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Abstract 
 

To clarify the environmental changes in Central Asia during the past few hundred years, lake 
levels of three lakes, Aral Sea, Lake Issyk-Kul, and Lake Balkhash in Central Asia were recon-
structed by several historical maps and SRTM DEM data. These historical maps in 17th-19th century 
were described in English, Russian, Mongolian, Manchu, and Chinese languages during Qing Dy-
nasty for acquiring information of landscape (land, culture, and living of local people) in western 
country. Historical maps show lake-levels of Lake Issyk-Kul increased 14m from the present during 
17th-mid-19th century, because lake water had overflowed to Chu river on the historical maps. These 
maps show three lakes, which have the same water sources in the Pamirs and Tien Shan mountains, 
expanded in 17th-19th century on the same timing. As the previous studies, Aral Sea experienced the 
drastic decline of the lake-level in the 12th-13th century, and the old settlements around Lake Is-
syk-Kul in the 10th-12th century have sunk under present lake level. According to several proxy data 
such as summer temperature from tree-rings, snow accumulation from ice-cores, glacier variations, 
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1. Environmental Change in Central Asia 

soil development, and historical documents, these lake-level decline occurred in 12th-13th under a 
long dry condition, and the increase of lake-level in 17th-mid-19th century under cold/wet condition 
in the Little Ice Age. However, drastic and large-scale decline of the Aral Sea might be related with 
water use of irrigation system in the 7th-12th century around Syr Darya and Amu Darya or flow 
change of Amu Darya to Uzboi to the Caspian Sea, including contribution of water use from Syr 
Darya as show in previous studies. These facts highlight the significant environmental changes that 
have occurred in the past millennium in Central Asia. 

 

1.  Introduction 
 

Environmental changes in the Central Asia during the last 1000 years progress to understand by 
several proxy data such as lake sediments of the Aral Sea since AD2000s. Lake-level of the Aral Sea, 
which has shrunk since the 1960s due to large-scale irrigation projects for spread cotton fields, had 
also declined significantly in 12th-13th century (Sorrel et al., 2006; Oberhänsli et al., 2007; Boroffka 
et al., 2010). The drastic decline and lake-level changes during the last 2000 years were clarified by 
the lake terraces and analysis of lake sediments taken from the dried-up lake bottom (Oberhänsli et 
al., 2007; Sorrel et al., 2007; Boomer et al., 2009). In the dried-up lake bottom, human activities 
such as settlements and pottery also are confirmed (Boroffka et al., 2005; 2006). On the other hand, 
historical map on the mid-19th century shows that the Aral Sea expanded, compare with the present 
lake area (Kostianov et al., 2003; Reinhardt et al., 2008). Drastic shrinkage in 12th-13th century and 
expansion in the mid-19th century suggests large environmental changes might occur in Central Asia. 
In this study, we approached three lake-level changes of Aral Sea, Lake Issyk-Kul, and Lake Balk-
hash in Central Asia during the last 1000 years using the historical maps, and discussed about rela-
tionship with lake-level changes and climate conditions by several proxy data such as tree-rings, 
ice-core, glacier variations, soil development, lake sediments and historical documents.  

We have several following issues. 1) Were timing in lake-level changes of the Aral Sea the same 
as Lake Issyk-Kul and Lake Balkhash during the last 1000 years? 2) How was climate condition un-
der large lake-level changes in Central Asia (ex. 12th-13th and mid-19th century)? There are several 
reports on historical interpretation of cli-
mate change using several proxy data such 
as ice-cores, tree-rings, lake sediments 
(Solomina and Alverson, 2004; Yang et al., 
2007; Yang et al., 2009). 

 

2.  Study area 
 

The study areas are three lakes, Aral Sea 
(64,500 km2), Lake Issyk-Kul (6,300km2), 
Lake Balkhash (18,200 km2) in arid and 
semi-arid region of the Central Asia (Figs. 1, 
2). The water resources of these lakes are lo-
cated at the Tien Shan and Pamirs, which a 
product of India-Eurasia plate convergence by 
distributed depormation (Burbank et al., 

Fig.1. Study area of Central Asia.  
Three large lakes, Aral Sea, Lake Issyk-Kul, Lake 
Balkhash have the same water resources of Tien Shan 
and Pamirs. Green circle: town, yellow square: Gu-
liya Ice Cap and tree-rings sampling site, blue 
square: glacier variations, orange square: buried soil 
development in the glacier landforms.   
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1999; Thompson et al., 2002). Tien Shan of the short-
ening rate 20mm/year (Abdrakhmatov et al., 2001), 
consist of many ranges in 4,000-5,000m asl, which runs 
from west to east. Pamirs is the mountainous area 
which lined with Karakoram, Gissar-Aray, Kunlun, and 
Hindu-Kush mountains. The western-central parts of 
the Pamirs have 6000-7000m elevations with deep val-
leys and steep-high peak, eastern part is plateau land-
forms. Many mountain glaciers are distributed in two 
mountain regions. Snow and glacier meltwater in these 
mountain parts is transported to oasis area through the 
river during spring/summer. However, recent mountain 
glaciers in the Tien Shan has shrank (Aizen, et al., 
2006; Narama et al., 2006; Bolch, 2007; Kutuzov and 
Shahgedanova, 2009; Narama et al., 2010a). Its influ-
ence for river discharge is expected to be greater the 
western Tien Shan which has dry season during summer 
(Narama et al., 2010a), because glaciers contribute wa-
ter discharge during summer of ablation season (Hagg 
et al., 2007; Narama et al., 2010b).  

Climate environment in Central Asia has been de-
termined by the interaction between the shifted wester-
ly and the Siberian high that develop during the winter 
(Zavialov, 2005). The moisture is brought by the wes-
terlies from the Atlantic and the Mediterranean Sea in 
spring, or from the Arctic Ocean in summer. Annual 
precipitation is strongly influenced by mountainous 
terrain, because moisture is blocked by outer mountain 
terrain (Western and Northern Tien Shan), inland 
mountain area (Inner and Central Tien Shan) has less 
precipitation (Aizen et al., 1995; Narama et al., 2010a). 
The lower plain parts which are distributed oasis town 
and agriculture field are dry condition (Bukhara: 167 
mm; Fergana: 191mm). On the other hand, precipitation 
in mountain sites is higher (Fergana range: >1000 mm). 

