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Abstract: The Syrdarya Delta, located in semi-arid and arid Central Asia, is an important
water source for fertile landscapes. The environmental history of the Syrdarya Delta (SD)
during the 19th and 20th centuries is a diverse and understudied subject, and its natural and
anthropogenic aspects changed drastically during this period. As a result of the Syrdarya
Delta’s location, on the shores of the former Aral Sea, there is a vital need to expand our
understanding of the phases and policies that led to the current condition. This study
argues that by integrating methods from social and natural sciences and applying them to
selected historical materials, among them, former classified materials from the Cold War
period, we can expand our understanding regarding the extent and types of disruptions in
the Syrdarya Delta ecological system. The main findings of this study show that between
the second part of the 19th and the 21st centuries, a period of roughly a hundred and fifty
years, the SD changed drastically in aspects of urban areas, which increased during the
Soviet period, changes in land use and hydrography, with changes in the amounts, size
and flowing directions of water streams in the SD. The findings also present changes in
vegetative cover and amounts parallel to salinization of the soil, which increased in the
1970s-1980s, and changes in the meeting point of the former Aral Sea with the SD. The
findings of the study indicate that most of these changes can be attributed to anthropogenic
factors, which have taken place mainly since the 1960s-1970s under the USSR regime. As
this study presents, such materials can assist in reconstructing land use and land cover
from the years to which our data are limited by integrating them with modern satellite
image analysis, thus being able to quantify and estimate the amounts and types of these
changes regarding salinization, land use and land cover and hydrology, which are crucial
for studying deltas located in arid and semi-arid landscapes, such as the SD. This study
presents evidence and argues that these data are of pivotal importance and should be
used when attempting to rehabilitate and manage today’s Syrdarya Delta landscapes
and hydrology.

Keywords: Syrdarya Delta; historical geography; GIS; remote sensing; Soviet and post-Soviet
landscape management; land use; land cover
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1. Introduction

The Syrdarya River (SR), originating in the mountains of Tian Shan, crosses vari-
ous countries in Central Asia (CA), including Kyrgyzstan and Kazakhstan. Its lower
streams and its delta are located on the eastern shores of the Aral Sea, in present-day Kaza-
khstan [1-4]. The SR, also known in some historical documents by the name of “Jaxartes
River”, is an important landmark in CA geography and history as a central water source
that flows through semi-arid and arid landscapes [5-10]. Inland deltas are formed at the
meeting point of the river with a large water body, where the river water splits, and the
branches of its water streams shape, cross and spread, creating the delta landscape [11-13].
Prior to the influence of the USSR, the SD was subjected to less intensive agricultural
practices than the Amudarya Delta (AD), which, with the SD, are the two large deltas of
the Aral Sea, and therefore, it provides a useful case study (Figure 1).
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Figure 1. Study site—the Syrdarya Delta (SD). Image source: Maxar, 29 June 2022.

Throughout history, different agricultural infrastructure and irrigation systems were
built by different rulers on the Syrdarya River banks, and in SD landscapes in particular,
largely because the SD is located in semi-arid and arid landscapes, where water sources are
sparse [8,9,14-19].The interactions between humans and the fragile ecological system in
the SD are noted and mentioned in the early expeditionary reports of those who surveyed
it [7,20-26] as discussed in the next part of this section. Additionally, phases of environ-
mental and hydrological changes in different SD water streams and meanders resulting
from its natural deltaic dynamic environments are mentioned and reflected in different
historical and contemporary sources [23,26,27].
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The need for explorations and surveys to map and study the landscape and hydrog-
raphy of the SD increased during the 19th century as part of Tsarist Russian and British
Empire policies, through their engagement in the “Great Game” in the vast territories of
Central Asia [10,14,23,28-31].

This paper aims to demonstrate how the combination of a variety of historical and
modern sources allows us to identify and quantify the impact of different land use policies
throughout different regimes to date.

