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ABSTRACT
Remote monitoring for disaster risk reduction in territory of Tajikistan were carried

out. Eventually fruitful results are obtained for the sake of environmental protection. Most
of the work has performed on primary data-base analysis applying GIS-Systems. Dynamically
developing geological processes like land slides, land slips, mud flows, floods and
earthquakes from the point of view of geo-information analysis are considered as geodata
for space propagation. Results and conclusion obtained are well applicable to other similar
places.
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INTRODUCTION
The Nature of Tajikistan is unique, but

isn’t completely studied until now. The fairly
complicated processes of the geological
development of territory, accompanied by
natural catastrophes, sliding of enormous rock
masses from the mountain slopes, manifestation
of proluvial - flood processes, damming rivers
for a long time and formation of natural small
and large reservoirs caused the uneven
development of civilization in this territory in
the historical past, which repeatedly was
accompanied by a change in the ways of life
of the population.

At the present stage the natural
resources’ management of Tajikistan is going
on under the diverse natural geographic
conditions with the intensive development of

separately dangerous natural phenomena, or
undesirable consequences of economic activity
reaching sometimes extreme limits. These are
high seismicity, intensive contrast of landscape,
the active slope processes, landslides,
mudflows, landslips and many other negative
phenomena. The presence of large mountain
systems, covered with glaciers and eternal
snows, determines plenty of feeding sources
for rivers and lakes, stipulates development in
the mountain regions dense drainage network1,
natural reservoirs of glacial and landslide origin
and shaping of the permanent centers of
mudflows and also landslides with catastrophic
capacity2.

Landslides, landslips, mudflows and
recently also floods are widespread processes
in the territory of Tajikistan and their
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intensification in the periods of maximum
atmospheric precipitations or during the
earthquakes is manifesting especially active.
Therefore the destruction of relief, engineering
and civic objects, the flood of the populated
areas as a result of these phenomena forces to
regard questions of the estimation of exogenous
hazard and exogenous risk.

METHODOLOGY
As experience shows, the estimation of

risk by the methods of traditional studies isn’t
sufficient and the vulnerability of population
turns up very high. Over view of the materials
in this field shows that the monitoring,
designated for geo-ecological observations,
provides the study of the regional and partially
local geological processes, whose interpretation
is based on the general geo-ecological ideas
and is enough reliable. Therefore such
observations can be proved to be insufficiently
effective for studying the dynamics of the local
and particular objects especially at the
emergency situations.

Nowadays the usage of space
photographs and the retention of information
on the electronic carriers are widely accepted.
Contemporary information technologies
provide new opportunities for data acquisition,
changes and operation. For the exogenous soil
processes, in particular, the vital problems
of completeness, heterogeneity and
polyfunctionality of information are of high
importance. The dynamically developing
geological processes (landslides, landslips,
mudflows, floods, earthquakes) from the point
of view of geo-information analysis are
considered as geodata of social nature and are
regarded as emergency situations having the
properties of space propagation. From other
side, these phenomena and also their
consequences are the multidimensional massifs
of the quantitative information, processing and
analysis of which requires the use of methods
of statistical analysis. Therefore for the solution
of many problems the geo-information
approach is a promising one, which provides

combining statistical methods with the method
of the three-dimensional analysis of the
monological data with the application of a GIS
systems3. In connection with the aforesaid it is
possible to formulate the study of the GIS
technologies problem for the application to the
cartographic mapping of ecological
catastrophes and anomalous states of
environment as the tool to cope with these
phenomena. An importance of the task is
determined by the degree of the population’s
vulnerability to the natural calamities impact.

RESULTS AND DISCUSSION
The variations of the ecological situation

at present an enormous effect has economic
human activity, and also natural processes,
which directly or indirectly impact or are
stimulated by it. It’s especially important for
purposes of taking nature-conservation
measures to have a forecast of dangerous
geological processes of the possible sources
of sharp catastrophic situations. The
consequences of these processes, their
dynamic development picture due to the special
features of the space surveys materials can be
fixed and represented in the form of the
specialized maps for the operational application
with the development of concrete measures for
an improvement in the region’s ecological state.

The exogenous processes forecast
problem entirely covers other fields of sciences,
such as meteorology, hydrology, seismology and
so forth. Therefore for monitoring of exogenous
processes it’s necessary to develop information
systems, which are the fundamental bases of
forecast both in the near future and afterwards.

