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ABSTRACT: The complete drying out of the Aral and Caspian seas, as isolated continental water bodies,
and their potential impact on the climate and environment is examined with numerical simulations.
Simulations use the atmospheric general circulation model (ECHAM5) as well as the hydrological discharge
(HD) model of the Max-Planck-Institut für Meteorologie. The dry out is represented by replacing the water
surfaces in both of the seas with land surfaces. New land surface elevation is lower, but not lover than 50 m
from the present mean sea level. Other parameters in the model remain unchanged. The initial meteoro-
logical data is real; starting with January 1, 1989 and lasting until December 31, 1991. The final results were
analyzed only for the second, as the first year of simulation was used for the model spinning up.
The drying out of both seas leads to an increase in land surface and average monthly air temperature dur-
ing the summer, and a decrease of land surface and average monthly air temperature during the winter,
above the Caspian Sea. The greatest difference in temperature between dry and not dry cases have the same
values, about 7–8 °C in both seasons, while daily extremes of temperature are much more pronounced.
In the wider local/regional area, close to both seas, drying out leads to a difference in average annual
temperatures by about 1 °C. On a global scale, the average annual temperature remains unchanged and
the configuration of the isotherms remain unchanged, except for over some of the continents. In winter,
Central Asia becomes cooler, while over Australia, southern Africa, and South America, it becomes slight-
ly less warm. Furthermore, a new heat island occurs in western Sahara during summer.
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Modelling of the Aral and Caspian seas drying out influence to climate and environmental changes

1 Introduction
Since the beginning of Earth's history, climate has varied (Goosse et al. 2013). Its climate system is affected
by many factors that can be classified into three major groups:
• astronomical factors, such as solar or Earth orbital variability;
• natural landscape factors, such as spatial distribution of land and sea, configuration and type of land

surface, vegetation cover and
• anthropogenic factors, such as atmospheric composition and land use.

The latter influences climate only in recent centuries (e.g. Dahan 2010).
The study of current/recent climate change is focused on two main themes:

• the net overall climate change and
• constraining the relative influences of natural versus anthropogenic influences (Hansen and Sato 2012).

This paper examines the potential impact of the drying out of the Aral and Caspian seas on local, region-
al, and global climate and environment. In the case of the Aral Sea's recent progressive drying out process
is mostly triggered only by anthropogenic factors. Current human influence on the hydrological regimes
in catchments of the Aral Sea results in its reduced surface and volume (Peneva et al. 2004; Toman 2013),
leading to its immanent final disappearance. In the case of Caspian Sea the human influence has not been
so severe, although the sea level drop caused by big contractions on Volga River are reported since the 1950s
(Vri{er 1953). Thus the disappearance of the Caspian Sea can be significantly accelerated in the case of
major inflow decrease of water from the main tributaries, the Volga and Ural rivers. On the other hand,
also natural influence on the hydrological regimes in the catchment of the Caspian Sea has been observed.
The Caspian Sea is subject to large variations in the amount of water and water surface, as it was during
the Late Pleistocene and postglacial periods (Kislov et al. 2012). Without going into the details of all of
these processes, our study introduces a presumption that the drying out of the Aral and Caspian seas has
happened in the last decades. The influence of drying out on air temperature will be considered. Beside
the impact on the climate, the drying out of the inland seas would impact the environment and ultimately
the human society.

It is a widely accepted view that the roots of today's civilization are linked to ancient human societies
that existed in the valleys of major rivers, such as the Nile in Africa, the Tigris and Euphrates rivers in
the Middle East, the Indus in South Asia, and the Yangtze and Yellow rivers in China. Many civilizations
took advantage of natural flooding of rivers for agricultural development, and later developed irrigation
and flooding control to further enhance farming conditions (Diamond 2005). Water management should
be planned, including digging of channels to organize work in the fields, keeping accurate records, tak-
ing care of security, implementing control, synchronizing decisions and transmitting orders. Economy
was subordinated to the very complex interface between human organization and management. Over time,
these teams ensured the emergence and development of civilizations in the river valleys. Civilizations based
on good water management survived the longest of all in the past, and are sometimes referred to as »hydraulic
civilizations« (Gavrilov 2005). Multi millennial experience in water management has mainly brought bless-
ings. Until recently, people did not notice the consequences of bad management.