2. Methods and Materials
2.1. Qualitative Historical Data

The qualitative method is based on environmental, historical, discursive approaches
combined with the content analysis method of primary historical sources, which isolate and
detect different geographical features and descriptions in primary historical sources and the
context they were used in [32-36]. Historical environmental data were compiled from re-
ports of scientific surveys from the 19th and 20th centuries, from primary historical sources
of Tsarist Russia, the British Empire and the USSR, isolating historical data describing the
hydrography, irrigation and land use and land cover (LULC) of the SD [22,36-39].

2.2. Analysis of Historical Maps

Historical maps can provide a description of a given historical landscape, providing
crucial data, especially regarding historical eras when aerial photography and satellite
images were either unavailable or of a very low resolution [35,40,41].

The methodology used to analyze the 19th century historical map and the Soviet Army
maps from the second half of the 20th century included several stages.

First, the historical map was scanned and georeferenced for visual comparison and
analysis. The Soviet Army maps were also scanned and georeferenced in order to create
a digital copy with ArcGIS, providing historical geographic content in GIS environment.
Once georeferenced, the historical Soviet Army map was compared and added to the
historical satellite images, thus being used to create time series images and data of LULC in
the SD.

Second, historical materials were selected and gathered, especially historical explo-
ration reports along with historical and contemporary satellite images, in order to correlate
between natural and anthropogenic changes detected in the landscape based on GIS analy-
sis, and a visual comparison was conducted in order to understand the contribution that
these historical materials provide.

Lastly, data from historical maps were organized in digital databases and tables,
with features such as hydrology, geomorphology, water bodies, vegetative cover, human
settlement and agriculture. The results are presented in units of meters or kilometers in
graphs and in numerical tables. A flowchart of the research methodology is presented in
Figure 2.

2.3. Remote Sensing

The ability to investigate planet earth from space with different perspectives using
high-resolution cameras that can observe and analyze different electromagnetic spec-
tra opens broad opportunities for scientific research, and it is a tool that develops con-
stantly [40,42—-45]. Satellite technologies enable the analysis of vast geographical areas from
broader perspectives, which ground surveys cannot achieve [43,46,47] By using remote-
sensing techniques, we can study and analyze a landscape from a distance without direct
contact. Remote-sensing tools provide the ability to investigate and analyze minerals,
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vegetative cover, human settlements, water bodies, roads, soil qualities and changes in a
selected area [40,45,48,49].
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Figure 2. Flowchart of the research methodology of this study.

Land use and land cover assessments are analyzed using remote-sensing data. The
ideal is to use high-resolution sensor images, and historical satellite images can be a
challenge as a result of resolution [42,50]. However, examining the LULC patterns over a
scale of time, focusing on elements large enough so as not to be limited to high resolution,
can provide a crucial database regarding LULC. The initial stages of landscape and land
use interpretation in the research area combined several automatic and semi-automatic
procedures [46,51]. The study was conducted in a specific region of the Syrdarya Delta and
analyzed selected changes in the natural and anthropogenic landscapes during a period of
several decades [50,52]. Prior to the classification and interpretation stages, data collection
was performed. Six Landsat satellite images were downloaded from the USGS Earth
Explorer database https:/ /earthexplorer.usgs.gov accessed in 25 November 2022 [42,50,53].
The selected temporal framework focused on May to also detect and analyze vegetative
cover changes. Observation images were selected for the following dates:

- 16 May 1977;
- 14 May 1986;
- 15May 2001;
- 16 May 2010;
- 27 May 2020;
- 27 May 2022.
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Each image that was downloaded had a spatial resolution of 25 m. ArcGIS Pro
3.1 software was employed to conduct the analysis, which consisted of the following
sequential stages:

1.  Georeferencing of Landsat satellite images for the study area.

2. Preliminary unsupervised image classification in order to identify landscape clusters,
including built areas, agricultural land, wet zones and dry zones.