Local people in the plains, has been used as domestic water supplied by water from the mountain 
sites. In Northern Tien Shan region, oasis and agriculture field developed along the foothills of the 
Tien Shan. 

 

3.  Method 
3.1. Extraction of environment change using historical maps and SRTM DEM data 

 
There are historical maps described Central Asia region in 17th-19th century (Kicengge, 2007; 

Nazarbaev, 2008; Kicengge, 2009). These maps were mainly created for investigation and explora-

Fig. 2. Three lakes, (a) Aral Sea, (b) 
Lake Issyk-Kul, (c) Lake Balkhash in 
Central Asia. 
 Aral Sea has shrank since 1960s due to 
human impact such as irrigation system. 
Aral Sea and Lake Balkhash are shallow, 
and Lake Issyk-Kul has deep basin. 

13



1. Environmental Change in Central Asia 

tion for new land, culture, and living of local people by Russia and the Qing Dynasty (China). The 
geographical names on the maps were written in English, Russian, Manchu, Mongolian, and Chinese 
languages. The historical maps include much information of landscape in 17th-19th century, such as 
lakes, islands in the lakes, rivers, towns, pasture, agriculture fields, and geographical names. We 
reconstructed lake-level of Aral Sea, Lake Issyk-Kul, and Lake Balkhash in 17th-19th century using 
historical maps and the Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM) 
data. The present shoreline in three lakes is shown by Corona in 1962 and Landsat 5 TM in 2009. 
Recent lake-level changes are shown by observational data (1960-2000) and ICESat satellite data 
(2003-2009). The satellite data was handled using PCI Geomatica 10.3 and data analysis was con-
ducted with ArcGIS 9.3. The shoreline on the Aral Sea in the past has been reconstructed in several 
previous studies using SRTM DEM (ex. Reinhardt et al., 2008). 

 

3.2. Proxy data replaced to climate changes in Central Asia 

 
To discuss climate environment caused lake-level changes of three lakes in Central Asia, we 

used several proxy data, replaced to climate changes during the last 1000 years, such as tree-rings, 
lake-level changes, lake sediments, ice-cores, glacier variations, and historical documents. Summer 
temperature during the last 1000 years was reconstructed using ring width index of tree-rings in 
southern Kyrgyzstan (Esper et al., 2003) and average summer temperature (June to August) in Fer-
gana Meteorological station (Fig. 1). As a proxy data for precipitation in the past, we used snow ac-
cumulation data from ice-core which taken at the Guliya Ice Cap in the Kunlun mountains, the 
western China (Thompson et al., 1995). We also referred to glacier variations which shown by 14C 
dating in the Alay, Turkestan, and Kyrgyz Ala-Too ranges, Kyrgyzstan (Zech et al., 2000; Narama, 
2002; Narama and Okuno, 2006; Narama et al., 2010b). In the western Tien Shan and Gissar-Alay 
regions, the 14C ages of buried soils in the glacier lardforms shows it was warm period during glaci-
er recession or stagnant (Savoskul and Solomina, 1996; Zech et al., 2000). In addition, historical 
document supports the climate events by writing about serious damages of livestock called as “жұт 
(Jyt)”, due to natural events under much snow and cold.  
 
4. Result 
4.1. Lake-level changes in the Central Asia during 17th-19th century  
4.1.1 Lake-level changes in Aral Sea 
 

The lake-level of the Aral Sea (66,000 km2) was 53m asl in the early 1960s. The lake-level of 
large-Aral has declined till 43.5m in 1984, 40m in 1987, and 30.5m in 2002 by human influence (Fig. 
2a; Reinhardt et al., 2008). ICESat satellite data recorded the lake level of the large-Aral since 2003, 
such as 31 m asl in 2003, 31 m in 2004, 31 m in 2005, 30 m in 2006, 29 m in 2007, 28 m in 2008, 27 
m in 2009 (Fig. 3a). The changes of lake level in the eastern basin and western basin which Large 
Aral separated in 2005 were the same since 2003. At the present, the water balance of the blocked 
small-Aral has been maintained around 41-42 m by water from Syr Darya since 2003 (Fig. 3a). The 
lake-level changes of the Aral Sea have been analyzed in the last 2000 years by the lake terraces and 
lake sediments from dried-up lake bottom (Boomer et al., 2000; Oberhänsli et al., 2007; Sorrel et al., 
2007). According to previous studies, the Aral Sea has drastically declined the lake-level around the 
12th-13th century. At the period, the lake-level had declined till the lower 32m (Boroffka et al., 2006) 
or lower 30.47m at November 2002 (Reinhardt et al., 2008). These results show the drastic shrin-
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kage on 12th-13th century was the same impact as 
current human activities since the 1960s. Although 
there are some reports that irrigation system de-
veloped in 7th-12th century (Oberhänsli et al., 2007), 
the cause of the decline of the Aral Sea's surface is 
still unclear. 

There are historical maps described the Aral 
Sea during 17th-19th century. However, it is diffi-
cult to compare with landscapes for older and 
present, because older maps around 17th-18th cen-
tury show the lake shorelines and lake form are 
very different from the present. Historical maps 

described the lake in more detail were created 
around 1850s. Fig. 4 shows a historical 
map ”Fragment karti kyrgyz-kaisakov; Maloi 
Ordi” in 1864 (Nazarbaev, 2008). In the south 
shoreline of Aral Sea, Tok-May-Atay island and 
Karaumbet Bay were drawn on the historical 
map. However, these landforms of the Aral Sea 
were not observed on Corona photographical 
image taken in 1st Aug 1962. To reconstruct the 
coastline in 1864, we investigated the shoreline 
of the Aral Sea in 54m asl, 55m, and 56m using 
SRTM DEM. The shoreline in 55m was coin-
cided with that on the historical map in 1864 
(Fig. 4). The lake-level 55m was the same level 
as the shoreline reconstructed using historical 
map in 1951 (Boroffka et al., 2006; Reinhardt et 
al., 2008). Only 2m-lake-level decline caused to 

Fig. 3. The lake level of (a) Aral Sea, (b) 
Lake Issyk-Kul, (c) Lake Balkhash since 
1960.  

Large Aral has continued to decline the level 
at the present, and the level of Small Aral was 
maintained by Kokaral Dam since 2003. 

