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“Disaster Management & Emergency Responses to Flooding”
Conference, 7-13 August 2016, Almaty, Kazakhstan

The event brought together scientists, engineers and practitioners from across aca-
demia, industry, and non-government organizations to discuss, share and promote current
research and recent developments across all aspects of engineering in disciplines such
as Civil, Environmental, Hydrological, Geological, Social, Political Sciences, Earth Ob-
servation Satellite or Remote Sensing Technologies. The workshop was focused on three
specific themes related to forecasting, decision making and response to natural disasters:

I) natural hazards from floods and seismic activity to landslides

IT) Remote Sensing (Satellite) for monitoring and prediction of natural disasters

IIT) Disaster Risk Reduction and Resilience (DRRR)

Theme I dealt with natural hazards with a particular focus on flooding from seasonal
glacial ice melt and seismic distortions resulting in landslides, with field work tracking and
sensors applications, data collection and modelling.

Theme II dealt with remote sensing for real-time monitoring and prediction analysis,
applications of the different international satellite and local data, including Kazakhstan
KazEOSat-1 and -2. Satellite data processing, data collection, modelling and visualization
with web GIS tools application were also discussed.

Theme III dealt with Disaster Risk Reduction and Resilience (DRRR) and response.
Cooperation strategies related to DRRR were discussed by public emergency preparedness
researchers, emergency agencies, scientists, multidisciplinary social-political science and
engineering science experts.

The papers presented in the conference are published in this special issue of VEST-
NICK of AUPET.
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MULTIDISCIPLINARY COLLABORATION FOR DISASTER
RESILIENCE

Zhanay Sagintayev
Nazarbayev University /Kazakhstan/

zhanavy.sagintayev@nu.edu.kz

Abstract. Multidisciplinary cooperation and data sharing are very important when
natural disasters occur. Until now most disaster support and training programs have been
developed through narrow fields of specializations in Kazakhstan. However, in most
aspects of life, the political, academic, research and social spheres, integration of
expertise has proven to be more effective. Kazakhstan has weak multidisciplinary social
and technical research cooperation since technical and social researchers usually do not
have common projects. On the other hand, Western countries have strong support for
multidisciplinary cooperation. In this paper, three examples of multidisciplinary
cooperation in Canada, the Global Institute for Water Security (GIWS), the Red River
Basin Commission (RRBC) and the Canadian Space Agency (CSA), are reviewed.

Key words: Disaster Resilience, multidisciplinary, Kazakhstan, integrated
modelling.

Introduction

A multidisciplinary approach includes contributions from several disciplines
to research problems to find solutions for complex situations. Identifying causes
and determining potential disasters are an ideal context for an interconnected and
multidisciplinary approach [1]. Earthquakes, bridge-dam-reservoir destruction,
hurricanes, floods and fires could happen simultaneously. As well, during a flood,
the management of all water (snow, melting snow, rain) should be measured and the
movement, discharge to underground reservoirs, evaporation and other features of the
water cycle need to be studied as a whole. As well as the purely technical factor, a
multidisciplinary approach will highlight the social, economic and other contributory
elements of flood disasters.

Kazakhstan situation

Multidisciplinary cooperation and data sharing are very important when natural
disasters occur, but the infrastructure for this is very weak in Kazakhstan. Most
organizations and agencies do not share data as they work on very narrow tasks. For
example, Kazakhstan has recurring issues with large early spring floods in some
regions (Almaty, Astana and Karaganda regions), and desertification in other
regions (Central and Kyzul-Orda regions). Most of the water resource related
organizations work on narrow issues, such as meteorology agencies that



concentrate on precipitation tasks; hydrologists that focus only on the surface water
tasks; hydro-geologists that specialise on the underground water investigation and all
these bodies keep their data without sharing it. In this case, there is a lack of the
multidisciplinary approach to work on modelling and prediction analysis of the
entire water cycle, including the interconnected chain of processes: precipitation,
surface and underground water. If there is a chain of disaster events, such as
earthquake-flood-fire, experts from the different disciplines (meteorologists,
hydrologists, hydro- geologists, and fire experts for example) work separately.
However, unified databases and cooperative tools exist in many countries,
including HAZUS in Canada [2]. Disaster and emergency activities in Kazakhstan,
which rely on policing personnel, are for the most part reactive — after a disaster
happens. They do not provide pro-active work based on analytical research.
Essentially, they lack the expertise and skills to work on modelling and predictive
analytical research. Cooperation among social and technical researchers is very
limited, so people are not informed properly about potential disasters and the ensuing
consequences. Kazakhstan does not have socio-hydrology cooperation programs
because traditionally technical and social research experts have not conducted
research together.

The Kazakhstan Space Agency Garysh Sapary has invested in very
sophisticated technologies that require high expertise, knowledge and skills to
develop applications. For example, Kazakhstan invested heavily in purchasing,
launching and using two sophisticated Earth Observation Satellites (EOS):
KazEOSat-1 (1 m panchromatic; 4 m four multispectral channels) developed by
French Airbus Defence and the Space KazEOSat-2, which was developed by
SSTL (Surrey Satellite Technology Ltd) of Guildford, UK. Many Kazakhstan
organizations lack the expertise, knowledge and skills to process this high
resolution raw data and apply it to their needs. Thus, training and promotion of the
satellite data from the Kazakh Space Agency Garysh Sapary should be expanded.
There are just a few consultant companies in the market, which do not share their
knowledge and data. Kazakhstan is lacking applications of the satellite data for
different engineering projects. These two KazEOSat-1 and -2 satellites can
provide high-resolution data up to one meter, which is thirty times higher than
the publicly available US Landsat with 30-meter resolution. The Kazakhstan Space
Agency Garysh Sapary does not have a proper transparent user friendly science
cooperation program with researchers and universities, but the Kazakhstan systems
can find models in Canada to inform their innovation. Research projects involving
SOAR, the Canadian data sharing — multidisciplinary research program Science
and Operational Applications Research, are relevant to Kazakhstan’s needs [3].

Examples of multidisciplinary cooperation
Governments and academic institutions in Canada strongly support

multidisciplinary cooperation. This paper highlights three organizations as
examples of practical and successful multidisciplinary cooperation in Canada: the
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Global Institute for Water Security (GIWS), the Red River Basin Commission
(RRBC), and the Canadian Space Agency (CSA).

Global Institute for Water Security (GIWS)

The Global Institute for Water Security (GIWS) is a multidisciplinary
organization that focuses on the sustainable use of water resources around the
world and on the protection against natural environmental hazards that concern
water (especially droughts and floods). Their work in Saskatoon, Saskatchewan
can inform Kazakhstan’s practice since its base location is so similar. While the
Saskatoon prairie is in the Western hemisphere, it has nearly the same climate,
weather and precipitation patterns as Kazakhstan’s steppe.

The GIWS has a unique multidisciplinary team of social and technical
experts, which form the socio-hydrology research cooperation activities. At GIWS,
the interdisciplinary teams include government scientists, university faculty and
experts from different industrial companies who work with post-doctoral fellows
and students. Their priority 1s to understand how land management practices,
natural resource development and climate change affect the eco-system. Together,
they develop and improve modelling tools which are necessary for managing water
in a sustainable manner. GIWS combines expertise in engineering, the natural and
the social sciences. Their research goes beyond traditional water resources
management so that decisions about water “incorporate a range of values and
perspectives about the meaning, value and use of water” [4].

The GIWS researchers conduct workshops and activities throughout the
Saskatchewan River Basin to encourage dialogue between everyone involved with
water resource management in order to understand concerns and determine the
appropriate scientific tools which will enhance water security. The Slave
Watershed Environmental Effects Program (SWEEP) is an example of a
community based venture. The program empowers the residents to collect,
interpret, and use a system of aquatic environmental indicators to address key
issues and prioritize water management activities in the watershed. The local First
Nations (Indian or Aboriginal) communities rely on the Slave River Delta
culturally, socially and economically. Through one-to-one interviews and sharing
circles, they have expressed that their main concerns include “water quality,
hydrology, sediment load, wildlife, air, climate, vegetation, fish, and insects” [5].
Other information comes from traditional science which includes “measures of
water quality, bottom-dwellers, hydrology, and fish health” [5].

Another more encompassing project is the Delta Dialogue Network (DDN),
which coordinates the research activities from the Slave River, Peace Athabasca
and Saskatchewan River Deltas. The DDN focuses on “knowledge mobilization”,
which is about making sure that knowledge serves society well by bridging any
gaps between academic researchers, the general public and decision-makers [6].



Red River Basin Commission (RRBC)

The Red River Basin Commission (RRBC) is a Canada - USA trans-boundary
cooperation, which was formed in 2002 to manage the common Red River Basin
(RRB) water resources properly [7].

RRB is one of the Lake Winnipeg Watershed sub-basins (Figure 1). The Lake
Winnipeg Watershed (LWW) is a very large watershed covering much of central
Canada (four provinces) and four American states, which share the 49" parallel
border. The LWW includes three major sub-watersheds: Red River (Assiniboine
River); Winnipeg River; and the Saskatchewan River (GIWS focuses on and
coordinates research on this third basin).
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Figure 1 - Lake Winnipeg watershed, including Red River Basin shared by Canada
and the USA. Source: [8]

The RRBC is a chartered not-for-profit corporation under the provisions of
Manitoba (Canada), North Dakota, Minnesota and South Dakota (USA) bodies.
The RRBC is made up of representatives of local governments (of the cities,
counties, rural municipalities, provinces/states), watershed boards, water resource
districts joint powers boards, as well as First Nations (Indian, Aboriginal)
representation, a water supply cooperative, a lake improvement association, and
numerous environmental groups.



One of RRBC’s projects is the development of a Basin Wide Flood Flow
Reduction strategy. “This strategy reduces flows on the mainstream by altering the
hydrology of the contributing watersheds as a basin wide effort” [7]. The key
advantage of this is that the flooding could be channelled along the entire length of
the river, not just in communities that have a dam or other economic resources to
prevent flood damage. It is significant that the tributary watersheds that are
upstream will also benefit. Coordination is necessary in order to manage the flow
from each of the contributing watersheds. The RRBC also developed a Drought
Preparedness Strategy since droughts; either month long or longer, can potentially
be more economically devastating. Their Scoping Document outlines the resources
and timelines the USA-Canada stakeholders require [7].

After a major Red River flood in 1997, many of the concerned jurisdictions
created an International Joint Red River Basin Task Force. Their major
accomplishment was the development of an open source transparent database,
where all data from all the regions were collected, including research projects,
engineering consultant company jobs, geo-portal with downloadable files in
different formats (to use with different software tools such as AutoCAD, GIS), and
high resolution Light Detection and Ranging (LIDAR) data [9]. See Figure 2. This
data was used to create a Decision Support System (DDS). The DSS provides the
capacity to examine the costs and benefits associated with natural capital (or
natural environments) restoration investments at the basin scale and within
municipalities and counties.

This system allows the local, provincial/state and federal stakeholders to work
on the entire ecosystem and to effectively manage it through dozens of
multidisciplinary cooperation projects.
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Figure 2 - Red River Basin Decision Information Network: Data available freely to
the public. It includes high resolution LIDAR data at cm level resolution. Source: [9]



Canadian Space Agency (CSA) SOAR program

In 1989, the Canadian Space Agency (CSA) was created and has since
reported to the Canadian federal Ministry of Industry. It endeavors to focus on the
needs of a wide range of end-users through the integration of space science and
technology research and its application to everyday public life. The applications
include “television broadcasting, weather forecasting, mobile communications,
water purification, heart monitors, ultrasound scanners, laser surgery, resource
mapping, navigation, protective clothing, advanced structural design, robotics,
solar power, sewage treatment, even shock-absorbing athletic shoes” [10]. An
important example of CSA’s innovative approach is Canadian Science and
Operational Applications Research (SOAR), a multidisciplinary research program.
SOAR 1is a joint partnership program between MacDonald Dettwiler and
Associates Ltd, Geospatial Services Inc. (MDA GSI) and the Canadian
government through the Canadian Space Agency (CSA) and the Natural Resources
Canada's Centre for Remote Sensing (CCRS). The program provides free access to
RADARSAT-2 data for research and testing purposes [3].

Conclusion

Kazakhstan endeavors to support more innovation. The essential driver for
innovation is multidisciplinary cooperation, but that is still undeveloped in
Kazakhstan. It is reasonable to introduce more multidisciplinary cooperation in
Kazakhstan similar to the three examples of Canadian models that have been
reviewed: the Global Institute for Water Security (GIWS), the Red River Basin
Commission (RRBC), and the Canadian Space Agency (CSA) SOAR program.

Using these models, Kazakhstan could expand cooperation between social and
technical researchers to develop similar multidisciplinary socio-hydrology
teamwork programs. The best practices from the multidisciplinary approaches,
cooperation, data sharing, similar to current practice in the three Canadian
organizations GIWS, RRBC, and CSA - SOAR would be significantly helpful for
Kazakhstan:

o Data sharing could be expanded and different data sharing platforms could
be applied similarly to what exists in Canada. This free data for Earth Sciences
Tools and Applications is available through National Resources Canada [11].

o Cooperation among researchers should be expanded. Meteorology experts
and agencies could have more open course data related to precipitation with the
hydrologists, who work on the surface water tasks, and the hydro-geologists, who
work on underground water investigations. All these organizations and experts
should cooperate more in data sharing with each other; and apply a more
multidisciplinary approach to work on modeling and prediction analysis on the
whole water cycle, including the connected chain of processes: precipitation,
surface and underground water movement, as experts from Canada in GIWS and
RRBC do.
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e Social-hydrology types of cooperation among social and technical
researchers should be expanded. Everyone, including the general public, should be
more involved through training and proper information about many environmental
complexities, including potential disaster issues. Curriculum for the public schools
could also be developed for disaster preparation, so that the next generation is
more aware and “ready.”

o Experts from the lines, such as earthquakes, meteorologists, hydrologists,
hydro- geologists, fire experts, should have more cooperation and data sharing
platforms, and have a unified database and should apply cooperative tools such as
HAZUS.

o Currently, Kazakhstan acts mostly in a reactive capacity, dealing with the
disaster after it occurred. It is possible to have more pro-active actions, analytical
research work, prediction analysis and modeling research work.

e Specialized multidisciplinary institutes similar to Canadian GIWS and
RRBC would be helpful if implemented in Kazakhstan for the Irtysh River Basin,
Balkhash Lake Basin and SyrDarya River Basin. Specifically, the GIWS and
RRBC models can inform joint cooperation institutes with the People’s Republic
of China for the Irtysh River Basin and Balkhash River Basin. To date, trans-
boundary water sharing has been very complicated in Kazakhstan. Canadian
expertise of working on these issues through organizations can be very helpful for
Kazakhstan.

o A multidisciplinary research program, similar to Canadian Space Agency
(CSA) and Canadian Science and Operational Applications Research (SOAR)
could be adapted for Kazakhstan. Establishing a transparent user-friendly platform
could facilitate cooperation between the Kazakhstan Space Agency and Kazakh
post-secondary institutions. Sharing this data could greatly impact educational,
economic and environmental progress in Kazakhstan.

e All stakeholders concerned with water management in Kazakhstan, the
governmental organizations, agencies, companies, and post-secondary institutions
should share data and work on the next level of creative cooperation without repetition
and duplication.

At Nazarbayev University, we are striving towards multidisciplinary
cooperation related to disaster resilience through the development of the Disaster
Resilience Institute, www.drinu.org [12] and the Laboratory to Monitor
Engineering Constructions, www.lamec.org [13].
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MEXIHUCHUIVIMHAPHOE COTPY IHUYECTBO 110 YMEHBIIEHHUIO
BJIMAHUA YPE3BBIYAUHBIX CUTYALIUU

AHHOTALUA. MexnucuuIinHapHOoe COTPYAHHUYECTBO 151 COBMECTHOE
UCIIOJIb30BaHME 0a3 JaHHBIX OYEHb BAXKHBI IS KOOPJIAMHAIMU ACHUCTBUI MO CTUXUUHBIM
oenctBusMm. B Kazaxcrane 10 HacTosero BpeMEHU OOJIBIIMHCTBO MPOTpamMm
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MOJIJIEPKKH CTUXUMHBIX OelCTBUI M 00ydeHHs ObUTH pa3paboTaHbl HA OCHOBE Y3KUX
oOmacted crmemuamu3amuu. 1TeM HE MEHee, B OOJBIIMHCTBE aCICKTOB JKU3HU,
MOJINTUYECKOM, HAYYHBIX MCCIEAOBAHUNA W CONMAIBLHON cdepax, MHTerpanusi 3HAHUH
craHoBuTcs Ooisiee dddexTuBHON 1 ucnonb3oBanus. Kazaxcran wumeer ciaboe
MEXIUCIUTTMHAPHOE COTPYIHUYECTBO B COLIMAIBHO-TEXHUUYECKUX HCCIICIOBAHUSX, TaK
KaK TEXHUYECKHE M COLMAJIbHBIC HCCIEN0BATEIU, KaK MPaBUJIO, HE HMMEIOT OOIIMX
npoekToB. C Ipyroil CTOPOHBI, 3amaJHble CTPAaHbl OKAa3bIBAIOT CUJIBHYIO MOJJIEPKKY
MEXIUCIUITMHAPHOMY COTPYAHUYECTBY. B 3T0il cTathe paccMaTpuBarOTCs TpU MpUMepa
MEXIUCIUILTMHAPHOTO coTpyauudectBa B Kanane mexay ['mobGanbHbIM HHCTUTYTOM IO
6e3omacHocTu BoAHBIX pecypcoB (GIWS), TpaHcrpaHUYHBIM KOMHTETOM MO BOJHOM
pecypcam peku (RRBC) u Kananckum Kocmuaeckum Arentctom (CSA).

KiiwueBble cioBa: ycTOWYHMBOCTH K  OCACTBUSIM, MEXAUCIUIUIMHAPHOE
COTpyAHUYECTBO, KazaxcTaH, MHTETpUPOBAHHOE MOJICIUPOBAHUE.

TOTEHIIE KAFIAWJIAP/IbIH OCEPIH TOMEH/IETY YIUIH MOHAPAJIBIK
BIHTBIMAKTACTBIK

Annarna. [loHapanblK BIHTBIMAKTACTBIK JKOHE JEpeKTep OazachlH Oipiecin
naiagany TOTCHINE JKaFaaiap OOMBIHINA i1C OpEKeTTI OarbITTaya ©T€ MaHbBI3IbI OOJIBITI
tabbutanbl. KazakcTanaa OyTiHTi KyHre eHiH TOTCHIIE KaFaaiiapasl KoIaayJarbl )KoHe
OKBITY/IaFbl OarjapiiamManap/blH KOIIIUITrT MaMaHIaHABIPYIAbIH ©T€ Tap ayKbIMbI
HEri3iHJe AalbiHanFad. Alaiga, eMipAiH KONTereH acleKTUIepiHe, CasiCH, FhUTBIMHU-
3epTTey JKOHE OJICYMETTIK canajapjaa OuliM HMHTErpanuschl KOJJAaHbICTa THIMIIPEK
OoJbINT Kee JkaThlp. KaszakcTaH oJeyMETTIK JKOHE TEXHHUKAIBIK 3epTTeysepie dJici3
MOHAPAJIBIK ~ BIHTBIMAKTACTHIKKA W€, OWUTKEeHI TEXHUKAJIBIK JKOHE  OIEYMETTIK
FAIBIMIAPABIH OJIETTE OpTaK >koOamapbl koK. EkiHII >xarbiHaH, Oathic enuepi
MIOHAPAJIBIK BIHTBIMAKTACTHIKTBIH MBIKTHI KoJIaybiHa ue. by makanamga Cy pecypcrapsl
Kayirnci3airi xeHiHzeri ranaMaslKk WHCTUTYThIHAAFel (GIWS), O3en cy pecypcrapbl
OoiibiaIa Tpancmekapaiblk komutetinaeri (RRBC) xone Kanana rapeiin areHTTiTiHICT]
(CSA) noHapamnblK bIHTBIMAKTACTBIKTBIH YIII MbICAJIbI KENTIPIITEH.

KinTrik ce3aep: ToTeHIe *)aFmaiiapra TO3IMAUIIK, TOHAPAIBIK bIHTHIMAKTACTHIK,
Kazakcran, mHTErparysuianral MOJIEIJICY.
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AVOIDING REDUCTIONISM IN DISASTER PREVENTION AND THE
ROLE OF COMPLEXITY

Giuliano Punzo, Hadi Arbabi, Martin Mayfield
Department of Civil and Structural Engineering /The University of Sheffield, UK/
g.punzo@sheffield.ac.uk

Abstract. Floods are catastrophic events caused by water, but not limited to its
presence in places other than rivers, lakes or seas. The catastrophic characteristics arise
when water interacts with other systems be it the cause or the effect of reciprocal failures.
In this brief paper, we highlight the need for a more holistic approach to understand and
prevent disasters, hence to engineer systems to this scope. We consider examples from
recent flood events in Cumbria (UK) and Brisbane (Queensland, Australia) to show that
simple cause-effect relation analysis fails to capture the dynamics of large system failure,
and in particular, of water management systems at the origin of floods.

Key words: complexity, engineering, resilience, flood, holistic approach.

Introduction

A water drainage system does not work in isolation. It is subject to the
weather variability and to the user pressure, besides being dependent on and
working along other infrastructures. It is, in this respect, part of a larger and more
complex system that comprises pipes and channels, the weather, the users and the
environment, each of them with its own dynamics. These add on to any other
infrastructure or engineering systems operating with the draining system, such as
the electric power network to operate pumps or the transportation networks that
intersect the drainage channels. Similarly, a dam is not just a system in isolation. It
becomes an element in a larger system, even larger than the catchment. This
complex system includes, amongst other elements, the dam, the catchment, the
environment, the weather, the people (both users and operators), energy, and the
communication and transportation systems. Looking at the 2011 Brisbane flood,
the investigation carried out after the event highlighted how the Wivenhoe Dam
was correctly operated according to the procedure, which prescribed the spillage of
some excess water. However this was later found to be the cause of the escalation
of the flood to a catastrophic level [1].