One of the most dangerous natural
phenomena, which do enormous damage to both
the national economy of Tajikistan as a whole,
and to concrete people in particular, is the
mudflows. Due to conducting of scientific
studies by traditional methods and also applying
the materials of the remote sensing of the Earth
from space and the updated procedure,
adequate information has been obtained, which
allows, if not accurately forecast the
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appearance of the mudflows, then at least to
maximally calculate the territory of the greatest
danger. The following results testify the
significance of studies carried out with the
application of space information. The scientific
estimation to the mudflow processes, happening
on the Tajikistan’s territory, the reasons has
been revealed for the fostering of these
processes in different regions. Mudflows are
one of the featured phenomena of the region
after investigation. As a rule, they are observed
on the average and small, permanent or
temporary water flows. Two peculiarities have
been noted, which accompany this
phenomenon herewith. Mudflow, in comparison
with the aqueous flow, which passes along the
same river bed, has considerably more output
and kinetic energy. As a sequence it possesses
huge destructive force and that in conjunction
with the wide spread of the mudflows is a
significant obstacle in the path of the land
management of the mountain territories. To the
present time the mudflows are studied still
weakly. The registration system actually it is
not adjusted out and this is the main reason for
the absence of the valuable data about the
mudflow origin. Together with these the
extrapolation of the mudflow regime in Tajikistan
in comparison with the best studied regions of
the CIS countries (Tien-Shan, the Caucasus,
the Crimea) isnt possible in view of the specific
natural conditions. These conditions are
stipulated by large true altitudes, deep intra-
mainland position, high air dryness, orographical
isolation, significant relief brokenness and by
steepness of slopes.

For mapping of large territories on the
basis of space information application the
unified procedure has been developed.
Herewith the authors took into consideration
that the knowledge about mountain regions in
flood sense remains still low. This, in turn,
excludes the possibility of use as principal the
criteria for quantitative characteristics of flood
activity (recurrence, volume of extensions,
expenditures, etc.), although the study of the
traditional methods of laws governing the

distribution of mudflows on the basis of
statistical processing of data has great applied
and scientific value. It becomes possible to
define mudflow-hazardous period, genesis of
aqueous component of mudflow and finally to
reveal the possible ways of this spontaneous
phenomenon forecast.

 But, as working experience shows, the
statistical analysis gives positive results only with
the condition of a sufficiently large quantity of
initial data and the uniform scope of the territory
being investigated, otherwise the obtained
results can prove to be strongly distorted, not
corresponding to real situation. That is why the
index of the relative density of mudflow beds
was put in the basis for mudflow hazard
assessment. And for the additional criterions
the genesis, space-time variability regularities
and the basin morphological features based on
remote sensing Earth sounding from space have
been put. In spite of set of disadvantages, such
as quantitative features’ weak display
(recurrence, out brings volume, expenditures
etc.), the space methods have its own
advantages, such as operability. 

  The glaciological and mudflow objects’
dynamics forecast is one of the most actual
and formidable tasks, since these phenomena
depend on an enormous number of factors and
are characterized by large time variability. Most
important of them are the geological structure,
activity of the newest and contemporary
geological processes, peculiarities of landscape
and technogenic impact and climatic settings.

  In  terms  of  prognostication,  the
complex of characteristics, in which the object
of forecast is developing, is called as
background1. The background consists of the
element- factors expressing one of the essential
features of the object and medium, in which it
exists. In turn the factors, which influence
directly on the formation of exogenous dynamic
processes at the conditions of rural relief, can
be subdivided into two groups. To the first one
the factors, acting permanently and determining
the potential instability of slopes are attributed
to. The most important of them are the slope
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steepness, its fractioning; presence of the rocks
weakly connected with the basic massif as a
result of the weathering processes,
development or presence of the ancient
accumulative deposits relicts.

The factors acting irregularly are
attributed to the second group. Here, first of
all, it is necessary to keep in mind the fostered
moistening of rocks at the expense of
atmospheric precipitations, snow melting
(climatic), of underground waters
(hydrogeological), and also seismic hits. The
factors of the second group disrupt the state of
the unstable equilibrium of slope and serve as
a “trigger mechanism”, whose impact converts
possibility into the reality. It worth to rely on
the powerful mudflows caused by Garm (1949),
Khait (1949), Gissar (1989) and by some other
earthquakes. To the assessment indices the
orographical and morphological basin and
geological structure peculiarities of the region,
hydrology of water flows, genesis of the
mudflow sources origin, intensity of the
manifestation of exogenous, geological and
technogenic processes, recurrence of
mudflows etc.

In the Tajikistan, where the mountains
cover 93% of its territory, mudflows are widely
spread and they bring sufficient damage to the
national economy. In view of specific natural
conditions the mudflow phenomena are very
diverse, not met in other regions of Central Asia.
On genesis origin they are dividing on glacial,
snow, fall storm and mixed ones. 
Mudflow dangerous period lasts from April
until June. 38% of mudflows fall on June and
31% fall on the remaining months. Probably
the official data are some overestimated as a
result of the mudflow registration system isn’t
practically fixed.

Most perspective from the point of view
of forecast dependencies compilation with
space images application are the snow and
glacial mudflows. The melt season snows
waters are playing role in formation of this or
that mudflows. The areal of their spreading is

easily determined by means of space images.
Repeated picturing allows revealing the
dynamics of changes in snow resources and
ground observations will make possible to define
the interrelation of this parameter with the
mudflow activity.

Potential mudflow activity depends on a
quantity of water flows, capable of participating
in the mudflow process with the confluence of
favorable conditions. At the same time the
number of mudflow beds is determined by the
vertical interval, in limits of which they are
concentrated. Consequently, the more
significant is a vertical scope of mudflow basins,
the higher is the mudflow territory activity. By
analogy with the mudflow-hazardous period
this important parameter can be named as
mudflow hazardous interval.