Fig. 4. Aral Sea of historical map in 1864 and 
lake shoreline in 55m asl using SRTM DEM 
data.  
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change the Aral Sea area largely, because the eastern part of the Aral Sea is shallow and spread gen-
tle slope on the east shoreline. The historical maps and SRTM-DEM data showed the 2m lake-level 
increasing in the mid-19th century, comparing with these in the 1960s. Lake terraces and lake sedi-
ments shows the maximum lake elevation 54-55m during the Holocene (Reinhardt et al., 2008), was 
the same as that in mid-19th century. 
 
4.1.2. Level changes of Lake Issyk-Kul (Ysyk-Köl)  

 
Lake Issyk-Kul (6,300km2, 

1606m asl.; Ysyk-Köl in Kyrgyz 
language) located in the north-
western Kyrgyzstan (Fig. 1), is 
compression basin between the 
Kungöy Ala-Too and Teskey 
Ala-Too ranges (Fig. 2b; Bowman 
et al., 2004). Average depth of the 
lake is 278m (maximum depth: 
668m), the water volume is about 
twice that of the Aral Sea. Chu 
river, which has origin in Naryn 
and Kyrgyz Ala-Too ranges, 
changes direction from north to 
west (the Chu plain) at the turning 
point (Kutemaldinsky threshold) 
near Lake Issyk-Kul. This river 
disconnects to the Lake Issyk-Kul 
(Fig. 2b). The lake level de-
creased in 1927-2000 and in-
creased since 2000 (Fig. 3b; Ro-
manovsky, 2002). ICESat satellite 
data in 2003-2009 shows the cur-
rent lake-level of the Lake Is-
syk-Kul is 1606m asl. Turning 
point (Kutemaldinsky threshold) 
of the Chu river near Lake Is-
syk-Kul is 1620m asl, and vertical 
elevation is 14m difference be-
tween the present level and turn-
ing point. A distance from 
lake-shoreline to the turning point 
is 6km separately (Ferronskii et 
al., 2003). 

Fig. 5 shows historical maps 
described the Lake Issyk-Kul and 
Lake Balkhash in 17th-19th century. 

Fig. 5. Historical maps which described Lake Issyk-Kul and 
Lake Balkhash. 
 (a, b) “Map of all the waterless and difficult country of the 
mountain steppe” in AD1698, (c) “Qinding huangyu xiyu tuzhi 
[Imperially commissioned gazetteer of the western regions of the 
imperial domain] vol.1 in AD1756, (d, e) Lake Issyk-Kul of 
“Daqing yitong yutu [Comprehensive Qing period map]” was 
published in 1760, (f, g) “Xiyu shuidao ji [Waterways of the 
western regions]” vol. 1-5 was investigated in before AD1823.  
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Lake Issyk-Kul was written as “Salty Lake“ or “Large and beautiful Lake” or “Hot Lake” such as 
the meaning of Ysyk-Köl (Ysyk: hot; Köl: lake) in Kyrgyz language (=Issyk-Kul in Russian) on 7th 
century in the historical document (Da tang xiyu ji [An notated edition of accounts of the western 
lands during the great Tang] by Xuan zang (602-664)). The introduction of the historical maps is 
the following. Figs. 5a, b show “Map of all the waterless and difficult country of the mountain 
steppe”. The map of Fig. 5a was investigated in AD1698 by Lemezov, who was ordered about in-
formation of Central Asia (Jungar territory) by the Emperor of Russia. He researched territory, lord, 
pasture and agriculture fields, town, river, lake, mountain, and desert. The range of research area is 
from Kingdom of Altin (east) to Aral Sea (west), from Zaisan Nor (north) to Hiva (south). Lake Is-
syk-Kul was written as Tosköl Nor (Toskol: salt lake in ancient Turkish language; Nor: lake in 
Mongol). Fig. 5c shows that “Qinding huangyu xiyu tuzhi [Imperially commissioned gazetteer of the 
western regions of the imperial domain] vol.1 was investigated in AD1756 by Chu tingzhng. In 
Daichin Gurung period (1616-1911), the purpose of this map is to understand all aspects of new 
western country and some group, which have different lifestyle and livelihood. The maps consist of 
33 maps including mountain, river, and territory in the western region of Daichin Gurung. Lake Is-
syk-Kul was called as Tusi Kule (salt lake) in writing of Chinese for ancient Turkish name. “Daqing 
yitong yutu [Comprehensive Qing period map]” was created in 1760 by Michel Beniost (Figs. 5d, e). 
The area of the map is from Arctic to Indian Sea, Borody Sea to East Sea. Lake Issyk-Kul was 
named as Temurtu nor (Lake of Iron) in writing of Manchu for Mongolian name. “Xiyu shuidao ji 
[Waterways of the western regions]” vol. 1-5 was investigated in before AD1823 by Xu song (Figs. 
5f, g). This map was also named as Temurtu Noor (Lake of Iron) in writing of Manchu for Mongo-
lian name. To understand new country and land as national project, Xu song investigated river sys-
tem in this region for making this map. According to the report of Xiyu shuidao ji [Waterways of the 
western regions], the Temurutu Noor has many fishes and this area is popular with production of 
iron. Many domestic fowls, livestock like sheep and cow live on the good grass fields, and agricul-
ture field spread around Lake Issky-Kul. Thus, after Mongol invasion, the name of Lake Issyk-Kul 
has been changed by situation of country and the ruler. Each new country was appearance, mapping 
and geographical names has been repeatedly remade as national project to understand new land ter-
ritory. Recently, this lake has been called as Lake Issyk-Kul in Russian or Ysyk-Köl (Ysyk: warm; 
Köl: lake) in Kyrgyz language. 

