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Abstract

The issues of the impact of human economic activity on desert landscapes since ancient times
are considered on the example of the interaction of oases and deserts. Based on the analysis of
scientific literature, the course of the development of human impact on the environment was traced,
historical and geographical slices were developed, according to which the gradual increase in
the degree of human impact on desert landscapes was determined. While mapping the dynamics
of landscapes under the effect of anthropogenic factors and the resulting adverse processes and
phenomena, aerospace methods were used. A schematic map of ecologically problematic areas of
Turkmenistan, which develop mainly around oases, has been compiled. The map can be used to work
on environmental protection measures.
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Currently, the human impact on the natural environment has acquired global proportions. On the
basis of this impact, dynamic processes and phenomena arise and develop, many of which change and
sometimes destroy the environment, cause great damage to the national economy and public health.
In this regard, geoecological research faces great challenges in studying the patterns of negative
processes and phenomena occurrence, identifying the trend (dynamics) of their development,
determining the nature and scale of their spread, and studying the history of nature management for
the purposes of their management.

In Turkmenistan, deserts (Karakum) occupy more than 80% of its territory, nevertheless, it is
considered a country of the oldest and most modern flowering oases. They are the main foci of
centuries-old human impact on the natural environment. Oases are isolated man-made landscapes
typical of arid zones of the globe, created over millennia by human economic activity. They differ
from the surrounding area with a green necklace of gardens, irrigation farming, a dense irrigation and
road network, many settlements and a milder climate. They look very beautiful on satellite images as
green islands among a yellow—gray ocean of boundless sands. In oases, taking into account gardens,
canals, lakes, rivers and other landscapes, the territory receives up to 400—600 mm of precipitation
(as if) during the growing season (bepr, 1952). Gradually expanding in area, they have reached huge
sizes and play an important role for the environment and the economy. About 2 million hectares of
irrigated land are concentrated and the majority of the population lives here, they are the economic
and cultural centers of our state.

After gaining independence in 1991, Turkmenistan has been actively engaging in human econo-
mic activity. The development of deserts is going on in all economic directions. At the same time,
special attention is paid to environmental issues. 145 million trees have been planted. The Karakum
River, reservoirs, numerous factories and plants, cars and railways, pipelines have been built, new
lands are being developed, the largest health complex in the region — «Avazay, the ecological and
economic project of the century — Turkmen lake «Altyn Asyr» are being built, new, small oases are
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being created in the desert itself. All this significantly transforms the nature of the desert, which is
becoming more and more diverse and favorable for humans.

Currently, the following oases are distinguished on the territory of Turkmenistan, where the
agricultural direction of economic activity prevails on the oases themselves and on the adjacent
territory:

— Kopetdag;

— Tedjen;

— Murgab;

— Middle Amudarya;

— Lower Amudarya.

In the west of the country there is a Balkan, so-called «industrial» oasis, where the mineral and
raw materials type of economic activity prevails. In the desert zone itself, there are numerous small
oases with activities related to pastures, focal-smalla erial farming and mining.

This paper examines the possibilities of studying and mapping the interactions of man and nature
in historical and geographical terms on the example of the interaction of oases and deserts. Historically,
the aspect is one of the important, complex and difficult links of integrated environmental monitoring.
It requires the study and analysis of paleogeographic, paleoclimatic, historical and archaeological
data, cartographic materials and aerospace images.

The study and mapping of landscape dynamics under the effect of natural processes and human
economic activity requires conducting research on the following triad (elements): previous state +
current state + forecast state. Such monitoring studies of landscape dynamics are carried out at test
sites and key areas. During the development of the desertification monitoring system of Turkmenistan,
depending on the differences in natural and economic conditions and landscape diversity, 7 test sites
and 53 key areas were selected. They are mainly located in the areas of oases and adjacent territories,
which is important for conducting a comparative geographical analysis (Fig.1).
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Fig. 1. Schematic map of the structural units of desertification monitoring in Turkmenistan
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As was noted above, oases are the product of centuries-old human economic activity. Scientists
have no consensus about the time of the formation of oases. According to S.A. Semenov (1974),
their formation took place over a long period, for 3—4 thousand years. According to paleobotanical
materials, this process lasted within 1,5-2 thousand years (Lisitsyna, 1978). They were created on the
most productive and favorable for development desert landscapes, where there were sufficient water
resources, fertile lands, and diverse vegetation cover.

The oases formed over a long period and under the increasingly intensifying economic activity
of man gradually expanded, and the desert under this effect was forced to give man its best in nature,
and the most stable in ecological terms landscapes. The constant and long-lasting interaction of the
oases and the desert was cruel and uncompromising. In this struggle, many oases perished, new ones
were created.