3. Application of specific features to delineate entities from the identified clusters:

a. Normalized Difference Vegetation Index (NDVI) for identification of vegetated
areas and their changes in the SD.

b. Normalized Difference Water Index (NDWI) for delineation of water bodies in
the SD.

c. Normalized Difference Built-up Index (NDBI) for identification and analysis of
built areas in the SD.

d. Normalized Difference Moisture Index (NDMI) for differentiation between
crops and other vegetation identified through NDVL

4. Manual interpretation in specific regions, particularly in agricultural areas.

o

Calculation of areal metrics and comparative data analysis.
6.  Production of spatial outputs.

This research provided a comprehensive analysis of the landscape and land use
changes in the SD over a 45-year period (1977-2022). Through the systematic application
of remote-sensing techniques and geospatial analysis, several significant findings were
discovered, which are presented and explained in Section “Environmental History of the
Syrdarya Delta During the USSR and Since Then”.

3. Results

The results of this study show a slow and careful analysis of 19th and 20th century
historical sources, compared and contrasted with Soviet and modern contemporary sources
using Arc GIS Pro 3.1 and remote-sensing tools, exposing the effects of humans on the
SD. Our analysis results show that the SD changed in aspects of hydrography, LULC and
settlements over the studied period. The historical map from the 19th century combined
with the historical exploration reports show that water streams were different in size and
hydrography and that the SD irrigation and LULC until the Soviet period mainly comprised
traditional systems and did not allow agricultural activity on a massive, industrial level.
The GIS and remote-sensing analysis of Soviet Army and historical maps of the SD indicates
different levels of mostly anthropogenic influences on SD hydrography and landscapes.
The analysis indicates an increase, especially in vegetative cover and in water bodies, in
comparison between the historical and more current years: 1980, 2001, 2010 and 2022. The
analysis results indicate an increase of 57.9% in the urban area in the SD between May 1977
and May 2022 and a decrease of 95.9% in sand ridges until May 1986 during the Soviet
period, probably as a result of the spread of vegetation in the SD covering the sand ridges.
The results of this study also indicate an increase in the size of flood plains and dried and
salty areas between 1977 and 1986 during the Soviet era, with an obvious decrease from
2001 until 2022.

4. Discussion

In this section, analyses of historical written reports by the Russian scientist and ex-
plorer Lev Semyonovich Berg (1876-1950) are analyzed and presented in the environmental
historical context [54-56]. Lev Berg was born in 1876 in Bessarabia, which was then part
of Tsarist Russia and today lies in Moldova [57]. Berg, a geographer and zoologist, sur-
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veyed and explored CA landscapes, focusing on the Aral Sea and its deltas: the AD and
SD [20,38,58,59].

For his research on the Aral Sea, published as a book in Russian and later translated
into English, Berg was awarded a doctoral degree in 1908 [20]. His research was sponsored
initially by Tsarist Russia and later, after the Communist Revolution, by the USSR [57].
From the 1940s until his death in 1950, Berg served as president of the Geographical Society
in the USSR [57].

The second explorer of the SD was Herbert Wood, an explorer sent by the British
Empire who surveyed the Aral Sea, Amudarya Delta and SD [25].

The importance of the Berg expedition and its findings is explained in a review of his
book about the Aral Sea translated into English from 1911:

“Mr. L. Berg’s book appears as a first attempt to give us detailed description of
one of the largest interior water areas in Russia from physical and geographical
point of view, not so much in the form of a compilation, but principally as a
study based on his own observations and exploration. The book is therefore
to be welcomed; and it is bound to occupy a foremost place among Russian
limnological works” [60] (Markov, 1911, p. 515).

In his book, Berg analyzed different survey reports written by previous, mostly Rus-
sian, explorers of the Aral Sea and SD [20,53,61-63]. He also compared his own findings
with the notes from earlier expeditions, such as those of General Alexey Boutakoff, a
Tsarist Russia admiral who also explored the Aral Sea and its deltas between 1840 and
1860 [21,27,53,64,65].

