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Abstract 

The Aral Sea is one of the most environmental endangered regions in the world. The 

situation there is very critical in many aspects, environmental, ecological, economic and 

social. 

There are many reasons for the environmental disaster in the Aral Sea region,, but the 

starting  point was the initiation of the massive agriculture use of land in this area during the 

Soviet era in last century. At this time the two main sources of water for Aral Sea; Amu-

Darya and Syr-Darya rivers were diverted for irrigation purposes. This caused a decrease of 

water inflow from these rivers and along with the decrease of water inflow from the Pamir 

glacier melt also decreased the volume of water in the Aral Sea. This process started in 1960.  

Because of the water volume decrease the salinity of the water in the sea also started 

rise. This effect was multiplied by the fact that the water does not flow away from the sea and 

that only clean water evaporated. Salt therefore accumulated there. 

The objectives of this thesis are to show the decrease of the Aral Sea water surface 

ilustratively by maps and to show the correlation between the main phenomena of water 

quantity and quality.  This data can be used for the prediction of the future of the Aral Sea  

with regard to the special components of salinity. 

GIS, Project R, Scilab, Microsoft Excel, PCA analysis and Linear Regression were 

used to achieve these objectives. 

In this work demonstrates the reduction of water surface area from 1973 to 2013 with 

maps showing the permanent water area and also the strong correlation between the main 

phenomena is proved. The development of the total water salinity and salinity components till  

2048 has been estimated from this data by statistical methods. 

Increased salinity level makes the quality of water worse. These new water conditions 

started to become unacceptable for original water biota living there. This ecosystem died. 

This situation needs to be resolved immediately. These conditions need to be improve 

because without this the Aral Sea ecosystem, climate and economical conditions will 

significantly change. 
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Abstrakt 

Aralské jezero je jedno z míst na světě, které je vysoce ohroženo environmentální 

katastrofou. Situace je velmi kritická z několika hledisek, a to jak z environmentálního, tak 

ekologického, ekonomického a také sociálního. 

Environmentální katasrofa v regionu Aralského jezera má několik důvodů, ale 

počáteční příčinou byl začátek masivního rozvoje zemědělství v této oblasti během vlády 

Sovětského svazu. Během tohoto období byly odkloněny dvě řeky, hlavní zdroje vody pro 

Aralské jezero; Amudarya a Syrdarya pro zavlažovací účely. To zapříčinilo pokles přítoku 

vody z těchto řek a společně s málo známým úbytkem vody v Pamírských ledovcích 

způsobilo pokles objemu vody v Aralském jezeře. Tento proces začal v roce 1960. 

Protože klesá objem vody, začala v jezeře stoupat salinita. Tento efekt násobí také 

fakt, že voda se solí z jezera neodtéká a odpařuje se jen čistá voda. Sůl se tak v jezeře 

kumuluje. 

Cílem této práce je ukázat ústup rozlohy hladiny Aralského jezera ilustrativně pomocí 

map, ukázat korelaci mezi hlavními fenomény kvantity a kvality vody a tato data použít pro 

odhad budoucí salinity Aralského jezera s ohledem na hlavní prvky které tvoří celkovou 

salinitu. 

K naplnění těchto cílů byly použity programy GIS, Project R, Scilab, Microsoft Excel, 

Analýza hlavních komponent a Lineární regrese. 

V této práci je ukázané zmenšení rozlohy hladiny Aralského jezera od roku 1973 do 

roku 2013 pomocí map, ukázaná stále zavodněná oblast a také ukázaná silná korelace mezi 

hlavními fenomény. Z těchto dat je statistickými metodami odhadnutý vývoj celkové salinity 

a prvků salinity Aralského jezera do roku 2048. 

Vzrůstající úroveň salinity zhoršuje kvalitu vody. Tyto nové vodní podmínky začínají 

být neakceptovatelné pro původní biota, která zde žijí. Ekosystém umírá. 

Tato situace potřebuje okamžité řešení. Tyto podmínky potřebují upravit, protože bez 

toho by to znamenalo konec ekosystému Aralského jezera, klimatických i ekonomických 

podmínek. 

 

 



 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Klíčová slova 

Aralské jezero, Environmentální katastrofa, Ledovec, Tání ledovců, Pamírské pohoří, 

Salinita 

 

 

 

 

 

 

 



 12 

Content 

 

1 Introduction .......................................................................................................... 17 

1.1 Geographic Location .................................................................................... 17 

1.2 Climate and Hydrology ................................................................................ 17 

1.2.1 Amu-Darya............................................................................................... 17 

1.2.2 Syr-Darya ................................................................................................. 18 

1.2.3 Original Source of Water ......................................................................... 18 

1.3 Aral Sea is changing over Time ................................................................... 20 

1.4 Environmental Disaster ................................................................................ 21 

1.5 Aral Sea Ecology.......................................................................................... 22 

2 Objectives of Thesis ............................................................................................. 23 

3 Salinity ................................................................................................................. 24 

4 Methodology ........................................................................................................ 27 

4.1 Used Methods............................................................................................... 27 

4.1.1 GIS ........................................................................................................... 27 

4.1.1.1 Principles and Application ................................................................ 27 

4.1.1.2 Work with GIS .................................................................................. 28 

4.1.1.3 Landsat .............................................................................................. 29 

4.1.2 Principal Componentes Analysis (PCA) .................................................. 29 

4.1.3 Linear Regression..................................................................................... 30 

4.1.4 Statistical Programms............................................................................... 31 

4.2 Working Process .......................................................................................... 31 

5 Results .................................................................................................................. 41 

6 Discussion ............................................................................................................ 48 

6.1 Results from GIS.......................................................................................... 48 



 13 

6.2 Corelation between Main Phenomena of Aral Sea Water............................ 48 

6.3 Schema of Possible Future Situation of Aral Sea Water Salinity ................ 48 

7 Conclusion and Recommendation........................................................................ 50 

8 Annexes................................................................................................................ 51 

