 m height using inverted Frisbee passive 

deposition samplers, which have been used successfully in Central Asia for decades [10-13]. 

This extensive set of monthly deposition data (2006-2012) was complemented by samplers of the 

same design, which were only exposed during dust storm events (defined by a visibility of less 

than 1 km). The same 23 meteorological stations were also used for the collection of 

meteorological data (air temperature, precipitation, wind speed, and direction). Based on their 

spatial connection the 23 stations were clustered into regions (Aralkum, Kyzylkum, Karakum, 

Khorezm, and others, Figure 1) to analyze the meteorological and deposition characteristics as 

well as their spatial and temporal dynamics. 

Results. The average air temperature across all stations was 13.9 °C between 2006 and 2012. 

The Kyzylkum region was characterized by with highest average temperature (regional average 

of 15.0 °C; 16.2 °C at the station Beruniy), while the Aralkum had the lowest average 

temperature (regional average of 11.9 °C; 11.3 °C at Jaslyk). The climate is continental with hot 

summers (28.2 °C; July average of 29.0 °C) and cold winters within the Aralkum region). 

Overall the Kyzylkum region was – at least during the study period – characterized by a higher 

precipitation than even the non-desert region Khorezm (94.1 mm to 79.8 mm). 

The wind speed data recorded at the meteorological stations showed a wide spread from an 

average of 0.6 m/s in Yangibazar (Khorezm) to an average of 8.2 m/s in Buzubay (Kyzylkum). 

The overall average wind speed was 3.2 m/s and showed a low intraannual variability (from 

2.2 m/s in October to 4.4 m/s in February and June). The interannual dynamic, on the other hand, 

Fig.  Dust sampling station and regional areas 
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was considerable and ranged from 0.5 m/s in 2005 to 4.2 m/s in 2009 with a general trend of 

increasing wind speeds. Sand storms with a duration of 17, 19, and 26 hours, observed within 

1984 field campaigns near the eastern banks of the Aral Sea, reached an average windspeed of 

16-21 m/s with peaks up to 25 m/s during the summer months [3].  

Across all stations and years, 39.9% of all months were dominated by winds from eastern 

directions, followed by southern and northern winds (30.5% and 27.2%, respectively). Winds 

from western directions only occurred during 2.3% of all recorded months. However, individual 

regions within the Turan lowland deviated from this average to a degree: In the Karakum and 

Aralkum eastern winds were especially dominant (73.3% and 68.8%) while southern winds were 

not/hardly detected (0% in the Karakum and 2.1% in the Aralkum). In Khorezm, on the other 

hand, eastern winds were recorded less frequently than southern winds (24.4% to 50.0%) and in 

the Kyzylkum winds from northern directions dominated (62.2%). Throughout the year, the 

dominant wind direction at the meteorological stations shifted, following an undulating pattern. 

Southern winds were strongest during winter and autumn while northern winds were most 

frequent during winter and summer. Eastern winds dominated during spring and summer and 

western winds were detected to infrequently for any pattern. The wind direction dominance 

pattern also changes over the whole time of this study. From 2006 to 2008, southern winds were 

considerably more frequent than in the following years, while the reverse is true for winds from 

northern directions. This might indicate a larger temporal pattern or effects of global climate 

changes. 

The average dust deposition in the Turan lowland for the period 2006-2012 and across all 

stations was 117.2 kg/ha*month (11.7 g/m² per month). The highest deposition intensity was 

detected in the Kyzylkum region (247.7 kg/ha*month). 52% of all samples collected there 

exceeded the long-term dust deposition threshold of 10.5 g/m² per month (Tab. 1), a value 

related to respiratory diseases and based on clinical research [14]. The man-made Aralkum 

ranked second with an average deposition intensity of 151.5 kg/ha*month and 45% of all 

samples exceeding the health threshold. The Karakum, the largest desert in the Aral Sea basin, 

was characterized by a deposition rate of 125.2 kg/ha*month. But even though it seems as if the 