Berg writes in his report that when he explored the SD between 1899 and 1906, “there
were two main water streams, and between these two main large water streams in the
delta exists intense vegetative cover on the landscapes of the Syrdarya Delta” [53] (Berg,
1908, p. 110). After measuring sedimentation mobilization of the Syrdarya River, Berg’s
measurement results indicated, as he mentions, an average of 850 g of solid sediments per
cube of water [53] (Berg, 1908, p. 127), presenting the water stream speed and its ability to
transport sediments in the late 19th and early 20th centuries, which constitutes important
historical hydrological information [53] (Berg, 1908, pp. 105-110). Berg also mentions in
his book that an expedition that had surveyed the landscape of the SD between 1820 and
1825 describes a water stream that no longer exists in his time, indicating the dynamic
nature of the delta region [53], (Berg, 1908, p. 128).

Berg'’s report provides evidence on the dynamic hydrography and morphology of the
SD in the late 19th and early 20th centuries before the intense policies implemented by the
USSR in the SD [1,16,31,66,67]. As discussed above, the SD, located in a semi-arid and arid
climate, is a very dynamic landscape, with a sensitive ecological system [9,31,68].

In Figures 3 and 4, a visual analysis reveals the SD before the desiccation of the
Aral Sea, with the settlements on its shore and in its delta, along with the water streams
hydrography in the SD. Parallel to the historical map, a careful reading of Berg’s book
about the SD provides important environmental historical data to understand the SD
environment and geography during the Tsarist Russia period before it was transformed by
the USSR [1]. Based on his measurements and surveys, Berg describes in his book (1908)
that between 1899 and 1906, the SD contained two main water streams—a western one
and a northern one—between which there was intensive vegetative cover [69] (Berg, 1908,
p- 110). The SD, according to Berg’s report, is surrounded with a sediment belt 60-80 m
wide [69] (Berg, 1908, p. 110). A comparison between Berg’s measurements and written
report and descriptions of other historical and modern sources is presented later in this
section, revealing the changes that occurred in the SD in the studied period.
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Figure 3. Tsarist Russia historical map presenting the Syrdarya River and the Syrdarya Delta,
georeferenced with GIS and laid on a modern satellite image. Source of the map: http://www.
cawater-info.net/library /oldmap_e.htm (accessed on 5 February 2022).
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Figure 4. An enlarged selected part of the historical Tsarist Russia map presented with a black
polygon in Figure 3, focusing on the SD. On the left is the former Aral Sea water line from the
nineteenth century, and on the right, the names of settlements are visible, as are small water streams
closely surrounding the SD.

The second explorer whose exploration reports regarding the SD this study refers
to is Herbert Wood, an explorer sent by the British Empire who surveyed the Aral Sea,
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Amudarya Delta and SD [25]. Wood describes and explains in his report the evaporation
percentage in the Aral Sea [25] (Wood, 1876, p. 404), warning that manipulating the two
rivers of Amudarya and Syrdarya will dry out the Aral Sea and create severe damage to
the local environment, including to its two deltas: the Amudarya Delta and SD [25] (Wood,
1876, p. 405). Wood also documented the amounts and types of land use and landscape
management in the SD during the 1870s:

“I am not aware that the limited number of irrigation canals which exists on the
lower courses of the Syr have their heads dammed and their beds cleared of
deposit. . . the difference of treatment probably results from the irrigation on the
lower Syr being on a much less extensive scale and unmethodical; and is also
perhaps due to the different ethnic character of the respective populations, who
have inherited different traditions from their ancestors” [25] (Wood, 1876, p. 397).