Lake Issyk-Kul described on these historic maps in 17th-19th centuries clearly has the discharge 
from the lake (Fig. 5). The discharge joined to the Chu river at the Kutemaldinsky threshold (1620m 
asl). In the case of the connection with Chu river, the lake-level of the Issyk-Kul rose by 14m (Fig. 
6a). Historical maps show the lake-level during 1698-1829 was higher than the present and main-
tained 1620m asl. Fig. 6a shows the area change at the Issyk-Kul at the lake-level 1620m asl. The 
lake area does not change largely by slight lake-level rising such as Aral Sea and Lake Balkhash, 
because the depression basin type has been surrounded by steep mountains such as the Kungöy 
Ala-Too and Teskey Ala-Too ranges. The decline lake-level (1600m asl) in 15th and rising (1620m 
asl) in mid-19th century were also reported by 14C age of lake terraces around the lake (personal 
communication by C. Ormukov; Romanovsky and Rasmussen, 2007). According to historical docu-
ments, the lake was close without discharge in 16th and 19th century (Romanovsky, 2002). As a result, 
the lake level was lower in 15th-16th century, and higher till 1620m asl during 17th-mid-19th century, 
after that lower again since mid-19th century. The lake-level declined 10m since 1876, 2.64m in 
1927-early-1990's, increased 1.3m in 1910-1928 (Kostianov et al., 2003; Giralt, et al., 2004).  
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Sevastuanov (1991) reported the separation between the Chu river and Issyk-Kul was caused by 
tectonic movement during the late Pleistocene. The separation might be occurred by the tectonic 
movement in the past. However, the large lake-level changes for several hundred years (short pe-
riod) are influenced by climate change. Koy-Sary settlement in the east part of Issyk-Kul on 
10th-12th centuries existed until the end of the 15th century or the early-16th century after Mongol 
invasion. Tossor settlement at the southern shoreline of the Issyk-Kul has existed in 12th century 
(Romanovsky, 2002). At the present, the two settlements had sunk by increase of the lake-level and 
the settlements is located below 3-6m of the current lake-level (Shnitnikov, 1979). In addition, the 
lake sediments show the lake level was decline during AD1180-1308, when moisture index was 
lower (Giralt et al., 2004). These facts show the lake level of the Issyk-Kul was lower than the cur-
rent level during 10-14th century and the lake-level increased after 15th-16th century as shown by 
historical maps. The water discharge resulted by increased lake-level in 17th-19th centuries. The rela-
tionship between the lake-level and river discharge is high (Romanovsky, 2002), the change of 
lake-level in the past might be caused by climate change. 
 
4.1.3. Level changes of Lake Balkhash 
 

Lake Balkhash (18,200 km2) located in southeastern Kazakhstan is an inland lake, which col-
lected water in northern margin of the Balkhash delta (Figs. 1, 2c). Average depth of the lake is 
5.8m shallow (maximum depth: 26.5m). Average depth is 4.6m in west part of the Saryesik penin-
sula and 7.6m in east part (Kostianov et al., 2003). Present lake-level is 342m asl. Balkhash means 
“width” in Mongolian language, indicating that collect many rivers. Ili river, which has origins 
from Tien Shan and Jungar Ala-Too range occupies 80% of inflow water into Lake Balkhash. Seven 
rivers such as Lepsi, Karatal and Ak-Su rivers flow to the lake. The region was called as Semirechye 
(seven rivers) in Russian since the 1840s, or Jety-Su in Kazakh, known as a good pasture and agri-
culture fields, and central region of pasture culture of central Eurasia. The lake level of Balkhash 
has changed in 2.3m range since 1960 (Fig. 3c). 

Lake Balkhash was drawn on many historical maps as shown in Lake Issyk-Kul. We also recog-
nize some characteristics of landforms in the Lake Balkhash on the historical maps during 17th-19th 
century (Figs. 5a, 5b, 5e, 5g). In “Map of all the waterless and difficult country of the mountain 
steppe” investigated in AD1698 and “Xiyu shuidao ji [Waterways of the western regions]” vol. 1-5 
in before AD1823, the islands and its names are drawn on the historical maps. As written on histor-
ical maps in Fig.5b, local people caught fish in the island in winter. The island in the central part 
drawn on historical maps named as “Alaktugul or Alakehan”. Present Algazy island (13.2km2) is 
located at the same location and its name is similar to that on historical maps (Fig. 2c). In docu-
ments of “Xiyu shuidao ji [Waterways of the western regions]” vol. 1-5 (Fig. 5g), there are three 
lakes in the lake. These names are Chahantuohai gatuerhan in western part, Alakehan in central part, 
and Manitu gatuerhan in eastern part. There is a sandbar island Kentybek in the eastern part, con-
nected to land. On the document, Manitu gatuerhan was located at the point which Lepsi river and 
Aytansu river (Ayagyz river?) inflow to the lake, Kentybek is the same location as Manitu gatuerhan. 
However, the highest point of the sandbar formed between the Ketybek island and land is 354.5m asl. 
In the case of separated Kentybek island as shown in the historical maps, lake-level needs to rise by 
~13m (current lake-level of Balkhash: 342m). Lake Balkhash is three times area of Lake Issyk-Kul. 
In the case of the level rise ~13m, it is not clear that a significant increase in flow occurred or not in 
this period. The historical maps since mid-19th century show Kentybek island remains connect to 
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the land. It is difficult to estimate that the lake 
level has increased ~13m during the 17th-19th 

centuries. On the other hand, Saryesik peninsula 
(highest point: 344.2 m) was not shown on the 
historical map during 17th-19th centuries (Figs. 
2c, 6b). The lake-level of Lake Balkhash rise 
several meter (2~3m) during end-17th-19th cen-
tury. As shown that a reconstructed shoreline of 
lake-level in 345m asl using SRTM DEM data, 
the lake area spread to south direction signifi-
cantly (Fig. 6b). The area 23,464km2 and 344.1m 
asl. in 1910 changed to 15,730km2 and 340.7m 
in 1946 by lake-level decreasing of 3.5m (Au-
bekerov et al., 2003). As the large area-change 
shown in Aral Sea due to slight lake-level 
change, Balkhash lake, which has spread land 
(delta) with gentle slope, also changed the area 
largely (Fig. 6b). As a result, the lake-level of 
the Aral Sea, Lake Issyk-kul, and Lake Balkhash 
which has the same water resources in the Tien 
Shan and Pamirs, had increased in 17th-19th cen-
tury. 
 
5.  Discussion 
5.1 Climate changes related with lake-level changes in Central Asia 
 

The historical maps showed the lake-levels of the Aral Sea, Lake Issyk-Kul, and Lake Balkhash 
increased during 17th-19th. On the other hand, the lake-level of Aral Sea declined on 12th-13th cen-
tury and that of Lake Issyk-Kul on 10th-14th century. These results show three lakes which have a 
water source in the Pamirs and Tien Shan, have been changes at the same timing. We discuss about 
the cause of lake-level change using proxy data replaced to climate change in Central Asia. 