Karakum poses a smaller health risk due to its lower average dust deposition rate and threshold 

excess (40.5%), the percentage of samples (months) with low or very low dust deposition 

intensity (<25 and <10 kg/ha*month, respectively) was much lower in that region than in any 

other region analyzed in this study (Table). Khorezm was included as a separate region in this 

study as it is not a dedicated dust source but a densely populated important agricultural center in 

the lower Amu-Darya river basin. Due to its location between the three major deserts in the 

Turan lowland Khorezm is especially prone to the impacts of aeolian dust. This region showed 

the lowest deposition intensity (60.9 kg/ha*month or 6.1 g/m²*month) in the area around the 

Aral Sea, but even here more than one fifth of all sampled months (21.3%) had to be considered 

potentially harmful for the respiratorial system (Tab. 1). Comparing these four regions within the 

Turan lowland with the “other” meteorological stations included in this study (e.g. Tashkent or 

Ferghana, Figure 1) shows that the aeolian dust processes are concentrated on the arid Central 

Asian lowlands. Stations closer to the mountainous eastern parts of Central Asia and those 

further away from the major dust sources showed much smaller dust deposition rates and only 

3% of all samples from these other parts of the Aral Sea basin exceeded the health based 

deposition threshold (Table). 

The analysis of the temporal dynamic showed that the dust deposition rate was higher 

during fall and spring (122.4 kg/ha*month and 115.1 kg/ha*month, respectively) and slightly 

lower during summer and winter (108.7 kg/ha*month and 110.3 kg/ha*month, respectively). The 

health threshold excess, however, was also increased during the winter months (37% in winter 

and spring, compared to 27% in summer and fall). This shows that even though the dust 

deposition follows seasonal patterns the aeolian sediment transport is an important problem 

throughout the year. The overall intensity of the dust transport increased between 2006 and 2012, 
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which is closely related to the decrease of precipitation, the increase of the wind speed, and 

potentially the shift to northern wind directions. 

 
Dust deposition characteristics 
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Region 

A
ra

lk
u
m

 

K
ar

ak
u
m

 

K
y

zy
lk

u
m

 

K
h

o
re

zm
 

o
th

er
 

Avg. Dust Deposition (kg/ha*month) 151.5 125.2 247.7 60.9 24.5 

% of samples exceeding the health threshold 45.0 40.5 52.0 21.3 3.0 

% of samples with <25 kg/ha*month 26.7 10.8 21.4 46.1 87.9 

% of samples with <10 kg/ha*month 10.8 0.0 15.3 25.7 60.6 

 

A total of 40 dust storm events have been recorded within the sampling period 2006-2012. 

A quarter of these events were registered in 2009, which was the year with the highest average 

wind speed (4.2 m/s). In September of that year, the most intense dust storm was recorded in 

Buzubay (Kyzylkum), with an hourly deposition intensity in 3 m height of 13.4 g/m², which 

equals approximately 150 g/m² per hour close to the ground surface [15]. There occurrence of 

dust storms is closely related to the average wind speed as well as to the precipitation, but shows 

no correlation to the air temperature. The majority of dust storm events were connected to winds 

from southeastern directions (ESE-SSE: 47.3% of all dust storms), but most of the dust storm 

deposition occurred during events with northern winds (NNW-NNE: 62.3% of the deposited 

material). 

These results show the wide spread and variability of meteorological parameters within the 

Turan lowland and the even greater spatial and temporal dynamic of the deposition intensity of 

aeolian dust. The Aralkum has emerged as the third large dust source in the region, but 

especially the Kyzylkum is of a far greater importance for the regional dust regime. The detected 

temporal trends in the precipitation, wind speed, wind direction and dust deposition show that 

the system is highly dynamic and currently changing. If these changes are cyclic and just part of 

a larger spatio-temporal pattern, or if they are the effects of a man-made climate change, cannot 

be assessed based on the limited data base available. It is recommended to utilize ground-based 

dust monitoring as an easy and effective tool for a long-term monitoring, which complements 

remote sensing methods very well. 
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