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This article considers the possibility of using GIS technology in the man-
agement of mudflow risks. It is proposed to creating a single electronic data-
base with spatial referenced in real terrain. Among the dangerous exogenous
processes occurring in the mountain and foothill regions of Kazakhstan, mud-
flows are among the most catastrophic on the territorial distribution, the for-
mation frequency, the scale of the caused damage. Threatened of mudflows
are plenty of settlements and cities, as well as significant areas of valuable
lands and economic facilities of south-eastern and eastern Kazakhstan. The
effectiveness of management measures to reducing and preventing the dev-
astating effects of mudflows on social, techno and ecosphere of the region is
highly dependent on decision making on time. To make justified and effective
decisions in managing mudflows risks, modern specialist should be able to
receive, collect, preserve and process data, presenting the results in the form
of visual documents by via computers and communications equipment. The
main objective of the creation of such databases to help less experienced us-
ers to finding existing description solutions of any problems in a subject fields.

Key words: GIS, dangerous phenomenon, mudflows, mudflow risks,
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ATanFaH Makanaaa CeAa KayriH aybidabikTayaa [AYK-TexHOAOrMsiAapbIH
KOAAQHY MYMKIHAIT KapacTbipbiAfaH. LLIbiIHarbl aymakTa KeHiCTiKTi OanAam
aHbIKTaAFaH MOAIMETTEPAIH OipbiHFal 3AEKTPOHABIK, 6a3acbiH Kypy YCbl-
HblAaAbl. Ka3akCTaHHbIH TayAbl XKOHE TayaAAbl ayAaHAAPbIHAA KepiHic 6Ge-
peTiH anaTTbl 3K30reHAl MpoLecTep apacbiHAQ CEA TaCKbIHAQPbl TapaAybl,
KaNTAAQHFbILITbIFbI XKOHE OHbIH KOpIHIC 6epy HOTMXKECIHAE TybIHAANTbIH
3UAHABI CaAAAPbl XKOHIHEH aiTapAblKTail anatTbl KyObIAbICTap CaHaTbiHa
>KaTaAbl. Kas3akCTaHHbIH, LUbIFbIC, OHTYCTIK-LUbFbICBIHAAFbI eAAI-MekeHAep
MEH KaAaAapFa, COHAAM-aK, EriCTiK aAKanTap MeH LapyallblAbIK, HbICAaHAQPFA
TeHin Typ. Cen TacKbIHAQPbI APKbIAbl KEATIPIAETIH LWbIFbIH KOAEMI SAeYIp
OGOAFAHADBIKTAH, OAapAaH KOpFaHyAbl Taaan eteai. CeA TacKbHAAPbIHbBIH
aymMakKa TUri3€eTiH anaTTbl 8CEpiH TOMEHAETY YK8HE aAAbIH aAy >KOHIHAET aybi3-
AbIKTay LIapaAapbIHbIH, TUIMAIAIM WIELLIMAEPAIH, YaKbITbIAbI KaObIAAAHYbIHA
Tikenelt Tayeaal. CeA KayniH aybI3AbIKTayAaFbl HEM3AEAreH >KoHe TUIMAI
LIELLIMAEPAI KaObIAAQY YLLIH KA3ipri 3amMaHFbl MamMaHAQP KOMIbIOTEP KaHe
6aAaHbIC KypPaAAapbIHbIH KOMEriMeH akrnaparTtapAbl KabbIAAAIM, KMHAKTar,
caKTarn >xaHe eHAEN >KaHe HBTMXKEAEePAI KOPHEKI Ky>KaTTap peTiHAe KepceTte
aAybl Kepek. MyHAaim MeAIMeTTep 6a3acblH KypyAblH 6acTbl MakcaTbl — ToXi-
prbeci a3 MaMaHAApFa TOTEHLLIE XKaFAAMAAPADBIH aAABIH aAYAbl, YaKbITbIAbI 9pi
SKbIAAGM LLIELLIM KaObIAAQYFA MYMKIHAIK GepeA.

Tynin cesaep: I'AX, kayinTi Ky6bIAbICTAP, CEA TAaCKbIHbI, CEA Kayri,
CeA KayriH aybI3AbIKTaY, LWELiMAEP KabbIAAQY.