The flood problem has so far been tackled mainly looking at higher resolution
precipitation forecasts [2,3]; however, beside the technological limits, there seem
to be other factors limiting the effectiveness of this approach.

Water management and the disasters originating from the poor handling of it
offer valuable examples of the problem arising from considering systems in
isolation, without looking at the complexity of their operations and operating
scenario. The interdependency of electric and communication networks taken as
examples in [4] is another less dramatic example of this risk. The list extends to
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include the unforeseen effects across domains as in the case of the impact of bio-
fuels on food farming and the economies of developing countries [5].

Our continuously more connected world risks becoming an even more fragile
world as well if the engineering keeps on following an isolated design approach.
Although a single definition of resilience is still to be agreed upon [6], it appears
that the resilience of future engineering systems will rely more and more on the
design and the characteristics of often apparently unrelated systems. These reasons
call for a shift in the design and analysis of systems towards the domain of
complexity science, with the expansion of the common understanding of complex
engineering systems (CES). Complexity here is intended to be interdependency,
multi-scale characteristics and emergence rather than a measure of how “far from
simplicity” systems are. CES include those systems that, although conceived as
single entities, end up to be part of larger (complex) systems and are
interdependent within these.

In this short paper we present the case for a broadening of the engineering
vision and to do so we take as examples water systems and their failure resulting in
flood events. These are extremely good candidates by which to advocate the need
for complex thinking as they normally operate in response to weather, a system
universally recognised as complex. We consider the flood events in Cumbria in the
last 10 years to show how the number and level of flood warnings are correlated to
the amount of precipitations. In contrast, we refer to Brisbane river catchment data
showing how the amount of precipitation is uncorrelated with the actual entity of
the flooding event and the measures taken to mitigate them. We use these
examples to stress the need for a more holistic approach when addressing complex
systems and their resilience and the risk of relying on simple, sometimes
reductionist, causal relations.

Methodology

We considered two data sets. The first refers to precipitation in Cumbria, UK,
measured at Newton Rigg weather station in Penrith from March 2006 to March
2016 [7]. In conjunction with these, we considered the flood warnings issued by
the Environment Agency [8] concerning the River Eamont, a tributary of the River
Eden flowing out of the Ullswater Lake for approximately 12 miles, passing less
than one mile South of Penrith. To consider the severity of the flood warnings, we
associated a score system as follows:

e Flood watch/alert = 1

e Flood warning =2

e Severe flood warning =3

The data and the scoring system made it possible to plot and correlate
precipitations and flood warnings.

The second set of data are the precipitations in the Brisbane river catchment
(Queensland, Austalia) recorded at Alderly weather station during the major flood
events of 1974, 1996 and 2011. We considered the filling level and the operations
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of the Wivenhoe Dam and the effect of similar amount of rain observed in the

same region. These data were recorded and are freely available from the Australian
Bureau of Metereology [9].

Results

The monthly precipitation amount recorded at Newton Rigg weather station is
reported in Figure 1 and the number of weather warnings in Figure 2. A regression
line is obtained from the scatter plot of these two sets, after having weighted the
warnings according to the scores explained in the Methods. This is plotted in
Figure 3. The two sets correlate with a R* of 0.440, and correlation coefficient of
0.663. However, when only data above 100 mm rain are selected, the correlation
improves with a R* of 0.570 and a correlation coefficient of 0.751. Bootstrapping
the data over 10000 repetitions reveals a statistically significant (below a 0.01
threshold, 2-sided) Pearson correlation coefficient between 0.471 and 0.787 in the
upper 95% CI. This supports the cut-off above 100 mm since the correlation
coefficient in this case is in the upper confidence interval. The data hence suggest
that flood alerts are triggered by the amount of rain above some threshold as
confirmed in the observations of the 2003 Wallingford report [2].

350

Precipitations measured at Newton Rigg, Cumbria
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Figure 1 — mm of rain recorded each month from March 2006 to March 2016 at the
Newton Rigg weather station, near Penrith, Cubria, UK
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Figure 2 — Flood alerts and warning issued by the Environment Agency concerning
the River Eamont from March 2006 to March 2016
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However, when looking at the flooding events in Brisbane, Australia, the
direct relation between precipitations and floods becomes more subtle. Figure 4
refers to the monthly precipitations during the winters of 1973-1974, 1995-1996,
2010-2011.

First, consider the events of January 1974 compared to those of December
1995 and January 1996. In both cases, floods occurred with exceptional strength
despite the difference in concentration of the precipitations. Moreover, the 1996
flood occurred despite the presence of the newly built Wivenhoe Dam that did not
even fill completely. In May 1996, major floods happened again in the Brisbane
area, and again the Wivenhoe Dam filled to 90% of its nominal capacity (1.165
million megalitres), with no spillage operated.

The 2011 flood was caused by sustained precipitations during December 2010
and January 2011. In this case, the total amount of rain in the two months was
comparable to May 1996, but Wivenhoe Dam filled above nominal capacity and
spillage was necessary. Several reports confirmed that this was the main cause of
the escalation of the floods in the Brisbane river valley, causing a number of
casualties and long lasting disruptions [1].

Precipitations during the floods of 1974, 1996 and 2011
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Figure 4 — Precipitations recorded monthly from September to May in years of
severe floods

Discussion
The data highlight the inaccuracy of the causal perception that “more rain

leads to more floods” which was used to raise flood warnings. However, since data
reported here refer to single weather stations, and for exposition purposes, monthly
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sampling was necessary, and more in depth analysis are needed in order to fully
prove the assertion in a positive sense. Presently, this work challenges a common
belief rather than proving a thesis. A possible solution to improve our capabilities
of preventing catastrophic floods can be pursued by both obtaining higher
resolution data to improve the weather forecasts and by considering the whole
complexity of the systems (natural and engineering) whose failures become
evident as floods. However, while higher resolution requires some sort of
technological progress, blurring the neat cause-and-effect relation to the advantage
of a more holistic approach is a change of perspective that can be taken
immediately.

Results indicate that basing flood predictions on a causal relation with
precipitations is far from being as accurate as would be needed. The comparison
between the different events in Brisbane shows on one side that neither the
amount, nor the concentration of rain in time, are consistent with the floods, their
severity, and the filling and spillage of Wivenhoe Dam. The presence of the dam in
1995-1996 did not prevent effects similar to the 1974 flood, despite the smaller
amount of precipitations. The flood of 2011 was caused by a total amount of rain
comparable with the one of May 1996, but more spread in time. Yet the 2011 flood
made the dam gate opening necessary with dramatic consequences while during
the 1996 flood, the basin did not even fill. In the particular case of the Wivenhoe
Dam, this has the dual function of water reservoir and flood alleviation. Hence, it
faces contrasting instances about the desired filling level. This, together with the
tidal characteristics of the Brisbane River, highlights even more the importance of
considering the whole environmental system, its peculiarities and the relations
between them, rather than single elements.

Floods should be considered as the final outcome of the complex interactions
of several factors, with weather and precipitations being just two of them. Higher
resolution, both spatial and temporal, for weather forecasts is likely to produce
more accurate precipitation forecasts. Presently, this is the main method through
which weather-related disasters are being tackled although it will take time before
the available resolution will allow for better long-term forecasts [10]. Even if such
resolution was available, in the authors’ opinion, this would solve just one part of
the problem. This finds confirmation in the conclusion of the Smith and McAlpine
work [11] indicating the presence of a number of possible future scenarios for
flood risks, and in fact, the lack of reliable forecasting means.

Weather is a complex system ‘per se’ and floods are the outcome of the
weather interacting with the environment, the engineering and the people. The
latter in particular play a key role in the management of the events before and after
a catastrophe, with the so-called community resilience being of fundamental
importance [12]. The social, political and economic fabric of communities belongs
to the category of complex systems as well as the infrastructures and the
environment: it is well known that the combined interaction of all these actors is
likely to be far different than the sum of the parts. It is striking to note here how
the word “floods™ at the beginning of this paragraph could be replaced by “power”
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or “communication outages”, or even ‘“earthquakes.” This is because in all these
events, what counts more is the fallback of one action onto another and of the
failure of one system onto the others. This captures the complex nature of this kind
of events well.

We are in the presence of the need for a shift in the way we approach floods
and disasters in general. A requirement emerges for capturing the interactions
rather than concentrating on the single events or systems. Complexity science is, in
the authors’ opinion, the way forward in this sense.

Conclusions

We compared flood events in Cumbria and Brisbane as a way of showing the
poor understanding of the complex systems outcomes through weather-triggered
natural disasters. The comparison between flood events distant in time and space
reveals that the search for direct causal relations can be shortsighted if not inserted
in a framework of complexity. This applies to flood prediction as well as to any
event linked to other systems, either complex by nature or becoming complex
through operations, such as the elements of electric power networks or
transportation.
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MEPBI 1O U3BEKAHUIO PEYKIIHOHU3MA B BOPbBE CO
CTUXUUHBIMU BEACTBUAMMU U POJIb KOMIVIEKCHOTI'O ITOAXOJA

AnHoTauusa. HaBonHeHus  ABIAIOTCS — KaTacTpoUUYECKUMHU  OEACTBHSIMM,
BBI3BAaHHBIMU BOJIOM, HO OHM HE OTPaHUYEHBI MECTAMH CBOETO MPUCYTCTBUS TAKUMHU KaK
peku, o3epa unu mopsa. Karactpoduueckne XxapakTepUCTHKU BO3HUKAIOT TOI/A, KOIJa
BOJIa B3aUMOJICHCTBYET C IPYTUMHU CUCTEMAaMH, SIBJISISICH TIPH ATOM JIMOO PUYUHON 1100
pe3yNbTaTOM B3aWMHBIX Heynad. B 9TOM KpaTKOM JOKYMEHTE Mbl TOJIYEPKUBAEM
HEOOXOUMOCTh 0oJiee IIEJIOCTHOTO MOAXO0Ja K MNOHMMAaHHMIO M MPEJOTBPALICHUIO
CTUXUUHBIX OE€JICTBUI M COOTBETCTBEHHO MPOEKTUPOBATh CUCTEMBbI B 3TOM obOnactu. B
JAHHOW CTaThe pACcCMATPHUBAIOTCA MPHUMEpPbl M3 HeJaBHUX HaBoaHeHuit B KamOpuu
(Benuko6putanusi) u bpucoene (KBuncnenn, ABcrpanusi), 4To0bI MOKA3aTh, YTO MPOCTAs
MPUYMHHO-CIICJICTBEHHAS! CBSI3b HE B COCTOSIHMHM OXBATUTh JUHAMHKY COOEB KPYITHBIX
CUCTEM, U B YaCTHOCTH, CHCTEMbl YIpaBIEHUS BOJHBIMU pECypcaMH B MeCTax
BO3HWKHOBEHHUS HaBOTHEHUI.

KiarwueBbie cjioBa: KOMIUIEKCHBIA MOAXOJ, HWHKEHEPHUS, YCTOMYMBOCTS,
HABOJIHEHHUS, IEJIOCTHBIN MOAXO.

ANATTAP/IBIH AJIIBIH AJTIYIAFBI PEAYKLIIMOHU3M/II KOO JKOHE
KYPJEJLIITTHIH POJII

Anparna. Cy TacKbIHBI Cy 9CEpIHEH TYBIHAAFaH amnaTThl OKUFa OOJBIN TaObLIa/IbI,
anaiila OHBIH KE€3/IeCy OpPBIHAApHI ©3€H, KOl HeMmece TeHI30eH MmIeKTenMeinai. AnaTThl
cumnarrap cy 0acka e3zapa COTCI3AIKTepAiH cebedi HeMece HOTHKeCl OOJbIN TaObLIATHIH
KYHenepMeH KapbIM-KaThIHACKA TYCKEH Ke3/ieH Oactam TyelHAai Oactaiasl. Ochl KbICKA
Makanaja 013 anaTThl JKaFAaiIapabl TYCIHY MEH aj/IbIH anyna 0ipTyTac TocuiieMeNnepain
KQKETTUIINHE Ha3ap ayAapaMbl3, SFHU OCbl cajaja ’kyheHi xkoOanay. bi3 kapamaiibim
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cebern-canmapiblK OallaHbIC, COHAAN-aK Cy TacKbIHBI OOJFaH Ke3/ie Cy pecypcTapbiH
Oackapy OKyHenepiHIH VJIKeH JIWHAMHUKaJIbl KYWEHIH ICTEH IIBIFYbIH KaMTyFa
MYMKIHIITT  SKeTHEHTIHAIMIH KepceTy MakcaThlHAa JKakelH apaga KamOpwus
(¥noi6putanusi) xone bpucbOenne (KBuncnmenmmratel, ABcTpanusi) OonraH cy Oacy
anaThlH MbICAJl PETIHJIE KAPaCTBIPABIK.

KinTrik ce3aep: Kypaenutik, WHXKEHEpHUs, TYPAKTBUIBIK, Cy TacCKbIHBI, OipTyTac
Tocinaeme.
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THE APPLICATION OF REAL-TIME MONITORING TECHNIQUES TO
ENSURE THE SAFE COMPLETION OF COASTAL PROTECTION
WORKS WITHIN AN ACTIVE LANDSLIDE ZONE
Jon Cartwright
Project Manager atBalfour Beatty /UK/

jon.cartwright@baflourbeaty.com

Abstract. This paper describes the measures taken to ensure the stability and safety
of works to construct new coastal protection and slope stabilisation measures in Lyme
Regis, Dorset, England. The works were undertaken within an active landslide zone
during a period of prolonged unusually wet and stormy weather. The paper describes the
installation and implementation of a remote ground monitoring system utilising GPRS
telemetry together with GPS / GNSS surveying. The system provided partially automated
early warning of potentially dangerous ground movements via SMS text alerts and
allowed the works to progress efficiently and safely. Severe weather in the winter of
2013-2014 mobilised landslides at the eastern end of the works. Additional GPS based
surveying monitored the movements and allowed informed decision making on the re-
commencement of works that had been halted for safety reasons. The decision making of
the site team was supported by off-site experts who were able to advise on the
significance of monitoring results, based on long term knowledge of the local movements
and detailed knowledge of the geology of the works area. The works were successfully
completed under budget and ahead of programme, with no injuries and limited equipment
damage due to landslides and ground movements.

Key words: automated ground monitoring, GPS surveying, coastal slope stability,
safety.

Introduction

The historic English coastal town of Lyme Regis is situated in one of the most
unstable geological settings in the United Kingdom and has suffered severely from
the effects of coastal erosion and landsliding. A combination of landslide activity
and cliff retreat has damaged or destroyed many properties throughout the town
together with roads, farmland and infrastructure.

Since the late 1980s, a long-term programme of engineering schemes has
been promoted by West Dorset District Council to protect and stabilize the coastal
frontage of the town [1]. The Lyme Regis Environmental Improvements Phase
Four (LREIPIV) was the latest phase in the programme with construction works
commencing in April 2013 and completed in March 2015. The works protect the
eastern flank of the town and required extensive ground engineering and coastal
protection works to be constructed within and below an area of active landsliding.

This paper describes the various techniques used by the construction project
team to monitor the ground movements and the management procedures applied to

23



ensure the safety of the workforce and stability of the works during the
construction phase.

Description of main contract work

The main objective of the works is to protect and secure the long term future
of the eastern part of Lyme Regis, while protecting the heritage, landscape and
nature conservation value of the area. A selection of civil and geotechnical
methods were used to achieve differing levels of protection to the land and
property.

e Soil nails between 6 and 22m long, with associated plates and facing mesh
34km of soil nail bar were installed in total

e An anchored pile wall comprised of 900mm diameter piles up to 27m
long, tied back with ground anchors between 35m and 46m in length.

e Dowel piling 300mm in diameter and between 8 and 12m long

e Drainage works including sub-horizontal drilled drains and cut-off trench
drains

e A 400m long, 3.5 to 5.0m high wave return wall and associated walkway

The most environmentally sensitive areas of the active landslides were left
unaffected, thereby allowing erosion to continue with the associated benefits
including biodiversity and fossil exposure.

%.4:9’ [Anchored pile wall

|Line ofdr|||ed drams ' R »

":q z %

Figure 1 - Aerial view of works in progress, with locations of the main elements
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Establishment of the monitoring regime

The client, West Dorset District Council, has maintained a system of ground
monitoring for a number of years. This acts as an early warning of severe ground
movements in unprotected areas, with additional monitoring installed into the new
works to allow monitoring of the in-service performance of the structures [2,3].
The project team inherited responsibility for monitoring the eastern part of this
system during the construction works and supplemented the existing system with
new monitoring points. The system consisted of three types of monitoring:

e Permanent ground markers (PGMs): 38 total of which 15 were installed as
part of the project, coincident with the new inclinometers

e Inclinometers: 26 total of which 15 were installed as part of the project

e Piezometers: 30 total of which 10 were installed as part of the project.

The inclinometers and piezometers were installed to typical depths of 25-
30m. Installation took place as part of the detailed site investigation phase of the
project (Figure 2).

Figure 2 - SI drilling rig. Note landslide scars behind rig. The green tubes are
grooved inclinometer tubes to be inserted and grouted into the bore hole

All of the permanent ground markers were surveyed manually on a monthly
reporting cycle. A surveyor was employed for the duration of the site works and
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spent approximately half of his time on surveying and processing data. Standard
Leica GPS base station and receivers were used, with the aerials mounted on
tripods to ensure accuracy. A typical visit to each ground marker would take 15-30
minutes, achieving accuracies of +/- 7.5mm in plan.

Eight of the new inclinometers and 6 of the new piezometers were automated.
The automated inclinometer system comprised of MEMs biaxial sensors at 2.0m
intervals. The automated piezometers were vibrating wire piezometers. Each
automated instrument was connected wirelessly to one of 3 data logging stations.
The solar powered stations included a data logger and GPRS modem. Data was
transmitted via the domestic GPRS network for off-site collation and processing. A
website based reporting system was established, which enabled the site team to
check real-time reporting of the inclinometers. An automated weather station was
installed on site providing readings of rainfall, wind-speed and temperature. The
weather readings were processed through the same website system.

A full time specialist technician was employed to maintain the system and to
carry out regular manual readings of the inclinometers and piezometers. Monthly
reports of PGMS, inclinometers and piezometers were collated and sent for expert
review by the design and supervision team.

An automated alarm system was also set up using SMS texts to notify 10 key
members of the project team of any significant inclinometer movements. The
alarm level was set to trigger an alarm if:

e Inclinometer downhill displacement > 2mm a day for 3 consecutive days

e Inclinometer downhill displacement > Smm on a single (24 hour) day

e Rainfall in preceding month > 100mm

e Rainfall in preceding 3 days > 20mm

At the start of the project, minimum action responses to these trigger levels
were established as follows:

e All construction in the affected would cease

e Site inspection within 24 hours by geotechnical personnel to assess the
site conditions and to look for surface indicators of movement

e Monitoring frequency of PGMS, inclinometers and piezometers increased

e Approval by Client project manager prior to re-starting works

All of these measures were specified in the works order for the contract and
were installed and commissioned prior to the commencement of main construction
works in May 2013.

In-service monitoring system performance

During the construction phase, the majority of PGMS and inclinometers
showed only minor movements (Figure 3).
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A number of automated alarm events occurred, which on investigation were
caused by one of the following:
Data processing error where comparison was made to an older reading
Shallow slip event with no direct impact on construction safety
Construction plant coming into contact with top of borehole
Soil nail drilling close to borehole moving the inclinometer tube.

The evidence of overall ground stability gathered by the monitoring regime
allowed the site team to challenge the minimum plant weights specified in order to
use larger, more efficient plants and provided reassurance during construction.

Additions and enhancements to the planned monitoring system

The main landslide events were on the section of active landslides directly
above the eastern part of the new sea wall works. Shallow slips occurred from the
start of the contract, particularly during the winter months with associated wet
weather. This area was too inaccessible and unstable to install inclinometers. The
design of the scheme allowed for landslides to continue in this area, with
protection to the car park and local roads provided by the upper piled wall
structure. Steps were taken to monitor the movement on the slopes in order to
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provide early warning of more serious landslides that may have endangered the
workforce working below. These measures included:

e Positioning of ‘tell-tale’ marker posts allowing a quick pre-shift check for
ground movements (Figure 4)

e Photographic recording of shallow slips to monitor propagation of failure
scars

e Establishment of temporary ground markers along crest of failing slope.

Figure 4 - Marker posts aligned on slope crest

During the late autumn and winter of 2013 - 2014, a prolonged series of
Atlantic storms impacted the south coast of England. Although each storm event
was not of a high intensity, events occurred repeatedly over a number of weeks
(Figure 5). The rainfall acted to mobilise the landslip and a significant slip
occurred during the Christmas break.

28



Cumulative Rainfall

= 3daytotal
= 30 daytotal
~ 1 hrtotal

1hr total / mm

B

Figure 5 - Rainfall record for 09/12/16 — 17/03/16

Approximately 400T of material slid from the crest and into the work area
directly behind the new wall. The material movement was caused by a ‘conveyor’
effect, with the top surface (0.5-1.0 deep) sliding over more stable layers of
limestone. The top layer was fed from surface failures inland and mobilised by the

prolonged rainfall (Figure 6).