Fig. 7 shows several proxy data in Central Asia during the last 1000 years, (a) Summer tempera-
ture in Fergana reconstructed using tree rings index, (b) Snow accumulation reconstructed using 
ice-core of Guliya Ice Cap in the Kunlun mountain, (c) lake-level changes from historical maps and 
lake terraces of Lake Issyk-Kul, (d) Salinity data from lake sediments of the Aral Sea, (e) glacier 
changes and soil development in the Pamir-Alay and Tien Shan. Summer temperature in Fergana 
was reconstructed by the normalized data of ring width from tree-rings, which taken in the Alay 
range in southern Kyrgyzstan (Esper et al., 2002; 2003), and by summer temperatures (June, July, 
August) of the Fergana Meteorological station (1883-1998) near the sampling sites. Juniper sp. of 
tree-ring samples collected shows high correlation between ring width and summer temperature 
(Solomina, 1996; Esper et al., 2003). The temperature shows the clearly lower phase between AD 
mid-1400 and mid-1800 during the Little Ice Age. Tree-rings data shows coldest time was around 
AD1650 during the Little Ice Age (Esper et al., 2002). Before the Little Ice Age, summer tempera-
ture repeated to change largely during AD1000-AD1500. Medieval Warm Period (Optimal Warm 
Anomaly) is not clear in this data. Mann et al., (2009) shows that Medieval Warm Period (AD 

Fig. 6. (a) The area changes of Lake Issyk-Kul 
with lake-level in 1620m asl., (b) The area 
changes of Lake Balkhash with lake-level in 
345m.  
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950-1250) was clear in the North Atlantic, southern Greenland, and not clear in parts of North 
America and northwestern Central Eurasia and North America, the tropical Pacific Ocean, related 
with a localized phenomenon. The climate data reconstructed from lake sediments of Aral Sea is 
also unclear for the Medieval Warm Period.  

As proxy data of precipitation in Central Asia, we used snow accumulation reconstructed from 
ice-cores of the Guliya Ice Cap in the Kunlun mountain (Thompson et al., 1995). The data has high 
correlation with precipitation data from tree-rings data in upper part of the Ili river and the eastern 
Tien Shan region (Bao et al., 2006), indicating that significantly affected by the Westerlies. On the 
other hand, precipitation in the southern Tibet influenced by Indian Monsoon is very low correlation. 
Snow accumulation in AD1000-1500 was relatively lower, and increased in the Little Ice Age. Con-
sidering with temperature data, AD1000-1500 was repeated cold/warm under dry condition in this 
region, and the Little Ice Age was cold/humid environment. The cold/wet condition during the Little 
Ice Age was also reported by pollen analysis of Bosten lake sediments in the northern Taklimakan of 
northwest China (Chen et al., 2006). 

Fig. 7 shows glacier chronology in Central Asia during the last 1000 years. Many glaciers in the 
Tien Shan region advanced during the Little Ice Age (Solomina, 2000). We suggest two main glacier 
advance stages during the Little Ice Age. In the Turkestan range of the Gissar-Alay region, the old-
est and outside moraines during the Little Ice Age include many trees which fallen by moraine de-
posits at the glacier advance. 14C ages of these fallen trees shows the maximum glacier advances 
occurred during 15-17th centuries in this region (Figs. 1, 8; Narama, 2002; Narama and Okuno, 

Fig. 7. Proxy data of Central Asia. (a) Fergana summer temperature, (b) snow accumulation from 
Guliya Ice Cap, (c) lake-level changes of Lake Issyk-Kul, (d) salinity data of Aral Sea, (d) glacier 
variations, including soil development in glacier landforms.  
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2006). In the Ak-Say glacier 
front in the Ala-Archa val-
ley, Kyrgyz Ala-Too range, 
two distinct moraines was 
formed during the Little Ice 
Age (Figs. 1, 9). The two 
moraines, which consist of 
fresh debris, could be classi-
fied with two glacier ad-
vance stages I and II. A ca-
librated 14C age (OxCal4.1) 
of radiocarbon (14C) dating 
for plant fossil from stage II 
moraine shows glacier in 
second stage occurred in 
AD1833-1880 (PLD-14664), 
respectively (Narama et al., 
2010b). The result is sup-
ported by the relative age 
(AD1845-1865) on the stage 
II moraine by lichenometory 
(Solomina et al., 1994). Al-
though many glacier ad-
vances around mid-19th 
century have been identified 
in the European Alps (Grove, 
1988), maximum glacier 
expansions in Central Asia 
occurred 15-17th centuries 
during the Little Ice Age 
(Fig. 10; Solomina, 2005; 
Narama, 2002; Narama and 
Okuno, 2006). Glacier ad-
vances in stage II (mid-19 
century) were smaller. As 
shown in temperature varia-
tions, glacier expanded at 
more colder/humid condition 
during the first half of the 
Little Ice Age.  

There are no reports 
about glacier advances in 
AD1000-1500 by absolute 
dating. However, soil de-
velopments were observed at 

 
Fig. 8 Glacier advances in Turkestan range during the Little Ice Age. 
The maximum of glaciers advances occurred in 15th-17th century in 
Gissar-Alay region. 
 

Fig. 9. The second advance stage of Ak-Say glacier, Kyrgyz Ala-Too 
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the moraine outcrops and riverbed at the glacier 
front in several mountain regions (Fig. 1). The bu-
ried soil in the lateral moraine in the Alay range, 
Gissar-Alay was formed in AD920-1160. This age 
shows the Abramov glacier was stagnant or shrink-
ing under warm climate condition (Zech et al., 2000). 
In Pskem and Ugam ranges in the western Tien Shan, 
the 14C ages of the buried soil at riverbed of glacier 
front were AD935-1109, AD969-1023, 
AD1289-1383 (Savoskul and Solomina, 1996; So-
lomina, 1996). These ages of soil development are 
coincided the warm climate period on summer tem-
perature variations of tree-rings, and glaciers might 
be smaller than the present area in this time (Solo-
mina, 1996).  

Historical documents in 17th-19th century were 
written about serious damages of livestock due to 
heavy snow and cold condition called as “жұт (Jyt)” 
in Kazakhstan. According to “Manchu memorials of 
the Kangxi reign (Kangxichao manwen zhupi 
zouzhe)” in 1715, it was snow 105cm in November 
1714 and only two horses among 300 domestic ani-
mals remained around Ili river of the southern part 
of Kazakhstan (Fig. 11). The heavy snow in 1766 
caused large livestock deaths and many emigrants 
from Kazakhstan to Chinese territory. Cold and wet 

Fig. 10. Glacier advance stages in Altay, Tien Shan, and Gissar-Alay during the Little Ice Age. 