B AaHHOM cTaTbe paccMaTpyBaeTCs BO3MOXXHOCTb npumeHeHus TMC-
TEXHOAOTMI B YMPABAEHUWN CEAEBbIMM pUCKamM. [peaaaraeTcs co3panue
€AMHOTO AEKTPOHHOrO 6aHka AAHHbIX C MPOCTPAHCTBEHHOM MPUBSA3KON
B peaAbHOM MeCTHOCTU. CpeAn OMacHbIX 3K30reHHbIX MPOLLEeCCOB, MPOUC-
XOASLLMX B FOPHbIX M MPEArOPHbIX panoHax KasaxcraHa, ceAeBble MOTOKM
OTHOCSTCS K HamboAee KaTacTpoPUUecKnm Mo TEePPUTOPUAALHOMY pacri-
POCTpaHeHMio, YactoTe (hOPMMPOBaHMS, MacluTabam HAHOCUMbIX YLLLepOOB.
oA yrpo30# ceAeBbIX MOTOKOB HAXOAMTCS GOAbLLIOE KOAUUYECTBO HACEAEH-
HbIX MYHKTOB M FOPOAOB, a Tak)Ke 3HAUUTEAbHbIE MAOLAAN LIeHHbIX 3eMeAb-
HbIX YTOAMIA U XO39MCTBEHHbIE 00bekThbl KOro-BoctouHoro 1 BoctouHoro
KasaxcraHa. Yiuep6, HaHOCKMBbIN CeAsiMM, TpeOYeT 3aLmTbl OT HKMX. Dchek-
TUMBHOCTb YMPaBAEHUYECKMX MEPOMPUSTUIA MO CHUXKEHWMIO U MPeAOTBpaLLle-
HMIO PaspyLIMTEAbHbIX BO3AEMCTBMI CEAEM B OOAbLLUOM CTEMeHW 3aBMCUT
OT CBOEBPEMEHHOrO MPUHSTUS pelleHnin. AAs MPUHSTUS 060CHOBAHHbBIX U
3(hheKTMBHBIX peLleHuit B YrPaBAEHUN CEAEBbIMM PUCKaMK COBPEMEHHDIN
CMeLMaAUCT AOAXKEH YMETb C MOMOLLIbIO KOMIbIOTEPOB M CPEACTB CBS3M MO-
AyYaTb, HaKamnAMBaTh, XpPaHUTb M 06pabaTbiBaThb AAHHbIE, MPEACTABASISI pe-
3YAbTaT B BUAE HArASIAHBIX AOKYMEHTOB. [AaBHas! LIeAb CO3AAHMS Takmx 6a3 —
MOMOYb MEHEe OTbITHbIM AOAIM HAMTK CyLLECTBYIOLLEE onMcaHue cnocoba
peLleHns Kakon-Anbo npobAEMbl MPeAMETHOM 06AACTH.

KatoueBble caoBa: [MC, onacHble 9BAEHMS, CEeAeBble MOTOKMU, CeAe-
BOWM PUCK, YNPABAEHWE PUCKAMU, MPUHATUE PeLLeHU.
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1. Introduction

Geographic information systems and technologies are increasing
application in human life. Range of solvable tasks by using GIS
tools is extremely wide. Scientists estimate that 85 % of information
facing by human in their lives has a territorial binding. Therefore,
to enumerate all the GIS application areas are simply impossible.
These systems can be applied virtually in any field of labor activi-
ties of human. GIS are effective in all areas, which are carried out
accounting and control of the territory and objects on it. GIS is more
actively included of our lives, scope of activities and business.

What is happening in the world large-scale build-up and diversi-
fied the introduction of geographic information resources is largely
due to the need to improve information systems for decision-making
at the state level.

Large-scale build-up and multi-pronged implementation of geo-
information resources are happening in the worldwide is largely as-
sociated with the need to improving information systems to provid-
ing decision-making at the state level. Interdepartmental information
interaction and analytical support decision-making can be ensured
by using such systems based on modern methods of spatial analysis,
simulation of emergency situations and predict their consequences.

2. Discussion

Among the dangerous exogenous processes occurring in the
mountain and foothill regions of Kazakhstan, mudflows are among
the most catastrophic on the territorial distribution, the formation
frequency, the scale of the caused damage. Threatened of mudflows
are plenty of settlements and cities, as well as significant areas of
valuable lands and economic facilities of south-eastern and eastern
Kazakhstan.