Wood emphasized the difference in irrigation systems, types and amounts of land-
scape management in the SD compared to what he found in his survey of the Amudarya
Delta. Wood mentions the differences between the cultures and populations of these two
deltas [25] (Wood, 1876, p. 397), noting that in the SD, agriculture is less intense than
in the Amudarya Delta and that the traditional irrigation techniques used in the SD are
different [25] (Wood, 1876, p. 397). This is an important detail to remember when ana-
lyzing the environmental history of the SD during the Soviet period between 1920 and
1991, when both the Amudarya Delta and the SD were governed by one single and cen-
tralized Soviet regime that applied the same irrigation policies and attitudes toward their
environments [1,25,70-73].

To recap, the following is a summary of the environmental history of the SD until the
USSR period.

The SD had a rich history until the 19th century. Throughout most of its history,
human settlement and agriculture were based mainly on traditional irrigation systems
and approaches. The SD was settled by different local rulers and tribes, without massive
irrigation and cultivation or intense industrialized processes.

The ecological and hydrographical systems of the SD, like those of other deltas, are
dynamic and sensitive to natural and anthropogenic pressure. This fact was recognized
and mentioned by various explorers, such as Tsarist Russian and later Soviet Berg and
British Wood, in the late 19th and early 20th centuries.

The expeditions and explorers sent to the SD and sponsored by Tsarist Russia and the
British Empire described the natural resources and mentioned the potential of the SD to be
used and developed by humans to their benefit.

The exploration of the SD during the 19th century was motivated not only by the
ambition to explore unknown geographical landscapes and expand the scientific knowledge
of them, but mainly by economic and political interests to expand and benefit Tsarist Russia
and the British Empire through explorers, attempts to understand the potential of the SD to
be used for their needs.

Environmental History of the Syrdarya Delta During the USSR and Since Then

After the Communist Revolution (1917-1923) and the establishment of the USSR,
with its full control over the SD as well as other large parts of Central Asia [1,40,62,74-76]
a crucial need emerged for the Soviet regime to develop and promote a self-sufficient
agriculture and industrial abilities in the SD, as in other landscapes in CA [5,77-82]. Parallel
to the construction of massive water irrigation systems to manipulate water sources in the
naturally limited water supply in CA, like the Syrdarya River for agriculture [4,25,81,83],
the rapid transformation of SD aspects of LULC and its hydrography in a short time
during the Soviet era between the 1920s and 1991 accelerated desertification, alongside
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other environmental problems, such as water shortage and soil salinization within the
SD [18,51,57,79,84-86].

Parts of these phases can be reconstructed and observed using historical materials,
such as maps and historical expeditionary reports from the Soviet era [1,55,63,86-89].

In this section, various sources created by the USSR as part of its formerly classi-
fied military mapping program were used to analyze the hydrography and LULC of
the SD and reconstruct the historical phases in landscape changes in their historical con-
text [12,38,89-95].

Figures 5 and 6 present the SD and the northern part of the Aral Sea in a 1978 Soviet
Army map layered on a satellite image from 5 July 2019 for visual comparison. Under the
“Five-Year Plan” and related policies, the Aral Sea was seen by the central regime of the
USSR as an “unproductive” water body, as documented in various Soviet sources [4,27].
Drying out the Aral Sea was a price that the USSR was consciously willing to pay for the
development of Central Asia’s agriculture to benefit from [4,59,96]. The ideological view of
the regime regarding both the role of science in contributing to the human potential and
the Marxist assumption that society should be industrialized under the ownership of the
working class, as part of a historical process that would spread communism worldwide,
led to these ambitious social and natural engineering policies in the SD [1,4,51,71,97].
These details are vital in understanding the historical context of the extreme anthropogenic
environmental changes in the SD, including the almost complete drying out of the Aral
Sea [4,12,44,82,85,98].

61°00°E 62°00°E

62°00°E 63°00°E

Figure 5. Georeferenced historical, formerly secret, Soviet Army map at a scale of 1:100,000 of the SD
and the Kyzylkum Desert on the northern shores of the Aral Sea, 1978 [91,99]. Satellite image source:
Landsat satellite image from 5 July 2019.
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Figure 6. Georeferenced and visual comparison between the Soviet map, 1978, on the right and the
Landsat satellite image from 5 July 2019. This comparison highlights the reduction of the shoreline
with the Delta over the course of 39 years.