9 References ............................................................................................................ 55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 14 

List of Abreviations 

 

GDMC..................................................................... Geo-Database Management Center 

GIS................................................................................ Geographic Information System 

ICWC .................................................... Interstate Commission for Water Coordination 

NASA.................................................  National Aeronautics and Space Administration 

PCA............................................................................. Principal Componentes Analysis 

SI.............................. International System of Units (Le Système international d'unités) 

UNEP............................................................. United Nations Environment Programme 

UNESCO....................United Nation Educational, Scientific and Cultural Organization 

WHO..................................................................................... World Health Organization 

 

 

List of Equations 

 

Equation 1: c = m/V   ...................................................................................................19               

Equation 2: |S(x)- λI|l = 0 ...........................................................................................29 

Equation 3: y=b0+b1x+b2x
2
 .......................................................................................30                    

Equation 4: X=[1…1;x1…x;nx1
2…xn

2] ........................................................................30                 

Equation 5: b=(XXT)-1XyT...........................................................................................30                    

Equation 6: A=ΣiΣj (aij-āi)/si.......................................................................................34                         

Equation 7: [y]=211713.4-215.02637[x]+0.0546001[x]2.........................................38 

Equation 8: 358.6=211713.4-215.02637[x]+0.0546001[x]2.....................................38             

  

 



 15 

List of Figures 

 

Figure 1: Map of Aral Sea and Position in Middle East...............................................51 

Figure 2: Map of Amu-Darya and Syr-Darya...............................................................51 

Figure 3: Map of Amu-Darya and Part of Pamir Mountains Where River 

Originates.....................................................................................................................52 

Figure 4: Map of Syr-Darya and Part of Pamir Mountains Where River Originates..52 

Figure 5: Changes of Aral Sea Coastline Position.......................................................53 

Figure 6: Satelite Photo Documented Decrease of Aral Sea Surface Area..................53 

Figure 7: Map of Ob River Watershed at the Confluence with Irtysh River.................54 

Figure 8: Contaminants in Water..................................................................................25 

Figure 9:Table showing the Negative Effects of Substancies in Salinity on Human 

Organism......................................................................................................................26 

Figure 10: Development of Water Surface Area...........................................................31 

Figure 11: Uncentred Matrix........................................................................................33 

Figure 12: Centred Matrix............................................................................................35 

Figure 13: Correlation Matrix......................................................................................36 

Figure 14: Result  of PCA Method................................................................................36 

Figure 15: Linear Correlation of Individual Variables To Each Other........................37 

Figure 16: Substancies in ppm of Total Salinity in Year 2008 .....................................39 

Figure 17: Amount of Substancies in Water in the Year 2008 and 2048......................40 

Figure 18: Water Surface Changes in Time, Shown Individually.................................42 

Figure 19: Water Surface Changes in Time, Shown Individually and Superimposed to 

Each Other....................................................................................................................43 

Figure 20: Permanent Water Area of Aral Sea.............................................................44 

Figure 21: Changes in the Water Surface Area.............................................................45 



 16 

Figure 22: Water Surface Area by GIS..........................................................................41 

Figure 23: Table of Salinity Changes from 2008 till 2048............................................46 

Figure 24: Graph of Salinity Changes from 2008 till 2048...........................................46 

Figure 25: Table of Years when Amount of Substances Exceed their Limit for Potable 

Water.............................................................................................................................47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 17 

1 Introduction  

The Aral Sea region is an area with many natural and cultural problems. For a better 

understanding of the problems in this region it is useful to know something about its history 

and geographic location. 

 

1.1 Geographic Location 

The Aral Sea, is a lake located in central Asia in the Turan lowlands between 

Uzbekistan on the south and Kazachstan on the north. Namely among Adobe and Kyzyrolda, 

which are Kazachstan provencies and Uzbekistan autonomous region Karakalpakstan (Bissell, 

2008; Micklin, 2007), see fig. 1. 

Till year 1973 the  Aral Sea was the fourth largest inland water body in the World, 

with a lake surface of almost 68, 000 square kilometres (Bissell, 2008; Micklin, 2007; 

Benduhn and Renard, 2004). 

 In these days it is one of the regions with substancial water problems, whose solution 

was impossible without international scientific intervention (UNESCO, 2009). 

 

1.2 Climate and Hydrology 

The climate in this area is characterized as an inland desert, with a wide ranging air 

temperature. There is a very hot summer folowed by acold winter, with little rain. Rainfall is 

only 100 milimetres per year, which is a small fraction of lake evaporation (Bissell, 2008). 

      Major sources of water flow into the Aral Sea are rivers, namely Amu-Darya and 

Syr-Darya (Micklin, 2007; Haag, 2010).  

 

1.2.1 Amu-Darya 

Amu-Darya is the major river in central Asia and also the main source of Aral Sea 

water (Rakhmatullaev et al., 2009). 68% the water in the lake is from the Amu-Darya 

catchment area (UNEP, 2006). T^he river flows through Afghanistan, Tajikistan, 

Turkmenistan and Uzbekistan and is created by influence of main rivers; Vakhsh and Panj. 
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Next tributaries are Surkhan Darya, Sherabad and Zeravhsan river. In ancient history the river 

served as the borde between Ariana and Turan (Rakhmatullaev et al., 2009), see fig. 2, 3.  

The Panj river is the main tributary of the Amu-Darya (Haag et al., 2007) and the 

water mainly originates from The Pamir Mountains in Tajikistan, the primary source being 

the Zorkul .lake. The river comes from the Allay Valey in the Pamir Mountains also 

(Rakhmatullaev et al., 2009), see fig. 4. This means that 90% of the total year water discharge 

(90% from 78 km3) comes from glacier water (UNEP, 2006). 

 In the years 1939-1949 data collected confirmed that the river flow was strongly 

dependant on water from glacier in context of seasonal meltdown (Haag, 2006). 