Despite the fact that the natural conditions of the desert zone are not so favorable for human life,
there is enough evidence of the former existence of many large and small oases there. This is confirmed
by a multitude of archaeological monuments of various epochs and periods (Paleolithic, Mesolithic,
Neolithic, Eneolithic, etc.). Thus, historian and geographer L.N. Gumilev notes that ethnoses are
always connected with the natural environment due to active economic activity, which manifests
itself in two directions: adapting themselves to the landscape and of the landscape to themselves
(L.N. Gumilev, 1990). According to scientists, there are 1,300 historical and archaeological sites on
the territory of Turkmenistan, of which 245 are monuments of national significance.

It is known that each archaeological monument vividly reflects the paleogeographic situation
of the period when it existed. They are evidence of various types of human economic activity
that have been carried out for thousands of years. At one time, all of them were, depending on the
scale, centers of environmental impact. Based on this, it can be concluded that there has been oasis
anthropogenic desertification since ancient times. This is understood as one of the destructive types
of land degradation as a result of the constant and unregulated impact of human economic activity for
many millennia. Therefore, almost all types of desertification are common.

In this study, the work was carried out at a test site located along the Ashgabat — Bahardok
meridian (Kopetdag region). The area of the foundation of this profile is characterized as a natural-
anthropogenic area and is a benchmark for studying the historical and geographical aspect of the
dynamics of interaction between man and the nature of the desert. The territory of the area we
are studying is an ancient region of human impact on the natural environment, saturated with
archaeological and modern national economic facilities, a variety of natural and anthropogenic
indicators showing the changes that took place and are taking place in the Holocene and at the
present time.

The historical and geographical segment of the study of the relationship between man and
nature is the Holocene, accepted by many scientists about 12,000 years ago (post—Glacial epoch).
According to some scientists, during the Holocene time in the desert zone, climatic conditions
have not changed much from the modern (dry, hot climate) (Lisitsyna, 1978). According to other
data, during this time there were some pluvial periods (wet periods when annual precipitation was
250-300 mm), during which the desert turned into a semi-steppe (Mamedov, 1984). We stick to
the second version because there is every reason to confirm this. These are the dry beds of the
Kopetdag rivers, which at that time were full-flowing and reached the Karakums, where small-
scale agriculture was created on their end spills. Traces of these objects are clearly visible on
topographic maps and on aerospace images (Fig. 2.).
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Fig. 2. Satellite image of the Kopetdag foothill plain

As noted by famous archaeologist V.I. Sarianidi, already in the 7th millennium BC, farmers
and cattle breeders appeared on the territory of Turkmenistan. In the 4th — 3rd millennium BC, they
developed the entire narrow foothill strip of Kopetdag. As a result, large cities and oases have emer-
ged (Namazgadepe, Ulugdepe, Altyndepe, etc.). However, at the beginning of the 2nd millennium
BC, all of them were abandoned. The reason for this situation, according to the author, could be
droughts, depletion of fertile lands, changes in paleogeography (Sarianidi, 1986).

On the other hand, famous Norwegian researcher Thor Heyerdahl confirms that the period of
3100 — 1200 BC is the most important turning point in the history of the whole Earth. These are
the dates of the largest tectonic catastrophes that led to the death of established civilizations, the
mass migration of peoples and the emergence of new cultures (Petrov, 1987). The devastation of the
foothill zone roughly coincides with these natural disasters, which is confirmed by archaeological
data (Lisitsyna,1978). In this regard, it can be assumed that the Kopetdag region farmers moved en
masse to the Murgab River delta, where there was an extensive fertile land and stable water supply.

The analysis of historical and geographical data allowed us to identify in the Holocene the
following historical and geographical cross-sections of human-nature interaction in the desert zone:
the oldest long stage of primitive human impact on desert landscapes (10 thousand and more years
ago); the ancient stage of minimal human impact on desert landscapes (10 — 4 thousand years ago);
the early stage weak human impact on desert landscapes (4 thousand years ago — the second half of
the 19th century AD); a new stage of extensive human impact on desert landscapes (II half of the
19th century — I half of the 20th century A.D.); a modern stage of enhanced human impact on desert
landscapes (from the II half of the 20th century A.D.). Thus, according to these sections, it is possible
to restore (study) the historical aspect of the dynamics of interaction between oases and deserts.

The research was carried out using the conjugate analysis of materials from aerial and space
surveys and ground-based studies. The test site is covered with reusable satellite images of various
types and scales. The images were obtained from the satellites «Landsat — 5», «Landsat — 7 ETM+»,
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«Landsat — 8 OLI/TIRS». The scale of the images is 1:200,000. These images were used as a source
material and information base for making geoecological maps. Each picture is a history of nature,
the history of the development of landscapes and the relationship between human society and nature.