 
Fig. 11. “Manchu memorials of the Kangxi 
reign (Kangxichao manwen zhupi zouzhe)” 
in 1715.  
Lower temperature and heavy snow events in 
17th-19th century are shown in historical 
documents. 
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conditions during the Little Ice Age often led to serious damage of livestock under lower tempera-
ture or heavy snow. 

 

5.2 The lake-level changes under climate condition 

 
Aral Sea and Lake Balkhash were expanded the area largely with slight lake-level increase. On 

the other hand, the change of lake area in Lake Issyk-kul was small due to lake-level change, be-
cause Lake Issyk-Kul was depression basin by uplifted Teskey Ala-Too and Kungöy Ala-Too ranges. 
Historical maps showed the lake-level increased during 17th-19th century in Aral Sea, Lake Is-
syk-Kul, and Lake Balkhash. According to previous studies, the lake-level of Aral Sea declined in 
12th-13th century and that of Isskyk-Kul also declined in 10th-14th century. Three lakes, which have 
the same water resources in the Pamir and Tien Shan might change at the same timing. According to 
several proxy data, lake-level rising in the 17th-19th century occurred under cold/wet condition dur-
ing the Little Ice Age. Historical documents around 1782 also show Rope-Noor in Tarim basin ex-
panded in this period (Chen et al., 2006). Other lakes in Central Asia were also reported about 
lake-level rising during this period (Solomina and Alverson, 2004). Nam lake of central Tibet has 
also expanded AD1600-1800 during the Little Ice Age (Wrozyna et al., 2009). Lake evaporation was 
lower and glacier melt-water also decreased significantly under cold period. Changes in lake-level 
of Lake Issyk-Kul correlated with the inflow from rivers (Romanovsky, 2002), the change of preci-
pitation might cause increase of the lake-level. Giralt et al., (2001) also estimated the repeated 
lake-level rising occurred under wet condition using lake sediments.  

On the other hand, the lake-level decline of the Aral Sea in the 12th-13th century and that of Iss-
kyk-Kul also declined in 10th-14th century might be caused under a long dry condition, because low-
er snow accumulation in Guliya Ice Cap and high salinity condition of Aral sediment had continued 
in 11th-13th century. The lake-level decline on the 12th-13th century was caused by the decrease in 
inflow under the long arid condition and decreasing temperature, including decrease of glacier 
melt-water and lower evaporation. The impact of glacier meltwater might be not significant on the 
lake-water balance. However, the level decline of the Aral Sea was quiet drastic and large-scale, 
compare with Lake Issyk-Kul. There are some reports that the large lake-level decline on the 
12th-13th century caused by the development of irrigation system in the 7th-12th century around Syr 
Darya and Amu Darya related with human impact or water flow changes to Uzboi to the Caspian Sea, 
including contribution of water use from Syr Darya (Oberhänsli et al., 2007; Boroffka et al., 2010). 
It is difficult to estimate that the same impact of current human activity occurred on the 12th-13th 
century under climate change. Water flow of Amy Darya changed from Aral Sea to Caspian Sea 
during the Holocene (Ferronskii et al., 2003; Boroffka, 2010), the flow change might be related to 
the decline of lake level during 12th-13th century.  

 
6. Conclusion 
 

Aral Sea, Lake Issyk-Kul, and Lake Balkhash caused lake-level rising in 17th-19th century. The 
Aral Sea had experienced a rapid decrease of lake-level in the 12th-13th century. The settlements 
which had developed in 10th-12th century around Lake Issyk-Kul had sunk under present lake-level. 
Thus, the lake-level in Central Asian lakes might change in the same timing during the last 1000 
years. The decline of the lake-level caused under a long dry condition in 12th-13th century, and the 
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increase of lake-level caused under cold/wet condition in 17th-mid-19th century. Precipitation might 
mainly lead to change lake water balance. However, the drastic level decline of the Aral Sea might 
be caused by human impact such as irrigation system or water flow changes to Caspian Sea as 
shown in previous studies. In this study, we used the historical maps in 17th-19th century which de-
scribed for investigation by Qing Dynasty and European explorers. These maps include information 
on geographical information such as mountains, rivers, lakes, and human activities (town, pasture 
land, and agriculture field) at that period. Using these multiple historical maps, we can extract much 
information about environmental changes in the past and present different views. 

 

Acknowledgements  
 

Special thanks are due to M. Watanabe of RIHN, V.V. Romanovsky of Institute of water prob-
lem, J. Esper of Mainz Univ., O. Solomina of Institute of Geography, Russian Academy of Sciences, 
N.G.O. Boroffka of GFZ, A.R. Agatova of Institute of Geology (Siberian Division), Russian Acad-
emy of Sciences, M. Sano of Nagoya Univ., B. Yang of Lanzhou Institute, V.B. Aizen of Idaho Un-
iv., K. Endo of Nihon Univ., T. Haraguchi of Osaka City Univ., T. Akiyama of University of Tokyo. 
This research was supported by Ili Project of RIHN. We thank to Palace Museum in Taipei and 
Kyoto University for support of historical maps. 

 
References 
 
Abdrakhmatov, K.Y., Aldazhanov, S.A., Hager, B.H., Hamburger, M.W., Herring, T.A., Kalabaev, 

K.B., Makarov, V.I., Molnar, P., Panasyuk, S.V., Prilepin M.T., Reilinger, R.E., Sadybaka-
sov, I.S., Souter, B.J., Trapeznikov, Y.A., Tsurkov, V.Y., and Zubovich, A.V. 1996. Rela-
tively recent construction of the Tien Shan inferred from GPS measurements of present-day 
crustal deformation rates, Nature, 384, 450-453. 

Aizen, V.B., E.M. Aizen and J.M. Melack. 1995. Climate, snow cover and runoff in the Tien Shan. 
Water Resour. Bull., 31(6), 1–17. 

Aizen, E.M., 2006. Glacier changes in central and northern Tien Shan during the last 150 years 
based on surface and remote sensing data. Annals of Glaciology, 43, 202-213. 

Aubekerov, B.J., Sala, R., Nigmatova, S.A., 2003. Late Holocene paleoclimate and paleogeography 
in the Tien Shan Balkhash region. PAGES News, 11, 24-26. 

Bolch, T., 2007. Climate change and glacier retreat in northern Tien Shan (Kazakhstan/Kyrgystan) 
using remote sensing data, Global Planet. Change, 56, 1–12. 