Total lenght is 2, 400 km, basin is 534, 739 km2, average water discharge is 2, 525 

m3s-1 (Rakhmatullaev et al., 2009). Most of the water lost in the arid zones around river flow 

is by evaporation and mainly because of artificial use, about 4 mil. km2 of land is irrigated, 

see next (ICWC, 2010).  

 

1.2.2 Syr-Darya  

The river flows through Kyrgyzstan, Uzbekistan, Tajikistan and Kazakhstan. The Syr-

Daria river comes from the Thian Shan mountains in Kyrgyzstan and the eastern part of 

Uzbekistan. It means two parts, namely rivers Naryn and Kara-Darya create the Syr-Darya 

river (Viviroli and Weingartner, 2004). 

The main tributaries of the river are Chirciq, Arys, Chu and Sarysu. River length is 2, 

212 km and water basin about 402, 760 km2. Average water discharge is 1, 180 m3s-1, half 

that of the river Amu-Darya (Viviroli and Weingartner, 2004; Rakhmatullaev et al., 2009), see 

fig. 4. This fact makes Amu-Darya more important in Aral Sea water supply. 

 

1.2.3 Original Source of Water 

In montaineus rocky regions like the Aral Sea region the typical source of water is 

glaciers. Ice melt provides water to rivers and is influenced by seasonal temperature 

difference (Johannesson et al., 1989). When the mass of glacier and seasonal temperatures are 

changed, then the amount of water in rivers is also changed (Johannesson et al., 1989; 
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Lambrecht et al., 2010). After the complete meltdown of glacier water the reivers are 

dependant on seasonal snow and ice cover only (Barnett et al., 2005). 

This meltdown-amount of water proportion effect is very important for the water 

supply of rivers which do not have other sources of water. Typicaly rivers in arid regions, like 

Amu-Darya, which is one of the rivers in the world with highest share of mountain discharge, 

more than 90% (Viviroli and Weingartner, 2004). It is defined like a portion of river total 

runoff which is situated in a mountaneus catchment part.  

(Namely 80% water in Amu-Darya flow is from glacier melt originaly (Froebrich and 

Kayumov, 2004), which means this river is strongly dependent on glacial resources,  

especially the volume of water rather than the quality of water  

The quality of water from glacier meltdown is constant. We can predict clearness of 

this water, with one exception. This is defined as acid shock which is the water polution from 

upper layer of glacier (snow and ice) which accumulate during the winter period and which is 

released during the warmer summer period. Even then the number of pollutants is not 

significant to in the quality of water and we can neglect it. 

In this interpretation we can presume a very high quality of glacier water and based on 

this,  that all sources of pollution (salts, heavy metals, pesticides, herbicides or other 

chemicals, etc.) gets into the water during river flow. Mainly from anthropogenic activity in 

lowlands around Aral Sea (see next). 

From these facts we can assume the only way the amount of water from glaciers can 

affect salinity in the Aral Sea is in the volume of water released from glaciers into the river 

flows during the years. First idea is simply; we can show this fact on basic equation: 

 

[1]                             c = m/V 

 

Where c is the concentration of salts [g/l], m is the mass of salts [g] and V is the 

volume of water [l] (Kameníček, 2009). 

The majority of research done  and studies about the quality of Aral Sea water 

calculate with stable water volume from glacier melt, but the glaciers in Pamir are constantly 

melting and getting smaler. It signifies also that there is less water from ice in the river flow. 
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In the moment when ice take of, the only source of water will be seasonal snow cover and this 

is not enough (Haag et al., 2004; Haag et al. 2011). 

 

1.3 Aral Sea is changing over Time 

The sea surface is changing over approximately fifty years. After year 1960 the area of 

the lake started getting smaller and today is only 10% of sea surface previously. (Bissell, 

2008; Huss et al., 2010). Aral Sea has lost 90% of its volume over the years 1960-2006 

(Micklin, 2007). See figs. 5 and 6. 

In the year 1960 the surface of sea was 53 meters above sea water level and 

approximately 68, 000 km2. The greatest south to east dimension was 435 km and east to west 

was 290 km. The average water depth was 16 m and maximum deep was 69 m (Bissell, 

2008). 

From this year the water level and sea surface dramatically declined,because of  the 

diverting of the Amu-Darya and Syr-Darya rivers for agricultural purposes, as sources for 

irrigation (Huss et al., 2010). 

This step corresponded with the Soviet agricultural plan included rice, cereals and 

cotton growing in the Aral Sea region. This plan was especially based on cotton cultivation 

for export purposes. One of the many consequences is that Uzbekistan is today the largest 

cotton exporter in the world but also the country facing one of greatest environmental disaster 

in world (Micklin, 2007). 

Construction of irrigation canal system started in the 1940’s, but many of it was poorly 

built. For example in the largest canal, known as the Quaraqum canal, there was 30-75% loss 

of water by evaporation and seepage. Today only approximetely 12% of canals are adequately 

waterproofed (Akhtar et al., 2008). 

In total almost 47, 750 km of inland irrigation canals were built but only 30% have 

anti filtration linings and only 77% of farms have flow gauges. This situatiton signified that 

between 30-60 km3 of water flows and losses in canals and farms and Sea water is shorter by 

this quantity. In the year 1960 the Aral Sea started to significantly shrink (Micklin, 2007). 

Starting in this year the water level of Sea fell every year by over 20 cm on average, in 

the year it was 50-60 cm and from the year 1980 it is circa 80-90 cm. This phenomenon can 

be explained by the relationhip between water surface area and volume of water which is lost, 
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in addition to the increasing use of irrigation water. Cotton production in the years 1960 till 

2000 paradoxicaly doubled (Huss et al., 2010). 

1987 was the year, when the Aral Sea was divided into two parts, due to the lack of 

water. The newly formed parts are called North Aral (smaller part) and South Aral (biger one) 

(Akhtar et al., 2008). 