1.1 Aral Sea

The Aral Sea is lying between Kazakhstan in the north and Uzbekistan in the south. It is a completely enclosed
basin with a large inland catchment area. Most of the surrounding land is desert and almost all water enter-
ing the basin comes from two major rivers: Amu Darya and Sir Darya (Peneva et al. 2004; Toman 2013).
The name of the Aral Sea roughly translates from old Turkish as »Sea of Islands«, referring to the more
than 1,534 islands that once dotted its waters. Previously it was the fourth largest lake in the world with
an area of 68,000 km2 (Figure 1). The Aral Sea has been steadily shrinking since the 1960s after the Amu
Darya and Sir Darya Rivers were diverted by Soviet irrigation projects. By 2007, it had declined to 10%
of its original size, splitting into four lakes: the North Aral Sea, the eastern and western basins of the once
far larger South Aral Sea, and one smaller lake between the North and South Aral Sea (Micklin and
Aladin 2008). By 2009, the southeastern lake had disappeared and the southwestern lake retreated into
a smaller water bodies at the far west of the former southern sea (Singh et al. 2012; Figure 2).
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The shrinking of the Aral Sea has been called one of the planet's worst environmental disasters.
The region's once prosperous fishing industry has been essentially destroyed, bringing unemployment
and economic hardship. The Aral Sea region is also heavily polluted, with resulting serious public health
problems. The retreat of the sea has reportedly also caused local climate change, with summers becom-
ing hotter and drier, and the winters becoming colder and longer (Micklin 2007).

1.2 Caspian Sea
The Caspian Sea is situated in a semi-arid area between southern Russia, Kazakhstan, Turkmenistan, Iran
and Azerbaijan (36°–47° N, 47°–54° E) and currently lies 27 m below sea level. It is the world's largest inland
body of water without a connection to the world oceans, with a surface area of 390,000 km2 and volume
of 66,100 km3 (Figure 3). It is a reservoir of brackish waters, highly sensitive to climate changes. It has large
catchment area of approximately 3.5 million km2 (Arpe and Leroy 2007; Arpe et al. 2012). The salinity of
the Caspian Sea varies from the north to the south from 1.0 to 13.5 ‰. This difference is most marked
in the north due to the freshwater supplied by the Volga River. In other areas, average water salinity is 12.5‰
(Dumont 1998). The Caspian Sea is divided into three basins but differing in depth and volume: the south
(water depth up to < 1020 m), middle (< 900 m) and north (< 15 m) basins, which represent two-thirds,
one-third and 1% of the total volume of water, respectively. The Caspian Sea was formed in the Pliocene,
about 3 million years ago, after its separation from the Black and Pannonian seas. From that time, due to
specific geomorphological conditions, it has experienced numerous transgressions and regressions with
water level fluctuations of several tens of meters (Varuschenko et al. 1987), causing important changes in
its shoreline, particulary in the north (Tudryn et al. 2013). The current environmental changes experi-
enced in the area, especially the negative water budget in the northern and eastern shallow parts of Caspian
Sea, indicate serious consequences.

2 The model
The atmospheric general circulation model ECHAM5 (Roeckner et al. 2003) was used for simulations
presented in this study. This fifth-generation atmospheric general circulation model developed at
the Max-Planck-Institut für Meteorologie (MPIM) in Germany is the most recent version in a series of
ECHAM model versions evolving originally from the spectral weather prediction model of the European
Centre for Medium Range Weather Forecasts (ECMWF), (Simmons et al. 1989).

The ECHAM5 is well designed for climatological studies (Roeckner et al. 2004), because there are many
good solutions in numerics and physics of the model. It is important to note that a hydrological discharge
model (Hagemann and Dümenil 1996; 1998; Hagemann et al. 2006), developed at MPIM, is included in
the ECHAM5 model. Also, ECHAM5 has been used for research similar to these (e.g. Kislov et al. 2012).

The horizontal resolution (spectral transaction) of the ECHAM5 model is T42 (128 × 64 grid point
or 221 × 221 km on latitude 45°), the model had 19 vertical layers and a time step of 1800 s. Other para-
meters of model were standardized and/or adapted to the capacities of computer used.

3 Geographical areas
The model used two types of global geographical areas. The first is the original geographical area, as used
in the basic version model ECHAM5. This area is marked with G1. Part of G1 around the Aral and Caspian
seas labelled as area A1, (32.1°–60.0° N, 39.3°–67.5° E) is shown in Figure 5.

The area A1 shows a distinct geographic configuration of land and sea on the surface and state bor-
ders before the collapse of the Soviet Union (the green lines) all around the Aral and Caspian seas. Also,
A1 shows the values of the lake mask (LM) in equidistant grid points. Lake mask is a special value in
ECHAM5, which is the ratio of areas of land and water per a box in the grid points, but only on the main-
land (Hagemann 2002). LM takes values between 0 and 1, as markers for land 100% and for water 100%,
all on the land, respectively. It should be noted that there is no value LM over the oceans and seas.

