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Abstract. Central Asia is rich in many continental lakes. The Aral Sea belonged to the cate-
gory of large water reservoirs on Earth. Due to the unscientific and uncontrolled extraction of
water for irrigation in Central Asia and Kazakhstan, which began in the 50-60s of last century,
the water flow has shrunk in the Aral Sea, and in the 1980s has ceased. As a result of anthropo-
genic impacts on the basin ecosystem has led to negative consequences: soil salinization, deser-
tification process and environmental changes. The article describes the change in the water bal-
ance in the Aral Sea basin related to anthropogenic impact, leading to negative environmental

effects.
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INTRODUCTION

There are thousands foothill lakes in
Central Asia. The largest of the lakes is the
Caspian and Aral Seas, Balkhash, Alakol
Ebinur, Lobnur, which are included in the
list of the largest inland water reservoirs
on Earth. The lakes are like a «crown of
diamonds» in the steppes and deserts, sur-
rounded by mountains and they consists of
linked and interacting system, which sof-

tens the arid or dry conditions surround-
ing areas. The Aral Sea is located amid the
great deserts of Central Asia (figure 1). Its
drainage basin covers 1.8 million square
kilometers within seven nations: Uzbeki-
stan, Turkmenistan, Kazakhstan, Afghani-
stan, Tajikistan, and Iran. Only Kazakhstan
and Uzbekistan are riparian on the sea
proper, with each possessing an approxi-
mately equal length of shoreline.

Figure 1 - Aral Sea basin [1]

The entire Aral coastline within Uz-
bekistan lies within that nation's Kara-
kalpakstan Republic [1]. A terminal lake, it
has surface inflow but no surface outflow.

Therefore, the balance between inflows
from two rivers, the Amudarya and Syrdar-
ya and net evaporation (evaporation from
its surface minus precipitation on it) fun-
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damentally determine its level. Net ground-
water inflow, estimated at -1.3 to 3.4 km3
year-1 has been considered an inconse-
quential part of the water balance [2]. Alt-
hough this part of the water balance has
become a more important factor in the past
several decades as surface inflow dimin-
ished.

At the beginning of the irrigation ex-
pansion program a number of scientists
showed concern about the future of the
Aral Sea basin, which was suffering a criti-
cal reduction of water inflow.

Owing to the sea's shrinkage, climate
has changed in a band up to 100 km wide
along the former shoreline in Kazakhstan
and Uzbekistan [1, 3-4]. Maritime condi-
tions have been replaced by more conti-
nental and desertic regimes. Summers have
warmed and winters cooled, spring frosts
are later and fall frosts earlier, humidity is
lower, and the growing season shorter. Uz-
bekistani climatological experts also be-
lieve that the increase in the levels of salt
and dust in the atmosphere are reducing
surface radiation and thereby photosyn-
thetic activity, as well as increasing the
acidity of precipitation [5].

The population living in the so-called
ecological disaster zone around the sea
suffers acute health problems. Some of the-
se are direct consequences of the sea's re-
cession (e.g., respiratory and digestive af-
flictions and possibly cancer from inhala-
tion and ingestion of blowing salt and dust
and poorer diets from the loss of Aral fish
as a major food source). Other serious
health-related problems result from envi-
ronmental pollution associated with the
heavy use of toxic chemicals (e.g., pesti-
cides and defoliants for cotton) in irrigated
agriculture, mainly during the Soviet era.
Nevertheless, the most serious health is-
sues are directly related to Third World
medical, health, nutrition, and hygienic
conditions and practices. Bacterial contam-
ination of drinking water is pervasive and
has led to very high rates of typhoid, para-
typhoid, viral hepatitis, and dysentery. Tu-
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berculosis is prevalent as is anemia, partic-
ularly in pregnant woman. Liver and kid-
ney ailments are widespread; the latter is
probably closely related to the excessively
high salt content of much of the drinking
water. Surveys conducted in the mid to late
1980s showed that rates of diseases such
as cancer of the esophagus, tuberculosis,
and various intestinal disorders had grown
significantly compared to a decade earlier
[6]. The infant mortality rate, a basic indi-
cator of general health conditions, rose
from an average of 45/1000 live births in
1965 to 72/1000 in 1986, with the rate in
several districts adjacent to the former sea-
shore ranging from 80 to over 100/1000.
These are 3-4 times the national level in
the former Soviet Union and 7-10 times
that of the United States. Although efforts
have been made in the post-Soviet period
to improve health conditions here, there is
little evidence these rates have declined
substantially [7].
MATERIALS AND METHODS

Lakes system are formed in the last
100 thousand years, and it has variable
characteristics such as water levels and
salinity, biological productivity, etc. These
characteristics mainly depends on the nat-
ural climate variations: precipitation, evap-
oration and ice deposits.