In the year 2003 the amount of water getting to the lake rapidly felln, the South Aral 

Sea became divided into the Western and Eastern basins and in 2004 the surface area was 

only 17, 160 km2 (Micklin, 2007; Huss et al., 2010). 

Only 10% of original size reached the sea in 2007 and salinity increase by 

approximately 100 g/l  (salinity of average sea water is commonly 35 g/l !) (Micklin, 2007). 

 

1.4 Environmental Disaster 

The described retreat of the water level of the Aral Sea was not any surprise in the 

Soviet Union. Alexander Asarin, the Russian hydrologist pointed to this in the 1964, but the 

irrigation project was part of a five year plan, so it was fully approved by the Soviet 

goverment (Micklin, 2007). The irrigation system built in Soviet era was old and inefficient 

from the begining (Glantz, 2005). 

During the years 1960 -l 1980 some projects of how to divert the Ob and possibly the 

Irtysch rivers were created (see fig. 7) to supply central Asia and the Aral Sea by water, but  it 

was not realized for economic and environmental reasons (Létolle and Mainguet, 1996). 

During the period 1960 - 2000 the Sea surface shrank by over 60% and now the water 

area is 28, 687 km2 compared to the original 68, 000 km2. As a result of increase water 

volume salinity also increase from 10 g/l to 45 g/l (on average) (Micklin, 2007). The rising 

salinity was also contributed to by the fact, that crops, mainly cotton, were grown as 

monocultures, without any attempt at crop rotation. The high concentration of pesticides, 

herbicides and rudiments of fertilizers in sthe oil together with the reduction of essential 

nutrients created almost unusable land. 

Runoffs of massive amount of pollutants from the land into the Sea water gave  rise to 

the higher salinity of the Sea water. Combined with the low inflow from water sources causes 

little mixing of water in the lake and the aalinity at the bottom is higher than at the top 

(Akhtar et al., 2008; Aladin et al., 2009). 
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The facts introduced above show, that conditions created in Sea water were 

unacceptable for the majority of fauna and flora lake ecosystems (Micklin, 2007). 

The lack of fresh water also impacted on the people who live there. For example, the 

high incidence of lung diseases (Tuberculosis, Pneumonia, Pneumokoniosis, etc.), cancer, 

anaemia, and higher risk of infection from diseases are common in this region. The dust in the 

environment also causes liver (cirrhosis), kidney (toxic nephritis) and eye (keratoconjuctivitis) 

diseases (Povýšil et al., 2007). 

In this way the increased environment risks and incidence of health disability 

especialy affect vulnerable part of population, namely children and old people. Child 

mortality rate is 75 per 1, 000 living newborns and maternity death 12 per 1, 000 women 

(Aladin et al., 2009; Povýšil et al., 2007). 

The high concenration of minerals and other polutants damage local plants and their 

higher concentration in the athmosphere causes the large diference in temperatures (very hot 

summer and cold winter) (Aladin et al., 2009; Benduhn and Renard, 2004). 

The fact which makes the situation more critical is the growing demand for water. 

This situation needs an interdisciplinary approach to sustainable land use and the future use of 

water (Martius et al., 2009). 

These extreme environmental conditions make this region very interesting for water 

balance studies. Many authors work in lower part Amu-Darya basin, where water is mainly 

used for agricultural-irrigation purposes (Conrad et al., 2007; Bekchanov et al., 2010). 

 

1.5 Aral Sea Ecology 

When increasing salinity began the original biota died. For example species like 

Calanipeda aquaedulcis, a formerly dominant biota died out.  

From year 2002 only Platichthys flesus luscus and Atherina boyeri caspiasurvived in 

small lakes around the former Aral Sea (Mirabdullayev et al., 2004). 
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2 Objectives of Thesis 

The Aral Sea is a well-known region all over the world that today is in a very bad 

situation as a consequence of an environmental disaster. The environmental, social and 

economic conditions have been studied by many authors and thanks to them today we have a 

great amount of data about the situation there.  

The objectives of the thesis are through the mat-statistics and GIS methods to prove 

the hypothesis about the Aral Sea surface reduction, the correlation between main phenomena 

of Aral Sea water and the prediction of future of the Aral Sea water quality. 

In this thesis will be shown: 

a) the decline of Aral Sea surface area. This decline will be shown graphicaly and by 

a number in maps made by the GIS programme. 

b) the correlation between the main phenomena of the amount of Aral sea water,  

namely suface area and depth, water volume, river inflow and salinity. These phenomena 

come out from data measured by international scientific teams and also data measured in GIS 

programme which was calculated for this thesis will be used. 

c) very interesting is also the prediction of the future situation, especialy in 

comparison with status presens. In this work  there will be schema of the possible future 

situation of Aral sea water quality, especialy salinity; salinity included disolved minerals, 

ions, heavy metals, fertilizers, pesticides, herbicides, etc. measured in  International System of 

Units (in original form Le Système international d'unités, SI) units g/l. In this thesis possible 

total salinity and constistuents of salinity evolution in the future will be shown. 
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3 Salinity 

Salinity is defined as the measure of salts disolved in water. It suppose solubility of 

compounds in water, it means compounds have to be hydrophilic. In another way 

hydrophobic substances are not solubile in water and make sediments at the bottom. 

Salinity is usualy measured as parts per thousand [], which corelate with g/l units 

which are used more often and ilustrative. 

On average sea water salinity is approximately 35 g/l or 35 ppt. This signifies that in 

every 1000 g of seawater 35 g of salts are included (Kameníček, 2009). 