The GIS and remote-sensing analysis of Soviet Army historical maps indicates different
levels of mostly anthropogenic influences on the hydrography and landscapes of the
SD [8,12]. The fact that the drastic changes in SD LULC and hydrography were accelerated
during the Soviet era can assist in explaining, from environmental historical perspectives,
the results and impacts of documented Soviet policies in the SD, with the Soviet attempt
to increase agriculture and use the SD as an agricultural supplier, and the impact of such
policies and practices on various natural systems within the SD [1,8,13,61,93,100]. The
USSR’s water management in the SD had an extreme impact on the local environment, as
Figures 5-7 reveal. The intensity and amounts of hydrographic and LULC interventions in
the SD increased, indicating that most of the landscape and hydrological changes in the
SD in the Soviet era are a direct result of anthropogenic causes, mostly as a result of the
USSR’s policies in its attempt to transform large parts of arid CA, the SD among them, into
massive agricultural fields, turning it into a significant crop supplier [1,73,78,83,100-102].

The GIS and remote-sensing analysis of Soviet Army and historical maps of the SD
indicates different levels of mostly anthropogenic influences on the hydrography and
landscapes of the SD [8,12]. The USSR’s water management in the SD had an extreme
impact on the local environment, as Figures 5-7 reveal. The intensity and amounts of
hydrographic and LULC interventions in the SD increased, indicating that most of the
landscape and hydrological changes in the SD in the Soviet era are a direct result of
anthropogenic causes, mostly as a result of the USSR’s policies in its attempt to transform
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large parts of arid CA, among them the SD, into massive agricultural fields and turn CA
into a crop supplier [1,78,83,92,101,103,104].
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Figure 7. The SD and Kyzylkum Desert study area. A formerly classified Soviet Army map at a scale
of 1:200,000, 1980, interposed on a satellite image from 2 September 2022 (on the right).

This part of the study used GIS and remote-sensing analysis methods [46] (He
etal., 2015).

The analysis presented in Figure 8 indicates an increase in the size of flood plains
and dried and salty areas between 1977 and 1986 during the Soviet era, with an obvious
decrease from 2001 until 2022. It shows the differences in land use and irrigation amount
approaches and intensities between the Soviet and the post-Soviet periods and emphasizes
the anthropogenic impact on the SD.

Historical Polygons of Flood Planes and Dried Areas (1977-2022) Laid out on a Modern Satellite Image(2022)
May 1977-2022 Syrdarya Delta -Ayteke Bl Area

> -
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Figure 8. Historical and contemporary satellite image analyses of the SD, focusing on the flood plain
and dried/salty areas.
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The analysis of the historical and contemporary images of the SD also reveals increas-
ing vegetative cover, as shown in Figure 9, where the SD is greener in the years 2010-2022
than in earlier years. There is a clear correlation between Soviet policies in the SD and the
increase in the amounts of dried/salty areas. The following is observed in the analysis
presented in Figure 9 below.
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Figure 9. Historical and contemporary remote-sensing and GIS analyses of the SD.

Between 1977 and 1986, during the USSR regime, there were more flood plains and
dried/salty areas in the SD and surrounding lands as a direct result of the flooding irrigation
methods used by the USSR to grow large amounts of crops in the SD.

Since 2001, there has been a reduction in the amounts of flood plains and dried/salty
areas, alongside an increase in vegetative cover. Likewise, those years reveal the exposure
of sand dunes, with a reduction in the amounts of vegetative cover on them.

The changes in the SD are presented above on the basis of varied historical materials,
which help provide the environmental historical context to explain, in a broader way, the
changes in the SD between 1977 and 2022—a period during which the area was under the
Soviet regime and, following its collapse, a local independent rule.