Figure 6 - Landslide area: Stable limestone marker beds visible
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Work on the new wall was suspended and the movement of the upper
moving layer was daily monitored using GPS surveying. The ground markers used
for the surveying were regularly re-positioned to landward as the layer moved over
the crest. Cumulative movements of up to 12.0m occurred over 20 weeks. The
GPS monitoring showed continued significant movements which subsided as the
amount of rainfall reduced. The results of the movement were plotted as inverse
velocity against time (Figure 7).

Inverse Displacement Velocity
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Figure 7 — Inverse displacement velocity of temporary ground markers on failing
slope

The decision to re-commence works was based on the best-fit line trending to
infinity (i.e. Omm/hr movement) for at least 1 week continuously. This coincided
with a period of prolonged dry weather in mid-March. Works were allowed to
recommence on March 23, 2014.

The civil engineering elements of the project were successfully completed in
December 2014 with the final landscape works completed in March 2015. No
personal injuries were suffered by any of the workforce. Material losses were
limited to damage of minor equipment that occurred during the initial landslide
event in December 2013.

Conclusions

The project works were carried out during one of the wettest and stormiest
periods in southern England in recent memory. Careful planning by the client,
based on long term investigations and monitoring, ensured a robust and
comprehensive monitoring system was specified as part of the works contract. The
technologies applied are readily available in the UK allowing efficient and
relatively inexpensive deployment and operation. Use of the planned system was
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enhanced by additional measures that responded to the weather events of winter
2013-2014.

The contractor’s site management team was supported by a number of experts
who had detailed knowledge of the area’s geology and geomorphology. This
allowed informed decision making on working methods, suspension of works and
the timing of re-starting works in areas endangered by ground movements. The
works were completed safely, on schedule and below budget and have been
recognised with awards from a number of industry, professional and client
organisations.
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INPUMEHEHUE METOJOB MOHUTOPHUHT A B PEXXUME
PEAJIBHOI'O BPEMEHMU 1151 OBECIHHEYEHUS BE3OIIACHOI'O
3ABEPLIEHUS IPUBPEKHBIX 3AILIUTHBIX PABOT B AKTUBHOM
OITOJI3BHEBOW 30HE

AHHOTanusi. B 1aHHOW cTaThe omMcaHbl MeEpbI, MPHUHSITHIE ST OOeCTIeYeHUs
CTaOMJIBHOCTH W O€30MacHOCTH CTPOUTENBHBIX pabOT HOBOM OEpEeroBoil 3alUTHl U
u3MepeHusi crabwmmsaru  HakioHa B Jlaiim-Pemkuc, Mopcer, Amnrmus. PaGoTs
MIPOBOJIMITUCH B aKTUBHOM OTIOJI3HEBOM 30HE B TEUCHHUE JUTUTEIHHOTO TIEpro/ia HEOObIYaitHO
BJIQ&YKHOW M BETPEHOW MOrojbl. B cTaThbe ONMUCHIBAETCS YCTAHOBKA M BHEAPEHHUE CHUCTEMBI
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JUCTAaHLIMOHHOTO MOHHUTOpPUHIAa C HUcrosib3oBaHueM HazemHo GPRS Tenemerpun
copmectHo ¢ GPS / GNSS passenkoit. Cucrema, mocpenactBoM SMS-cooOreHmit
o0ecrneurBaeT YacCTUYHO aBTOMATU3UPOBAHHOE PaHHEE MPEIYNPEXIECHUE O MOTEHIIMATHLHO
OTIACHBIX JBIDKEHHSIX 3€MJIM U TO3BONISIET 3(H(HEKTUBHO M OE30MaCHO MPOBOAUTH PabOTHI.
CypoBsle norojnbie ycioBus B 3uMHuM nepros 2013-2014 rogoB MoOUIM30BaK OTIOJI3HU B
BOCTOYHBIX  O0MacTsAX  mpoBoAMMBIX  paboT.  JlomomuutensHass — GPS-pa3Benka
KOHTPOJIMpOBajia MEpEeMENICHUs W Ha OCHOBE IMOJIyYUEHHOW HH(pOpMAIMK TO3BOJIMIIA
NPUHATH B3BEIICHHOE pEIICHHEe O BO30OHOBJICHHWH pPa0OT, MPEKpaIICHHBIX 10
cooOpakeHussM ~ Oe3omacHocTd. [IpuHSATHE pemeHuid «MeCTHOW» KOMaHAOH ObLIo
MOJ/ICP’)KAHO  YAAJICHHBIMH JKCIIEPTaMH, KOTOpble OBUIM B COCTOSIHUM COOOIIUTH O
B2XHOCTU PE3YJIbTATOB MOHUTOPUHIA, OCHOBAHHBIX HA 3HAHUM MECTHBIX MEpPEMEILECHUN B
TEUEHHE JUIMTENILHOTO CPOKa, U MOAPOOHOr0 3HAHHS Fe0JIOrMu paiioHa padboT. PaboTs! Obun
YCIICIITHO 3aBEPIICHBI B paMKax OIOKETa M C ONEPEeKEHUEM IPOrpaMMbl, 6€3 TpaBM U C
HE3HAYUTEIHHBIM TTOBPEKICHUEM 000PYI0BaHUS U3-32 OTIOI3HEHN U HA3EMHBIX JIBHXKEHUH.

KiroueBbie cJjioBa: aBTOMAaTUYECKU MOHUTOpUHT 3azemieHusi, GPS cbhémka,
npUOpEKHAsT YCTOWYUBOCTD CKJIOHA, 0€30MaCHOCTb.

BEJICEH/I KOIIKIH AMMAFBIHJIA )KAFAJIAFBI KOPFAHBIC
JKYMBICTAP/IbI KAVIIICI3 AAKTAYIbI KAMTAMACKI3 ETY YIITH
HAKTBI YAKBIT TOPTINTEMECI KE3IHAE MOHUTOPUHT
OJIICTEPIH KOJJIAHY

Anjaarna. byn Makanama skarajayiarsl )kaHa KOPFaHBICTHI Caly Ke31HIeT1 KYPhUIbIC
JKYMBICTAPBIHBIH KayITNCI3AITIH JKOHE TYPAKTAJIBIFBIH KAMTaMachl3 €Ty YIIIH KOJJIaHFaH
mapanap, connaii-ak Jlaitm-Pemxuc, Jlopcer, AHrims aymakTapbIlHAAFbl KeJa0eynepaiq
TYPAaKTBUIBIFBIH ouiiey OasHaananbl. JKyMmbpicTap y3aK yaKbIT apalbIFbIHIA OeNceH/Il
KOIIKIH aiiMaFrbIH/a, €PEKIe ABIMKBUI KOHE KEJJIl aya paibl Ke3iHJe Kypri3iami. by
makanaga GPS / GNSS 6apnaysl men Oipre xep ycringeri GPRS rtenemerpusicsin
naijanada OTBIPBIN KAIIBIKTBIK MOHUTOPUHI KYWECIHIH OpPHATBUIYbl KOHE EHI131Iyl
Oasuaamansl. JKyiie, )KepiH aJIeyeTTi KayilTi KO3FaJIbIChl Typaibl SMS-xarTamMa apKblIbI
iIIiHapa aBTOMATTAHABIPBUIFAH €PTE €CKEePTYAl KaMCBI3IaHIbIPAJIbl JKOHE KYMBICTAP/IbI
TUIMJII KOHE Kayimnciz eTkizyre MymkiHaik Oepemi. 2013-2014 KbpimmapIbslH KBICKBI
KE3eHIHJIeT1 KaTaH aya paibl ©TKI3UIIN KaTKaH KYMBICTAPBIH IIBIFBIC ailMaKTapbIHIAFbI
KOIIKiHAep1 KyMbUIIbIpabl. Kockimima GPS Gapnaysr Ko3rasbicTapabsl OakblIaabl KOHE
aJbIHFAH AaKNapaTThIH HETI31HAEC KayilCI3MIKTI KaMTaMmachl3 €Ty VIIIH TOKTaTbUIFaH
KYMBICTap/bl KailTa OacTay YIUIH IIEIIM KaOblUigayFa MYMKIHIIK Oepai. MoHUTOpHHT
HOTWDKEJIEPIHIH MAaHBI3BUIBIFEl Typajibl aWTyFa MYMKIHIIUTIKTEpl OOJFaH ajbICTaFbl
caparmibliap, «KEpruliKT» KOMaHAaHBIH KaObUIgaraH ImIemiMiH Koimaabl. Omap ochbl
aliMaKTarbl T€OJIOTHUS KYMBICTAPBIH JKOHE Y3aK YaKbIT OOWBI KEPTUTIKTI KO3FAILICTAPBIH
TOJIBIK OUTyiHE HEeT13/IeJIiI OTHIP.

JKympicTap Oro/pkeT asichlHAA JKOHE OarjapiamazaH ajifa KeETil, >KaOJbIKTapiblH
KOIIKIH JKOHE JKep YCTIHIErl KO3FalbICTaphl OCEPIHEH IIaMalibl 3aKbIMAaybIHA
KapaMacTaH, >KapaKaTChI3 COTTI asiKTaJIbl.

Kiarrik ce3aep: xepiaeHaipyaiH aBToMaTThl MOHUTOpUHT1, GPS Tycipme, xaranay
OOKTEPIHIH TYPAKTBUIBIFBI, KaYIICI3IIK.
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GEODESY TECHNOLOGIES FOR DISASTER RESILENCE
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Abstract. Geodesy technologies are widely used for many engineering applications,
including objects under disaster events. Geodesy technologies are very helpful for
monitoring and tracking changes with the related identification, determination and
prediction of potential disasters. For Geodesy technology research applications, it will be
reasonable to expand more training methodology strategies. In this paper we apply
geodesy equipment to two projects: 1) Aral Sea Region Desertification Study and 2)
Flood area identification and level categorization on a parking area at Nazarbayev
University campus. The first project was field work conducted in the Aral Sea region
with application of Global Navigation Satellite System (GNSS) equipment (Leica Zeno
20) to collect the ground control points (GCP) for further calibration and verification with
processed satellite data. This methodology and field work data are available to download
on the web link (http://www.drinu.org/?p=454). This data and methodologies are freely
available for training and research purposes. The second project gives an example of how
Nazarbayev University students applied the geodesy equipment for flood zone
identification and level categorization in a parking area.

Key words: disaster Resilience, Aral Sea, Geodesy, GNSS, GCP, Kazakhstan,
Nazarbayev University.

Introduction

Kazakhstan aims to develop more innovative technological applications and
to have tighter connections and cooperation among researchers and practitioners.
This task is very complex and requires much effort because sometimes researchers,
practitioners, and academics have different views about how to better develop
these connections, and there are various views about the character of this linkage.
Some people believe that “university research often detracts from the quality of
teaching” [1], while others argue that “courses taught by those at the cutting edge
of research will necessarily be of higher quality than those taught by those merely
using the research results of others — whatever the apparent quality of their style of
delivery” [2]. Our study supports the latter point presented by Lee. Specifically,
our research work and teaching methodology provides an example of the case
study of knowledge and skills transmission through the research project “Aral Sea
Region Desertification” for the Geomatics course at Nazarbayev University (NU).
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Aral Sea region desertification study

The Aral Sea is world famous as it is used in the field for warnings about
what should not be done. Inefficient engineering projects with irresponsible water
resource use have resulted in dramatic Aral Sea shrinkage and desertification
expansion in the region. We are working on tracking the desertification rate of this
region. Our research methodology consists of these procedures: a) field data
collection in the region, including GCP, b) remote sensing (satellite) data
processing, interpretation of satellite images, c) processed satellite data calibration
and verification by using GCP, d) expansion of satellite data processing by using
corrections from calibrated and verified satellite data, and e¢) modeling and
desertification prediction analyses by using processed and verified satellite data.

We  finished the field work with GCP data collection
(http://www.drinu.org/?p=454) for our project “Investigation process of
desertification in the Kyzylorda region" in cooperation with the "Ulytau-Aral"
expedition team  from = Kazakhstan  National = Geographic  Society
(http://kazgeography.org/en/node/932 ). The main task of our research group was
to collect the GCP (reference) data. We used GNSS Leica Zeno 20 equipment for
GCP measurements. We have collected 30 GCP widely spread throughout the
research area (Figure 1). The GCP data collected during this field work will be
used for further referencing, calibration and verification of the processed satellite
data.

'4“

Figure 1 - Field trip map and location of Ground Control Points (GCP)

We finished the first project procedure - field data collection in the region,
including GCP. We are working on the next project procedures: b) remote sensing
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(satellite) data processing, interpretation of satellite images; c) processed satellite
data calibration and verifications by using GCP; d) expansion of satellite data
processing by using corrections from calibrated and verified satellite data; e)
modeling and desertification prediction analyses by using processed and verified
satellite data. We are preparing training materials for laboratory sessions.
Particularly, we will coordinate measuring equipment such as dual-frequency
GNSS from Hexagon Leica Geosystems Zeno 20 GPS-GLONASS which was used
during the implementation of the field work as well as training of geodesy
equipment for leveling (Leica Level NA720 and Total Station TS06).

Flood zone identification and level categorization of a parking area

Flood zone identifiers are critical in many regions including Astana city and
NU campus. Parking lots, pedestrian areas and roads are frequently flooded on NU
campus. This project was part of the student training program to apply Geodesy
technologies. Students worked with the leveling equipment Leica Level NA720
and Total Station TS06. The problematic zones at NU campus parking areas,
which are exposed to flooding, were identified. For this purpose, high precision
surface leveling mapping preparation was necessary. The surface levelling
measurements were conducted at the NU campus car parking lot. The Digital
Surface Model (DSM) was prepared by collecting 81 vertical point measurements.
The initial locations, Bench marking (referencing) points, were used for the
consistency of the measurements. The leveling methodology involved these stages:
(1) data collection with the surface levelling measurements, (2) data processing
and contour map preparation, and (3) map analysis and the determination of
recommendations.

The first standard procedure for most engineering field projects is to measure
the area and to prepare a proper surface leveling map. Surface elevation is
important data for the identification of the different vertical points and leveling
map preparation. Vertical distances are measured from the reference point above
mean sea level (AMSL) [3]. One of the most popular methodologies to find
vertical distance is levelling. Levelling equipment is known as a fundamental tool
for surveying [4]. Contour maps are known as topography of the ground surface
provided with level information. In particular, contour maps are represented by the
combination of lines and points at the same vertical level or height [5]. The method
of squares, which represents same-levelled squares at the same height level, was
applied [6]. After that, the interpolation method was applied to draw a leveling
map. For the identification of the specific areas that are subjected to flooding, the
indirect method of levelling was applied. In the preliminary stage, a square grid of
45%45 meters dimension was superimposed on the parking slots. Next, each square
grid was subdivided into small squares of 5x5 meters. All the point locations were
determined by using the tape and were indicated by white paint (Figure 2). The 81
measured height points were indicated by using levelling equipment Leica Levels
NA720.
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Figure 2 - The square grid of research area at Nazarbayev University Campus

For the construction of the parking area model, the measurements were
recorded by applying the rise and fall method [7]. The heights of each point were
calculated and tabulated. As a result, with the aid of AutoCAD software, the model
of the parking area was constructed. The contour map represents the DSM of the
site (Figure3).

Figure 3 - DSM map of parking zone. Green color shows the highest parts, while
red represents intermediate and blue indicates low spots

As shown in Figure 3, the car park area does not have a proper drainage
system since it does not have the proper surface run-off structure. Water cannot
drain in a consistent direction. The blue color, low level does not have the proper
output or water exit areas. The parking area may go through deformation that could
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come from weather conditions, or overloading of the parking platform by vehicles
[8]. The surface water runoff therefore loses its efficiency.

Figure 4 shows potential areas for drainage constructions (canalizations). It
can be clearly seen that there are 4 main flooding areas. Next, the probable
flooding sections were indicated with a star and water running construction was
shown with a circle.

Figure 4 - Contour map with canalization and problematic zones

Figure 5 is a photo of the problematic zone after a light rainfall. It is the
square A7xA8xD8xD7 (Figure 2). The proper leveling and drainage system will be
necessary for the parking area.

Figure 5 - Parking zone after a light rainfall
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Conclusion

Geodesy technologies are very helpful for many engineering applications. Current
methodologies to increase students’ interests to learn and apply the geodesy equipment
such as Leica Zeno 20, Leica Level NA720 and Leica Total Station TS06 were
presented. Practical examples of the two projects include: 1) Aral Sea Region
Desertification Study and 2) Flood area identification and level categorization on a
parking area at Nazarbayev University campus. Currently, we are working on the
next stages of the research and expanding the training program with remote
sensing (satellite) data processing, interpretation of satellite images, processed
satellite data calibration and verifications by using GCP, modeling and prediction
analyses.
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F'EOJAE3NYECKUE TEXHOJIOI'HHU AJI51 NPOTUBOJIENCTBUS
CTUXUHUHBIM BEJACTBUAM

AHHoTanudA. ['eone3nyeckne TEXHOJOTMH LIUPOKO HCIOJIB3YIOTCA AJII MHOTHUX
WHXXEHEPHBIX TMPUIOKEHUM, B TOM 4HUCIE OOBEKTOB B paMKaX CTUXUWHBIX OEICTBUHU.
['eoge3nyeckne TEXHOJOTMM OYEHb IIOJIE3HBI IS MOHHUTOPMHIAa U3MEHEHUH U
OTCICKHBAHUS C TIOMOUIBIO TIOJAKIIOYEHHON HWIACHTU(UKALMU, OINpeAeNieHUs |
MIPOTHO3UPOBAHMS BO3MOXKHBIX OencTBUi. [[7s HAyYHBIX T'eo/Ie3UYECKUX 3ajad , OyaeT
Pa3yMHO pacIIUPUTH OOJIbIIIE CTpATEruii MeTon0I0ruu o0ydeHus. B nanHoi padbore mbl
MpUMEHsIeM TeoJie3nueckoe o0opyaoBaHue B JByX mpoekTax: 1) M3ydenue mporecca
onyctbiHuBaHus Ha [Ipuapanse u 2) OnpeneneHre 30HbI 3aTOTUICHUSI U KaTErOpU3alluu
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YpOBHS Ha MAapKOBKE B YHUBEpPCUTETCKOM Tropojke Hazapbaes YHuBepcurera. B nepsom
MIPOEKTe MpoBejach MoisieBas paboTa B pervoHe ApajabCKOro MOpPsS ¢ NMPUMEHEHUEM
r7100abHOI HABUTAIIMOHHOM CITYTHUKOBOM cuctembl 06opynoBanus (Leica Zeno 20) ans
cOopa OIMOPHBIX TOYEK IS JalIbHEWINEH KaTuOpOBKH M TIPOBEPKU HCIIOJIH30BAHUS
00pabOTaHHBIX CIYTHUKOBBIX JAHHBIX. DTa METOJOJIOTHUS W TOJICBBIC JAHHBIC PaOOTHI
MOYKHO HAlTH Ha BEO-CCHUIKE C BOBMOXKHOCTHIO 3arpy3ku (http:/ www.drinu.org/?p=454).
OTU JaHHBIE U METOJOJIOTUU CBOOOJHO JOCTYIHBI JJIsl YU€OHBIX U HCCIEI0BATEIBCKUX
uenei. Bropoll mpoekT maeT mpumMep Toro, kak cTyaeHThl HazapbaeB YHuBepcutera
NPUMEHWIN TeoJe3uyeckoe OOOpYyAOBaHME JUIsl OIpEAENICHUs 30HbI 3aTOIUICHUS U
KaTeropu3allii YpOBHS B 30HE MAPKOBKH.

KiioueBble ci1oBa: MpOTHBOJICHCTBUE CTUXUUHBIM O€ICTBUSIM, ApalbCKoe MOpE,
reonesusi, Kazaxcran, Hazap6aeB YHuBepcurer.

TABUTU AITATTAPIBI AJIIBIH AJTY JATBI TEOAE3USAJBIK
TEXHOJIOTUAJIAP

Anaarna. WmKeHepliK >KyMbICTapAa >KOHE TaOWFU amaTThIPABl aJJbIH  ally
OarbITBIHAA TEOJE3USUIBIK TEXHOJOTHSUIAp KEHIHEH KoJiJaHbLIaAbl. Herizine”
reoJIe3UsAIIbIK TEXHOJIOTUsIap TaOUFK amartapAbl Oojkayna, Kajaarauayaa, esrepicrepil
MaHUTOPHUHT KYHECIHE EHTi3yJle OTe Mai1aabl 00BN Ta0bUIa bl FHUIBIMU Te0/1e3USIIBIK
TancelpMaiapabl OpbIHIAAY OapbIChIiHAa, OUTIM Oepyle CTpaTerusuiblK oICTEMEHI
VFBIHBIKTBl KEHEUTY alifa KOWbUIFaH MakcaTTapAbiH Oipi. byn makanana, 613 exi xo0a
OOWBIHINIA TEOAC3USUIBIK KYpayJapabl Mainananabik: 1) Apan MaHbl IIOJIEHTTEHY
nporecin 3eprrey koHe 2) HazapOaeB YHUBEpPCHUTETIHIH KaMIyCHIHBIH ayMarbIHJIa
MapKIICHICPITIK >KaOABIKTapbl Tak1agaHa OTBIPBINT Cy 0acy 30HACHIH AHBIKTAY YKOHE
KaTeropusyay.

bipinmri xo06a OoifbiHIIa Apan MaHbl ayMarblHIA >kahaHIBIK MO3UNIMSIIAY Kyieci
(GNSS) Leica Zeno 20 KypbUIFBICEI KOMETIMEH JajajlblK >KYMBICTAp KYpPri3iiim,
O0akpUiay HYKTCJCPIHIH KOOpJAMHATAJIapbl  AHBIKTAJIBIN, KEJEHICKTE KOCMOCTBIK
CypeTTep/il KamuOpiiey >KOHE TEeKcepy MakKcaTbliHAa MaimanmaHbsuiafbl. by skypriziirexn
JaJaiblK >KYMBICTApABIH KOPBITBIHABI Jepekrepin (http://www.drinu.org/?p=454) BeO-
CUITEeMECIHeH JKYKTeM amnachi3. byn nepektep OuniM Oepy JKOHE FBUIBIMH-3EPTTEY
MakcaThIHIAa €pKIH KOJDKETIMAI ojicTeMe Oona amanel. ExiHml >xo0a OoifbiHIIA
HazapbaeB VYHUBEpPCHUTETIHIH CTYICHTTEpl AaBTOKOJIKTI KOSTBHIH OpbIHAA Ccy Oacy
ailMarblH caHayJa >KOHE OHBIH JICHI'CHIH aHBIKTay/la TeOAC3USIIBIK KaOJIbIKTapIbl
Tan1aJasbl.