The damage caused by mudflows, requires protection from
them. The growth of the negative effects of mudflows caused by the
mudflows phenomena activation and strengthening the economic
development of the territories, among the priority tasks put forward
is the creation and implementation of management systems of mud-
flow risk. The developments effectiveness of management measures
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to reducing and preventing the devastating effects
of mudflows on social, techno and ecosphere of the
region is highly dependent on the degree of it scien-
tific validity. The quality of the latter is determined
by the knowledge levels about the formation con-
ditions, mechanisms appearance of mudflows and
their parameters, composition of recipient and char-
acteristics of the mudflows impact. The knowledge
required for managing mudflow risk, based on col-
lected, analyzed and systematized data of informa-
tion. From the completeness, accuracy and detail of
background information in a heavily depends on the
correctness of determining of the spheres and activ-
ity directions on protection from mudflows.

One of the common forms of data systematiza-
tion for mudflows risk management system is the
“Passport of mudflow basins”. The Geography In-
stitute of the MES by the order of SI “KazSeleZash-
shita” was developed the structure of the “Passport
of mudflow basins” and was compiled the “Passport
of Kishi Almaty River’s mudflow basin” [1, 2].

The creation purpose of the Passport was in-
formation provision of management mudflow
risks; data systematization, it was carried out in
accordance with the main directions of risks man-
agement.

Designed passport in that time has satisfied all the
demands that were delivered by it. But they were not
perfect. The main disadvantage of this Passport can
be assumed, that the Passports structure and composi-

tion while working with it does not allow fast access
to the information, and use it as a visual material, to
add, to re-saving and to processing data [3].

3. Methods

The authors of this article in aim to eliminate
these disadvantages and drawing on the experiences
of foreign countries, had attempted to describe the
methodologically efficient and correct actions that
need to be carried out in the emergency organiza-
tions.

Risk management — a multi-stage process,
which aims to reduce or compensate damage for the
facility upon the occurrence of adverse events. It is
important to understand that minimize the damage
and risk reduction — are not adequate concepts [4].
Reducing the risk that is to say the mudflow risk
means either a reduction of possible damage during
the passage of mudflows or a decline in the prob-
ability of genesis of mudflows.

Mudflows risk — is the danger of negative ef-
fects of mudflow phenomenon. Mudflows risk is
determined by the product of the probability of oc-
currence of mudfiow phenomena and the damage
caused by them. Determination of the mudflows’
negative impact is an integral and essential part of
mudflows risk management [5].

The main stages process of mudflows risk man-
agement includes the following steps (1 Figure) [6].

| Analysis of the mudflows risk ‘

|

I

| Determination |

| Assessment ‘

[

Select the effective methods
impacts on mudflows risks

|

Decision-making

|

Impacts on mudflows risks

I

[

Inter mudflows periods

Period of threat during
passage of the mudflow

The period after passage of
the mudflow

Adjustment results

Figure 1 — The general scheme of the process of mudflows risk management
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Analysis of the mudflows risk — the first stage,
purpose to obtaining the necessary information
about the structure, properties of mudflows. To make
adequate decisions on the subsequent stages, the
collected information should be sufficient. Analysis
of the mudflows risk consists of identifying the of
mudflows risks and to assess degree of the mudflows
risks.

In identifying risks (qualitative component) are
determined all the risks, inherent to the mudfiows.
To identifying the centers of origin of mudflow
phenomenon, monitoring of their condition and
the extent of mudflow risk in real time, must
be consistent implementation of the following
activities: interpretation of aerial photos and
satellite images controlled territory with a view to
select mudflows objects; aero visual surveillance
of mudflows objects and their dynamics; ground
surveys of the most dangerous objects in the case of
aggravation of the situation; cartography mudflow
hearths; drafting the passport of mudflows objects;
observation of mudflow forming factors and the
passage of mud floods.