The system began to change under
the influence of human activity about 1000
years ago. Despite the man-made activities,
high population and widespread agricul-
ture in the 10-13 centuries AD, the water
level of the lake and its general condition
mainly dependent on natural conditions.
However, over the last 50 years, the stabil-
ity of the lakes was deeply disturbed by
inefficient use of water for irrigation, as a
result the Aral Sea were dried.

The research was conducted in lakes
system of Central Asia and Kazakhstan, in
particular the Aral Sea basin. According to
research of [8], analyzed and reviewed a nec-
essary materials related to water balance, eco-
logical and human consequences, as well as en-
vironmental problems inthe region.



RESULTS AND DISCUSSION
Changing ofwater balance andflow
reductionfor the Aral Sea
From the mid-eighteenth century
until the 1960s, sea level variations were
less than 4.5 m [9]. Instrumental observa-
tion began in 1911. From then until the
early 1960s, the sea's water balance was
remarkably stable with annual inflow and
net evaporation never far apart. The aver-

age of each of these water balance compo-
nents was near 56 km3during this period,
with net evaporation consisting of evapora-
tion of 66 km3 from the sea's surface
(estimated by both theoretical and empiri-
cal formulae) minus precipitation on the
sea's surface (calculated from measure-
ments at shore and island stations) of
9 km3 (figure 2) [1-2].

Figure 2 - Average annual water balance for the Aral Sea (1911-2005).River inflow:
flow of Syrdarya and Amudarya to Aral Sea; net evaporation: evaporation from sea sur-
face minus precipitation on it; net groundwater inflow: groundwater flow to sea minus

flow from sea; surplus or deficit: (inflow to sea + net groundwater inflow) - net
evaporation [1-2, 10]

Hence, the water balance was in long
-term equilibrium with a maximum lake
level variation of less than one meter. At
slightly more than 67,000 km2 the Aral
Sea, according to area, was the world's
fourth largest inland water body in 1960
[3]. As a brackish lake with salinity averag-
ing near 10 g/l, which is one-third less
than that found in the ocean, it was inhab-
ited chiefly by fresh-water fish species [1].
The sea supported a major fishery and
functioned as a key regional transportation
route. The extensive deltas of the Syrdarya
and Amudarya rivers sustained a diversity
of flora and fauna. They also supported
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irrigated agriculture, animal husbandry,
hunting and trapping, fishing, and harvest-
ing of reeds, which served as fodder for
livestock as well as building materials.

The water balance, morphology, and
ecology of the Aral Sea have changed dra-
matically since the early 1960s. The sea
has steadily shrunk and salinized (table 1)
[1]. The dramatic drop in river inflow for
the period after 1960 is clearly shown on
figure 2. For the 1960s, discharge to the
sea averaged 43 km3 year-1 and net
groundwater inflow averaged perhaps
2.5 km3 year-1, whereas net evaporation
was 57 km3 year-1, giving a deficit of



12 km3year-1. The difference between riv-
er inflow and net evaporation was particu-
larly pronounced during the 1970s and
1980s, with water balance deficits for both
periods above 30 km3year-1. Consequent-
ly, the sea dropped especially rapidly over
these two decades. Reportedly, the Syrdar-
ya provided no flow to the Aral from 1974
-86 and the Amudarya provided minimal
or no flow for 1982-83, 1985-86, and in
1989 [1, 11].

In 1960 the water flow from the
Amudarya and Syrdarya Rivers, which rep-
resented the major input for the Aral Sea,
was about 55-60 km3 [12]. Five decades
later during 2006-2010 the water volume
discharged had almost ceased and was on-
ly 4.1 km3[8].