Second type of global geographical area is the modified geographical area, marked as G2. Part of G2
around the Aral and Caspian seas, previously marked as A1, is shown in Figure 6.
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Figure 1: The Aral Sea in the year 1964 (Credit: NASA Earth Observatory).
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Figure 2: The Aral Sea in the year 2009 (the black line shows the extend of the Aral Sea in the year 1960; Credit: NASA Earth Observatory).
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Figure 3: The Caspian Sea is the world's largest inland body of water (Credit: NASA Earth Observatory).
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G2 is identical to G1, but has the new values of the lake mask (LM) in a rectangular frame, marked
as A2, (34.8°–48.8° N, 45.0°–64.7° E) that is embedded in A1. The area A2 was developed for the purposes
of numerical simulation of the drying out of the Aral and Caspian seas. The drying out is achieved by
putting 0 in all grid points in A2, making both seas disappear. Besides these, other changes in the model
have not been carried out.

4 Data
In all cases the same initial set of global data from 1 January 1989 was used (ERA40 Reanalyse Data 01/01/1989).
For this data an initialization procedure (e.g. Wiin-Nielsen 1978) was applied that adjusted the data to
each other and on the normal/actual geographical area (G1). Therefore, the initial data had to be adjust-
ed to the changing (modified) geographical area (G2).

5 Simulations
Only one numerical simulation was run for each of the two types of geographical areas: G1 and G2. It is
clear that when geographical area G1 is used, both the Aral and Caspian seas are in the model. In con-
trast when geographical area G2 is used, both seas were omitted from the model. Both simulations were
carried out for two years until 31 December 1991. The first year of simulation was used for the model
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Figure 4: Schematic representation of the main components of the numerical model of the atmosphere (Internet 1). Besides horizontal
(latitude-longitude) grid and vertical (height or pressure) grids in spherical geometry (Earth globe), can be seen the most important physical
processes in the atmosphere, continents and oceans, such as solar and terrestrial radiation, advection, momentums, heat, water, clouds,
precipitations, sea ice and mixed layer ocean. All the above mentioned components and processes are connected to natural laws, which
are described by mathematical equations, whose are solutions obtain on the computers by using the initial data of the atmosphere, oceans
and continents, and finally after a lot of calculations the output data are obtain as results of the model (Gavrilov et al. 2011).

Horizontal Grid
(Latitude-Longitude)

Vertical Grid
(Height or Pressure)

Physical Processes in a Model



Modelling of the Aral and Caspian seas drying out influence to climate and environmental changes

152

spinning up, while data from the second year was used for analysis. It is considered that this simulation
of the entire climatological season is sufficient for adjustment to new conditions.

6 Results and analysis
All output data models are produced for both simulations with original (G1), and modified (G2) geographical
areas. For this purpose, only air temperature is considered as the main climatic parameter. The temperature
will be displayed in two cases; as a local/regional and as a global and continental indicator of climate change.

6.1 Local and regional impact

To investigate local/regional changes in the vicinity of both the Aral and Caspian seas, two parameters
were used. One parameter is the average monthly temperature for January and August at two levels (at
the surface and 100 m above it) along the meridian of longitude 50.625E.

Grid model data at resolution T42
Original Lake Mask [fractional]
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Figure 5: Area A1 as part of normal global geographical area (G1) in model ECHAM5 around the Aral and Caspian seas, showing the original
lake mask (LM).



The average monthly temperature for January and August at both levels can be seen in Figures 7–10,
respectively. Green indicates the temperature distribution in the original geographic area (G1), and red
is the temperature in the modified geographic area (G2).

As shown in Figures 7 and 8, draining the Aral and Caspian seas leads to a decrease in January tem-
perature at both levels along the longitudinal direction (50.625E). The greatest difference in temperature
is about 7–8 °C around the centre line, and north and south of the centre line the difference in temper-
ature monotonically decreases to about 1–2 °C in both cases. The lines are approximately matched at both
levels. As can be seen, draining of the lakes reduces average monthly temperature during winter for about
8 °C, while the daily extremes of temperature drop may be much higher.

As shown in Figures 9 and 10, draining of the Aral and Caspian seas leads to an increase in temperature
during August at both altitude levels along the longitudinal direction (50.625E). The greatest difference in
surface temperature is about 7–8 °C in the regions from 37.67 to 43.25° N. The greatest differences in tem-
perature are similar in height, with the exception of 40.46° N, where the difference is less than 2 °C. At
the southern and northern ends of the longitudinal direction (50.625E), temperature differences disappear.
Lines are approximately matched at both levels. Draining both of the lakes increases average monthly tem-
perature during the summer for about 8°C, while the daily extremes of temperature rise may be much greater.
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Figure 6: Area A1 as part of modified global geographical area (G2) around the Aral and Caspian seas, showing the new lake mask (LM)
in the rectangular frame labelled as A2.
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Another parameter of change is the average surface annual temperature in A2, as a local indicator, and
in A1, as a regional indicator for both simulations. The values of these temperatures can be seen in Table 1.