To identify zones of the negative impact of
mudflows are necessary to consistently carry out
the following works: identify mudflows risk areas;
construct maps of zones of negative impact of
mudflows; create Passports of sites the devastating
effects of mudflows based on analysis of retrospective
data and the calculation of the maximum possible
characteristics of mudflows. The degree of mudflows
risk is considered as a combination of frequency
and probability and consequences of mudflows. In
other words, the concept of risk always consists of
two elements: the frequency of mudflows formation
(repeatability) and the effects of mudflows that is
the application concepts risk allows to transfer the
danger into the category of measured values. Using
the available information, science-based forecasts
of assessment of mudflows risk is help to reliably
assess the risk. The effectiveness of mudflows risk
assessment depends on many factors. In the first
place the correctness of the chosen method, the
accuracy of its calculations, as well as the level of
technological equipment in the practical application
of methods, it means: the presence of the database,
the duration and spatial and temporal coverage of
observations of mudflows, implementation means
of environment monitoring.

Databases for managing mudflow risk
must be contain accordingly interpreted and
structured, meaningful and sufficient information
to develop management solutions: information
passed mudflows, conditions of their formation

ISSN 1563-0234

and flow characteristics, and the recipients in the
impact areas of mudflows and inflicted damage.
In addition, important to solve organizational
issues: the involvement of qualified and competent
specialists involved in risk assessment, selection of
an analysis object, financing, concerted action by
all stakeholders. Forecasts based on the analysis of
environmental factors with the modeling prospects
of development situations can have a high efficiency.

Evaluation — this is a quantitative description
of the identified mudflows risks. In assessing
the mudflows risks are carried out directed and
systematic works on the determining of recipients
and origin of the mudflow risk, as a result is it
determines the degree of debris flow risk areas.
The risk degree depends on the economic criteria
for assessing the direct and indirect losses [7].
Identification and assessment of mudflows risk are
closely linked between themselves, and it is not
always possible to divide them into independent
parts of the general process. Furthermore, the
analysis is often in two opposite directions — on the
evaluation to the identification and vice versa. At the
first case, there are already (fixed) losses and need
to identify the causes. At the second case identified
risks and the possible consequences based on the
of system analysis. Evaluation of mudflows risk is
carried out in order to select the best optimal method
of controlling them [8].

Then, occurs the step of selecting the method of
exposure to the risk in order to minimize the possible
damage in the future. Each type of risk allows several
traditional methods to reducing them. Therefore
there is the problem of assessing the comparative
effectiveness of methods to influence the risk of
selecting the best of them. The comparison may
be based on various criteria, including economic.
After selecting the optimal methods to influence to
the mudflows risk it is possible to form an overall
strategy of management of the entire risk complex.
This is the stage of decision-making. Decision-
making should be done with the applying of
evidence-based methods. There are a lot of decision-
making techniques. The most commonly used
mathematical procedures for decision-making are
linear programming, simulation models, network
models, queuing theory, decision tree, game theory,
and others.

The effectiveness and implementation of
developed solutions depends on the amount and
quality of information resources. Scenario analysis is
widely advertised as the methodology of construction
systems of security management. Scenario analysis
includes the steps of determining the objectives
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of formation scenarios, the determination of the
scenario characteristics, scenario analysis, scenario
optimization, transformation of the scenario in the
program and plans.

Mudflows phenomenon characterized by a
discrete appearance and short duration of passage,
risk management is carried out in the periods
between mudflows phenomenon, the threat of their
occurrence and transmission, post mudflows.

Managing mudflows risks, carried out during
the period of the threat and passing the mudflows,
and post mudflows and inter mudflows periods are
significantly different. Managing mudflows risk
in the inter mudflows period includes preventive
measures, which should be aimed at reducing the
probability of appearance mudflows, impacts of
mudflows, damage caused by mudflows.

Accordingly, specified areas there are various
control actions.

Reducing the probability of appearance
mudflows is possible due to the control action on
mudflow formation factors — to avoid exceeding
their critical values for the occurrence of mudflows.

Because the mudflows occur resulted from
imbalance of the system “water — loosely detrital
material at a certain slope”, control actions should
be directed at the reduction or stabilization of a
particular component of the system.

The final stages of the mudflow risk management
are the control and correction of the implementation
results of the chosen strategy, with considering new
information. Control is to provide information about
the nature of mudflows, as well as the loss occurred
and the measures taken to minimize them. It can
be expressed in the new circumstances changing
the level of risk, monitoring the efficiency of work
systems ensuring security, etc.

