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Abstract

Climatic anomalies not only attract the attention of specialists in climatology
and meteorology, but also stimulate geological research, because climatic
changes activate many geological processes: mudflow and landslide forma-
tion, erosion, weathering, etc. An increase in the activity of geological
processes was clearly manifested in Tajikistan, 93% of which is occupied by
mountain structures. As a result, this found expression in conducting new for
that territory engineering-geonomic studies. Both the region as a whole and
its individual parts can serve as models in the study of natural processes due
to the diversity of landscape-climatic belts and zones. The report contains
brief data on engineering-geonomic studies conducted in the Zeravshan river
basin in connection with the intensification of mudflow processes.
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1. Introduction

Scientists wrote that the Earth entered an era of unstable weather back in the 70s

of the last century (Svatkov, 1979). This means that weather forecasts based on

statistically averaged data for a certain period of time (10, 100 or more years)

become inaccurate with respect to the present. In addition, many processes are

on an increasing line. This is clearly seen in the graph of temperature changes

over the past almost 100 years for the territory of the Republic of Tajikistan

(Figure 1).
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Figure 1. Temperature change for the territory of Tajikistan for the period 1938-2012
(according to the agency for hydrometeorology of the committee for environmental pro-
tection under the government of the republic of Tajikistan).

An increase in temperature led to increase in the melting of glaciers, and
caused an intensification of the processes of mudflow and landslide formation. It
is estimated, for example, that the increase in precipitation in the mountains by
10% can double the amount of sediment entering the river (Davlatov, 2017). In
some years, the amount of precipitation exceeded the norm by twice or more,
while in other years the deficiency of humidity provoked aridness, that is, the
amount of precipitation and, consequently, the formation of snow cover is vari-
able (Figure 2).

The deep interest in studying the natural resources of this unique region is al-
so due to the fact that Tajikistan takes first place in resources of fresh water
among the countries of Central Asia and eighth in the world in hydropower re-
serves. The large number of water arteries and high sides of mountain valleys are
factors that favor the construction of hydropower plants. But melting glaciers
will inevitably lead to water shortages, increased desertification, and loss of
productivity. At the same time, neighboring countries may suffer, the water
supply of which depends on Tajikistan.

The variety of natural and climatic conditions allows us to consider both the
region as a whole and its individual parts as model when studying various natu-
ral processes. 93% of Tajikistan is mountainous. The range of heights is from
300 to 7495 meters. Different landscape and climatic zones and belts converge
here, from subtropical to nival. Strong rugged terrain, branched hydrographic
network, and steepness of slopes, slight development of soil cover on inclined
and rocky surfaces, which leads to poor development of vegetation and, conse-
quently, poor cementation of the soil, the presence of a large number of glaciers
and lakes, many of which may be a threat in case of floods or earthquakes, as
well as other factors create high danger of the formation of natural geo-risks of a

very different types. It is believed that up to 500 events of a catastrophic nature
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Figure 2. Change in precipitation for the territory of Tajikistan for the period 1938-2012
(source see Figure 1).

occur annually in Tajikistan (Davlatov, 2017). All of the above is the reason that
in the last decade, the engineering-geonomic studies direction new for this ter-
ritory has been actively developed (Usupaev, Moldobaev, Usubaliev, Abdyba-
chaev, Meleshko, & Abdrakhmanova, 2009; Valiev, 2015, 2018; Karimov, 2018;
Karimov, Nabiev, & Nazarov, 2015; Karimov, Andamov, Aslamov, & Nazarov,
2019; Karimov & Valiev, 2019).

2. Methodological Foundations of Engineering-Geonomic
Research

The term “geonomy” was introduced by V. V. Belousov (1963) to denote a
new-complex-way of research in earth sciences. When studying endogenous
processes, geonomy should combine geological, geophysical, and geochemical
research methods. It is important that geological phenomena receive not only a
qualitative, but also a quantitative assessment. Sharing methods can produce re-
sults that cannot be achieved using one of them. Together with the engineer-
ing-geological approach, the method is considered as engineering-geonomic.