Kiarrik ce3mep: Taburu anarrapabl aJbH aiy, Apan TeHisi, reoaesusi, Kazakcras,
Hazap6aeB YHuBepcureri.
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THE RESEARCH OF AUTOMATED RADIO SYSTEMS FOR
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HAZARD AND SEISMIC MONITORING DATA

S. V. Konshin, T. V. Golubeva, E. O. Zaytcev

Almaty University of Power Engineering and Telecommunications /Kazakhstan/
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Abstract. Results of preliminary research of automated radio systems for
transmitting notification information on seismic hazards and seismic monitoring data are
presented. The aim of this paper is research and development of the optimal structure of
automated radio systems for rapid transmission notification information on seismic
hazards and seismic monitoring data as well as the development of an algorithm of
automatic adaptation of radio systems to changes of interference environment of radio
channels. The radio channel that belongs to such a system, must work reliably both
before and after the seismic waves occur, must exclude the possibility of transmitting a
false signal of the seismic hazard, must have a high probability of correct message
reception in conditions of changing interference environment in time, and the various
tracks should include closed ones.

Reliable performance before and after the arrival of seismic waves assumes an
availability of sustainable electric power supply, including the availability of an
emergency independent power supply, the mechanical strength of the hardware
components and units during vibration and shock, and the keeping of necessary
directional diagrams of the transmitting antenna with its possible slopes. High probability
of correctly receiving a message for such systems is the most important criterion.

Key words: seismic hazard, seismic monitoring, radio system, transmission,
information.

Introduction

According to experts, who are engaged in forecasting the economic
development of South Kazakhstan, the possibilities in this region are enormous.
On the other hand, the high seismic activity in the region prevents a more complete
implementation of these features and significantly increases the risks for economic
investment and tourism. Therefore, the solution for organizing the protection from
possible damage during strong and catastrophic earthquakes, and from a variety of
secondary disasters after the earthquakes, becomes more realistic. These include
fires, explosions, floods, mudslides, rail disasters, and chemical and radioactive
environmental contamination which would be a result of the destruction of
chemical and nuclear power plants. Also, electrical shocks of the population during
the destruction of electric networks is very dangerous. Victims and losses
sometimes exceed the numbers from the initial damage. For example, the Tokyo
earthquake ruined 128 thousand houses, and fires destroyed 448,000 buildings in
1923.
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Almaty is considered to be one of the most earthquake-prone regions of the
Republic of Kazakhstan. Therefore, decreasing the secondary injuries during the
earthquake by increasing the reliability and efficiency of emergency rescue
operations and victim assistance is a priority.

The radio system for information transmission on seismic hazards [1], which
1s part of research and development, uses the fact that the speed of seismic wave
propagation is much lower than the speed of electromagnetic wave propagation.
Thus, notification information on seismic hazards transmitted by radio from the
area of the earthquake's epicenter may be highly reliable. Thus, it can be used for
the automatic launch of safeguard measures at dangerous sites before the arrival of
the destructive seismic wave.

The goal of this work is the research and development of an optimal
structured automated radio system for rapid transmission of notification
information about seismic hazards, seismic data monitoring, and the development
of an algorithm of automatic adaptation of the radio system to changes of
interference with the radio channel.

The goal is achieved by:

1. The research, specification and drawing up a mathematical model of
signals and noise to transmit information on seismic hazards

2. The research of radio interference level in different frequency ranges

3. The analysis and evaluation of the various structural schemes of data
transmission radio systems, which allow assessment for the advisability of their
use for radio systems of transmission of information of seismic hazards

4. The development of the optimal structure of the radio system of
transmission of notifications on seismic hazard

5. The development of software for PCs and algorithms of automated
adaptation of radio systems to environmental changes

6. The experimental research of the structure of the radio system of
transmission of notifications on seismic hazards

The practical significance of this work lies in the fact that these results allow
us:

1. To analyze and calculate the interference environment for decameter and
meter bands when transmitting digital information signal for any settlement.

2. To substantiate the criteria for selecting the structure of the radio system of
transmission of notifications on seismic hazards.

3. To optimize the structure of the automated radio system of transmission of
notifications on seismic hazards for two frequency bands.

4. To implement via a radio system, the necessary protective measures for
dangerous objects in Almaty before the arrival of destructive seismic wave and
notify the service of the State Committee for Emergency Situations. This would
reduce the undesirable effects of secondary injury factors during strong
earthquakes.

5. To use the developed software for automatic adaptation of the radio system
of decameter band to environmental changes
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Methodology

We conducted research of informational possibilities, advantages and
disadvantages of various radio systems of information transmission, including
seismic ones. We selected frequency ranges for the primary and backup radio
channels of system of information transmission on seismic hazards.

Based on the analysis of the current studies in scientific publications, we
researched mathematical models of interference impact on the radio system of
transmission of notifications on seismic hazards. We analyzed data which allowed
us to produce a qualitative assessment of the interference situation in the zone of
action of radio system of transmission of notifications on seismic hazards. We
clarified mathematical models of natural and artificial interference. Based on these,
we created a total mathematical model of aggregate interference, which allows us
to make a quantitative estimate of the interference environment. Next, the
mathematical model of the interference effect on the radio system of transmission
of notifications on seismic hazards is determined by studying the interference
environment through quantifying the total interference for the two frequency bands
for Almaty and South Kazakhstan. The calculations indicate that in the city of
Almaty (decameter range at 5 MHz), the industrial noise has a predominant effect
on receiving devices; that the actual sensitivity of the receiver i1s 10 - 20 times
lower than the nominal sensitivity; that in the absence of industrial noise, the real
sensitivity is determined by atmospheric disturbances and cosmic noise, and is
decreased by a few times. In addition, in the meter range at a frequency of 150
MHz, industrial noise also has a dominant effect on the receiver, but its level is
lower than at 5 MHz. The cosmic noise becomes more pronounced and inherent
noise already amounts to more than 10% of the total level of interference.
Experimental research in South Kazakhstan confirmed the theoretical studies [2].
The actual sensitivity of the receiver in the absence of industrial noise is
determined by the cosmic and the inherent noise.

On the basis of the calculated and experimental data, the assessment of
interference environment of radio channels of system of transmission of
notifications on seismic hazards must be made by calculating the required field
strength of the radio signal for its stable reception in conditions of action of
interference.

In research by Konchin [1], the development of radio system blocks of
transmission of notifications on seismic hazards was carried out in accordance to
this system and with interference environment which existed in the area of action
of the system. As well, questions concerning the experimental analysis of the radio
system structure were considered.

The description of the algorithm of work of radio system of transmission of
notifications on seismic hazards for two radio channels of meter and decameter
ranges is given. The program, which implements an algorithm of adaptive
restructuring of radio channels of the system from one operating frequency to

42



another under changing external conditions and the level of atmospheric
interference according to the model of the ionosphere and under the influence of
any other factors that not accounted for in the model, is presented. In order to test
the main provisions of the dissertation, we carried out an experimental analysis of
the structure of the radio system, including laboratory tests of its blocks. The
results of the laboratory tests have helped to establish the validity of the main
conclusions of the work and the efficiency of applying the designed structure of
radio system for proactive information transmission on seismic hazards in order to
reduce the consequences of the secondary destruction during an earthquake.

However, the radio channel that belongs to such a system must work reliably
both before and after the arrival of the seismic waves, must exclude the possibility
of transmitting a false signal of the seismic hazard, must have a high probability of
correct message reception in conditions of changing interference environment in
time and the various tracks must include closed ones.

Reliable performance before and after the arrival of seismic waves assumes
an availability of sustainable electric power supply, including the availability of an
emergency independent power supply, the mechanical strength of the hardware
components and units during vibration and shock, and the maintenance of
necessary directional diagrams of the transmitting antenna with its possible slopes.
A false signal of a seismic hazard may be transmitted either when it is formed
through an intentional or random shock impact in the area of one of the radio
seismic threshold sensors, or when the configuration of interference coincides with
the specific structure of the emergency signal (signal on seismic hazard).

Results

To reduce the possibility of formation of a false message in the radio system,
we propose the use of the major principle of the reception and processing of useful
messages, and the application of noiseless coding.

Achieving a high probability of receiving a correct message for such systems
1s the most important criterion.

Conclusions

In the ranges of meter and centimeter length of waves, the implementation of
a radio channel with the direct wave (digital radio relay line of sight), ensures high
veracity of data transmission [2]. Even in the absence of noise immunity coding
and other measures, improvement of the noise immunity of signal reception is
possible.

In further studies we consider methods to improve the noise immunity of
radio system of information transmission of seismic hazards, taking into account
the possibility of using methods, studied in previous work, in modern
communication systems.
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UCCJEIOBAHUE ABTOMATHU3UPOBAHHON PATAOCHUCTEMBI IS
INNEPEJAYN NHPOPMAILIMU OIMMOBEIIEHUA O CEUCMHUYECKOU
OITACHOCTU U JAHHBIX CEHCMOKOHTPO.JISI

AHHoTanus. [lpuBomsaTcs  pe3ynabTaThl  IPENBAPUTENBHBIX  MCCIEJOBAHUM
aBTOMATU3UPOBAHHOW PpaJAMOCUCTEMBbI I Meperadyd MHPOpMalMM OIOBEIIEHUS O
CEICMUYECKOW OIMAacCHOCTH M JaHHBIX CcelcMOKOHTpouss. llenbto paboThl sBIsETCS
ucclieZloBaHue U pa3paboTKa ONTUMAJIbHOM  CTPYKTYphl —aBTOMAaTHU3MPOBAHHOU
paznocucTeMBl JUIs ONIEpaTUBHOM nepeaaun nH(GOpMAIMK OMOBEIEHUS O celicMUYecKon
OMACHOCTH M KOHTPOJISl CEHCMHYECKOW OOCTaHOBKM, a TaKXe pa3pabdoTKa aaropurma
aBTOMAaTUYECKOW  aJanTaliyd pPaAUOCHCTEMBl K YCJIOBHUSAM M3MEHEHUS IIOMEXOBOMN
00CTaHOBKHM paJvoKaHaia. PannokaHan, BXOJAIIMNA B TaKyl0 CUCTEMY, JOJDKEH HAJEXKHO
paboTaTh Kak 10, TaK M IOCJTE IMPHUXO0Ja CEHCMUYECKON BOJHBI, JOJDKEH HCKIOYaTh
BO3MOKHOCTb IIEPENAYN JIOKHOTO CUTHAJIA CEMCMUYECKON OMACHOCTH, UMETH BBICOKYIO
BEPOSATHOCTh MPABUIIBHOTO MPHEMa COOOLIEHMsI B YCIOBUSAX MEHSIOUIEHcS BO BpeMEHU
IIOMEXOBOIM 0OCTaHOBKHU U PA3IMYHBIX TPACC, BIUIOTH J0 3aKPBITHIX.

Hanexnast pabora 10 M mociie NMPUXOAAa CEMCMMYECKOM BOJIHBI IPEIIOJIaraeT
HaJIMYMEe YCTOMYMBOrO 3HEPrOCHA0XKEHHUSI, BKIIOYAsl HAJIMYME aBapUUHOIO aBTOHOMHOI'O
NUTAHUSA, MEXaHWYECKYI0 MPOYHOCTh aNNapaTHBIX Y3JI0B M OJOKOB NpU BUOpALUsIX U
yJaapax, COXxpaHeHHe HeOOXOIUMON JuarpaMMbl HalpaBiIeHHOCTH MEepeIaoleil aHTEHHBI
IIPU BO3MOXHBIX €€ HakJIOHaX. JIO)KHBIN CUTHaJ CEeHCMUYECKON OMAaCHOCTH MOKET OBITh
nepenad au00 B TOM Cilydae, Korja OH (OpMUPYETCS CIy4allHbIM WM YMBIIUIEHHBIM
YAApHBIM BO3JEHCTBUEM B 30HE OJHOTO M3 PASUOCEMCMUYECKUX IOPOTOBBIX JATYMKOB,
a0, Korja KoHQUrypauus MOMEXH COBNAJAeT C NPUHATOM CTPYKTYpPOW aBapuUWHOTO
CUTHAJIA.

Bricokass BEpOSATHOCTh MPABUIIBHOTO MPHEMa COOOILICHHS ISl CUCTEM IOJ00HOTO
Ha3HAuYEeHUs SIBISIETCS] BaKHEHIIMM KputepreM. CyllecTBEHHOE 3HAUEHHE IIPU aHAIMU3e
ATOr0 BOIIPOCA UMEET UCIOJIB3YEMBIM THana30H 4acToT.

B nanpHEWIIMX HCCIENIOBAHUAX IMPELIAracTCss PaCCMOTPETh METOABI IOBBILICHUS
MOMEXOYCTOMYMBOCTA  PAJMOCUCTEMBbl Tepenayr uHOpMaIMK O CEHMCMHYECKON
OMACHOCTH C YYE€TOM BO3MOXXHOCTH HCIIOJIb30BAHMSI MCCJIEAOBAHHBIX B IPEABIIYIICH
paboTe METOJI0B B COBPEMEHHBIX CUCTEMAX CBSI3U.

KiroueBble cioBa: ceiicMuyecKasi OIaCHOCTh, CEMCMOKOHTOPOJIb, PaJIUOCUCTEMA,
nepeaayva, nHGopmaius.
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CEHCMOBAKBILJIAY MOJIIMETTEPIH ’)KOHE CEMCMUKAJBIK KAYIITI
XABAPJIAY AKITAPATTAPBIH BEPY YIIIH ABTOMATTAHABIPBIJIFAH
PAJIMOKYHUEHI 3EPTTEY

AngaTna. CelicMo0Oakpliay MONIMETTEPIH KOHE CEHCMUKANBIK KayinTi Xabapiay
aKnapaTrTapblH Oepy YIIIH aBTOMAaTTaHIbIPBUIFaH paJUOXKYHeH1 3epTTeyAiH alblH aja
HOTHXKeNepl KenTipineai. JKyMbICTBIH MaKcaThl CEMCMUKAIIBIK JKaFJai bl OaKplIay KoHE
CeHCMUKAIBIK KayITi Xabapiay aknapaTTapbiH Keael Oepy YIIiH aBTOMATTaHIbIPbLUIFaH
paMOXKYHEHIH OHTAMIBI KYPBUIBIMBIH 3€PTTEY KOHE d3ipJiey, COHAal-aK panoXyHeHiH
paavoKaHANbIH KeAepri KarJaWblHAa e3repy IapTTapblHA aBTOMATThI OeHimuaeny
aNrOpuUTMIH od3ipiey. MyHmall »kyhere KIpeTiH paJuoKaHall CEUCMUKAIBIK TOJIKbIH
KeITeHre JeliH e, KeHiH Je CeHIMJI XYMBIC ICTey KepeK, CEHCMHUKaIBIK KayilTiH
JKaJIFaH CUTHAJBIHBIH Oepuly MYMKIHAITH KOI KepeK, Typii, TINTI »kaObIK ’Koyjgapnaa
JKOHE KeNepri JKardailblHAa yakbIT OOWBIHINIA e3repill  TYpaThlH >KaFjaiiapja
xabapiamMaHbl IYPbIC KaObUIAY BIKTUMAJIBIFBIHBIH KOFaphl 00JTYbI KEpPEK.

CeHIMIi KYMBIC — CEMCMUKAJIBIK TOJKBIH KEJITEHTe JCHIH KoHEe KEHiH Jie anaTThIK
ABTOHOMHUSJIBIK KOpEK Ke31 0ap SHEprusiMeH TYpaKThl KaMTaMachl3 €TYAiH OOJysbl,
BUOpAIUs KOHE COKKBI KE31HJE alapaTThIK TYWIHAEP MEH OJIOKTApbIH MEXaHUKAIBIK
OepiKTiri, TapaTaThlH aHTCHHA OaFBITBIHBIH OHBIH MYMKIH OOJFaH €HKEIoJiepi Ke3iHje
KOKETTI JAuarpaMMaHblH —cakTanybl. CeHCMHKaNbIK KAayIiNTiH KaJdFaH CHUTHAJIbI
paauoCeCMUKANBIK MEXETIK TaTYUKTEP/I1H OiIpiHIH ailMaFrbIH/Ia KE3/IeHCOK HEMECE dJIeii
YpY 9CepiHEH KYPBUIFaH Ke3/e HeMece Keaepri KOHPUTypanuschl KaObUITaHFaH anaTThIK
CUTHAJI KYPBUIBIMBIMEH COMKEC KereH ie Oepiayi MyMKiH.

OcpiHmait  makcaTThl — Kyde  ywmiH  XxabapiamaHbl — Aypeic  KaObuigay
BIKTUMAJIJIBIFBIHBIH YKOFApbl 00JIYybl MaHBI3/IbI KpUTEpU O0JBIN TaObLIaAbl. by cypakThl
Tajiay Ke3iH/1e KOJIaHbUIATHIH KUK TUANa30Hbl alTapJIbIKTall MaHbI3IbI.

Anparel  3epTTeyjeplie alAbIHFbl JKYMBICTa 3€pTTEIreH Kasipri OaiiaHbIC
JKYHeCIHIerl 9AiCTep/il KOJJAaHy MYMKIHJITIH €CENTEereH/Ie CEeUCMUKAIBIK KayllnTUIIK
Typajbl pPaguOXKYHEHIH aKmaparTbl TapaTyblHAAa KeIeprire TYPaKThUIBIFBIH KOTEpY
o/IicTepiH KapacThIPy YCHIHBLIAIBI.

Kinrrik ce3mep: ceilicMukanblK Kayirl, cedcMoOakbliay, paguoxyie, Oepy,
aKmapar.
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Abstract. Geographical Information Systems (GIS) and Remote Sensing Data
(RSD) became very important tools in different types of human activity — science,
ecology, oil and gas, forestry management, land and water management, tourism, trade,
defense and security and so on. Modern methods should help us face emergency
situations and act in order to save lives. They are the tools that play important roles in all
stages of disaster management, and can indicate guidance for various key activities.
Geospatial solutions help us decrease the impact of natural and technogenic disasters and
emergency situations. Geographic information can help us to be prepared for a disaster
very precisely because it has relationships to realistic contexts.

This article includes information on GIS and RSD roles in Disaster Management as
well as a description of Natural and Technogenic Disasters in which the authors were
involved as Action Team members. Some examples and applications of Geospatial data
use for Disaster Management and action during Emergency situation are shown. Also
provided is a list of several existing Disaster Management Information systems and a
description of technical information and communication tools of the Kazakh Emergency
Situations Agency.

Key words: GIS, Remote Sensing, Geospatial, Disaster management, Methods.

Introduction

One of the pressing problems of geomorphology of arid regions of
Kazakhstan is the study and evaluation of the eolian relief formation process. Since
the independence of the Republic, the amount of extracted mineral resources has
increased considerably. There have been intensive development of anthropogenic
impact including the processes of relief formation in the Caspian region. Irrational
use of the natural resources (overgrazing, use of trees and shrubs for fuel, man-
induced effects on soil and vegetation cover, etc.) has led to an increase in issues of
mobile sands, sand-drift of residential and engineering structures, wells and
highways. A striking example of this consequence is the sandy massif called
Tuyesu near Senek village in Karakiya region, Mangystau oblast (referred to as
“Tuyesu” from now on). See Figure 1. For many years this village has experienced
environmental pressure associated with drifting sand and changes in relief
formation.
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Figure 1 — Senek village, Mangistau oblast, Western Kazakhstan

The main purpose of this research is to study the current natural-
anthropogenic conditions of formation and development of mobile sands in order
to consolidate them.

Currently, Kazakh optical Satellites KazEOSat-1 and 2 can be the
informational source for Disaster Management in our country. The data can be
integrated into existing Emergency Information systems of our national services.

Methodology

Steps that have been completed:

« analysis of theoretical approaches and methods for assessing the
formation and development of eolian relief

« application of modern GIS studying methods and mapping of eolian relief
formation

» exploration of the natural-anthropogenic conditions for the formation of
mobile sands, specifically Tuyesu

» exploration of current landscape and identification regularity of formation
of Tuyesu

« completion of geomorphological zoning of mobile sands near Senek
village in order to consolidate data

» consolidation of Tuyesu research in the framework of scientific and
applied projects for the protection of natural resources, residential and engineering
structures.
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Provisions for protection:

* Assessment of natural-anthropogenic conditions of formation and
development of Tuyesu and identification of key anthropogenic factors

* Detailed analysis of Tuyesu terrain using GIS technology allowed us to
estimate the spatial and temporal patterns of their development.

* The dynamics of shifting sands, along with the climatic characteristics of
the region, depend on the morphometric and morphological characteristics of
Aeolian landforms, and the characteristics of the underlying surface

* Geomorphological zoning of shifting sands, based on an assessment of
differentiation of mobile forms of Aeolian relief on indicators of their dynamics
will develop the implementation of an effective restoration method.

Traditional geographical methods such as comparative, and cartographic,
statistical analysis of indicators relief-mobile forms of Aeolian relief were utilized.