Analysis of the occurred mudflow phenomena
should be conducted in order to obtain new
knowledge about the nature of the phenomenon
and characteristics, draw the moral from actions of
the existing mudflow risk management system to
identify the necessity and ways to improving it.

The mudflows causes, mudflows characteristics,
works of mudflows protection facilities, works of
warning systems, systems of emergency response
and disaster, the characteristics of the negative
effects of the mudflows and their current and
long-term consequences should be analyzed. In
accordance with the above, correction mudflow risk
management systems should be implemented.

Once every few years should be a revision of
data about the effectiveness of risk management
measures taking into account the information about

occurred of loss during this period.

The described algorithm of actions requires
highly qualified experienced specialists who
understand the nature of mudflows. The Emergency
Situations sphere should not depend on the separate
personalities in this field should work coordinated
system. The economic crisis, which began with the
middle of 80’s twentieth century and lasted until the
late 90’s as well as the collapse of the USSR led
to the cessation of work aimed at studying of the
mudflows phenomenon [9]. The sharply reduction
in appropriations for study was an additional blow
to the development of mudflows science. The
collapse of the Soviet Union mudfiow community
was divided by national borders. The mudflow
committee stops working. Training specialists and
transfer the experiences are overlooked. On present
day, we have experienced highly qualified staff,
but there is no the younger generation, who could
continue to work at the same level.

If taken account the suddenness of the
appearance of this phenomenon, the immediate
response in decision-making is required. To solve
these problems is proposed the creation of an
electronic database, which has a spatial reference
to the real surface. With this data bank be possible
to make up for the lost generations of continuity in
emergency situations.

It is possible to piece out of the subtlety continuity
generations in the Emergency Situations field.

Conclusion

At the present stage the fundamental and
applied researches are not conducted without the
computerization and automation of information-
reference systems.

Information about emergency situations,
in particular the mudflow phenomenon has an
important role in various sectors of the economy
of the dangerous of mudflow areas. Economic
efficiency correctly and timely use the information
about mudflow phenomenon will be in demand with
the development of the national economy.

Creation and development of computer and
information technologies in the mudflows field
researches is difficult and requires a plenty of time
and money. Despite of all these difficulties in the
neighboring and foreign countries is held a series of
fundamental researches.

Many organizations and institutions of these
countries in their daily activities apply GIS-
technology to solve security problems. Through
the GIS-technologies are predicted particularly

144 Ka3¥V Xab6apusicel. 'eorpadust cepusicel. Nel (42) 2016



Mussina A.K., Zhanabayeva Zh.A.

hazardous phenomenon such as forest fires, floods,
earthquakes, storms and mudflows. As well as are
identifying potential the degree of hazards and on
this basis are accepting decisions on the provision of
assistance to victims. It is also possible to estimate
the volume of forces and means for the prevention of
emergency situations, to plan the most optimal route
to the disaster site, calculate the possible damages to
the environment and human, and losses in different
sectors of the economy.

Geoinformation system about mudflows should
include the following: firstly need to create a large-
scale base map of mudflow hazardous areas of the
country, on this map should draw a boundaries of
hazardous mudflow basins and mudflow hearths
in each of them. Each designation mudflow hearth
should give the user information not only on spatial
data, as well as information on morphometric (the
absolute height of the mudflow hearth, square,
length, width, bias) parameters, information
about mudflows were generated at this hearth or
else crossed the mudfiow hearth, information on
the economic, social objects near the mudflow

hearth, and possible critical and mudflows forming
parameters in the hearth. In the case of equipping
it by GIS sensors or hydrometeorological data
the importance and usefulness will only increase.
To enlarge informativeness of the GIS data in the
additional layers should be displaying a degree of
mudflow risks and the level of mudflow hazard.

To make justified and effective decisions in
managing mudflows risks, modern specialist should
be able to receive, collect, preserve and process data,
presenting the results in the form of visual documents
by via computers and communications equipment.
The main objective of the creation of such databases
to help less experienced users to finding existing
description solutions of any problems in a subject
fields.

It should be noted that information about the
mudflows phenomenon integrated into a single
electronic database using GIS technology should be
accessible, simple and understandable for the user.
This electronic database with geo-spatial referenced
in real terrain will be in demand in the departmental
emergency organizations of various ranks.
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