In the future, geonomy was elevated to the rank of the holistic concept of the
Earth’s self-development, expanding its boundaries not only to exogenous
processes, including tectonic and catastrophic phenomena, but also adding bio-
logical, environmental and astronomical factors here (Krut’, 1978; Usupaev,
1986; Urazaev, 2003). Sh. E. Usupaev (2016: p. 10) gives the following definition
of engineering geonomy: “Engineering geonomy is a science that studies the le-
gitimacy of the geoid’s genesis, a multicomponent, dynamically active celestial
body, transformed by changes in the space environment and the circulation of
poly-grounds, for assessing, typing, forecasting deposits and geo-risks, ensuring
human noospheric safety”. From the standpoint of such an integrated approach,
any of the geological objects (up to the Earth), to which engineering-geonomic
research is directed, receives a multifaceted characteristic. When carrying out

engineering-geonomic studies, the study area is first typified according to certain
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criteria, and objects are ranked from large to smaller. Such units, typified by a
certain attribute, are called geomons, for example, the geonom of glaciation, the
geonom of valley, the geonom of dissection, the geonom of loess, etc. A map of
the area, region or the larger geological and geographical unit, up to the geoid
(depending on the goal) is compiled or taken as a basis. The contours of the
geonoms are plotted on the map, and if necessary, their altitudinal and latitudin-
al tracking is performed. The complex of heterogeneous geonoms, tied to a spe-
cific territory, allows classifying geo-risks, highlighting graphic areas of greatest
vulnerability, and also revealing structural subordination of various components

of the environment.

3. Brief Description of the Zeravshan River Basin

The Zeravshan river basin, which is one of the most mudflow hazardous areas of
the country, can serve as a model for studying climate fluctuations and the con-
sequences it causes. It is located at altitudes from 1000 to 6000 meters and covers
an area of more than 12,000 square kilometers. This is slightly less than the area
of the Bahamas, but more than the area of such states as the Qatar, Gambia, Ja-
maica, Lebanon or Cyprus. The Zeravshan, Turkestan and Alai ranges of the
Tien Shan converge here into a powerful mountain junction. The width of the
valley (bottom) ranges from a few meters to 6.8 kilometers. The formation of a
large number of mudflows is facilitated by the wide distribution of easily eroded
loose rocks, the strong ruggedness of the relief and the steepness of the slopes,
and the presence of a large number of glaciers (up to 4000 glaciers of different
sizes), an extensive hydrographic network and the continental climate characte-
rized by sharp daily and seasonal temperature fluctuations. Mudflows of all types
are formed, from cohesive (mud and mudstone) to incoherent (alluvial). The
situation is aggravated by the fact that Tajikistan is located in a seismically dangerous
zone, most of which falls into an 8 - 9-magnitude seismicity zone—almost 85%
(Babaev, Koshlakov, & Mirzoev, 1978). If earlier from 1000 to 3000 earthquakes
were recorded per year (Bibarsova, Mirzoev, Mikhailova, Sviridov, & Timerkaev,
1986; Sanginov & Karimov, 2014), then now, due to the increase in the seismici-
ty process as a whole and the commissioning of sensitive equipment (digital
seismic stations) capable of detecting earthquakes of low scores, the number of
recorded earthquakes exceeds 20,000 per year (oral communication from the
academician Negmatullaev S.Kh.). It is planned to build a cascade of dam and
derivational hydroelectric power stations on the river, designed for many years
of regulation of runoff for the purpose of its energy and water management, and
studying the geoecological situation of the region is an important task (Karimov
& Valiev, 2016).

In connection with abnormal weather conditions and intensification of mud-
flow-landslide processes that caused significant economic damage to the coun-
try's economy, one of the authors was tasked with assessing the state of the Ze-
ravshan river basin following traces of mudflows in order to obtain high-quality

data on the formation and movement of mudflows, the dynamics of their impact
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on barriers and anti-mudflow constructions and clarification of the degree of

mudflow hazard.

4. Some Characteristic Features of Mudflow Manifestations
in the Highlands

The authors compiled a table in which the relationship of the scale and periodic-
ity of the mudflow manifestation is displayed depending on the underlying
causes (Table 1). The main factor in the formation of mudflows of zonal ma-
nifestation is climatic conditions (precipitation). Mudflows happen locally, but
their descent occurs systematically. The paths of movement are relatively con-
stant. The main factor in the formation of mudflows on a regional scale is geo-
logical processes. The gathering occurs sporadically, and the paths of movement
are inconsistent. Mudflows of anthropogenic genesis are associated with human
economic activity that upsets the natural balance and thereby creates the condi-
tions for the development of mudflows where they might not have been. They
occur occasionally in places of greatest load on the mountain landscape. In this
case, new mudflow basins may form. When compiling the table, the authors
took into account that it can be applied to the entire territory of the republic,
which is confirmed by the examples below.