Compounds which we call salt are mixtures of ions, minerals, etc. Most often they 

include sodium (Na+) and chlorine (Cl-). These make well known compounds like sodium 

chloride (simply kitchen salt) which is 85. 7% of disolved salts. The next components are 

calcium (Ca2+), magnesium (Mg2+), potassium (K+) and sulphate (SO4-). In Aral sea water 

there are also special substances precipitated there associated with the specific water regime 

there (see below). These are mainly calcium carbonate (CaCO3), gypsum (CaSO4·2H20), 

mirabilite (Na2SO4·10H2O) and epsomite (MgS04·7H20) (Létolle and Mainguet, 1996; URI, 

2001). 

Salinity can be measured in a few ways, but is most often measured by the electric 

conductivity of water. Simply, it can be said that the more salt  disolved in the water (it mean 

high salinity) the better the electric conductivity of water is. We compare measured water 

with water with known salinity as a reference value. 

The next possible method to measure salinity is with the help of a refractometer. This 

instrument measures the difference between the wave length of light emitted from a source, 

passed through the measured water and captured in the refractometer. This means the 

refractometer knows wave lenght before pass through water and after that and by comparing 

these two values calculate the value of refraction. The substitution of this measured value into 

a table of known values of salinity means that the concentration of salts in water; salinity can 

be obtained (URI, 2001; Kameníček, 2009). 

Salinity is not a stationary value as it changes over  time depending  on the amount of 

salt-salinity changing absolutely, or amount of water-salinity is changing relatively. We can 

calculate this proportion by using equation 1, see above (Kameníček, 2009). 
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For our research data measured by PROTE company in Darbandihkan dam's in the 

year 2008 is used (see fig. 8). This shows the level of contamination by various substancies. 

 

Fig. 8, Contaminants in Water (PROTE, 2008; WHO, 2006). 

 

This table (fig. 8) shows the substances found in water in various forms, for example 

in the form of ion, oxide, hydroxide or various compounds with other substancies. In the 

second column are units and in the third the value of substancies which were measured in 

water (in the year 2008, see above). The last column shows the limit of substancies for 

potable water according to WHO, in 2006. 

From the stated values it clearly follows that there are substancies which exceed their 

limit for potable water. There are chromium, cadmium, copper, lead, mercury and zinc. Also 

magnesium in a short time overstepped theWHO limit. 

This data will be used for estimation of amount of these substancies in the future (see 

next). 
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For a better ilustration of the importance of these substancies and their inpact on 

human health table fig. 9 describes their effects on human organism of overstepping the 

allowed limit for potable water. The importance of using a harmless source of water for 

human health can be clearly seen. 

 

Fig. 9, Table showing the Negative Effects of Substancies in Salinity on Human 

Organism (Bencko, 1995; Nečas, 2009; WHO 2006).  
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4 Methodology 

In this chapter the methods of research used will be described as well as the work 

process with data. Results are introduced in next chapture 5 Results. 

 

4.1 Used Methods 

The used methods are GIS, Landsat, PCA, Linear regresion and statistical programs. 

These are all described below. 

 

4.1.1 GIS  

Geographic information system (GIS) is a program which is useful for geographical 

data evaluation. It is used for many purposes, in this thesis only a small number are 

introduced 

 

4.1.1.1 Principles and Application 

GIS is a computer program, which analyses known and measurable data. GIS 

processes it and give interpretable output about the phenomena which we want to investigate. 

The universality in data and output quantity and variability from this programme makes it a 

powerful tool for many uses, not only in hydrology, but also in meteorology, soil science, 

urban management, agriculture, forestry, etc.  

We can collect data and give it, like an assigment for GIS. Typically it is positional 

data, relating to the space of our interest. It could be the geographic position of objects, their 

quantity or quality. After that, we can see this data in a special, we can say a natural, context 

and what is the plus of this is that we can work with it in a new way of use. We can predict 

the behaviour of river flow in a deep valley during floods. With strongly defined condition 

(altitude, slope, amount of water, curvature, etc.) we can predict with high probability where 

the best place to build a dam is for example.  

The disadvantage of this is that GIS calculates only with space (geographical, static 

dimension) not with temporal dimension changing over time. Concisely we can say, that this 

program can calculated and display the effects only in three dimensions (height, width, length, 
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mathematically axis x, y, z and their combination respectively). In GIS we can not predict and 

display reality in time view, we can show only measured data in relationship to each other.  

GIS is not an ideal tool for time-spaced modeling (environmental or another), but it is 

relatively easy to use it in orientation in space (De By et al., 2001). 

 

4.1.1.2 Work with GIS 

We can describe three main working phases (De By et al., 2001). 

� Data preparation and entry 

� First phase; data about study phenomenon collected, prepared and entered to the 

system. Collection of data is one of the most important phases. We need a sufficiently 

wide selection complex for quality analysis. More simply we can say a great amount 

of data gives better image about the studied phenomenon, in this case output isdetailed 

and we want to maximally similar model in comparison with reality. 

� Data analysis 

� In this phase data needs are carefully assessed and in the next step analysed by the 

system and we can assign our requirements. 

� Data presentation 

� In the final phase we acquired result and have to interpret them in proper way. It is up 

to us what we want to express or work with in next steps of our research. 

� We can choose type of data presentation. Mainly it is in the form of a map, 3D map, 

phenomenons can be summarized, compared to each other, measured in new 

consequences, in form of graph, etc. 

When we want to shortly summarize GIS, we can introduce, that is computerized 

system, which gives measured data into desired consequences. Is very useful especialy in 

georeferencial schemes (De By et al., 2001). 
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4.1.1.3 Landsat 

The Landsat program is a collection of data obtained by satelite observing missions 

organized by NASA and U.S. Geological Survey. There is data about satelite observations of 

Earth from space since 1972. This science is known as remote sensing and has evolved with 

landsat. 

Landsat Satelites take digital photos of the Earth’s surface at defined time intervals 

and send them to Earth. It gives great posibility to see the Earth surface overall in many 

measuring in long time interval. Then dynamic changes in natural and artificial processes for 

example.could be studied and compared Landsat je freeware program (NASA, 2013). 