In the region of the Amu-Dar’ya basin
there are three mudflow regions such as lower,
middle and upper. Lower region is characteristic
for foremost windward mountain massifs and
it covers the part of the slope from its base to
the heights within 1.8-2.2 km, so-called adyrs
(southwestern Tajikistan and the northern
outskirts of Gissar ridge, etc.). The middle
region stretches from the foot of slopes
(Karategin ridge, Peter I ridge and others) up
to the boundary of ice formation zone.
Mudflows are formed as a result of
precipitation of rains, snow melting and mixed
action of these factors. The leading part belongs
to the mudflows of snow melting, which are
formed almost on all water flows of this region,
moreover on the drainage basins snow melting
higher than 4.0-4.4 km, more precisely the
melting of snowfields, remains the only factor
of the mudflow formation. Rain and mixed
mudflows, just as settle the melting of snow
cover, are formed, in essence, on the lower
water flows.

Upper limit of the mudflow is ambiguous,
as a whole it is stipulated by the boundary of
ice formation, which experiences space
changes caused, first of all, with the
“massiveness of mountains” effect, i.e., by the
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gradual drying up of air as a result of the
precipitation of moisture on the slopes in
proportion to advance into the depth of mountain
territory.

Upper region of its configuration appear
most developed and complete. It is
characterized by the gradual damping of flood
activity from top to bottom, in view of the earlier
offensive of cold in the upper sections of
mountains, on the comparison of lower. Later
than all (third decade of August) the curtailment
of mudflows is observed on the drainage basins,
located near the heights of 5.5-6.0 km and is
located somewhat higher than the level of ice
formation. The relatively prolonged mudflow
period attracts attention for the heights up to
4.5 km. It occurs apparently due to of the snow
mudflows forming according to the glacial type
of mudflows.

Upper the heights of 4.5-5.0 km mudflow
intensity gradually is decreased and at the
height 5.5 - 6.0 km decreases to zero. Does it
indicate the upper physical limit of the
propagation of mudflow basins? In a definite
sense this so, if to exclude the basins with the
large valley glaciers, especially dendrite, whose
drainage basins often rise up to the height higher
than 5.5-6.0 km.

The heights 5.5-6.0 km are usually
maximal for the mudflow basins containing
slope glaciers, which are characterized by small
sizes and comparatively small vertical range
of development up to the first hundred meter.
Also firn formations come out as the mudflow
objects. Being located on the slopes of glacial
valleys contemporary circus they both form
like second upper tier of icing. Herewith the
underlying glaciers of the first, lower (basic)
tier serve as the unique basis of accumulation
for the basins of mudflows convergent from
the slopes. The level of the heights 5.5-6.0 km
depicts the fact of the curtailment of the melting
of ice and snow at the high altitude, which is
located in the mark 6.0 km.

Down to the heights of 4.5-5.0 km the

force of the flow of the glacial mudflows also
is gradually reducing. Theoretically it is equal
to zero on the boundary of ice formation. The
low accumulating ability of small glaciers and
the early exhaustion of snow reserves are the
most probable reason for this. The rock centers
are characteristic for this region, which present
the system of lobbies and deepening on the steep
rock slopes, where as a result of processes of
weathering the damaged rocks are
accumulated, which are a potential mudflow
massif. In the photo images the sources are
separating according to characteristic treelike
figure.

The mudflow activity is determined by
the intensity of snow melting, the temperatures
of air influence on and which in turn affects
the scope of the high-altitude zones of snow
melting. Consequently, the higher is the air
temperature, the more intensively the mudflow
source is watered. It follows herewith that
majority of the mudflow volume is formed in
the basins at heights upper than 4km. If to
regard activity on groups then it turns that in
the first one the most mudflows passed at the
temperature under 24°, and in the second one
at the lower than 24°. So 24° is an important
index for ranging mudflow basins of snow
feeding on main and satellite. The recurrence
of mudflows is sharply rising up in the
temperature intervals within 24° - 27° and then
up to the 30.0° – 33.0°  is gradually descending.

CONCLUSION
An analyses of the before mudflow

situations shows that they are observed at the
temperature kinks. Herewith it’s became clear
that for reaching the mudflow dangerous state
there necessary short and fast or long lasting
and slow air temperature raising.

Mudflows are in most cases realizing
because of mountain fold settings determining
their specification for the Tajikistan:

Sharply separated contrast mountain
landscape with tangible inclination of main and
auxiliary river beds;
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Existence of powerful weathering crust
and accumulation of loosed fractured materials,
which compose the hard mudflow component;

Slope surfaces deprived of plants and
nonmoderate precipitations in the annual cycle
with a maximum in the spring snow melting;

Breaching temporary dams in the river
beds under the sub damming by landslides,
avalanches, glaciers, steep slopes of the
mudflow beds talvegs, accumulation of large
volume loosed fractured material and sharp
raising up watering of flows. 
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