To study the previous ecological situation, the methods of «reverse indication» and comparative
geographical analysis were used. It consists in the exclusion from topographic maps and aerospace
images ofall anthropogenic objects where «pure, untouched nature» supposedly remains. Interpretation
of satellite images and comparative analysis showed that, at present, the unregulated discharge of
drainage waters into the desert turns out to occur exactly along the channels of the ancient channels
of the Kopetdag rivers.

There are 3 zones in the studied area that differ from each other in the degree of landscape
variability, and with geoecological problems inherent only to them: a settlement (oasis) with its
transformed (cultural) landscapes; a contact with the desert (transitional) zone with highly modified
landscapes; a desert with slightly modified natural landscapes. Of these, in geoecological terms, the
most problematic, highly disturbed and dynamic area is the contact (transitional) zone between the
oasis and the desert. Such negative ecological processes as water pollution, waterlogging and flooding
of pastures, replacement of natural vegetation with hygrophilous species, non-edible or poorly-eaten
plants (phreatophytes, halophytes), vegetation degradation, sand blowing, soil salinization and
technogenic desertification arise and develop in this zone (Fig.3).
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Ecologically problematic areas of Turkmenistan:
I.Turkmen Aral Sea Region

Il. South Turkmen ecologically problematic area
lll. Caspian ecologically problematic area

Fig. 3. Schematic map of ecologically problematic areas of Turkmenistan
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Table 1

Explication to the schematic map of ecologically problematic areas of Turkmenistan (to Fig.3)

Ne Region names ‘ Environmental issues
Turkmen Aral Sea Region

B (3) — water pollution

IT (yrB) — rising ground water level

IA. Irrigated area 3 (3) — salinization of lands

3 () — waterlogging and flooding of lands
C (m3) — reduction of land productivity

B (3) — water pollution
I () — degradation of pastures

IB. Pasture zone P (1) — the waving sands

3 (I16) — waterlogging and flooding of pastures

South Turkmen ecologically problematic area

3 (3) — salinization of lands

IT (yrB) — increase in the groundwater level

ITA. Irrigated area 3 () — waterlogging and flooding of lands

O () — water erosion of soils on the foothill plain

I C (m3) — reduction of land productivity

B (3) — water pollution

I () — degradation of pastures

P () — waving sands

3 (I16) — waterlogging and flooding of pastures

IIb. Pasture zone

H (3) — oil pollution of soils

U (3) — iodine—bromine pollution of soils

Caspian ecologically 3 (6) — flooding of the coastal zone

problematic area B (3) — pollution of coastal marine waters

I (t) — degradation of riparian forest (Atrek River)
C (6) — reduction of biodiversity

III

The following natural-territorial and anthropogenic complexes are distinguished in the oasis
under study, to varying degrees:

1. Settlements.

2. Cultivated lands.

3. Newly developed lands.

4. Abandoned lands.

5. Riparian forest.

6. Salt marshes.

7. Water surfaces.

8. Near-oasis and intra-oasis sands.

9. Road network.

On the territory adjacent to the oasis, 3 large basic (natural) landscapes are distinguished (from
south to north):

1. Alluvial-Proluvial Holocene Kopetdag Submerged plain.

2. Alluvial-Deltaic late Pleistocene sandy-clay plain of Ancient Tejen (ridge-takyr complex).

3. Alluvial Early-Middle Pleistocene sandy plain of the Ancient Amudarya (Karakum formation)
(Table I). These landscapes are changed by human economic activity to varying degrees.
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The landscapes of the Alluvial-Proluvial Holocene Sub-mountain plain of Kopetdag have been
used for irrigated agriculture and as populated areas since ancient times; the landscapes of the
Alluvial-Deltaic late Pleistocene sandy-clay plain of Ancient Tejena, located between the above
mentioned natural complexes, served as pastures, places of discharge of the waters used in the oasis,
as well as for various purposes. Therefore, they received the greatest negative anthropogenic pressure.
The landscapes of the Alluvial Early-Middle Pleistocene sandy plain of the Ancient Amudarya
(Karakum formation) have been used for centuries for the development of cattle breeding.

To made this map, basic maps (landscape, land use, desertification) were used, a comparative
analysis of numerous materials of historical, paleogeographic studies was carried out, various materials
of aerospace surveys were interpretated. As the map shows, the main ecologically problematic areas
of Turkmenistan are located in the areas of contact of the oldest and modern oases with the desert.

The map shows the current tense ecological situation in these areas. All this requires constant
monitoring and the urgent development and implementation of environmental measures to restore
and improve the environmental situation in these areas.

RESULTS

1. The nature and degree of interaction of oases and deserts since ancient times have been traced.

2. Historical and geographical cross-sections of the development of the impact of human
economic activity on the natural environment of deserts in the Holocene have been developed

3. A schematic map of ecologically problematic areas of Turkmenistan has been made. It can
be used in environmental monitoring of oases and the surrounding area and in the development and
practical implementation of environmental measures.
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