 

4.1.2 Principal Componentes Analysis (PCA) 

Principal componentes analysis (PCA) can be considered as one of the basic methods 

of more dimensional statistics. The essence of this method is to decrease the original number 

of variables. This variables (in our case measured data) have to be correlated necessarily and 

their number is decreased by introducing new latent variables, which are not correlated. 

After that latent variables are organized into a descending line. Such a variable which 

has the smallest part on clarification of total variance is neglected In another words we choose 

only those variables which mostly clarified the total variance (in the literature  90%-95%  

present as a cumulative ratio usually). 

For every latent variable Lambda (λ) exists for which characterized variance of 

concrete component and as well as a possible  compute λ like proper number of covariance 

matrix S(x). 

As seen above, PCA is possible to be used only in the situation where the original 

variables are correlated, the stronger, the more it is possible to reduce their quantity and 

analogous, when variables are not correlated (or very weakly) then the number of new latent 

variables is similar to the number of original variables. 

PCA is a linear analysis method, because new latent variable is linear combination of 

original variables. Matematicaly we can derive: 

[2]                                                 |S(x)- λI|l = 0  
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Where S(x) is the covariance matrix, I  is theidentity matrix, l is the vector of 

parametres and λ proper number of matrix. 

From the description of PCA it follows that this method is used for data adaptation and 

the basic division of data into linear asymptomatic clusters (Meloun and Militký, 2006). 

 

4.1.3 Linear Regression 

 Regression is a statistical method which deals with the creation of functional 

relationships among variables. The principle of this method is to explain one variable by help 

of another variable. In this thesis parabolic regression will be used. The objective is to create 

an equation in the form: 

 

[3]                         y=b0+b1x+b2x
2 

 

In the case of linear regression functions and linear regress functions from the point of 

view of parametres, we use the matrix of regresor’s values: 

 

[4]                  X=[1…1;x1…x;nx1
2…xn

2]  

 

This matrix is used for the expression of a concrete regression function. As a next step 

this matrix is used for the calculation of b vector by using it in the next equation. 

 

 [5]                                b=(XXT)-1XyT 

 

Where b is the estimation of parametres, X is the matrix of regressors and y is vector 

of results (Meloun and Militký, 2006). 
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4.1.4 Statistical Programms 

In this thesis a few programs for data analysis and interpretation were used. Two 

freeware programs for statistical data processing were used. These were Scilab 5.4.0 and 

Project R. Scilab is similar to Project R opensource. 

Scilab is based on the Java programming language. It is a complete program not only 

for statistical calculations but also for mathematical modeling. For example Dassault 

company use this product. In this thesis it will be used for the PCA and Linear regression. 

Project R is based on the Python programming language. It will be used for 

correlation analysis. 

For the data interpretation of tabular or graphic forms Microsoft Excel was used too.  

4.2 Working Process 

Like data for GIS program, maps from Landsat were used. The advantege of this 

system are the coordinates, which means that the maps are georeferenced. In setings Asia was 

select as the coordination system. 

For every year another layer-map was used to obtain a dynamic model of the Aral Sea 

surface changing. 

For every layer it was important to mark the boundary of the sea surface and the land. 

With this check points can GIS work and than could be data combined. 

In this thesis maps of surface area for years 1973, 1986, 1999, 2001, 2005, 2010, 2013 

are shown This maps are shown individualy (fig. 8) sumationately for better shown of 

dynamic changes (fig. 9) and like intersection for show of presence permanent water area (fig. 

10). 

This data were also used for the next calculation in this thesis. In this thesis are used 

measured data (Placák, 2013) combined with data from Ing. Miroslav Šobr Disertation thesis 

(Šobr, 2009) (see fig. 10). 

Fig. 10, Development of Water Surface Area (Placák, 2013; Šobr, 2009). 
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This GIS measured data, especialy the surface of the water area was used for the next 

calculations. This was compared with other data and other necessary data from past year was 

added by (Šobr, 2009). These values are shown in table (fig. 11). There are values of the 

altitude of surface water level [m] , surface area [km2] , water volume [km3] , salinity [ g/l]  

and river inflow  of water into the sea [km3] . 

It is possible to create a comparative graph (fig. 11) but these values have negligible 

value. 
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Fig. 11, Uncentred Matrix (Placák, 2013). 
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For a better understanding of this phenomena and for better graphical ilustration there 

is also a matrix of these values centrated. For matrix centration we need the average value of 

the actual phenomena and variability (see table fig. 11). Values in centrated matrix will be be 

obtained by using: 

 

[6]                                      A=ΣiΣj (aij-āi)/si 

 

Where A is centrated matrix, j and i are position of number a in the matrix, s is 

variability. 

A graph of the centrated matrix shows more an ilustrative comparision between the 

main phenomena, especialy the decreasing amount of water in different ways toward rising 

salinity (fig. 12). 
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Fig. 12, Centred Matrix (Placák, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 36 

Fig. 13, Correlation Matrix (Placák, 2013). 

 

In the correlation matrix (fig. 13) we can see the correlation coefficients of the main 

phenomena compared to each other. From the value of the correlation coefficients it clearly 

follows that these trends are linear (coefficients are mainly biger than 0.9, at least 0.8). Data 

from correlation matrix are used for PCA. 

Fig. 14, Result of PCA Method ( Placák, 2013).  

 

The PCA method shows that in the above group of related data one significant linear 

trend exists (see fig. 14). Size of lambda (λ) explains approximately 90% of the data’s 

variability. 
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The Analysis of PCA and correlations of individual original variables shows a strong 

linear trend not only of all data but also of its individual variables (see fig. 15). 

 

Fig. 15, Linear Correlation of Individual Variables To Each Other (Placák, 2013). 