The water balance for Aral Sea sub-
stantially improved during the 1990s ow-
ing to more precipitation in the flow gen-
erating mountains of the Aral Sea Basin
and some reduction in water withdrawals
for irrigation (12 % between 1980 and
1995). River discharge to the sea, averag-
ing approximately 14 km3 year-1, and a
significant reduction in net evaporation
reduced the water balance deficit to ap-
proximately 12 km3year-1[1]. Average an-
nual inflow to the Aral Sea for 1999
through 2001 was near 5 km3 with nearly
90 % provided by the Syrdarya river. For
the period 2001-2005, inflow to the sea
averaged approximately 9 km3 and net
groundwater inflow averaged perhaps 2.5 km3
with net evaporation of approximately 22 km3
givinga deficitaround 11 km3[1].

According to [13] since 1960 the sea
level declined substantially with a 53 %
decrease in surface area and 70 % de-
crease in volume. In 1960 the water vol-
ume of the Aral Sea was 1093.0 km3 in
1986 it decreased more than half 448.00
km3 continuing decreasing to 105 km3in
2009. In 1960 the Aral Sea area was
67,500 km2 [8], while in 2009 the water
surface occupied the area of 13,500 km2
In 1987 the fourth biggest inland water
body in the world was divided into two

parts: northern Small Aral, and southern
Big Aral (the latter in 2009 had separated
into deep Western and shallow Eastern
parts). The Syrdarya flows into the former
and the Amudarya into the latter. Between
1960 and January 2006, the level of the
Small Aral fell by 13 m and the Large Aral
fell by 23 m (table 1).

During most of the year, the flow is
much less and it often entirely ceases. The
area of both seas taken together dimin-
ished by 74 % and the volume by 90 % [1].

Efforts to partially restore/preserve
the Small Aral Sea are underway. Thereby,
in 2005, thirteen km length dike was con-
structed blocking inflow of Syrdarya River
water into the Big Aral Sea in order to pre-
serve at least the Small Aral. Already, the
dike discharge gates have been opened
and flow again allowed to the Large Aral.
The level of the Small Aral will be main-
tained at 42-m, freshening the water body
and improving its ecological condition as
well as fishery prospects [1].

Ecological and human consequences

The mainly human-induced desicca-
tion of the Aral Sea and flow reduction,
salinization, and pollution of its influent
rivers has had severe negative effects [14-
15]. Besides the consequences for the sea
proper, a zone around the water body of
several hundred thousand square kilome-
ters with a population of several million
has also been damaged [16]. The Republic
of Karakalpakstan in Uzbekistan and por-
tions of Kyzylorda region in Kazakhstan
has suffered the most harm. Turkmenistan,
although not abutting on the sea, has one
Oblast, Dashauz, that has been substantial-
ly impacted [1].

The rich and diverse ecosystems of
the extensive Amudarya delta, primarily
located in the Karakalpak Republic of Uz-
bekistan, have suffered considerable harm
[3, 15].

The Syrdarya delta in Kazakhstan
has endured lesser, but still substantial,
damage. Greatly reduced river flows
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Table 1 - Hydrological and salinity characteristics of the Aral Sea, 1960-2011 (Micklin, 2007)

R v R
1960 (Whole Aral Sea)a 53.4 67,499 100
Large Aral Sea 534 61,381 100
Small Aral Sea 53.4 6118 100
1971 (Whole Aral Sea)a 51.1 60,200 89
1976 (Whole Aral Sea)3 48.3 55,700 83
1989 (Whole Aral Sea)b 39,734 59
Large Aral Sea 391 36,930 60
Small Aral Sea 40.2 2804 46
2006 (Whole Aral Sea)b 17,382 26
Large Aral Sea 30.0 14,325 23
Small Aral Sea d 40.5 3057 50
2011 (whole Aral Sea) 12.130 18
Large Aral Seac 28.3 8550 14
Small Aral Sea d 42.0 3258 53

Notice: aAnnual average
bOn January 1.

Volume % Average salinity %
km3 1960 g/l 1960
1089 100 10 100
1007 100 10 100

82 100 10 100
925 85 12 120
763 70 14 140
364 33
341 34 30 300

23 28 30 300
108 10

81 8 East Sea >100 100

West Sea 70-80 700-
800

21 26 12 120
90 8
62 6 > 100 > 1000
27 33 ~10 100

cThe Sea will have divided into a western and eastern part
dAfter implementation of north Aral projectin 2005 [2, 13]

through the deltas, the virtual elimination
of spring floods in them (owing both to
reduced river flow and construction of up-
stream storage reservoirs), and declining
groundwater levels caused by the falling
level of the Aral Sea have led to spreading
and intensifying desertification. Halo-
phytes and xerophytes are rapidly replac-
ing endemic vegetation communities [17].
In some places, salts have accumulated on
the surface forming solonchak (salt pans)
where practically nothing will grow. Ex-
panses of unique tugay vegetation com-
plexes that formerly stretched along all the
main rivers and distributary channels have
been particularly hard hit. According to
[17] tugay covered 100,000 hectares in the
Amudarya delta in 1950, but shrank to on-
ly 20,000 to 30,000 hectares by 1999 [18].
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Desiccation of River deltas and irriga-
tion in the basin