Baselines were established from findings of cameral and field studies con-
ducted between 2003 and 2007, statistical and meteorological data, topographic
and thematic maps, and remote sensing data [1].

Scientific novelty:

* conduct local research on relief-moving sands using instrumental
observations and office processed data

« apply GIS technology to quantify the performance relief-moving sand
with the creation of GIS maps of the local area

» presentation of the practical application of integrated protection of
residential and engineering facilities from moving sands.

Practical significance and realization of this work is the author's participation
in the improvement and implementation of an integrated method for protecting
objects from sand drifts in the Senek Karakiya district from 2003 to 2007.
Implementation of research results exist in the Mangistau region.

Kazakh satellite data were used to analyze the Karaghandy region in 2015 and
the data were given to the Emergency Committee, published in newspapers and
shown as a potential and authentic tool to monitor flood situations. Figure 2 is an
example of the data gathered from a flood in central Kazakhstan™.

All these data can be and should be integrated in “Corporate information and
communication system of the State System of Civil Protection” and “Uniform
System of Crisis Management Center of the Republic of Kazakhstan” as geospatial
tools.

Results

So far, the main results of the studies were published in nine scientific works.

GIS mapping and Remote Sensing analysis methods were used in order to
protect the village from moving sands (2003-2007):

1. Main moving sands area was also calculated through space images

2. Protection and fencing areas were defined

48



3. Objects requiring protection were defined

4. Primary and secondary phytomelioration areas were defined (360 Ha);

5. Quantity of materials necessary for this job (plants’ quantity, water
volume, pumps, workhours, etc.) were calculated (approximately $550,000 USD)

6. Work plan was created and considered.

Figure 2 — Flood in Central Kazakhstan

Discussion

The main results of the research were presented at international conferences,
including the international environmental conference "Ecological problems of the
region of Turkestan” (in Turkestan, 2002), an international scientific-practical
conference "Ecology and Oil and Gas Industry" (in Atyrau, 2003), an international
conference “4th International Conference of UNESCO programme 481 Dating
Caspian Sea Level Change” (in Aktau, 2006), and the “International Scientific and
Practical Conference" Other presentations were done for “The geographical
challenge of sustainable development of the Republic of Kazakhstan: Theory and
Practice” (in Almaty, 2008), and an international scientific-practical conference on
"Problems control environment of the area of the Caspian basin" (in Aktau, 2009).
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Conclusions

a) RSD & GIS data are very useful for Disaster Management & Emergency
Response

b) Kazakhstan has good potential to increase operational possibilities
regarding Disaster Management

c) RSD & GIS data with other types of information should be integrated in a
National Disaster Management & Emergency Response System — Kazakhstan has
this potential.

d) The GIS communication system for disaster management is being
developed. In the near future, the development of mobile applications for the
Kazakhstan population is essential.
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HCIIOJIb30OBAHUE I'MC U 1133 .
JJIS1 AHAJIN3A YPE3BBIYAUHBIX CUTYALIUHU

AnHoTanusa. [eorpadpuyeckue uHGPOPMAIMOHHBIE CHUCTEMBI UM JaHHBIC
JMCTAHIIMOHHOTO 30HIMPOBAaHUSA 3EMIIM CTAlIM OYECHb BaXKHBIMH HHCTPYMEHTAMH B
pa3IMYHBIX BHAX YEIOBEYCCKOW ICATEIBLHOCTH - HAayKe, HKOJOTHH, J0OblYe HEeDTH H
ra3a, YIpaBJICHUU JICCHBIM XO3SHCTBOM, VYIPABICHHH 3EMEIbHBIMH W BOJHBIMHU
pecypcamu, Typu3Me, TOProBiie, 000poHe M 6€30IaCHOCTH | T.I.

CoBpeMeHHbIE METOJIbI JOHKHBI TIOMOYb HaM OBbITh TOTOBBIMH K UYPE3BBIYAHHBIM
CUTYyalMsIM U JIeHCTBOBAThH I TOrO, YTOOBI CIIACTH KH3HH. DTO MHCTPYMEHT, KOTOPBIi
UTpacT BaXKHYIO POJIb HA BCEX 3Tanax JIMKBUIALWU TOCICICTBUI CTUXUWHBIX OCICTBUH,
M MOXKET I[I0Ka3aTh TMPaBWIBHBI MyTh JJAS MHOTHX KJIIOYEBBIX HAlpaBiICHHM
JESITeIbHOCTH. ' €0NMpOCTPaHCTBEHHBIE PEIICHHS TMOMOTAlOT HaM YMEHBIIUTH BJIMSHHE
MPUPOJTHBIX M TEXHOTEHHBIX KaTacTpo(d M Ype3BBIYaHBIX cUTyarwid. ['eorpaduueckas
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uHpOpMAIMsS MOXET NOMOYb HaM IOATOTOBUTHCS K KaTacTpoe H SBISIETCS OYEHb
TOYHOM, TIOCKOJIBKY OHA UMEET OTHOILLIEHHUS K pealbHbIM MECTaM BOKPYT Hac.

Orta crares BkmoyaeTr B ce0s mHPopMmanuio o ponu ['MC u /133 B nukBupanuu
NOCJIEICTBUI CTUXMUHBIX O€ICTBHIA, a TaKXKe ONHCAHWE PEAIbHBIX MPHUPOIHBIX W
TEXHOTE€HHBIX KaTacTpo(, TJe aBTOpPbI, OBIIM YYaCTHUKAMHU IPOEKTOB, HEKOTOpHIE
IPUMEpPHI U CIOCOOBI MCIOIB30BaHMSI T€ONPOCTPAHCTBEHHBIX JaHHBIX JJIS JIMKBUAALUU
MOCJIE/ICTBUI CTUXUUHBIX O€ACTBUN M BO BpeMsl Upe3BBIYAiHOW cuTyaruu. B crarbe
NaHbl CBelleHUs O cyulecTByrommx B Kazaxcrane HHQOpMAIMOHHBIX CHCTEMax U
OMHMCAHUSI TEXHUYECKUX, WH(MOPMALMOHHBIX M KOMMYHHMKAI[MOHHBIX HWHCTPYMEHTOB
Komurera no upesBpuaiiHbiM cutTyauusm MBJl Pecnyonuku Kaszaxcran naercs u
IIPEACTABIICHBI BBIBOJIBI.

Kurouesbie cioa: ['MC, qucTaHUIMOHHOE 30HAMPOBAHUE, T€ONPOCTPAHCTBEHHBIN
aHanu3, 6opb0a co CTUXUIHBIMU O€ACTBUAMHU, METOBI.

TOTEHIIE JKAFJIAWJIAPIBI TAJJIAY KE3IHJET'T TAXK )KOHE
KAIIBIKTBIKTAH 30HATAY

AngaTrna. [eoaknmapaTThlK >KyWelnep MEH KalIbIKTBIKTaH 30HATAy JepeKTepiH
azam3ar KbI3METIHIH 9p TYPJIl TYpJEpiH 6T€ MaHbI3/Ibl KypasllapblHa allHAJbI - FHUIBIM,
KOpIIaFaH OpTaHbl KOpFay, MYHail JKOHE Ta3, OpPMaH IIapyallbUIbIFBI, XEp JKOHE CYy
pecypctapbin 6ackapy, Typu3M, cayjaa, KOpFaHbIc, Kayirnci3aik kone T.0. Kasipri omicrep
TOTCHIIIE JKaFJallapApl PETTeY >KOHE ajJaM OMIpIH caKTay YIIIH OpeKeT eTyre
KOMEKTECE/Ii, amaTThl JKaFaaiaapapl 0acKapyablH OapiblK KE3CHISPIHAEC MaHBI3IbI POl
aTKapaThIH 3aMaHayH Kypai Typi. Kazipri omicTepi ToTeHIIe KaFaiaapra qaibiH 0omyFa
JKOHE XaJIbIK OMIpIH CcaKTay YIIIH OpeKeT jkacayFa KeMmeKkrecedi. Amar OacKapy/bliH
OapJIbIK KE3C€HJIEPIHJICE MaHbBI3ABl POJI aTKapaabl JKOHE KbhI3METIHIH 0acThl OarbITTapbl
TIYPBIC JKOJIJIBI KOPCETE alaIbl.

['eokeHICTIKTIK mIemimaep 0i3re TaOWFW KOHE TEXHOTCHJIIK arnaTrTap MEH TOTCHIIE
JKarFjaiap ocepiH azalWTyFa MYMKIHJIK Oepell >koHe ojiap 01371 KoplliaraH HaKTbhl
OpBIHJAPBIFA KATHICHI OOJFaHABIKTaH ©T€ J19J OOJBIN TaObLIaIbl.

byn makanaga TeTeHIe >Karaail ke3iHae miemiM KaOwbuigaynarsl ['AXK sxone
KAIIBIKTBIKTAH 30HJTAyAbIH MaHBI3Abl POJi Typaibl akmapaTThl, COHJIAW-aK aBTOpJAp
KAaTBICKaH TAa0WFM >KOHE TEXHOTCH/IK CHUIATTaFbl TOTEHINE KaFIalIapIblH calJapblH
onciperyre OarbITTalFAaH HAaKThl K00a, amarThlK OKargaiipl Oackapy Ke3iHzeri
TCOKEHICTIKTIK MOTIMETTEP Il KOJIIAaHYIBIH MbICAJIIAPhl MEH 9/1ICTEP1 KAMTHUIJIBI.

Kazakcran PecnyOnukacel Imiki icrep wmuHHCTpiairi TeTeHie xaraainap
KOMUTETIHIH aKMapaTThIK JKyWelepi MEH OJapJblH KOJIJIAHBICTAFbl TEXHHUKAJIBIK,
aKMapaTThIK-KOMMYHUKAIMSUIBIK KYpalIapbIHbIH CUIIATTaMachl TypaJibl akmnapaT Oepiit,
KOPBITBIH/IbLIAD YCHIHBLIFAH.

Kinrrik ce3aep: ['AXK, KambIKThIKTaH 30HITAy, TEOKEHICTIKTIK Talay, TOTCHIIE
XKarannapel 6ackapy, oicTep.
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Abstract. The region of Kyzylorda was selected for a study of the desertification
process. This world renowned inefficient water resource usage problem has resulted in
the manifestation of desertification in the Aral Sea region. To explore the process of
desertification in this region, our research methodology consists of two parts: 1) field
data collection in the region and 2) analysis of remote sensing (satellite) data. The first
part of the research work was carried out in the Aral Sea region with Global Navigation
Satellite System (GNSS) equipment (Leica Zeno 20) to collect the field measurements of
ground control points (GCP). The GCP will be used for the calibration and verification of
the processed satellite data. The second part of our methodology is based on the
interpretation of satellite images. The GCP data collected during this field work will be
used for further referencing with processed satellite images. We finished the first part; the
field work related to collection of the GCP and the coordinates of 30 points were
measured. We will use satellite data from ASTER, Landsat, KazEOSat to track the
desertification process in the study area. The results of the field work can be used by
other researchers. Data are available for free downloading from our website
http://www.drinu.org/wp-content/uploads/2016/07/GCPs_Aral.pdf.

Key words: desertification, Aral Sea, Kazakhstan, Kyzylorga, GCP.

Introduction

The Aral Sea Basin ceased to exist in 1986 when the Small Sea completely
separated from the Large Sea. This large scale event resulted in a number of
disconnected bodies of water, most of which have since dried up. It has resulted in
new deserts around the Aral Sea, further shrinking the Aral Sea Basin’s region.
The current ecological situation of the Aral Sea region is mostly the result of an
intensified desertification process [1]. The desertification process of the Aral Sea
can be tracked through using remote sensing and GIS technologies.

In order to investigate the implementation of integrating and monitoring
remote sensing data, we choose the Aral Sea region, predominantly the territory of
Aral district in Kyzylorda region as a project reference site for a study of
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desertification processes. From June 16 to 20, 2016, a Nazarbayev University
research team conducted the “Investigation process of desertification in the
Kyzylorda region" field work in cooperation with "Ulytau-Aral" expedition team
from the Kazakhstan National Geographic Society.

The main task of the research group was to measure the coordinates of ground
control (reference) points (GCP). The GCP will be used for further use to calibrate
and verify the processed satellite data from ASTER, Landsat and KAzEOSALt.
Simultaneously, the observational work focusing on desertification and land
degradation processes was conducted. Water and soil samples were collected and
analyzed. Heavy soil saline levels were tracked in many areas.

June 16. The research team arrived in Aralsk town. A number of GCPs
within the town were measured (Figure 1).

-

Figure 1 - Control points taken next to the “Aralsk™ hotel

June 17. The group met with the director of Barsa-Kelmes Reserve and with
the 25 members of the "Ulytau-Aral" expedition. The expedition team members
included experts in geography, geology, hydrology, biology, and journalism. The
expedition continued their field work trip and travelled 165 km from Aralsk to
Akespe village.

June 18. Next, the expedition drove about 4 hours from Akespe to Akbasty
village. The causes of desertification, such as grazing and road digression, was
observed in the Akespe village. Peganum harmala or adyraspan plants, one
indicator of desertification, were found (Figure 2). GCPs were collected.
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Figure 2 - One indicator of desertification - Peganum harmala or adyraspan

Many houses were covered by sand in this Aral Sea region. As well, sand
drifts were noticed in Eski Akespe village (Figure 3).

Figure 3 - Sand drifts in Eski Akespe village

The high degree of digression due to overgrazing was evident in Akbasty
village since there are around 35-1500 camels per yard (managed by about 500
people). Unsustainable land use, in particular, uncontrolled grazing, resulted in a
desert. Moreover, poor vegetation is a direct result of the desertification. Houses
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and streets were covered with the Aral Basin sand. Sand dunes and drifts had
begun formation in conjunction with the drying of the Aral Sea.

We also visited the so-called "Ship graveyards" in the northern part of the
Large Aral Sea. The coordinates of these “ship graveyards” were taken (Figure 4).

Figure 4 - Measuring coordinates at “Ship graveyards”

June 19. The expedition team went on a 3 hour drive to the Kokaral Dam.
GCPs at the dam were measured.

Then, the main national geographic expedition team “Ulytau-Aral” decided to
stay for a longer time near the Kakaral Dam. The group of desertification process
researchers separated from the main expedition with the assistance of Barsa-
Kelmes Reserve workers and Deputy Director G. Satykeeva. Driving into the
territory Barsa-kelmes Reserve territory required permission, which had to be
managed and supported by a Reserve member.

June 20. The Barsa-Kelmes Reserve territory was toured and the coordinates
of control points were obtained. Sites such as the cordon of the Reserve, former
Hydrometeo post, mausoleum Kerderi and former Kerderi settlement were visited
(Figure 5 a,b,c,d). In the evening, the group departed for Kyzylorda.

June 21. The field work group returned to Astana city [2].
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Figure 5 - Measured coordinates: a) cordon of the Reserve Barsakelmes,
b) former Hydrometeo station, c) ancient Kerderi mausoleum territory and
d) debris (dishes) at the ancient Kerderi settlement

Methodology

Our methodology consists of two parts, which were implemented for the
research work: 1) field work method using high-precision equipment with GNSS
GPS-GLONASS, and 2) using satellite images for processing remote sensing data
in offices away from the research site.

The coordinate measuring equipment was dual-frequency GNSS from
Hexagon Leica Geosystems Zeno 20 GPS-GLONASS, which has provided by
Hexagon Leica Geosystems Kazakhstan. According to the manufacturer, the
specified device has some advantages:

e the possibility of upgrading the optional precision GNSS-positioning
(meter, sub-meter, centimeter), which allows the user to select the accuracy in
accordance with the requirements of the project or budget

e the equipment is convenient and data collection for GIS is simple and
easy. The lightweight and compact device is equipped with a display size of 4.7
inches for operation under street lighting

e Zeno Connect for Android - will provide any application on Android
access to high-precision RTK positioning

e Provides access to the data of Open Street Map [3].
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Figure 6 - Measurement of GCP with Leica Zeno 20 in the Aral Sea region

The tracking process was performed with a wearable Garmin GPS 64s device,
and Nikon SLR Cameras 3200 were used. The tracking is indicated by the yellow
lines on the layout (Figure 7).

s

Figure 7 - A schematic arrangement of GCP and tracking
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The next research stage involved the processing of the satellite image data.
The essence of the soil (and vegetation) required the interpretation (recognition) of
photos using photogrammetry and the visual method. The collection of satellite
data (ASTER, Landsat, KAzEOSat) allowed us to further monitor the
desertification process in the study area. Satellite images were obtained from the
Internet portal USGS - http://earthexplorer.usgs.gov/ [4]. We have received
mosaic from the Landsat-8 collected data. PCI Geomatics [5] software was used
for the creation of the mosaic (Figure 8).

it
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Figure 8 - Mosaic of Landsat — 8 imagery, 2016

Most GIS projects require some geo-referencing raster data. Geo-referencing
is the process of assigning coordinates in the real world for every point raster. We
obtained these coordinates using field measurements and collecting the coordinates
using the GNSS-receiver in a few easily identifiable points of the picture. Through
using these sample coordinates or control points (GCP), the image is distorted to fit
the selected coordinate system. Points can be reservoirs, intersections, the
confluence of one river to another, buildings, and so on (Figure 9).
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Figure 9 - The types of sites used in the study of the accuracy sightings:
a) corner of a building; b) Kokaral Resrvoir, ¢) & d) corners of houses;
e) &, f) corners of abandoned ships

Discussion

The field work was initiated as part of the June 2016 "Ulytau-Aral"
expedition, organized by the “Kazakh National Geographic Society” (QazaqGeo)
public association. A significant change of the wind regime of the Aral Sea region
has been accompanied with the removal of a huge amount of sand and salt from the
dried bottom of the Aral Sea. These sand storms are one of the causes of
desertification. To study the process, a group of researchers went to the Aral Sea
region to measure the coordinates of the control points and to align them with
satellite images. By comparing this data to images from the past, we revealed the
dynamics of landscape change. During the field work, the coordinates of 30 points
with approximately 2.5 m planning precision were measured (for comparison, a
simple GPS provides about 6 - 7 m of precision on plains).

In addition, the results of the field work can also be used for the preparation
of tour itineraries. Despite persistent environmental degradation, there are some
sites that could be interesting for local, national and international tourism.
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Table 1 - The list of potential tour excursion sites

No rljl:zgféfl %}fCP Place Tourism Category

5 Geothermal (radon) source Spa tourism
o) 15 Ship graveyards Cultural and educational tourism
3 20 Sahu mausoleum Cultural and educational tourism

Geothermal (radon) source in .
4 21 Akbasty village Spa tourism
5 24 Kokaral dam Cultural and educational tourism
Ecological tourism, Cultural and

6 26 Barsakelmes Reserve educational tourism
7 27 Gidrometeopost Cultural and educational tourism
8 28 Kerderi mausoleum Cultural and educational tourism
9 29 Kerderi settlement Cultural and educational tourism

Results

1) The main task of the geodesic survey of ground control points was fulfilled
with 29 points documented in the research territory. These are available through:
https://cloud.mail.ru/public/5SkQB/3nvrqd49¢g

2) The indirect signs of desertification and land degradation were observed
which in turn demonstrates the presence and progression of desertification.

3) Mosaics of the satellite images were created.

Future Requirements

1) Cartography of the whole infrastructure of the research territory is required.

2) The construction of land cover maps (LandCover) is needed.

3) The construction of land use maps (LandUse) is needed.

4) As one of the sideline tasks, a map of tour itineraries in the research area
can be designed or transferred. Data about tour excursion sites and itineraries can
also be combined with the information of the KNGS "Ulytau-Aral" expedition.

5) Desertification process will be monitored on the basis of satellite images.
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MN3YYEHUE ITPOLECCA OITYCTBIHUBAHUS HA ITPUAPAJIBE

AnHorauusa. Tepputopuss KsBbuopauHckoit obnactu Oblla  BbIOpaHa IS
U3Y4YEeHHs] TIpoliecca oOmycThiHMBaHMs. HeaddekTuBHOE HUCHONIB30BaHHE BOIAHBIX
PECYpCOB SIBIISIETCS BCEMHPHO HM3BECTHOM mpobiemoil. B pe3ymbpTare 3Toro mporecca
MPOUCXOAUT OIYCTHIHUBAHUE B peruoHe Apaiabckoro wmops. Hama meromonorus
U3YYEeHHs TIPOIIECCa OMYCTHIHUBAHUSA B PErHMOHE ApPAIbCKOTO MOPS, COCTOMT U3 JIBYX
yacTell Hay4HO-UCCIIEIOBATENbCKOM paboThl: 1) cOOp MONEeBBIX JAaHHBIX PErMoHa U 2)
UCCJIEAOBaHUS HA OCHOBE JAHHBIX JUCTAHIHUOHHOTO 30HAWpOBaHUA (CIyTHHUKOBBIE
caumku). llepBas 4YacTh HaydHO-HMCCIIEIOBATENIbCKOW pabOThl ObLIa MpOBEIEHA Ha
[Ipuapanse ¢ MOMOIIBIO TI00ATBHON HABUTAIIMOHHOW CIyTHHKOBOU cuctembl (GNSS)
Leica Zeno 20, ¢ uenbto coopa noneBbix uzmeperuit onopueix Touek (GCP). GCP Oyaet
UCIIOJIB30BATHCS JIJIs1 KAIMOPOBKU M MPOBEPKU 00padaThIBAEMbIX CITyTHUKOBBIX JTaHHBIX.
Bropas wacTh Haiield METOJOJIOTMM OCHOBBIBA€TCS HAa WHTEPIIPETALUMU CITYTHHUKOBBIX
u3zo6paxenuii. Coopannsie koHTpodbHbIe Touku (GCP) Bo Bpems moseBbix padbot OyayT
UCIIONIb30BAaThCS  JUIsI  JAJIbHEHMIIeW TNpUBS3KA K JaHHBIM C  00pabaThIBaeMbIX
CIyTHUKOBBIX CHUMKOB. MBI 3aKOHYWIIN TEPBYIO YACTh — MOJIEBbIE PAOOTHI, CBSI3aHHBIE C
kosuiekuuen GCPs. beuin u3mepensl koopiuHatsl 30-TU TOYEK.