 

 

For water salinity progress estimation a time series was used showing the changes 

from year 1960 until the newest found monitor dating from 2003. A regression parabola was 

used for the reason that Aral Sea region is an area without a significant outflow, which 

signifies that salt accumulates there. Also the determination index is higher for parabolic 

function (0.97) than for a linear function (0.77). This assumption is also confirmed by the 

shape of salinity development in the centred matrix graph (see fig. 12). 
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By regression analysis (see capture 4.1.3. Linear Regresion) it was discovered that: 

 

[7]                    [y]=211713.4-215.02637[x]+0.0546001[x]2 

 

Where y is salinity [g/l] and x is year and the equation now corresponds to the form of 

equation 3.  

This equation was used for the following estimation of Aral Sea water salinity future 

changes in table and graph (see fig 23, 24). Also it is necessary to take into consideration 

dissolvability of salts in water. Above this value each salt will not dissolve in water, but stay 

as a sediment on the bottom of the Sea. The reference value used in this thesis is the 

dissolvability limit for soduim chloride, which is the main part of Aral Sea salinity. The value 

of solubility in water is 358. 6 g/l (Vohlídal et al., 1999). 

The year’s calculation when salts dissolved in the water will be on the top of 

dissolvability patterned on equation 7.  As the value of salinity (y) we will substitute the value 

of solubility of salt in water (see above). We obtain: 

 

[8]                    358.6=211713.4-215.02637[x]+0.0546001[x]2 

 

The result of this equation is x = 2048, it signifies that in the year 2048 the dissolved 

mass of salts in water will reach  the maximum, after this point any new salts in the sea will 

be  sediment.  

In this case we can calculate the salinity forecast until year 2048. The amount of 

dissolved substances will be estimate from these values for total salinity. 

We started in the year 2008 when the values of substancies in water were measured. 

From equation 7 (see above) where year (x) is 2008, we obtain salinity (y) for this  year, the 

year of measurement,  it was 91.55 g/l  In the next step we calculate the representation of 

substancies in total salinity in ppm. Outcomes are in table, fig. 16: 
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Fig. 16, Substancies in ppm of Total Salinity in Year 2008 (Placák, 2013). 

 

 

If we presume the relative representation of the included substancies in total salinity is 

constant during the next years, we can calculate the amount of substancies in the following 

years in ppm and total salinity from equation 7. 

In this thesis the values for years 2008 and 2048 are calculated to show the change 

over time. Salinity in the year by equation 7 (corresponds with equation 8) will be 358. 6 g/l. 

See fig. 17: 
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Fig. 17, Amount of Substancies in Water in the Year 2008 and 2048 (Placák, 2013; 

PROTE, 2008; WHO, 2006). 

 

This table (fig. 17) clearly shows substancies which exceed their limits for potable 

water. There are chlorides, magnesium, sodium, calcium. Other substancies (Cr, Cd, Cu, Pb, 

Hg and Zn) which exceeded their limit at the time of measuring are not included in the 

following calculations. 

The results we want to show are when did substances which exceeded their limits for 

potable water during the period 2008 - 2048 actually reach  their limit. For salinity (y) in 

equation 7 we substitute the value when is the limit for potable water for each substance 

reached. The result of equation (x) is the year when the limit is reached. See chapture 5 

Results, fig. 25. 
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5 Results 

Fig. 18, 19, 20 clearly shows the constant decrease of the surface area of the Aral Sea 

with GIS maps. These changes are also shown in a graph (Fig. 21).  

Fig. 18 shows the changes of water surface area since from 1973 till 2013. This 

phenomenon is shown individually on maps with scale. Values are in table fig. 22. 

 

Fig. 22, Water Surface Area by GIS (Placák, 2013). 

 

 

Fig. 19 shows these maps in comparison to each other for the better ilustration of the 

decrease in Sea surface area. 

Fig. 20 represent permanent water area, it is the intersection of water areas measured 

from 1973 to 2013. It is the surface of land, which has never been without water until today. 

We can estimate the massive salt deposits that will be there in the future. The permanent 

water area measure approximately 17, 900 km2. 

Fig. 21 graphicaly shows the decrease of the surface area of the Aral Sea during the 

years 1960 to 2013. Data is combined with data from the dissertation thesis of Miroslav Šobr 

from year 2009. This graph coresponds with fig. 10, on page 31. 
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Fig. 18, Water Surface Changes in Time, Shown Individually (Placák, 2013). 
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Fig. 19, Water Surface Changes over  Time.  Shown Individually and in Superimposed 

to Each Other (Placák, 2013). 
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Fig. 20, Permanent Water Area of Aral Sea (Placák, 2013). 
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Fig. 21, Changes in the Water Surface Area (Placák, 2013; Šobr, 2009). 

 

 

 

 

 

 

 

 

 

 

The phenomenon of the decrease in the surface area of the Aral Sea is strongly related 

with the decrease of water volume in the Aral Sea, which is mathematicaly proved by 

correlation analysis and PCA method in this thesis. These trends are strongly correlated, 

which makes them linearly dependent.  

PCA analysis proves the very strong linear trend-approximately 90% - in this linear 

dependance (fig. 14). This signifies that one variable can be estimated by its dependance on 

another, in our case water surface area in correlation with salinity (fig. 15). 

           In this thesis the schema of Aral Sea salinity from 2008 till 2048 made by Linear 

regression method is shown. See fig 23, 24.  
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Fig. 23, Table of Salinity Changes from 2008 till 2048 ( Placák, 2013).  

 

 

Fig. 24, Graph of Salinity Changes from 2008 till 2048 ( Placák, 2013). 

 

 

Graph of salinity shows a parabolic increase. The curve starts from year 2008 where 

total salinity was 91. 55 g/l and ends in the year 2048 when salinity is estimated as 

approximately 358. 61 g/l, when salts reach their limit of solubility. The years when 

substancies exceed their limit are shown in table (fig. 25). Magnesium and calcium exceeded 

their limits before this thesis was writen, but after the data used was measured.  Chromium, 
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cadmium, copper, lead, mercury and zinc exceeded their limit before year 2008 and other 

substances did not reach their limit for potable water by 2048. 