Desiccation of the deltas has signifi-
cantly diminished the area of lakes, wet-
lands, and their associated reed communi-
ties. Between 1960 and 1980, the area of
lakes in the Amudarya delta is estimated to
have decreased from 49,000 to 8000 km2
[19]. The area of reeds in the delta (as
much as 500,000 hectares in 1965) also
declined dramatically by the mid-1980s
[20]. This has resulted in serious ecologi-
cal consequences as these zones provide
prime habitat for a variety of permanent
and migratory waterfowl, a number of
which are endangered [3]. Diminution of
the aggregate water surface area coupled
with increasing pollution of the remaining
water bodies (primarily from irrigation



runoff containing salts, fertilizers, pesti-
cides, herbicides, and cotton defoliants)
adversely affected aquatic bird popula-
tions. Since the late 1980s, significant ef-
forts have been made to restore wetlands,
improve habitat conditions, and reduce
pollution [19].

Irrigated agriculture in the deltas of
the Amudarya and Syrdarya rivers has suf-
fered from an inadequacy of water as in-
flow to the deltas has decreased owing to
heavy upstream consumptive use for irri-
gation. Additionally, water that does reach
the deltas has elevated salinity from the
leaching of salts caused by repeated usage
in the middle and upper courses of the riv-
ers [1, 21]. Attimes over 2 g/l, these saline
flows have lowered crop yields and, in con-
junction with inadequate drainage of irri-
gated fields, promoted secondary soil sali-
nization. Animal husbandry, both in the
deltas and desert regions adjacent to the
Aral Sea, has been damaged by reduction
of area and declining productivity of pas-
tures resulting from desertification, drop-
ping groundwater levels, and replacement
of natural vegetation suitable for grazing
by inedible species [1].

Dust, sand and salt storms in the region

Strong winds blow sand, salt, and
dust from the dried bottom of the Aral Sea,
large portions of which are a barren de-
sert, onto surrounding lands. Since the mid
-1970s, satellite images have revealed ma-
jor salt/dust plumes extending as far as
500 km downwind that drop dust and salt
over a considerable area adjacent to the
sea in Uzbekistan, Kazakhstan, and to a
lesser degree Turkmenistan [3-4, 15, 22].
Although dust/salt storms affect the entire
zone surrounding the Aral, most of the ma-
jor storms occur with north and northeast
winds, which most seriously impact the
Usturt Plateau to the sea's west and the
Amudarya delta at the south end of the
water body [2]. The latter is the most
densely settled as well as economically and
ecologically important region around the
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sea [4], after analyzing estimates of the
total deflated material (ranging from
13 million to as high as 231 million metric
tons per year) that were made in the
1980s, concluded that the most probable
figure was from 40 to 150 million tons.
Salts in dry and aerosol forms, the most
harmful of which include sodium bicar-
bonate, sodium chloride, and sodium sul-
fate, settle on natural vegetation and crops,
particularly in the Amudarya delta [23]. In
some cases, plants are killed outright, but
more commonly, their growth (and for
crops, yields) is substantially reduced. The
salt and dust also have ill effects on wild
and domestic animals by directly harming
them and reducing their food supply [20].

Local health experts also consider
airborne salt and dust a factor contributing
to high levels of respiratory illnesses and
impairments, eye problems, and throat and
esophageal cancer in the near-Aral region
[24-25]. A field work by a British-led group
indicates that salt and dust blowing from
the dried bottom (and likely from irrigated
farmland in regions adjacent to the Aral
Sea) is laced with pesticides and heavy
metals, which would enhance the negative
impacts on humans and other animals.

CONCLUSIONS

The entire lake system is threatened
by catastrophic destruction, the use of wa-
ter resources of all water reservoirs in
Central Asia and Kazakhstan increased.