The analysis indicates an increase, especially in vegetative cover and in water bodies, in
comparison between the historical and more current years—1980, 2001, 2010 and 2022—as
presented in Figures 8 and 9. The LULC of the 1980s under the USSR regime changed in
the last 40 years, especially in the aspects of vegetative cover and water bodies [19,80,93].
Notably, the regime changes between the 1980s and 2022 reflect a transition from USSR
policy to the policy of independent Kazakhstan that now faces tensions with the countries
that control the upstream of the Syrdarya River [12,105]. The analysis presents an increase
in water bodies from May 1978 during the Soviet period—an increase that continues after
the collapse of the Soviet regime in 1991. Parallel to this, there is a slight decrease in the
Syrdarya Delta River’s main stream. In the following section, graphs of the analysis are
presented in Figures 8 and 9 and further explained.

The analysis results indicate an increase of 57.9% in the urban area in the SD between
May 1977 and May 2022 and a decrease of 95.9% in sand ridges until May 1986 during the
Soviet regime, probably as a result of the spread of vegetative cover in the SD covering the



Land 2025, 14, 639

13 of 19

sand ridges. Subsequently, there is a constant increase from 1987 until 2022 in the amounts
of sand ridges, as can be seen in Figure 10 [12,77,106]. This comprises a quantified analysis
of different LULC in the SD between the Soviet era and the period after the USSR’s collapse
in 1991.

Area Km2

L Sand Ridges and Urban area Km? Change in numbers and precentages

: 1977 May - 2022 May
450.0 Total Change:
400.0 +164.4%

365.1

350.0
300.0
250.0
200.0 -6.3% 167,

! +178.1%
00 o Total Change:
100.0 79.2 64.3 +57.9%

-95.9% 75.29
50.0 13.9 I R o 16.9 201 219
0 30.4% 330 62.0% +7.9% +19.2% +8.8% Year
1977 May 1986 May 2001 May 2010 May 2020 May 2022 May

=e—Sand Ridges =e=Urban Area

Figure 10. Changes over time in sand ridges and urban areas.

The connection between the amounts of flood plains and the number of dried/salty
areas is almost parallel, emphasizing the environmental damage the Soviet flood plains
created in the SD.

As Figure 11 shows, between May 1977 and May 1986, there is an increase of 37%
in the amounts of Dried /salty areas in the SD. Since May 1986, there is a decrease of
49.5%, as seen in the analysis; the decrease continues, and from May 2020, an increase is
observed again.

Ared Flood Plain and Dried/Salty Area Km? Change in numbers and precentages

Km2
1977 May - 2022 May
1600.0
1391.9
1400.0
1200.0 -49.5% Total Change:
1016. -17.3%
1000.0
839.14
8000 +101.3%
600.0
4259 12.8% 3715 Total Change:
. 0,
400.0 255.4 27.2%
+789.6%
200.0 310.0
+108.6%
0.0 year

1977 May 1986 May 2001 May 2010 May 2020 May 2022 May

—Flood Plain =e=Dried/Salty Area
Figure 11. Changes over time in the amounts of flood plains and dried/salty areas in the SD.

The GIS analysis of Soviet Army historical maps integrated with historical and con-
temporary satellite images as presented in Figures 5-9 indicates different levels of mostly
anthropogenic influences on the hydrography and landscapes of the SD [8,93]. The USSR’s
water management in the SD’s semi-arid and arid landscape had extreme repercussions
for the local environment, as presented in Figures 11 and 12. The hydrographic changes
corresponded with intensive LULC changes, indicating that most of the hydrologic changes
in SD landscapes that occurred in the 19th and 20th centuries [68] are a direct result of
anthropogenic causes, mostly as a result of the USSR’s policies in its attempt to trans-
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form large parts of arid CA into massive agricultural fields and turn CA into a crop
supplier [1,73,78,83,101].