Chlorides, Magnesium, sodium and calcium reached and then exceeded their limit 

during this time and these substancies could be a problem for human health (see fig. 9, 

chapture 3 Salinity). 

 

Fig. 25, Table of Years when Amount of Substances Exceeded their Limit for Potable 

Water (Placák, 2013). 
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6  Discussion 

Although all parts of the thesis are associated with each other this chapter is divided 

into several parts for greater clarity. 

6.1 Results from GIS 

Results from GIS have value for this thesis. They show us the decrease of the water 

surface area and areas with greater future salinity with masive deposits of salt could be 

estimated. The permanent surface area could show this. 

Unfortunately in our case water volume can not be calculated by GIS. We have not 

countour lines of the Aral Sea bottom for GIS programme so we can not calculate other 

values like water volume or altitude of surface. This signifies that other data about water 

suface and the actual water volume are used. But our GIS results clearly shows the change of 

surface area over time since year 1973; there was not any older satelite photo available. 

Graph fig. 21 indicates the rise of Sea surface area during years 2000-2003. It could be 

a real phenomenon caused by a temporary improvment of water inflow from rivers or rainfall 

or propably it could be a mistake in the conditions defined in measurement. 

6.2 Corelation between Main Phenomena of Aral Sea Water  

A strong correlation between variables, namely suface area, altitude, water volume, 

river inflow and salinity was proved. This was important for the next calculations and for the 

selection of method to use for salinity estimation. Even though there were not much data 

available for calculation, the correlation was very strong and values were linearly dependent.  

Many factors effect River inflow. It is decreased by loss from irrigation, evaporation 

and seepage. The decrease of volume  from the Pamir Glaciers is also included. 

6.3 Schema of Possible Future Situation of Aral Sea Water 

Salinity 

In this thesis a schema for future Aral Sea salinity estimation is shown. It is based on 

historic data, which signifies the deduction of future events from the past. This method 

supposes the same progress of events in the future as took place in the past and excludes great 

changes in conditions in the Aral Sea region, such as change of infrastructure, agriculture, 
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industry etc. which could cause the situation to get worse or better. It is not the best method, 

because unexpected scenarios or improvements are ignored. Interventions are not allowed. 

Environmental modeling is better (Haag et al., 2011) as it predicts future conditions 

from a great amount of data and can synthetize them into a more complex function even if the 

conditions are changed. We can change them in the model also. This system can estimate the 

progress of future more precisely but is very exacting on data and the methodology used. Also 

it is expensive and demanding on creation. 

Only a few authors apply future salinity forecasting in their work. Only one known 

scientist is applying environmental modeling in Pamir Mountains (Haag et al., 2011), see 

above. 

In this case we can say that our method is cheap and quick and could be useful for 

proportionated estimation.   

The results in table and graph (fig. 23, 24), of the future total salinity estimation until 

year 2048 include data for the year when the water becomes a saturated solution. After that 

salts start accumulating at the bottom.  

Results in table (fig. 25) show the substances which exceeded their limit for potability 

and when this ocured and which need special methods of water purification. The dangers of 

these pollutants are shown in chapter 3 Salinity in table 9. 
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7  Conclusion and Recommendation 

 

From the data found and that it clearly follows that situation in the Aral Sea region 

will get worse in the future. Salinity will rise almost exponentially, because salt accumulates 

there and there is not an easy way to dispose of it. We can clean water, but only for local 

purposes. Even this brings many problems; economic or the dumping of polutants from the 

water. 

There are many environmental and ecological problems which are still increasing and 

geting worse. This circulus vitosus without implementing a plan of action could have only one 

possible result; environmental disaster. 

This tragic situation is not only the consequence of regional factors (irrigation, 

fertilization, monocultures, etc.) but global conditions also. The melting of the Pamir Glaciers 

due to global warming for example. Also the economic situation forces the growth of cotton 

in this region to continue.  

In this region international scientific intervention is need definitely. This is the last 

hope for environmental, ecological and even economic conditions to improve or at stabilize. 

This region needs an efective and economicaly acceptable long-term solution.  

For the future estimation of conditions in this region the best way will be 

environmental modeling. But the adventages of the salinity estimation method, which is 

demonstrate, are the speed of delivery and low price in the short time. As almost all the biota 

in the Aral Sea region is extinct, the estimation of future salinity can be used to improve 

living standards in this region. 

To provide a solution to this situation we can recommend as a first step to cease  

growing monoculture crops  (cotton species  today) and start growing other plants which are 

more adaptable to the situation or require less water. The next step could be improving the 

quality of irrigation canals as there is great loss of water from the existing ones. Also using 

fewer chemicals for fertilization or other purposes.  

More expensive solutions like the building of dams to help replenish the Aral Sea, 

redirecting water from rivers like Ob, Volga or Irtysh Rivers for example could be employed. 

Pumping water from the Caspian Sea via pipeline is also a possible long term solution. 
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8  Annexes 

 

 

Fig. 1, Map of Aral Sea and Position in Middle East (UniMaps.com. 2005). 

 

 

Fig. 2, Map of Amu-Darya and Syr-Darya ( Water Rhapsody, 2011). 

(1: 10 000 000). 
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Fig. 3, Map of Amu-Darya and Part of Pamir Mountains where the River originates 

(Demis.nl). (About 1900 km across). 

 

Fig. 4, Map of Syr-Darya and Part of Pamir Mountains Where River Originates 

(Demis.nl). (About 3000 km across). 
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Fig. 5, Changes of Aral Sea Coastline Position (Mappery.com, 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6, Satelite Photo Documented Decrease of Aral Sea Surface Area (NASA, 2009).  
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Fig. 7, Map of Ob River Watershed at the Confluence with Irtysh River 

(Musser, 2011). (1:10 000 000). 
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