Mpe1 Oynem ucnosib3oBath criyTHukoBbie gaHHble n3 ASTER, Landsat, KazEOSat
OTCJIC)KUBATh TMPOIIECC OMYCTHIHMBAHUSA B UCCIeayeMoil obnactu. Pe3ynbTaThl moJeBBIX
paboT MOTYT OBITH MCTOJIB30BAHBI APYTUMHU HCCIEAOBaTeNsIMU. JlaHHBIC TOCTYITHBI ISt
OecruaTHOM 3arpy3Ku C Hamero caifta http://www.drinu.org/wp-content/uploads/2016/07
/GCPs_Aral.pdf.

KuroueBble ciioBa: onmycThiHMBaHue, Apanbckoe Mope, Kazaxcran, Ksi3puiopaa,
GCP.

APAJI MAHBI IOJIAEHY ITPOLECIH 3EPTTEY

Annparna. Hlengeny mnporecin 3eprrey aiimarbl peTinae — Kpi3bumopaa oOIbICH
TaHAaabl. JyHUE Ky3iHe 9Urijii cy pecypcrapblH THIMCI3 MaiijiajgaHy HeTi3iHeH Maija
OosraH Mocenenepaid Oipi — Apand MaHBI MIOJJIEHY Mporieci. Apajdl MaHbl IIOJJICHY
IPOIIECIH 3epPTTEY 9/iCi €Ki FBUIBIMU — 3epTTey OesliMIHEeH TYpajbl: 3epTTey aliMarblHaH
JANTAJIBIK IEPEKTEP Il )KUHAKTAY skoHe JKepai KalbIKTHIKTaH 30HATaY JepeKTepi Heri3iHe
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3epTTey. AnFamksl OeniM OOHMBIHIIA 3epTTEy 9ici Apan MaHbl ayMarbiHAa >kahaHIbIK
nosunusnay xxyieci (GNSS) Leica Zeno 20 KypbUIFBICE KOMETIMEH JalaIbIK )KYMBICTAP
KYprizinin, Oakpuiay HYKTEIEpiHIH KOOpIWHATalapbl aHBIKTANIbL. bakpuiay HykTemepi
(GCP) eHpneneTiH KOCMOCTBHIK CypeTTepAl KanuOpliey >KOHE TeKCepy MaKCaThIHIA
navigananeuianel. Exidmn  OeniM  OOMBIHINIA 3€pTTEY OICI FapBIMITHIK CypeTTepi
nemudpiey HeriziHae xyprizuteni. Jlamamblk >KyMbIcTap Ke3iHAC >KUHAFaH Oakbuiay
uHykrenepi (GCP) xocMOCTBIK cyperTepai eHIeYy Ke3iHne nainananbuiafbl. bipiHmi
OemiM OOMBIHINIA KYMBICTAHBIT, AAIANBIK KYMBIC KYPri3uiai. Apan MaHbl JanayiblK
3eprreynep ke3inae 30 HyKTeHIH KoopAuHaTaIapbl aHbIKTAJIbI.

Kapacteippuieinn oTbIpran aiMakThl JKepil KamlbIKTHIKTAH 30HIbLIAY JEpeKTepl
ASTER, Landsat, KazEOSat TycipiniMaepi Heri3iHae 3epTTey KYMBICTAPhI KYPri3iiemi.
Kypriziiren nananblK >KYMBICTBIH JEpeKTepiH Oacka Ja 3epTTeyuiuiep mnaiijaiaHa
anajel. JlepekTepre TeriH KOJ KETKi3y YIIIH OChl CATTaH KYKTeH anacei3aap

http://www.drinu.org/wp-content/uploads/2016/07/GCPs_Aral.pdf.

KinTrik ce3nep: menaeny, Apan teHisi, Kasakcran, Ke3sutopaa, GCP (JKahanasik
MO3UIIMSIAY KYyHeci).
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Abstract. This paper describes the possibility of increasing confidence in the
projected emergency situations due to the increase in the number of autonomous
stations and the creation of the national network of automatic exchange of reliable
information.

Key words: forecasting, disasters, protection, forecast, meteorological,
hydrological, terminals.

Introduction

Due to the diversity of natural and geological conditions, close to the entire
territory of Kazakhstan (about 75%) is not protected against the natural disasters
known to man, such as earthquakes, floods, droughts, mudslides, and so on. As a
consequence, the well-being of humans isdeclining, negative impact on the
environmental and social spheres are negatively impacted, fresh water is
increasingly difficult to access and sustaining a balanced diet is becoming more
difficult [1].

One of the most important and effective tools for protection of the population
from impending natural disasters is a system of forecasting, monitoring and timely
warnings.

In order to realize the state’s civil, business and environmental protection
policies and interests, planning for the monitoring and forecasting of natural
disasters has been carried out by ministries and agencies of the Republic of
Kazakhstan and by scientific and manufacturing organizations.

The principle of this work is a system ofmonitoring the conditions and the
origin of natural disaster and noting the processes in the atmosphere, hydrosphere,
lithosphere, and biosphere. A number of state and non-state institutions
andorganizationsfor the monitoring of natural phenomenon and processes have
been established.

In all regions of the republic, territorial units of a subsystem of the State
System of Civil Protection (SSCP) have been created in order to forecast, prevent
and respond to emergency situations.

Each territorial subsystem SSCP includes: commission on prevention and
response to emergency situation in regions and districts (cities), territorial
subdivisions of the authorized organization in the sphere of civil protection, a daily
management body (a single duty-dispatching service "112", duty-dispatching
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services), service of civil protection in regions and districts (cities), the forces and
facilities of territorial units, including financial, food, medical and logistical
resources, communication, warning, and information support.

Over the past decade, changes in climate which are connected to the increase
in temperature and evaporation rate, have limited agriculture development, and
have had a negative impact on the nation’s limited natural resources.

The most frequent causes of natural disasters are: spring floods and rain
floods, constituting about 30% of the total number of disasters. There are also high
risks associated with flooding and mudslides. Catastrophic flooding occurs about
once every 50-100 years in Kazakhstan [1].

According to the Ministry of Emergency Situations,the estimated direct losses
from emergencies in the country is from 3.5 to 4.5 billiontenge annually (without
the cost of global natural disasters). Experts estimate the collateral damage in this
case to be about 15-20 billion tenge and the damage from the loss of life and the
treatment of victims is about 3 billion tenge. In total, the costs can be up to 25
billion tenge annually.

In this regard, one of the major priorities is the development a long term
strategyfor the protection of Kazakhstan’s national interests from the negative
effects of natural hazards.

At the same time, we must underline that the current national natural disaster
preparedness programis poor and does not cover the whole country.

In this sense, pre-preparedness, awareness and mobilization of all
stakeholders, including competent authorities, academic institutions, international
and non-governmental organizations and local communities are necessary to
significantly improve the safety and security of the population.

Meteorological monitoring

The Republic State-owned Enterprise (RSE) “Kazhydromet™ of the Ministry
of Energy provides an environmental monitoring network of hydrological and
meteorological stations and posts, and monitors environmental pollution.

The most important operational links and production activities of RSE
"Kazhydromet" act as a service for the study of the natural environment through
the stations and posts: meteorological, hydrological, agrometeorological and so on.
This forms a single national grid and conducts surveillance on a common program
and common terms.

Currently RSE "Kazhydromet" has 298 hydrological posts and 260
meteorological stations, of which 30 operate in automatic mode, and there are 2
avalanche stations [2].

The Ministry of Energy in cooperation with the Ministry of Internal Affairs
developed an interaction algorithm between the Crisis Management Centre of the
Committee of Emergency Situations and RSE “Kazgidromet” (Ministry of
Energy). Reports are generated about the operational transmission of information
about hydro meteorological phenomenon and regular storm warnings. As well, a
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consistent procedure for information exchange about meteorological and
hydrological phenomenon under danger of an emergency situation occurrence has
been adopted.

Similar algorithms were developed for the territorial bodies of the Committee
of Emergency Situation and the subdivisions of RSE “Kazgidromet.”

The Ministry of Energy has developed a cooperation model with the
interested state bodies, regional akimats, and the cities of Astana and Almaty. The
scheme includes storm warnings via the RSE “Kazhydromet” about impending
dangerous and hazardous hydrometeorological phenomena for the adoption of
measures to reduce the risk of occurrence of emergency situations. At the local
level, similar schemes have been developed and agreed upon with local authorities,
regional Emergency Situations departments and RSE “Kazhydromet” branches.

Issue: Weather Stations

The RSE “Kazhydromet” includes 260 weather stations; however, this
number of observation points is extremely insufficient. Thus, in accordance with
regulations of the world meteorological organization, there should be 5 times more
meteorological stations in Kazakhstan.

Suggested Solutions

It is necessary to increase the number of meteorological stations in
accordance with the standards of the World Meteorological Organization [3] as
well as re-equipping the existing stations with up-to-date technologies.

Issue: Flood Monitoring

The Minister of Energy of the Republic of Kazakhstan annually reports RSE
“Kazhydromet” forecast data to relevant authorities on possible flood situation as
of 1 February and 1 March. The forecast is based on data regarding the presence of
snow cover, autumn moistening and forecasts for the spring.

An agreement was made in order to streamline the data exchange process, and
to take timely preventive measures. It was developed by the Ministry of Internal
Affairs and approved by the joint order of the Ministries of Internal Affairs (From
September 16, 2015 Ne773) and Energy. It is titled, "By mutual exchange of
hydrometeorological information security."

In 2015, the RSE“Kazhydromet” predicted and alerted state authorities that 4
regions of the country may experience a difficult flood situation. Forecast data was
given in the extensive grounds, have insufficient accuracy for determining the
time, place and situation possible [2].

The possible floodszones and melted waterinpacted 860 settlements, which
are home to 1.9 million residents.

Based on the forecast data about water flow in the rivers, the presence of
snow cover, and weather forecast presented by RSE “Kazhydromet,” the local
executive bodies cooperated with the territorial bodies of the Committee for
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Emergency Situations (Ministry of Internal Affairs) to develop and implement a
set of preventive anti-flood measures.

Regions have developed annual monitoring data systems and have corrected
plans to respond to flood situations and established procedures for the cooperation
of concerned agencies and organizations for the flood period.

Issue: Hydrological Stations

RSE “Kazhydromet” has an only 298 hydrological stations, an insufficient
number. In accordance with the standards of the World Meteorological
Organization (WMO), Kazakhstan should have 3 times more hydrological stations.

Suggested Solutions

In order to solve the existing problems it is necessary:

e toincrease the number of hydrological stations in accordance with the
standards of the WMO.

e to create a single automated system for hydrological stations and to
integrate the existing stations and posts, government offices ‘Kazselezashita.”

The increase in the number of hydrometeorological posts can be met through
the creation of automated terminals, which will be installed at the control points of
the environment condition and be shared with the centeral receiving telemetry
through data transmission systems. The transmission medium can be wired,
wireless and optical communication systems. The autonomous automatic stations
must have alternative sources of energysupply (solar panels, wind and
hydro/hydrogenerators)which will recharge the batteries. The terminal exchange
protocol and the Centre will monitor the conditions of all power supply system
elements. If necessary, a specialist of the district or of the regional monitoring
center will arrive and address the problem. The terminals should be appropriately
built to ensure protection from vandals.

The terminals should register the temperature of the air, water, earth,
humidity, speed and wind direction, rainfall, soil freezing depth, snow depth, some
status parameters moraine lakes, information about seismic activity of the earth,
the water level in rivers and reservoirs, the appearance of water in dangerous
places, the ability to transmit photos, video and audio information where it is
required.

The terminals may have remote sensors of various physical parameters.
Technically, all the system components of a terminal have been developed and are
widely used in practice. It is still necessary to compose a modular design and test it
in practice. During trials various technical and organizational issues will invariably
arise and must be addressed. After successful completion of the test, the
construction into a series must begin. Serial production of the components of the
system can even be commissioned to be carried out by students of the
corresponding specialties. A structure that will service, repair and prevention of all
equipment must also be created. It is possible to organize all of this on the basis of
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local area government offices. Also, a service which will deal with the preparation
and training of specialists in the service terminal is required. Another task is to
create an enterprise engaged in the production of model components and
assemblies included in the system.

The connections system which can be used for radio communication systems
include medium wave, short wave, very high frequency (VHF), microwave, WI-Fi,
GSM and optical communication systems for different environmental conditions.
Each terminal must link exactly for this point of the area. Accordingly, each
terminal as well as some units and assembly will be different.

For example, a terminal installed in a flat area will have wind turbines and
solar panels, whereas a terminal on the mountain stream will have a hydroelectric
generator. One terminal will transmit information at Very high frequency (VHF),
and the other for GSM or even WI-Fi. A terminal which is installed on a snow
slope will have a height sensor snow cover, and a terminal on the glacier will have
some glaciologically measuring instruments.

To save energy, information can be sent in compressed form in a short
package. For transmitter operation, by reducing the duration of a transmitted
packet, it is possible to strengthen the power of the transmitted signal.
Accordingly, the transmission distance is decreased the load on the batteries is
reduced.

The creation of a unified transmission system of hydro-meteorological
information will improve the accuracy of forecasts of emergencies for the two or
three orders of magnitude. Additionally, the centralization of the system will save
the Republic of Kazakhstan since material and financial resources significantly
exceed the costs of creation and maintenance of the system.

The use of unmanned aerial vehicles for the monitoring status of avalanche
dangerous areas and the condition of the glaciers will be more effective and less
costly than the use of manned flight vehicles.

Currently, space monitoring policies of the Republic of Kazakhstan does not
allow the use of information for the operational monitoring of emergent and
developing emergency situations. Software which allows the combination of
photos and topography of the territory is missing. Forecasting the disaster situation
with more certainty is possible with the availability of 3D maps of the area.

Finally, 3D maps of Kazakhstan could be created because the technical
capabilities are there, but it has not been considered to be necessary. It is possible
to use the data obtained from the terminals for an interactive map of the Republic
of Kazakhstan which would allow for direct observation of the status of hazardous
areas and for predictions of dangerous and impending changes in real time.

These timely measures can prevent the occurrence of emergency situations,
and ultimately save the lives of many people. As well, there is an opportunity to
save many billions of KZT which are now spent on the primary and secondary
consequences of emergency situations.
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HEKOTOPBIE BOITPOCHI ITPOI'HO3UPOBAHUA U TPEAYIIPEKIEHUSA
YC [IPU 3ATOIVIEHUU U TIOATOIVIEHUAX

AHHOTanudA. B 3Toil cTaTbe ommcaHa BO3MOKHOCTbH IOBBIIIEHUS JOCTOBEPHOCTH
MPOTHO3UPYEMBIX UYPE3BBIUAMHBIX CUTYAIlMU U3-32 YBEJIMYECHHUS 4YHUCIAa aBTOHOMHBIX
CTAaHIIMA W CO3JaHUE HAIMOHAIBHOM CETH aBTOMAaTHYECKOro OOMEHa JOCTOBEPHOU
MH(pOpPMaLIUH.

KiiroueBble cj10Ba: MPOrHO3UPOBAHUE CTUXUUHBIX OEICTBUH, 3alllMTa, MPOTHO3,
METEOPOJIOTHSl, TUAPOJIOTHS, TEPMUHAI.

CY BACY KOHE CY ACTBIHJA KAJTY BOJIFAH TOTEHIIE
KAFTJAUJIAPADBI TAJNLJAY /KOHE ECKEPTY KE3IHAEI'I CYPAKTAP

Anpatna. byn wmakanmama aBTOHOMIBI  CTAHIMSUIAD CAHBIHBIH — KOOCHOiHE
OailylaHpICTHI OOJDKAHATHIH TOTEHIIE YKaFAaIap/IblH CEHIMIUIINH YIFAUTy MYMKIHIITIH
cUTaTTay JKOHE CeHIM/JII aKmapaTThl aBTOMATTHI TYPJIe AJIMACTHIPATHIH YVIITTBIK KeJi KYpy
Mocenenepi KapacThIPhUIFaH.

Kinrrik ce3mep: Taburu anarTapasl  Ooibkay, KOpFay, METEOpOJIOTHS,
TUIPOJIOTHSIIBIK, TPMHUHAI.
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Abstract. The paper describes a risk management structure that allows decision-
makers to define and improve their attitude to risks of extreme weather event impacts on
critical infrastructure as well as derive and test alternative measures and their costs and
benefits. The structure has been developed under the context of the European INTACT
project.

The risk management structure identifies six steps comprising ‘good practice’ in
decision-making. It recognizes the circular nature of risk management, which may
require the review of the risk analysis and assessment after implementation of risk
reduction control measures.

Key words: risk, extreme events, critical infrastructure.

Introduction

Resilience of Critical Infrastructure to Extreme Weather Events, such as
heavy rainfall, drought or icing, is one of the most demanding challenges for both
government and society. Critical infrastructure (CI) is an asset, system or part
thereof which is essential for the maintenance of vital societal functions, health,
safety, security, economic or social well-being of people, and the disruption or
destruction of which would have a significant impact as a result of the failure to
maintain those functions. Extreme Weather (EW) is a phenomenon that causes
severe threats to the well-functioning of CI.

The effects of various levels of EW on CI are witnessed through changes in
seasons and extreme temperatures (high and low), humidity (high and low),
extreme or prolonged precipitation (for example rain, fog, snow, and ice) or
prolonged lack thereof (drought), extreme wind or lack of wind, and
thunderstorms. The increased frequency and intensity of EW can cause events such
as flooding, drought, ice formation and wild fires, which present a range of
complex challenges to the operational resilience of CI.

The economic and societal relevance of the dependability and resilience of CI
is obvious: infrastructure malfunctioning and outages can have far reaching
consequences and impact on economy and society. The cost of developing and
maintaining CI is high if they are expected to have a realistic functional and
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economic life (50+ years). Hence, future EW events have to be taken into account
when considering protection measures, mitigation measures and adaption measures
to reflect actual and predicted instances of CI failures.

The aim of this paper is to describe a risk management structure that allows
decision-makers to define and improve their attitude to risks of Extreme Weather
Event (EWE) impacts on Critical Infrastructure (CI) as well as deriving and testing
alternative measures and their costs and benefits. The structure has been developed
under the context of the European INTACT project.

The INTACT project brings together innovative and cutting edge knowledge
and experience in Europe in order to develop and demonstrate best practices in
crisis response and recovery capabilities. The objectives of the INTACT project
are to:

o Assess regionally differentiated risk throughout Europe associated with
extreme weather

e Identify and classify, on a Europe wide basis, CI and to assess the
resilience of such CI to the impact of EWE

o Raise awareness of decision-makers and CI operators about the challenges
(current and future) that EW conditions may pose to their CI, and

e Indicate a set of potential measures and technologies to consider and
implement, be it for planning, designing and protecting CI or for effectively
preparing for crisis response and recovery.

More explanations about the project and provisional results can be found at
<<www.intact-project.eu>>. The project will finalize in 2017.

Risk management process

The structure of the risk management process is based on the developments
presented in the European Commission’s Framework Programme [1]. The overall
purpose of the structure is to assist CI stakeholders in the improved assessment of
EWE impacts on their infrastructures, and to provide support on how mitigation
measures could lead to improved CI resilience in the face of increasing EWEs due
to climate change.

The risk management process is based on that promoted by the International
Electrotechnical Commission [2]. It identifies the main steps comprising ‘good
practice’ in decision-making. It recognizes the circular nature of risk management,
which may require the review of the risk analysis and assessment after
implementation of risk reduction control measures. The steps of the process are:

e Scope definition: determines the scope of the risk assessment in terms of
the CI, the information needed and the type of approach, timeframes and scales to
be considered

e Risk identification: explores and classifies the main hazards and
vulnerabilities taking into account cascading effects

e Risk estimation: assesses the risk magnitude using available models and
taking into account uncertainties
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e Risk evaluation: assesses the magnitude of risk considering the particular
context of the CI

e Proposals for action: provides guidance on the possible mitigation
measures to reduce the estimated risk

e Risk reduction control.

Scope Risk Risk Risk Proposals for 'il':f i
definition identification estimation evaluation action o
clelpjugell

Risk analysis

| Risk assessment |

| Risk management

Figure 1 - INTACT risk management process

The INTACT Risk Assessment Process provides guidance on methods and
available tools; however, it does not cover all possible methods available and does
not intend to be prescriptive in which methods to use. These tools and methods are
presented in [3].

Scope definition

The starting point of a risk assessment is the definition of the scope: the
objectives and purpose of the risk assessment considering the context (e.g.
stakeholders’ needs and perceptions, legislation and regulations, etc.), the available
information and the scales and timeframes of the assessment.

The scope should define the CI’s core functions, characteristics and processes
and take into account the type of dependencies. Goris and Rilling [4] provide a
good overview on the increasing interconnectedness of infrastructure systems with
physical, cyber, geographical and other types of dependencies [5].

Relevant EWE and EWE situations need to be identified and described
including the context in which they should be considered such as scale and
timeframe (e.g. their nature, intensity and duration).

In order to correctly set up the context of the assessment, current legislation
and procedures should be taken into account.

When considering the scope definition, end-users and CI operators should
consider both quantitative and qualitative information sources (datasets) to inform
and then decide upon effective risk estimation. Quantitative and qualitative risk
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analyses are both possible to assess risks. The former assigns fixed numerical
values to risk while the latter uses intervals or scales represented by non-numerical
labels such as High, Medium and Low.