If, under climatic influences, the leading role in formation of mudflow belongs
to water (long rains, heavy rains, melting of snow and ice), then in the case of
geological factors, the leading role belongs to gravitational processes that gener-
ate landslips, collapses, and taluses. They serve as an additional supplier of mud-
flow material. Often the cause of landslides and collapses are earthquakes. Dur-
ing the Hait earthquake of 1949, the landslip with a capacity of 70 meters cov-
ered the district center of Hait together with its inhabitants and blocked the riv-
er. The accumulated water broke through the dam and formed the mudflow. In
the Yasman River Valley, many villages were buried under mud-stone ava-
lanches (Ischuk, Schwartz, Ischuk, & Ilyasova, 2013). In total, more than 150 vil-
lages were damaged or destroyed, of which more than 30 were buried under
landslides. More than 20,000 people died (Sanginov & Karimov, 2014). In the
Late Quaternary basin of the Zeravshan River, the Tangisay River valley (the left
inflow of the Rivat River) was blocked by the landslide (1 - 1.5 million cubic

Table 1. Scale and frequency of mudflow manifestations in the Zeravshan river basin,
depending on the causes.

Frequency of Causes of

Scale of manifestation ; X
manifestation occurrence

Climatic conditions

Zonal (local tematicall

onal (local) Systematically (precipitation)
Periodicall

Regional . erlo'lca Y Geological processes
(intermittently)

Unpredictable (formation of new mudflow basins,

. . Occasionally Human Engineering
increased pressure on the mountain landscape)
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meters in volume) that formed in Ludlow limestones. In the area of the collapse,
the elevation reaches 200 - 300 meters. The erosion of the rocks of the collapse
contributes to the enrichment of mudflows with clastic material, and the pres-
ence of waterfalls on the creek causes a jump-like increase in the velocity of
mudflows.

When geological processes are applied, the scale of mudflow manifestations
increases because rock collapses can reach thousands and millions tons of weight
and because an earthquake covering large areas can provoke not one, but a series
of collapses or landslides. In addition, this process can be extended over time:
weakened rock masses, if they do not collapse immediately, can experience re-
peated movements in the future, periodically entering the water.

The formation of mudflows as a result of anthropogenic activity is promoted
mainly by deforestation, strengthening the slopes; land clearing for arable land;
prolonged wetting of the slopes during irrigation, as a result of which the adhe-
sion forces between the soil layer and underlying rocks are weakened; the con-
struction of hydroelectric power plants, which not only violate isostasis, but also
lead to a change in the hydrography of the area, siltation and washing of the
coasts, and in case of breaking or washing out of dams, they can provoke the
formation of mudflows. For example, in June 1999, rains provoked a series of
mudflows in the vast territory of the region, including in the Zeravshan river ba-
sin. Here 80 km of roads, 18 hectares of farmland were destroyed, and in other
areas the infrastructure was severely damaged and many people died.

With prolonged artificial humidification of the slopes, even insignificant
earthquakes can cause soil liquefaction with the formation of landslides and
mudflows, as it happened during the Gissar earthquake of 1989, when a giant
mud stream of 3.5 kilometers was formed. Researchers point out that all the
main areas of Tajikistan cultivated for agriculture are concentrated in areas of
development of loessial soils, and the effect of thinning loessial soil is possible in
almost the entire territory developed for agriculture (Ischuk, Schwartz, Ischuk, &
Ilyasova, 2013).

5. Study Results

The complex of engineering-geonomic studies of the watercourses of the Zerav-
shan River basin allows revealing the features of changes and transformations of
the geological environment under the influence of natural and technogenic loads
causing geo-risks. As a result of the study, an engineering-geonomic assessment
of the development of mudflows and typification of associated geo-risks was
made, the engineering-geonomic models of the laws of lateral and altitudinal
distribution of geo-risks in the Zeravshan river basin were constructed, and the
area of greatest vulnerability was outlined. A set of measures was also developed
to reduce the risk of natural and man-made geo-risks in this area (Karimov &
Olimov, 2019). To reduce the risk of natural geo-risks, a map of the tracking
network has been compiled, which will make it possible to organize observations

of mudflow processes and the extent of their manifestation.
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