Boomer, I., Aladin, N., Plotnikov, I., & Whatley, R. (2000). The palaeolimnology of the Aral Sea: A 
review. Quaternary Science Reviews, 19, 1259–1278. 

Boomer, I., Wünnemann, B., Mackay, A.W., Sustin, P., Sorrel, P., Reinhardt, C., Keyser, D., Gui-
chard, F., Fontugne, M., 2009. Advances in understanding the late Holocene history of the 
Aral Sea region. Quaternary International, 194, 79-90. 

Boroffka, N.G.O., Obernhänsli, H., Achatov, G.A., Aladin, N.V., Baipakov, K.M., Erzhanova, A., 
Hörnig, A., Krivonogov, S., Lobas, D.A., Savel’eva, T.V., Wünnemann, B., 2005. Human 
settlements on the northern shores of Lake Aral and water level changes. Mitigation and 
Adaptation Strategies for Global Change, 10, 71–85.  

Boroffka N,G.O., Obernhänsli, H., Sorrel, P., Demory, F., Reinhardt, C., Wünnemann, B., Alimov, 
K., Baratov, S., Rakhimov, K., Saparov, N., Shirnikov, T., Krivonogov, S.K., 2006. Arc-

24



The Lake-level Changes in Central Asia during the Last 1000 Years Based on Historical Map 

haeology and climate: settlement and lake-level changes at the Aral Sea. Geoarchaeology, 21, 
721–734. 

Boroffka, N.G.O., 2010. Archaelogy and its relevance to climate and water level changes: A review. 
In The Aral Sea Environment. 283-303. Springe, Berlin. 

Burbank, D.W., McLean, J.K., Bullen, M., Abdrakhmatov, K.Y., Miller, M.M., 1999. Partitioning of 
intermontane basins by thrust-related folding, Tien Shan, Kyrgyzstan. Basin Research, 11, 
75-92. 

Chen, F., Huang, X., Zhang, J., Holmes, J.A., Chen, J., 2006. Humid Little Ice Age in arid Central 
Asia documented by Bosten Lake, Xinjiang, China. Science in China Series D: Earth 
Sciences, 49, 1280-1290. 

Esper, J., Schweingruber, F.H., Winiger, M., 2002. 1300 years of climatic history for Western Cen-
tral Asia inferred from tree-rings. The Holocene, 12, 267-277. 

Esper, J., Shiyatov, S.G., Mazepa, V.S., Wilson, R.J.S., Graybill, D.A., Funkhouser, G., 2003. 
Temperature-sensitive Tien Shan tree ring chronologies show multi-centennial growth trends. 
Climate Dynamics, 21, 699-706.  

Ferronskii, V.I., Polyakov, V.A., Brezgunov, V.S., Vlasova, L.S., Karpychev, Y.A., Bobkov, A.F., 
Romaniovskii, V.V., Johnson, T., Ricketts, D., Rasmussen, K., 2003. Variations in the hy-
drological regime of Kara-Bogaz-Gol Gulf, Lake Issyk-kul, and the Aral Sea assessed based 
on data of bottom sediment studies. Water Resources, 30(3), 252-259. 

Giralt, S., Riera, S., Klerkx, J., Julia, R., Lignier, V., Beck, C., Batist, M.D., Kalugin, I., 2001. Lake 
Issyk-Kul (Rep. of Kyrgyzstan): an example of recent evolution in a continental environment. 
Terra Nostra 1001/2: Proceedings of 3rd Workshop SEWG ELDP, Girona, 30-36. 

Giralt, S., Julià, R., Klerkx, J., Riera, S., Leroy, S., Buchaca, T., Catalan, J., Batist, M.D., Bobrov, 
V., Gavshin, V., Kalugin, I., Sukhorukov, F., Brennwald, M., Kipfer, R., Peeters, F., Lom-
bardi, S., Matychenkov, V., Romanovsky, V., Podsetchine, V., Voltattorni, N., 2004. 
1,000-year environmental history of Lake Issyk-Kul. J.C.J. Nihoul et al. (eds.), Dying and 
Dead Seas, 253-285. 

Grove, J.M. 1988. The Little Ice Age. Routledge, London, pp.498. 
Hagg, W., Braun, L.N., Kuhn, M., Nesgard, T.I., 2007. Modeling of hydrological response to cli-

mate change in glacierized Central Asian catchments. Journal of Hydrology 332, 40– 53. 
Kicengge, 2007. A map of Amur valley in Manchu language, Daichi no shōzō, Kyōto University 

Press, 193-222. [in Japanese] 
Kicengge, 2009. The Manchu Language “the Ula region Map”, National Palace Museum Research 

Quarterly, 26 (4), 1-74. [in Chinese]. 
Kostianov, A.G., Zavialov, P.O., Lebedev, S.A., 2003. What do we know about dead, dying and en-

dangered lakes and seas? Edited by Nihoul, J.C.J., Zavialov, P.O., Micklin, P.P., In Dying 
and Dead Seas-climatic versus anthropic causes. NATO Science Series, 1-48. 

Kutuzov, S. and Shahgedanova, M., 2009. Glacier retreat and climatic variability in the eastern 
Terskey-Alatoo, inner Tien Shan between the middle of the 19th century and beginning of 
the 21st century, Global Planet. Change, 69, 59–70. 

Mann, M.E., Zhang, Z., Rutherford, S., Bradley, R.S., Hughes, M.k., Shindell, D., Ammann, C., Fa-
luvegi, G., Ni, F., 2009. Global signatures and dynamical origins of the Little Ice Age and 
Medieval Climate Anomaly. Science, 326, 1256-1258. 

Narama, C., 2002. Late Holocene variation of the Raigorodskogo Glacier and climate change in the 
Pamir-Alai, central Asia. Catena 48: 21-37.  

25



1. Environmental Change in Central Asia 

Narama, C., Okuno, M., 2006 Record of glacier variations during the Last Glacial in the Turkestan 
Range of the Pamir-Alay. Annals of Glaciology 43 :397-404. 

Narama, C., Shimamura, Y., Nakayama, D., Abdrakhmatov, K., 2006. Recent changes of glacier 
coverage in the western Terskey-Alatoo Range, Kyrgyz Republic, using Corona and Landsat. 
Ann. Glaciol. 43, 223-229. 