Table 1: Average annual surface temperature in areas A1 and A2 for simulations G1 and G2.

G1 G2

A2 14.73 °C 13.82 °C
A1 11.67 °C 10.51 °C

As shown in Table 1, draining the Aral and Caspian seas leads to an overall decrease in average annu-
al surface temperature in both areas. Since the difference in temperature is slightly greater in area A1, it
is considered that draining both lakes have a greater impact on the local rather than regional climate.

6.2 Potential global impact

In the second case, as global and continental indicator of climate change, we used two parameters. One
parameter of change was the average annual global surface temperature. This temperature was the same,
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Figure 7: Surface average monthly temperature for January.



15.1 °C, for both simulations. As such, according to the model, draining the Aral and Caspian seas had
no effect on the average annual global surface temperature. However, another set of parameters of change
are the global distribution of average monthly surface temperatures for particular months, in this case
January and August. These temperatures are shown on maps in Figures 11–14.

As shown in Figures 11 and 12, draining the Aral and Caspian seas lead to significant differences in
temperature distribution over Asia during January. In the case of G1, the zero isotherm meanders through
the middle of area A1, while in the case of G2 the zero isotherm has a zonal slope and extends to the south,
almost to 30° N. Also, in the case of G1, the –20 °C isotherm is located in NE Asia to NW–SE direction,
while in the case of G2 this isotherm penetrates the centre of the continent. It can be concluded that
the removal of both seas lead to cooling of Asia during winter. By contrast, the configuration of isotherms
in other parts of the world remains nearly unchanged. It may be noted that the warmest areas in Australia,
southern Africa and South America are less pronounced in G2 than in G1.

As shown in Figures 13 and 14, draining the Aral and Caspian seas does not significantly change the con-
figuration of August isotherms, but it does change the distribution of the hottest areas in Asia and Africa.
In the case of the G2 simulation, on the locations of the Aral and Caspian seas is becoming warmer. Also,
in addition to the three areas of extreme high temperatures in Asia (two in the Arabian Peninsula and
third in Kashmir), there are additional areas of extreme temperatures in the western Sahara. Another sig-
nificant trend is the cooling of the Tibetan plateau to a greater extent than the surrounding regions.
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7 Discussion and conclusion
We evaluated climate and environmental changes in the case of a complete drying out of the two large
inland seas of the Aral and Caspian seas, located in arid and semiarid continental areas. This kind of sce-
narios are quite plausible, as the Aral Sea is already almost completely dried up, while shallow parts of
the Caspian Sea are being transformed into terrestrial ecosystems. As such, it is important to model the effects
on both local and regional/global conditions.

The modelling results using the ECHAM5 model are quite dramatic. Comparing the temperature
changes it was found that the drying out of both the Aral and Caspian seas leads to an increase in sum-
mer and decrease in winter average monthly temperature by the similar amount, from about 7–8 °C, while
the daily extremes of temperature may be even more pronounced. In the wider regional zone, close to
both seas, the average annual temperature is reduced by about 1 °C. However, at the global scale, average
annual temperature remains unchanged, while the general configuration of the isotherms remains
unchanged, except for some shifts over the continents.

Presented approach can also be applied to paleoclimatic research. Spatial and temporal changes of the
Paratethys Basins can be regarded as a key factor responsible for Cenozoic climate changes (Ramstein etal. 1997).
The results of this study demonstrate that the drying out of isolated sea basins such as the described ones
can cause significant regional climatic and environmental changes. Similar was shown for the drying out
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of Mediterranean Basin (Murphy et al. 2009), or drying out of Paratethys Basins, e.g. the present Pannonian
Basin (Hamon et al. 2013).
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Mean monthly Air Temperature [C] at level 100 [m] ; AUG 1990
Normal lake mask LON=50.625E; LAT=from 32N to 55N

Mean monthly Air Temperature [C]
Drainage lakes LON=50.625E; LAT=from 32N to 55N
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Figure 10: 100 m above average monthly temperature for August.
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Figure 12: Global distribution of surface average January temperatures in G2.

Figure 11: Global distribution of surface average January temperatures in G1.
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Figure 14: Global distribution of surface average August air temperatures in G2.

Figure 13: Global distribution of surface average August air temperatures in G1.
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