Area Arid, sandy area Km? Change in numbers and precentages
Km2 1977 May - 2022 May

6000.0

5020.5

5000.0 : 48282

a0sa.a +5.1% 2000 — TS—_4180.1 g4y 41960

4000.0
3000.0
2000.0

1000.0

0.0 Year
1977 May 1986 May 2001 May 2010 May 2020 May 2022 May

Figure 12. Increase in arid and sandy areas between 1977 and 2022. The total increase is 3.5%, but
given the size of the lands involved, this change is quite substantial.

The intense diversion and manipulation of water of the Syrdarya River for crop
irrigation had, and still continue to have, a major impact on the landscape and soils of
the SD, as presented above [11,15,103,107,108]. Indeed, SD landscapes and hydrology
have been transformed by a massive and complicated net of irrigation canals, agricultural
fields and transport roads [68,108]. The USSR’s water management in the SD promoted
massive agricultural development of irrigation and agriculture policies, especially of rice
and cotton [1,8,13]. However, the intense use of inefficient water systems in the semi-arid
and arid landscape of the SD led to salinization of the soil and changed the numbers
and sizes of settlements and agricultural fields compared with historical descriptions of
the SD, as seen in Figures 8 and 9 [4,13,109]. The ambitious plans and policies of the
USSR for increasing agricultural production parallel to industrialization and social changes,
combined with poor scientific understanding and ambitious bureaucratic planning, led
to environmental problems, such as soil salinization, lack of water in areas in the delta,
loss of biomass and a decrease in the productivity of soils in parts of the SD, as a result
of inappropriate fertilizer use and inefficient water techniques, as shown by historical
documentation [8,19,30,63,102].

The figures presented above of SD maps from Tsarist Russia, USSR Army maps and
satellite images from 1977-2022, alongside the other primary historical sources about the
SD quoted in the first part of this study [20,25], emphasize the transformation that the
region of the SD experienced from the time of Tsarist Russia, through the USSR period and
to the present [1,78,93]. Indeed, during the study years, the delta was transformed by a net
of irrigation canals, transport roads, industrialization and increased settlement [8,13,68,93].

5. Summary and Conclusions

This case study, investigating historical materials about the SD from the 19th century
compared with modern satellite images using remote-sensing analysis techniques and GIS
analysis tools, presents the importance and the high value of the historical spatial data
gathered from the 19th century during the Tsarist Russia era and the Soviet period. It
demonstrates the ability to compare those data sources with historical and modern satellite
images and to expand our understanding, from an environmental historical perspective,
regarding the extent and the phases of changes in the SD between the 19th century and the
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present era, offering insights about the connection of these changes to historical circum-
stances, such as regime changes and subsequent policies, landscape management policies
and socio-political needs. As presented in this study, the integration of written historical
materials along with historical maps provides the possibility to reconstruct the former
shoreline of the Aral Sea in the SD and demonstrate how Tsarist Russia and USSR historical
maps can contribute to the environmental sciences.

The analysis of the dynamic nature of the SD environment and the drastic changes that
took place in a short period along the historical time scale, between the 19th century and the
present, reveals the environmental and landscape consequences of intense industrialization
policies, especially during the Soviet period, in the SD. As the analysis of historical and
contemporary materials from the 19th century through the present in this section reveals,
the SD has a complex environmental history, and comprehending the changes caused by
human intervention in the study area, transforming it from traditional agricultural use with
the local traditional lifestyle of semi-nomads and traditional agriculture into industrial,
intense irrigated landscape, is crucial for understanding the present environmental crisis
and problems in the region. The impact on the SD landscape during the USSR’s collapse
and at the end of its rule is clearly visible, with a reduction in the amounts of flooded plains
and dry/salty areas when the irrigation extent and policies changed, emphasizing the role
of the anthropogenic factor in SD changes.

This study argues that studying historical materials expands our understanding re-
garding the extent and types of disruptions in the SD ecological system.
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