Narama, C., Kääb, A., Duishonakunov, M., Abdrakhmatov, K., 2010a. Spatial variability of recent 
glacier area changes in the Tien Shan Mountains, Central Asia, using Corona (~1970), 
Landsat (~2000), and ALOS (~2007) satellite data. Global and Planetary Change, 2010. 

Narama, C., Fujita, K., Duishonakunov, M., Kajiura, T., Daiyrov, M., Usubaliev, R., and Shatravin, 
V., 2010b. Observation of glacier melting in the Chong-Kyzylsuu basin, Kyrgyzstan in 
2006–2009, Project report on an oasis-region, 8(1), 97–104 (in Japanese). 

Nazarbaev, N., 2008. Atlas Tyran. Almaty-Moscow, 480pp. 
Oberhänsli, H., Boroffka, N., Sorrel, P., Krivonogov, S., 2007. Climate variability during the past 

2000 years and past economic and irrigation activites in the Aral Sea basin. Irrigation 
Drainage System, 21, 167-183. 

Reinhardt, C., Wünnemann, B., Krivonogov, S.K., 2008. Geomorphological evidence for the late 
Holocene evolution and the Holocene lake level maximum of the Aral Sea. Geomorphology, 
93, 302-315. 

Romanovsky, V.V., 2002. Water level variations and water balance of Lake Issyk-Kul. J. Klerkz 
and B. Imanackunov (eds.), Lake Issyk-Kul: Its Natural Environment, 45-57. 

Romanovsky, V.V., Rasmussen, K.A., 2007. The motion of level of Issyk-Kul in Holocene Accord-
ing to the data’s of radiocarbon dating. Issyk-Kul report II. (in Russian) 

Savoskul, O.S., Solomina, O., 1996. Late-Holocene glacier variations in the frontal and inner ranges 
of the Tian Shan, central Asia. The Holocene, 6(1), 25-35. 

Savoskul, O.S., 1997. Lichenometric and 14C evidence for the Late Holocene glacier variations in 
the Oigaing river basin, western Tian Shan, central Asia. Zeitschrift fu¨r Gletscherkunde 
und Glazialgeologie 33, 111 –124. 

Shnitnikov，A.V., 1979. Lake Issyk Kul: Nature, Protection and Economic Prospects, Ilim, Frunze, 
196p. (in Russian) 

Sevastyanov, D.V., Mamedov, E.D., Rumyantsev, V.A., 1991. History of lakes Sevan, Issyk-Kul, 
Balkhash, Zaisan, and Aral. Nauka, Leningrad. (in Russian) 

Solomina, O.N., 1996. Long-term variations of mountain glaciers in the former USSR (FSU). Zeit-
schrift fu¨ r Gletscherkunde und Glazialgeologie 32, 197–205. 

Solomina, O.N., 2000. Retreat of mountain glaciers of northern Eurasia since the Little Ice Age 
maximum. Annals of Glaciology 31, 26– 30. 

Solomina, O.N., Savoskul, O.S., Cherkinsky, A.E., 1994. Glacier variations, mudflow activity and 
landscape development in the Aksay Valley (Tian Shan) during the late Holocene. The Ho-
locene 4, 25–31. 

Solomina, O.N., Kamnyansky, G.M., 1998. Fluctuations of four glaciers of the Pamir-Alay by li-
chenometric data. Data of Glaciological Studies 83, 158–164 (in Russian). 

Solomina, O.N., Alverson, K., 2004. High latitude Eurasian paleoenvironments: introduction and 
synthesis. Palaeogeography, Palaeoclimatology, Palaeoecology, 209, 1-18. 

Solomina, O.N., 2005. Glacier and climate variability in the Mountains of the Former Soviet Union 
during the last 1000 years. U.M. Hiber et al., (eds.), Global Change and Mountain Regions, 
Springer, 61-72. 

26



The Lake-level Changes in Central Asia during the Last 1000 Years Based on Historical Map 

 
Sorrel, P., Pspescu, S.-M., Head, M.J., Suc, J.P., Klotz, S., Oberhänsli, H., 2006. Hydrographic de-

velopment of the Aral Sea during the last 2000 years based on a quantitative analysis of di-
noflagellate cysts. Palaeogeography, Plaeoclimatology, Palaeoecology, 234, 304-327. 

Sorrel, P., Popescu, S-M., Klotz, S., Suc, J-P. Oberhänsli, H., 2007. Climate variability in the Aral 
Sea basin (Central Asia) during the late Holocene based on vegetation changes. Quaternary 
Research, 67, 357-370. 

Thompson, L.G., Yao, T., Mosley-Thompson, E., Davis, M.E., Lin, P.E., Henderson, K.A., Cole-Dai, 
J., Bolzan, J.F., Liu, K.B., 1995. A 1000 year climate ice-core record from the Guliya ice 
cap, China: its relationship to global climate variability. Annals of Glaciology, 21, 175-181. 

Thompson, S.C., Weldon, R.J., Rubin, C.M., Abdrakhmatov, K., Molnar, P., Berger, G.W., 2002. 
Late Quaternary slip rates across the central Tien Shan, Kyrgyzstan, central Asia. Journal of 
Geophysical Research, 107, B9, 2203, doi: 10.1029/2001JB000596, 2002. 

Wrozuna, C., Frenzel, P., Steeb, P., Zhu, L., Geldern, R.V., Mackensen, A., Schwalb, A., 2010. Sta-
ble isotope and ostracode species assemblage evidence for lake level changes of Nam Co, 
southern Tibet, during the past 600 years. Quaternary International, 212, 2-13. 

Yang, B., Bräuning, A., Zhang, Z., Dong, Z., Esper, J., 2007. Dust storm frequency and its relation 
to climate changes in Northern China during the past 1000 years. Atmospheric environment, 
41, 9288-9299. 

Yang, B., Wang, J., Bräuning, A., Dong, Z., Esper, J., 2009. Late Holocene climatic and environ-
mental changes in arid central Asia. Quaternary International, 194, 68-78. 

Zavialov, P.O., 2005. Physical oceanography of the dying Aral Sea. Springer Verlag, published in 
association with Praxis Publishing, Chichester, UK, 146pp. 

Zech, W., Glaser, B., Ni, A., Petrov, M., Lemzin, I., 2000. Soil as indicators of the Pleistocene and 
Holocene landscape evolution in the Alay Range (Kyrgyzstan). Quaternary International, 
65/66, 161-169. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

27



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