Human activities have changed the
level and volume of the Aral Sea. Syrdarya
and Amudarya rivers regulation provoke
soil degradation and contributed to the
development of intensive deflation and
desertification processes. The anthropo-
genic causes are playing major role in envi-
ronmental changes of the region.

Dried bottom of the Aral Sea became
active and main powerful sources for aeoli-
an dust/sand/salt storms. The powerful
source of aerosols have a great effect on
the climate and environmental changes in
Central Asia and Kazakhstan.
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OpTta A3na KenTereH KOHTUHEHTTX Kengepre 6an. Apan Tewsl XXep wapbiHAarsl ipi cy
K;0pfiapbIHbIL, 6ipi 60/1bIN TabbliraH. 0TKeH raceipgbiy, 50-60 xbingapel 6actanraH OpTa Asus
MeH Ka3sak;CTaHHbIL, XXepniepiH cyapy KesiHZe cyAbl TbIbIMU  HETi3Ci3 XX3He 6aK;bliaychbl3
K;0ngaHyblHaH Apan Tell3le KeneTiH cy arbicbl A p T asaubin, 1980 Xbingapbl MY4eM TOK;Tan
Kangbl. AnanTbil, 3KOXYVeciHe aHTPOMOreHAiK 3Cepsieplily, HITUXeciHAe TOMbIPakThbil,
Ty3daHybl, auMa’TbIl, WeNre anHanybl XX3He K;opllaraH OpTaHbIL, e3repyi CUAK;Tbl dXKarbIMCbI3
Kargamnap opbiH angbl. Mak;anaga aHTPonoreHAiK acepnepaw, HaTuxeciHae Apan Tewisi anabsl
cy 6anaHCbIHbIL, e3repyi XKaHe 01apAblL, XKarbIMCbI3 3KONMOMMANBIK; canfapbl K;apacTbipbliraH.

TyuiMdi c3gep: kengep, Apan Tew3b cy 6anaHckl, OpTanblK; A3usi, LUENENTTEHY.

PE3IOME
NcaHosa I'T, ConTtaHaesa A.M,, ¥Yctemunposa A.M.

BbICbIXAHWE O3EP B LIEHTPAJIbHOW A3 N MBMEHEHUME OKPY>KAIOLLIE CPEAbI
Kasaxckunii Hay4HO-Mccnen0BaTeNbCKUA MHCTUTY T NOYBOBEAEHUS N arpPOXUMMK
M. YY.YcnaHoBa, 050060, np. anb-®apabu 75 B, Anmatbl, KasaxcTaH,
e-mail: gul_nur.777@mail.ru

CpepgHsast A3ns 6orata MHOFOUYUCIEHHBIMM KOHTMHEHTaIbHbIMW 03epaMun. Apa/ibCKOe MO-
pe OTHOCWUJIOCH K pa3pady KpYrHbIX pe3epByapoB BoAbl Ha 3emne. W3-3a Hay4yHO HEO6OCHOBaH-
HOro M HEKOHTpPOJIpYyemoro 3abopa Bobl Ha opolleHue 3eMesnb B CpeaHen Asnm n KasaxcraHe,
HayasLerocs B 50-60-e rogbl NPoOLL/IOro Beka, CTOK BOAbl B Apas pe3ko ymeHbLiunscs, a 8 1980-e
rofbl N NpekpaTuacsa Bosce. B pesynbTaTe aHTPOMOreHHOe BO34ENCTBME Ha aKocMCcTeMy baccen-
Ha NPUBENO K HEFATUBHbLIM NOCNEACTBUAM: MPOU3OLLO 3aCOSIeHMEe NOYBbI, ONYCTbIHUBAHWE TEP-
pUTOPUM N N3MEHEHME OKPYXKaloLlen cpegbl. B cTaTbe paccMOTpPeHbl M3MEHEHWS BOAHOrO 6Ga-
naHca B 6accemHe ApanbCKOro Mopsl, CBA3aHHbIE C aHTPOMOreHHbIM BO3LEUCTBUEM, MPUBEALLINM
K HEFaTMBHbIM 3KOJIOTMHYECKMM MOC/eACTBUSAM.

KntoueBble cnosa: 03epo, Apasibckoe Mope, BOAHbIN 6anaHc, LieHTpanbHas A3ns, onycTbl-
HUBaHWe.
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