Risk identification

The objective of this step is to identify the main hazards likely to occur given
a particular EWE and its impacts and consequences on a CI depending on its
vulnerability.

The process to follow to identify risks has three main steps:

1. Identify extreme weather events

2. Identify vulnerabilities

3. Identify impacts.

Identify extreme weather events. In order to identify risks, it is important to
understand EWE temporal distribution (frequency, seasonality, diurnal patterns),
spatial distribution and magnitude. This requires more detailed descriptions of
EWE than the ones contained in the Scope Definition Phase. Two concepts need to
be considered when exploring EWE:

e Hazard, defined as the potential occurrence of an EWE

e Exposure, which refers to the critical infrastructure being located in the
geographic range of hazardous extreme weather events.

The goal of hazard identification is to establish an exhaustive list of hazards,
regardless of how small the likelihood of their occurrence. This will constitute the
base for a comparison and prioritization of the most devastating hazards that will
be taken forward in the analysis.

Identify vulnerability. The objective is to establish a list of factors
contributing to CI vulnerability. In the context of the INTACT project,
vulnerability is mainly structural vulnerability, defined as the capacity of CI to
cope with extreme conditions although other types of vulnerabilities such as social
or human could also be addressed.

Identify impacts. In order to identify the impacts, it is important to have an
understanding of the available response time related to the time between warning
and occurrence of the hazard. The duration of the impact is also important when
assessing risks and considering the best recovery type of measures. Relevant
impacts may include scale of damage, number of CI and services impacted (e.g.
outages), fatalities, number of persons, properties or business affected, and so on.

The impact of disrupted CI can be assessed from a qualitative point of view
(e.g. acceptable risk, inconvenience, moderate, disaster) or quantitatively,
estimating a cost associated to the damages, or number of fatalities/injuries. The
impacts of hazards on CI can be direct, when they occur at the area where EWE
occurs, or indirect, when they occur outside the original location of the EWE or
occur over time after an EWE.

Cascading effects occur when the functioning of one infrastructure is required
for the functioning of another one, i.e. there are dependencies within the
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infrastructure system. In this case, a problem (disruption, failure) in the first
infrastructure will cause problems in the second one. For example, loss of electric
power might lead to disruption in water transportation (pumps) and health care
systems (among others). Getting a good understanding of the likelihood of
cascading effects and thus, of the interdependencies between infrastructures, is
essential for the identification of risks.

Risk estimation

This step involves the calculation of risk based on the selected hazard and CI
vulnerability, taking account of both impact and loss assessment. Risk is generally
considered to be related to the probability of consequences or outcomes occurring.
There are a large number of tools, models and approaches used to assess or
calculate the risk, which generate a set of outputs and indicators. Indicators are an
attribute of the risk being measured and they can be used to detect or predict
opportunities or threats, estimate the probability of those happening and to control
the impacts. When deriving indicators, it is necessary to take into account the
following:

e Does the indicator help to understand the current risk?

e Does the indicator cover a key component of the risk process?

e I[s it possible to detect trends in the indicator and compare them with
suitable thresholds?

e Does the indicator deal with probability of occurrence or exposure?

e [s it cost-effective to measure the indicator?

The calculated risk (indicator) is used for comparison with any set or agreed
thresholds in the next ‘evaluation’ step.

Uncertainty should form part of the user’s assessment of the level of risk that
1s acceptable. Uncertainties can be categorized into aleatory (random), representing
the "true" temporal and/or spatial variability in the likelthood of EWE’s, and
epistemic (knowledge), representing, among other things: the imperfections in
measurements and estimates of the parameters; the imperfections in the models;
the uncertainty in statistical estimates of model parameters resulting from the
limited size of data sets. Aleatory uncertainty can typically not be reduced and is
sometimes referred to irreducible uncertainty analysis. Epistemic uncertainty can
be reduced, but never completely eliminated, by increasing the size and quality of
data sets and by improving models.

Neglecting uncertainty leads to the simplification of the systems under
investigation and hinders a comprehensive understanding of the sensitivity of a
system to the (effectively existing) indetermination in its parameters and models.
Exclusion of uncertainty can also hinder decision-making since the decision-maker
does not know the weight to put on any risk metric. Uncertainty-based approaches
to risk estimation include — but are not limited to — probabilistic risk estimation,
relying on statistical and probabilistic modelling.
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To estimate the risk, the probability of occurrence of the EWE source needs to
be assessed for each CI asset. It may also be necessary to calculate the probability
associated with the hazard pathway, and to combine this with the source
probability. Thus for example, the coastal inundation of CI assets near the
shoreline should consider both the probability of occurrence of extreme sea levels
(source) and the probability of failure of the sea defenses (pathway) to such
extreme levels.

Some risk estimation methods focus on general mapping of the hazard
sources, so they enhance understanding of the potential consequences and impacts.
Other methods involve very detailed analysis in the form of indexing and strict
quantitative modelling, for example.

The selection of the most appropriate risk estimation method depends on how
much effort can and should be expended, what data are available to support such
analysis, the most suitable indicators to characterise the impacts, and the overall
uncertainty inherent in the estimation process for the given CI and EWE. All of
these factors need to be considered when choosing a method, and in certain
situations, it may be prudent to use more than one method to ensure that robust
decisions are subsequently made.

Generally, three types of risk calculation are available:

e Qualitative assessment defines consequence, probability and level of risk
by significance levels such as “high”, “medium” and “low”, may combine
consequence and probability, and evaluates the resultant level of risk against
qualitative criteria.

e Semi-quantitative methods use numerical rating scales for consequence
and probability and combine them to produce a level of risk using a formula.
Scales may be linear or logarithmic, or have some other relationship. The formulae
used can also vary.

e Quantitative analysis estimates practical values for consequences and their
probabilities, and produces values of the level of risk in specific units defined
when developing the context. Full quantitative analysis may not always be possible
or desirable due to insufficient information about the system or activity being
analysed, lack of data, influence of human factors, and so on, or because the effort
of quantitative analysis is not warranted or required. In such circumstances, a
comparative semi-quantitative or qualitative ranking of risks by specialists,
knowledgeable in their respective field, may still be effective.

Risk evaluation

Having estimated the risk for the particular combination(s) of CI and EWE,
the next stage in the process is to examine and judge the significance of the risk.
This evaluation of the risk is normally against some specified criteria.

A key aspect of the evaluation phase therefore, is the setting of appropriate
thresholds or values for what is considered to be an acceptable level of risk.
Different organisations or countries could set varying levels of acceptability, and
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this would depend on whether they were ‘risk averse’ or ‘risk taking’ in their
approach to the management of CI systems. While such thresholds provide a
quantitative measure to assess the risk, their derivation may well involve values
and value judgements, and therefore sit outside a purely objective approach. This is
to be expected given that the societal framework in any country sets the views on
what are deemed to be acceptable levels of risk. It is worth noting two limits of
risk that are often used in practice:

e Acceptable Risk: “a risk, which for the purposes of life or work, everyone
who might be impacted is prepared to accept assuming no changes in risk control
mechanisms” [6]

e Tolerable Risk: “a risk within a range that society can live with (1) so as
to secure certain net benefits. It is (2) a range of risk that we do not regard as
negligible or as something we might ignore, but rather as something we need to (3)
keep under review and (4) reduce it still further if and as we can (ALARP, As Low
As Reasonable Practicable)” [7] adapted from [8].

Proposal for action

This step in the risk management process is concerned with deriving
potentially suitable mitigation measures, and assessing whether they can contribute
to reducing the risk to Critical Infrastructure, either for current weather conditions
or to alleviate future predicted impacts.

Details and outputs from the Risk Estimation and Risk Evaluation stages form
a key requirement for implementing this step. The different types of measures can
be classified depending on whether they are applicable before or after the event,
whether they are for preparedness, mitigation, response or recovery of/from an
event and considering which vulnerability dimension they are addressing.

The assessment of a range of measures or actions can be undertaken by the
operator of the particular CI using any appropriate assessment method. However,
there could be important benefits in undertaking this comparison using the same
stakeholder group or methods involved in the risk assessment, so a valid
comparison of the effectiveness of measures or actions can be assessed. This is
particularly the case for methods that require prioritisation or trade-offs to be
determined, which needs group discussion of the weights or values to be applied to
a range of 'success' factors.

The outcome of this step is a list of potential measures, covering both
operational and capital options, with the assessed scores according to different
metrics (e.g. cost, reduction in risk, effectiveness). On the basis of these scores, the
preferred option(s) will be selected.

Risk reduction control

This forms the final step in the risk process, which in the current IEC 31010
[2] formulation corresponds to the ‘Monitoring and Review’ step which circles
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back to the start of the process. Therefore in reality, ‘risk reduction control’ is what
the whole process is trying to achieve and represents the need to continually re-
assess the risk at appropriate intervals, which is achieved by monitoring and
review protocols. This is necessary as the external environment is ever-changing,
such as extreme weather and population demographics, so the requirements and
impacts for a CI system are always in flux. The review period will be set to an
appropriate interval, although in reality, quality controls will be continuous for
most CI systems. Separate to the risk process, CI systems require a monitoring and
control protocol, which will be used on a regular basis to check that:

e Previous assumptions about risk are still valid (as determined in the scope
definition and risk identification steps).

e Assumptions used in the risk assessment remain valid, including the
external context (assumed weather hazards, CI demands etc.).

e Outputs from the CI system(s) are as required.

e Risk assessment methods are being correctly applied.

e Risk mitigation measures are achieving their required outcomes.

Alongside the monitoring and review process, it is important that effective
communication and consultation is used throughout all stages of the risk
assessment process. This ensures that everyone is informed of the risks and the
measures taken to reduce them, and that expert and other views are utilised in the
most effective ways in the management of the CI system.

Conclusions

This paper proposes a logical and practical risk management structure to
assess the impacts of extreme weather on critical infrastructure and the resilience
of CI against extreme weather. Furthermore, it contributes to the more
comprehensive use of available information affecting the risk assessment, the
analysis of the effectiveness of mitigation investments and the resilience of critical
infrastructure.

During the development of the structure, we faced the challenge that the
methods and tools of assessment are typically very CI- and EWE-specific.
Consequently, the choice of the tool and method depends on how much resource
(time, money) can be used, and on the availability and accessibility of data. As
such, the common understanding of available and realisable methods is important
for further research and development.

In the context of the INTACT project, the structure described in this paper is
being evaluated and tested in a series of case studies in 5 different countries in
Europe.

The risk management process is being developed into a tool to guide a user
through a workflow-like sequence of options, guidance and recommendations. The
process will be built in a wiki environment, which would provide a seamless user
interface.
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IMPOIIECC YIIPABJIEHUS PUCKAMHY NOCJIEJACTBUM
3KCTPEMAJIbHOM IOT'OJIbI

AHHoTanmMsA. B crarbe omumcaHa CTpyKTypa yHpaBieHHS pPHUCKaMM, KOTOpas
MO3BOJISIET JINIIaM, TPUHUMAIOIINM PEIICHHUS, ONPEICIIUTh U YIYUIIUTh CBOE OTHOIICHUE
K pHUCKaM BO3JCHCTBHUS DKCTPEMANbHBIX TOTOAHBIX SIBICHWH Ha KPUTHUECKYIO
UHQPACTPYKTYpy, a TakkKe BBIBOJAUTh M TECTUPOBATh aIbTEPHATUBHBIE MEpHl U
paccuuThiBaTh UX peHTadenbHOCTh. CTpykTypa ObUla pa3paboTaHa B paMKax
EBponerickoro npoekra INTACT.

CrpykTypa ynOpaBieHHs pPHUCKAMU OIpelessieT IIeCTh JTaroB, COJEPKaIIUX
«XOpOLINe MPAaKTUKW» B Ipolecce NpUHATHA perieHnii. OHa Npu3HaeT HUPKYIUPYIOLIUii
XapakTep IMpolecca YIpaBlIeHUs] PUCKaMU, KOTOPBIH MOXET MOTpeOOoBaTh MepecMoTpa
aHaJM3a U OLCHKH PUCKOB IOCIIE OCYIIECTBICHUS MEP KOHTPOJIS 110 CHIDKEHHUIO PHCKa.

KiarueBble  caoBa:  pUCK,  DKCTpEeMalbHble  SBJICHUS,  KpUTHYECKas

UH(ppacTpyKTypa.
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IKCTPEMAJIJIbI AYA-PAIBI CAJJAPBIHBIH TOYEKEJIIH
BACKAPY TTPOLIECCI

Anparna. byn makamana TtoyekenmepAl Oackapy KypbUibIMbl OasHpanraH. On
HIeniM KaObUTIaylibl agaMAapablH ChIHM HWH(QPaKypbUIbIMFA aya paibl KYOBLIBICHI
AKCTPEMAIIJIBI BIKIAIBIHBIH TOYEKETiHE ©31HIH KAaTHIHACKIH )KAKCAPTYFa KOHE aHBIKTAyFa,
coHNaii-ak OajlaMa wIapajap/blH I[IBIFBIHAAPBIH JKOHE TailachlH IIbIFapy JKOHE
tectiieyre mymkiaaik Oepeai. byn kypeutbiM INTACT Eyponansik xo00achl aschiHIa
JTaWbIHIAIFaH.

Toyekennepni 6ackapy KYpBUIBIMBI MICIIIM KaObUIIAy MPOIECi KE3IHAE «KAKCHI
TOXKIpuOeci» O0ap anThl Ke3eH[l aHbIKTahWabel. On ToyekenaepAl OacKapyIblH aiHalbIM
CUNIAThIH MOWBIHAAN/IBI, SIFHU OJl TOYEKEJAl TOMEHAETYAl OaKpliay HiapajapblH Ky3ere
aChIpFAaHHAH KEHiH TOYCKENICP/IiH aHAIM31H jKOHE OarallayblH KailTa Kapay/Ibl KaXkKeT eTyl
MYMKIH.

KinrTik ce3nep: Toyeken, SKCTpeMaabl OKUFaiap, ChIHM HHPPAKYPBLUIBIM.
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CAUSES AND CONSEQUENCES OF THE FLOODS IN KAZAKHSTAN
AND AROUND THE GLOBE

F. R. Zhandauletova, Zh. K. Orzhanova, G. S. Sadikova
Almaty University of Power Engineering and Telecommunications /Kazakhstan/
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Abstract. The most common aspects of research are explained and data on scales of
floods are analyzed. The author's concept of protection against floods is briefly described.
Key words: safety, emergencies, flood, protection, water, risk.

Kazakhstan, which has signed a number of international treaties in the field of
emergency situations, is actively integrated with the structures of the UN, CIS,
MOGO and other international organizations. It also takes part in humanitarian
activities.

Floods are considered as an extreme or rare situation. The adverse effects on
life, property and activities of mankind can lead to catastrophic consequences. It is
shown that the frequency of floods has increased from century to century. Most
attention is paid to geographical and social and economic problems. Floods, which
occurred on various continents between 1998 and 2015 will be discussed. Data on
the scale of the flood from each continent is analyzed: number, the duration,
number of victims and temporarily evacuated people, and the damage in US
dollars. The authors’ concept of protection against floods will be explored.

Kazakhstan is located in Eurasia between 400561 and 550261 of north latitude
and 450271 and 870181 of east longitude and extends from the north to the south
for 1600 km, and from the west to the east for 2900 km. It occupies about 2725
thousand. sq.km or 2,7% of the Earth’s landmass. It shares borders with the
Russian Federation, People's Republic of China, the Kyrgyz Republic, the
Republic of Uzbekistan and Turkmenistan. Kazakhstan is comprised of a wide
variety of natural landscape features: high mountains, lowlands and plains, steppes,
deserts, oases, forests, and large and small reservoirs which include the Caspian
and Aral seas. The climate is sharply continental, droughty with poor, uneven
distribution of water resources and the prevalence of arid forms of landscapes [1].

Because of its geographical location, Kazakhstan is susceptible to various
natural disasters such as earthquakes, floods, mud streams, avalanches, collapses,
landslides, and flooding of the Caspian Sea coastal zone. Other dangers include
meteorological phenomena, forest and steppe fires, epidemic diseases of humans,
epizootic diseases of animals, diseases and susceptibility of plants to wreckers, and
so on. The risk of natural catastrophes could affect about 75% of the territory.

There are approx. 85,000 rivers and temporary streams, including rivers more
than 10 km long — 8386, and their total length is close to 223,000 km within
Kazakhstan. The river network is better developed in the more humid mountainous
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areas of Altai, Dzhungarsky and Zailiysky Alatau, which are located in the east and
south-east regions of the republic.

The largest waterway of Kazakhstan is the Irtysh River. Its upper part is in the
People’s Republic of China and it also crosses Russia. The length of the river is
4248 km, with 1677 km of it flowing through Kazakhstan. The drain of Irtysh is
regulated by the cascade of water storage basins. For example, at the village of
Shulba, the average long-term consumption of water prior to the regulation of a
drain was equal to 895 m’/s, and the maximum reached 8330 m’/s.

Other large rivers partially flow across the territory of Kazakhstan: The Ural,
Syr Darya, Ili, Ishim, Tobol, and Shu. The rivers which are completely within the
borders of Kazakhstan and are different in length include Nura, Turgai, Uil,
Sarysu, Emba, Irgiz, and Sagiz. Rivers such as Bukhtarma, Uba, and Ulba, which
flow down from the ridges of Altai. The Karatal River in the Dzungarian Alatau is
characterized by increasing water content [1].

The characteristics of flat rivers and temporary streams change sharply for a
month in spring mainly due to the thawing of seasonal snow cover. Mountain
rivers have high water levels for 3 to 6 months because the snow melts at different
rates. The maximum water consumption, in the case of high thawing water,
exceeds the low flow by tens, hundreds and even thousands of times. The
fluctuation of water level constitutes several meters. Sometimes the water level
rises by 2,5 m to 3,5 m per day. For the rivers of West Kazakhstan, it may increase
up to 4 to 5 m. This naturally leads to considerable floods of the rivers and other
water sources. On the contrary, in dry years, the small and average flat rivers with
no drainage, especially those in Central and North Kazakhstan, the high water can
be poorly expressed or be absent.

In Kazakhstan, there are over 57,000 lakes, not less than 4,000 artificial
reservoirs, natural reservoirs, ponds, excavated tanks and excavated ponds. The
lakes more often meet in North Kazakhstan, in floodplains and river deltas. The
total surface area of lake water is approximately 45,000 sq.km. The number of
lakes with an area of more than 1 sq.km is 2999, and their total area is about 40,5
thousand sq.km. The largest reservoirs are the Caspian and Aral seas (located in
Kazakhstan partially), Balkhash, Alakol, Tengiz, Seletytengiz, and Kushmurun
lakes, and the laragest water reservoirs are Bukhtarminskoye, Kapchagaiskoye,
Shulbinskoye, and Shardarinskoye.

Many lakes of Kazakhstan have no drainage, are salty, are up to 1 m deep and
they dry up or freeze. Flowing freshwater lakes are mainly found in floodplains,
deltas and mountain lakes. Water level fluctuations are mainly determined by the
seasonal dynamics of surface water flow and evaporation from the surface of the
water. The maximum seasonal height of lakes reaches 1,5 to 3,3 m. The summer-
autumn water decreases an average of 0.3 to 0.7 m.

Throughout millennia, people have fought against floods with no success.
Damage from floods, especially in the last decades, has increased sharply. The area
of the world’s flood-prone territories is close to 3 million sq.km. That is
comparable to the total area of all the Western European states. Approximately 1
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billion people live in the areas subject to flooding. Annual losses from floods
constitute tens of billions of US dollars, and in some years, the damage exceeds
200 billion dollars. For example, 240 million people have suffered from floods in
1998 alone.

To date, there are no commonly accepted concepts for the calculation of the
damage caused by floods nor concepts of protection against them [2, 3].

Currently, historians, archeologists and other experts have done considerable
research on great floods in different countries. It is safe to conclude that the large
floods have occurred in all areas of the globe. Legends of great floods exist for
Babylon, Jewish, Ancient Greek, Old Indian, in East Asia, on islands of the Malay
Archipelago, in Australia, in New Guinea and Melanesia, in Polynesia and
Micronesia, in South America, in Central America, Mexico, in North America, and
on continental Africa [4-9]. Table 1 describes eight major floods.

Table 1 - Largest floods on the globe

Ne Date Place Numjbe? of the Material damage
victims
1 | June 1972 Rapid City, South 215 [$100 M USD
Dakota
2 |May 11-23, 1970 |Oradea, Romania 200 223 settlements were
damaged
3 | August8-14, 1968 |Gujarat, India 1000
4 |October9,1963  |Belluno, Italy 2000 | vater overflow through the
Vajont dam
Losses of $63M USD from
5 |October 4, 1955  |Pakistan and India 1700 flooding of 5,6 million acres
of agricultural land
Province of Anhui, 10 million people were
6 |August 14, 1950 |People's Republic 500 homeless; 5 million acres
of China were flooded
7 December 31, Northern Europe >309
1962
. Yellow River floodin
8 |1887 Henan, China > 900000 destroyed numerous I;guman
settlements

Floods caused by spring, or spring-summer high waters exist for rivers in
most regions of Kazakhstan. The emergence of floods of this type of rivers in
southern Kazakhstan is probable in February — June. In southeast and east
Kazakhstan, they occur between March and July. The flat rivers experience
flooding between March and June. The greatest damage is caused by floods of the
Irtysh, Ural, Tobol, Ishim, Nura, Emba, Turgai, Sary-su, and from their numerous
inflows as well.

The catastrophic floods associated with wind setups in Kazakhstan are
observed in the delta of the Ural River and along the northeast coast of the Caspian
Sea. The periods from October to December and in May are when the water level
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reaches 2.0 to 2.5 m. It is very dangerous when the sea water spreads tens of
kilometers over the land.

In recent years, the number of the floods caused by anthropogenous factors
has sharply increased. For example, the Syrdarya River flood occurs because of
increased disposal of water from the Shardarinsky reservoir (due to non-
compliance with the release schedule) during the winter period. Another danger
involves problems with sewage ponds/ devices of a number of the large cities
(Almaty, Aktobe, Taraz, etc.). In some cases, dams of large water-engineering
systems are in critical condition (e.g., Tasotkelsky, Ters-Ashchibulaksky,
Shardarinsky, Sergeyevsky), so this can result in catastrophic floods.

We conducted research on the monitoring of natural processes in Kazakhstan,
including Almaty. We also used data received by the natural phenomena
observation network. The relevant calculations were used to assess how much
territory was exposed to natural disasters. A risk assessment of their impact was
carried out. Also, central and local executive authorities coordinated and
methodically managed the work with the Agency of the Republic of Kazakhstan on
Emergency Situations.

On the basis of the analysis of natural dangers and vulnerability of the
environment, the risk was estimated. Results of calculations are given in the form
of risk maps where the territories of various risk degree are specified. These maps
help to resolve issues of risk management and planning of social and economic
development of the region.

We believe that implementation of the actions we propose can play a
significant role in the reduction of disasters and damage caused by floods. The
complex and modern strategies of protection of the population against natural
disasters in flood-prone areas include forecasting, planning and performance of
work. Timely warning of people of the impending disaster should be carried out
before a flood, during it and after the termination of the natural disaster. Specific
activities include systems of supervision over conditions and occurrence of natural
hazards in the atmosphere, the hydrosphere, the lithosphere and the biosphere.

In Kazakhstan, floods can be caused by a spring and spring-summer high
water, wind setups in the coastal zone of the Caspian Sea, mash phenomena on the
rivers, release of water from large reservoirs, breaks of ponds, settlers and poor
sewage ponds. Except for the latter, all types of floods can be predicted beforehand
from several hours to one month and more (the first type). Therefore, as a rule, the
population is usually evacuated in good time. Nevertheless, the loss of human life
1s connected to this type of natural disaster. Quite often, it is necessary to carry our
search and rescue operations of people, who for one reason or another, hadn’t been
notified of the possible flood. As well, in the settled territories, transport networks
can be damaged or temporary disabled. Therefore, daily attention has to be paid to
fight against floods and to their prevention.

The sad irony of fate is that the vital water brings the misfortune to the
humans. For all time, people have settled on the coasts of bodies of water.
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However, if the water level suddenly and sharply increases because of heavy rains,
strong winds, or inflows, for example, it can turn into the dangerous enemy.

The current state of forecasting, measuring and calculating floods, the
economic use of the flood-prone territories, the assessment of consequences for the
economy, society and environment reveal the immediate requirement for a reliable
accounting of flood damage and the development of effective measures for fighting
against them.

Conclusion

Floods have accompanied human society since ancient times. Due to various
reasons, floods occur from rivers, oceans and sea coasts across the globe. Based on
the number of the victims and damage caused to society, floods are the most
serious natural disaster. There are still no reliable long-term methods to forecast
their occurrence, no standard concept for protection, nor reliable and standard
techniques to calculate the damages. Taking into account the global scale of a
problem, the appropriate governmental bodies of all countries and international
organizations have to pay attention to its study and practical resolution.
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IMPUYUHBI U ITOCJTEJACTBUA I'/IOBAJIBHBIX ITPOBJIEM
HABO/THEHMU S

AHHoTaumsa. HaBogHeHUs paccMaTpuBaIOTCS KaK SKCTpeMajbHas CUTYyalUsl WU
penKasi, CKJIaAbIBAIOLIAsICs B IPUPOJHON cpelie, HeOIaronpusTHoe BO3JecTBHE KOTOPOH
Ha *U3Hb, UMYIIECTBO U JEATEIbHOCTh YEJIOBEKA CTOJIb BEJIMKO, YTO MOXKET NIPUBECTH K
KaTacTpoduueckuM nociueacTsusM. [loka3ano, 4To 4acToTa HABOJAHEHUH YCHIIMBAETCS OT
CTOJIETUSI K CTOJIETHIO. B craThe AaHO MpeAcTaBlieHWEe O HAaBOJAHEHMM — KaK SIBJICHUU
J100aJIbHOTO MaciTada, COMyTCTBYIOLIErO YEOBEUYECTBY C IPEBHEHIIMX BpPEeMEH U 0
Hamux gHeil. OCHOBHOE BHHUMAHUE B CTAaThe YAENSETCS TeorpapuueckuM M COIHalbHO-
HPKOHOMHYECKUM TMpoOieMaM, XapaKTepu3yloTcs HaBogHeHHsA. [lokazaHbl MmaciiTaObl
HABOJHECHUI, XapaKTepU3yeTCsl aBTOPCKHE MPEAJIOKEHUS 3aIUThI OT HABOJHEHUH.

KiaroudeBble cjioBa: 0€30MacHOCTb, YpE3BbIYAMHBIE CHUTYal[Md, HABOJHEHHUE,
3aIuTa, BOJa, PUCK.

CY TACKBIHbI BOMBIHIIIA AYKBIMJIBI MOCEJIEJEPIIH
CEBEIITEPI MEH CAJIIAPBI

Anpatna. Cy TacKblHBI DKCTpEMaJbl KaFjail HeMece TaOWFu opTaja CHUPEK
KE37ICCETIH, alaTThIK cajjlapFa OKEeJIN COKTBIPAThIH aJaMHBIH eMipiHe, MYJiriHe, ic-
OpEKeTIHEe THUTI3€TIH KOJaNChI3 acep peTiHie KapacThlpbulFaH. Cy TaCKbIHBIHBIH KHULIIT1
FachIp/laH Fachlpra KyIIEWreHiH Oaiikan »Xkypmi3. Makaiaga Cy TacKbIHbI TypaJbl
ajamM3aTTa KeHe 3aMaHHaH OYTiHT1 KYHIe JCHiH >KaJIFachIll KEJICTIH ayKbIMIbl KoJeM/Ieri
MoceneHiH TyciHiri 6epinreH. Cy TacKbIHBIHBIH ayMarbl Typajbl JI€pEKTep KeNTipiireH,
Cy TaCKbIHBIHAH KOPFAHYBIH aBTOPJIBIK TYXKBIPBIMIAMACHl KbICKAIIla CHITATTAIbIHFaH.

KinTTik ce3mep: Kayinci3aik, TOTEHINE Xaraaiiiap, Cy TacKbIHBI, KOpFay, CY,
TOyeKel.
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ISSUES OF LANDSLIDE RISK REDUCTION IN ALMATY REGION
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Abstract. This article discusses the current issues of landslide risk in Almaty and
the surrounding area because the potential risks have increased due to climate change and
atmospheric global warming. The impact of human activities is also considered. A
cyclonic nature of these changes is suggested. They are believed to be global mechanisms
of landslide activity. The increase of landslide activity may cause mudflow activity. The
impact of climate change on the seismicity of the region is assumed. The spatial-temporal
and instrumental methods of landslide risk are assessed. The development of instrumental
methods and accelerometers are suggested for the prevention of landslide and debris
flow.

Key words: landslides, climate change, accelerometer, cyclone, risk, seismicity.

Introduction

The scientific society has voiced their concern in light of recent climate
changes in mountain areas. The city of Almaty is located in an alluvial cone of
foothills of Zailiyskiy Alatau, a highly seismic zone of the Eurasian continent. The
evaluation of consequences of changes in global warming of the atmosphere is
necessary. One of the consequences we have observed is increased landslide
activity caused by growing precipitation. This work offers strategies for landslide
risk mitigation.

Climate conditions of Almaty

In the 1960s, this was the classic situation: The western and northwest air
masses bearing moisture, rose above mountainous areas and cooled down. Water
vapor reached saturation points, and all that moisture was carried over the plains.
The average annual precipitation amount of rainfall of 400 mm increased from the
foothills to the middle of the mountains by 1.5 to 2 times, and in high mountains it
was even more. Near permanent snow cover precipitation exceeded 1000 mm, and
in other years 1500 mm [1]. The climate was mild, yet extremely continental with
dry, hot summers, and winters with snow and light freezing weather.
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Left to right: 1-Kapchagai reservoir, 2 - alluvial cone (Almaty), black spots -
landslides, red — mudflow.

Figure 1 - Almaty atmospheric and geophysical situation:
mountain and valley winds, erosion processes

However, real shifts in the climate system can occur due to an accumulation
of seemingly insignificant atmospheric changes. For example, we consider the
Kapchagai reservoir. More than one cubic kilometer of water evaporates annually
[2]. Part of it rains down on Almaty. Waters of Kapchagai above the low left bank
became a type of support for ground water running down from Zailiyskiy Alatau.
Due to the increased ground water level, marshes were formed. Marsh and salt
accumulation caused additional evaporation and an increase of salt into the west
and north with western winds carrying precipitation [2]. As a result, in the 1970s,
the climate of Almaty began to change (we’ll call it “A”) resulting in an increase of
rainfall. We might say that the climate is now C+K where C - classic, K —
evaporation from warm Kapchagai reservoir with winds from the steppe. We have
more rain now than in the 1960s. In addition to more rain, frost comes early, and as
a consequence we lost Oporto apples, a unique kind of apple of this area.

Today 30 years later, we can add to this formula two more effects: global
warming “G” and urbanization “U”. A two fold increase of the population occurred
in one generation, multiple new buildings were built, and the number of cars grew
perhaps ten times. Thus, every day almost a million cars move in the city, with half
of this number commuting to and from the city daily. Urbanization generates a lot
of heat, water and pollution into the atmosphere. It is also important to note that
90% of the water used by the city is provided by drill holes and some of this water
also gets into the atmosphere.

So, A = C+G+K+U. Please note that every component in this equation
contains water and warmth. Evidently, the last three components significantly
change the situation. In the classical situation, condensation grew gradually with
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less amount of rain, and was balanced with change in the spring time. When the
vapor particles are saturated, they form into droplets and fall as rain and the
humidity increases significantly.

Local warming up from Kapchagai and urbanization of the city has led to the
enlargement of the foot hill area, the city atmosphere and a drop in its pressure.
This has caused a cyclonic effect and air is sucked. If it gets in from below, it
carries the polluted and warm air from the steppe, which causes condensation. If
the air comes from the top, it is cold and causes precipitation. It is called the
piedmont — city cyclone. As evidence of this phenomenon, there is rain but on the
17th of May 2011, we experienced a unique hurricane at the Medeo and
Chymbulak sites. Several thousand trees were destroyed. They were not carried by
the force or broken with some exceptions, so the author believes that heavy air
came down as a force and knocked the trees down. It happened unevenly due to
relief or air currency. Therefore, the increase of precipitation and the massive loss
of hilly forests could be an argument for the beginning of an Almaty cyclone.
Perhaps the cyclone may influence the glacier processes.

A good cyclone provides solid precipitation. Consequences of this cyclone are
evident. Rains are going to fill our hills causing hazardous conditions. Many
people have noticed fresh landslides around the city. The risk of mudflow is real
but to a lesser degree because of prevention steps that have been taken. Rain causes
ground water to rise and has a negative effect on the environment.

Climate change impact on region seismicity

Seismicity situation deteriorates during major precipitation increase. The
probability and scale of secondary consequences of earthquakes, such as landslides
and mudflow, are growing. Massive and numerous landslides during an earthquake
can lead to casualties and disrupt rescue operations. As well, the level of
groundwater can reach the surface causing an increase in the force of the
earthquake by 1 or 2 units. The Almaty area is already mapped as 8-9 points by the
MSK. We might reconsider a seismic risk evaluation for Almaty. For example, this
year a certain building in Almaty tilted by32 sm. Some assume it was due to an
increase of water caused by frequent rains.

Earthquakes cause landslides. After the seismic impact, soil and rocks slide
due to the shaking [3]. For instance, even a small local earthquake with a
magnitude of 2 will cause landslides.
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Figure 2 - The number of weak earthquakes and landslides in the period from
1997 to 2004 in Almaty region. Red - the earthquakes, the blue - landslides [3]

When strong earthquakes occur, landslides are a secondary result because of
liquefaction.

Research studies and specialists note that sometimes massive landslides occur
across vast areas. The author witnessed this in 2004 while working for
Kazselezashita (State Mudflow Defense Organization). The author connected these
events with the Indonesian earthquake on December 26, 2004, which was rated as
the deadliest disaster in modern history. It had a magnitude of 9.1 to 9.5 on the
Richter scale. Before such strong earthquakes, we have observed the mitigation of
seismic activity on the Earth. Several days before an earthquake, the world
seismicity falls almost to zero.

To confirm this, let’s consider hydrogeological data from neighboring
Kyrgyzstan which is located behind the mountain range of Zailiyskiy Alatau.
“Clear synchronizing of ground water level of drill holes was noted for the period
of 2001-2007 with a climax in 2003-2004. In those years, the maximum high level
of ground waters and maximum enlargement of subsoil waterlogging of
Chuyskaya basin™ [4].

Calm zones of strong and medium earthquakes can reach massive areas,
including several countries. Therefore, we can assume that global stress fields
affect vast areas of the earth crust and can influence the levels of ground water in
vast areas. The last situation leads to landslides. For seismologists, the variation of
ground water level is not unusual because the hydrodynamic way of forecasting
earthquakes is to check for the variation of ground water in drill holes across large
distances - up to 1000 km from the epicenter.

Also, the correlation between current seismicity and irregularities of the
Earth’s rotation is interesting because it is occurring simultaneously with the rise
the Earth’s atmospheric temperature. It may be related to reasons of global
warming and climate change. For instance, the 17 strongest earthquakes of M > 8.5
have occurred since 1900, and 6 of them happened in this century [5]. Over a
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period of 12 years, 35% of them occurred and the last powerful earthquake was in
2012. It seems our planet is shifting.

If this is so, our evaluation of risks has merit. Real cyclonic weather for
Almaty, which was explained above, will continue in the future, and if certain
steps are not be made, risks will increase.

Methodology

Space methods of risks evaluation. We know of few methods of landslide
evaluation. The most popular is the mapping of possible landslides areas, and areas
where landslides had taken place. Figure 3 is an example of a map for Central Asia
and Caucasus completed by CFDRR in 2008 [6].
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Figure 3 - Map of landslide threats Central Asia and Caucasus region
Figure 4 is a more detailed “Map of landslide capacity of northern slope of

Zailiyskiy Alatau” which was published by the Geography Institute in Almaty in
2004.
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AT A ORI CEACMOCTH CLIMEPTON O OC00IA WLBARONCNO ASATAY

Figure 4 - Landslide hazard map of the northern slope of the Zailiyskiy Alatau

Maps are in real time. More information can be drawn from maps of real time
from the Japan Meteorological Agency, for instance.

Maps in real time are everywhere. NASA freely offers a DRIP-SLIP program
that allows landslides around the world to be tracked live.

New field methods and results

Results of monitoring of field methods. Russian specialists use field tools of
monitoring and forecast as shown in Figure 5.
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Figure 5 - Horizontal displacement of landslides at different depths. Field scheme
of mini sensors — inclinometers is displayed as vertical drill hole like sensors
garlands. Seven diagrams created due to seven times fixation of inclination — dates
of fixation are in right corner above. We can observe that in a period of 4.5
months, the upper layer of the landslide moved 30 sm

90



Use of accelerogram for monitoring of the process of erosion. It would be
more interesting to apply inclinometers but not accelerographs as sensors.
Accelerographs contain more information about the tilt and acceleration. Tilt data
allows us to track landslides and accelerograms track the mudflows. The use of
inclination signals is shown in Figure 5. The use of accelerogram signals is shown
in Figure 6.

Debris flows at Kamikamihorizawa Creek on July 17, 1997
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Figure 6 - Record accelerations and hydrograph made by Japanese specialists

As we can see in Figure 6, the value of acceleration and hydrograph match
[3]. The record of mudflow acceleration is easily identified with records of close
and distant earthquakes. Therefore, we see that implementing accelerographs is
more useful because it allows to fixate both the landslides and mudflows in the
seismic field. This is useful as we can observe landslides and mudflows occurring
in one space temporal area. At the same time, it allows us to see the erosion
processes, landfall, rock fall, as well as the earthquake seismic activity.
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Examples of field sensors

Accelerometers of high overload resistance with
integrated electronics for dynamic measurement
of vibration and acceleration in the frequency

range 1Hz to several kHz

Features
* very high overload resistance * high signal-to-noise ratio
* insensitive to interference by magnetic * hermetically sealed

Sad elaciic fekde * low transverse sensitivity
*mulipls Rousing epfions * high long-term stability
= light weight

* integrated sensor electronics
* linear frequency response with little or A
no resonant peak at upper cut-off fre- low output impedance
quency * long connection lines possible

* low non-linearity
« small lower cut-off frequency

Figure 7 - Example of compact accelerometer (left) and its installation into the soil
(right). Modern microelectronic systems allow for the small size and low power
consumption. On the right, we see its field use in a rugged case, inside of which is
a battery, two axis accelerometers and a GSM transmitter

Also, the accelerograph is a popular and cheap sensor. Once it is in the soil, it
doesn’t require maintenance. It can also be useful for detecting earthquakes.

Record of Almaty landslide process
It is very important to know which records to analyze. We were able to get
records of landslides near the Talgar seismic station near Almaty [3]. This is a

record of velocity of displacement, and it is not too different from the acceleration
in Figure 7.
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Seismic record landslide in the foothills of Almaty, on channels
with filters 0.6, 1.25, 2.5, 5.0, 10.0 Hz
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Entries landslide 18.05.1998 received Talgar station. The vertical component.

Figure 8 - Seismic record landslide near Almaty [3]

It is important to note the Main low frequency channels - 0.6 and 1.25 Hz. We
can interpret the first group of waves as mild loss of stability — the analog of such
instability is shown in the right upper corner. The second lower amplitude group of
waves can be interpreted as an impact of a main landslide mass onto the surface.
The impact is seen on high frequency channels. The author participated in research
of this medium sized landslide. It was a vertical landslide of some tens of meters.

Knowledge of such signals can help identify landslide fulfillment especially
after preliminary monitoring of tilt signals. It will help the emergency services
process.
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Figure 9 - Attenuation landslide amplitude seismic records (normalized to the
volume of the landslide) with distance [3]
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The amplitude of landslides records quickly attenuate with distance as shown
in Figure 9.

For monitoring mudflows which also quickly attenuate, it would be
appropriate to install sensors along mudflow prone river banks several meters away
from the river. Of course, installation issues are resolved on the spot and based on
the task.

Therefore, to successfully monitor hundreds of hazardous mudflow or
landslide spots and activity, it is best to use accelerometers [7]. They allow us to
receive two signals simultaneously: tilts of upper layer of ground where the sensor
1s installed and acceleration that shows us of more energetic mudflows.

Discussion

Discussions in this work is necessary with meteorologists. We offer our
geophysical approach. Discussion could be voiced over the development of
Almaty cyclone formation. We can only refer to the facts such as increased rain
fall, strong winds and the loss of mountain forests.

Regarding landslide mitigation steps, there are two large if not grandiose
measures that could be taken. Firstly, there has to be scientific grounds for
emptying the Kapchagai water reservoir. It is clear that the reason for the increase
in rainfall is global warming, but the water reservoir also has a huge impact. The
water reservoir is under our control, but global warming is not.

Secondly, there has to be grounded reasons for curbing the urbanization of
Almaty. Clearly there will be social implications, but the climate of the foothills is
sensitive to water flow, increased temperatures and pollution. Interested
stakeholders in Almaty have held talks on this matter, but not much progress was
made. However, we could at least start with banning older vehicles which
discharge a high concentration of pollution because of worn out engines.

Field methods can have other characteristics. By suggesting the use of
accelerographs, we can gather a lot of information at a low price. That will allow
us to quickly create a local monitoring network. We can use GSM and each spot as
a WAP. The type of communication could be different, but what is essential is that
the sensor data should be available on the Internet. One weak aspect could be
GSM, but when using several sensors, the connection can be clearer. Clearly, the
use of sensors is not scientifically accurate, but for the sake of safety, it is quite
acceptable.

Conclusion
1. The climate of Almaty has changed with the formation of a cyclone.
Change has happened and increased rainfall and strong winds are evident

especially in Almaty where in early years (the 1960s and 1970s) still days were the
norm. We interpreted that these changes, the Almaty cyclone, are due to global
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warming, manmade influence of the Kapchagai water reservoir and rapid
urbanization.

2. Number of landslides and mudflow have increased.

If we are right about Almaty mountainous cyclone, we are faced with an
increased risk of landslide and their hazards. The level of mudflow will lift as well
because landslides and mudflows boost each other and often share one origin.

3. Seismic hazards will increase, expressed in seismo-landslides and seismo-
mudflows, and the level of earthquake intensity will increase due to the higher
level of ground water. All this will lead to increased vulnerability of Almaty city
and its suburbs

4. There may be wider ranging environmental impacts.

Recommendations

1. Create an international pool of scientific hydrogeologists, geophysicists,
ecologists, economists, and others to support the shutdown of the Kapchagai
reservoir.

2. Develop a set of measures to limit urbanization.

3. Carry out work on the draining of dangerous sites and important facilities.

4. Develop and implement a monitoring and warning system for dangerous
landslides and mudflows in an electronic online mode.
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BOITPOCBHI CHUXKXEHHUA OITOJIBHEBOI'O PUCKA AJIMATBI

AHHoTauuMsa. B pabore paccMOTpeHbl aKTyalbHbIE BONPOCHI  OIOJI3HEBOM
OMacCHOCTH T.AJIMAaTbl W OKPECTHOCTEH. IIpMuMHONM MOBBIIEHHUS 3TOM ONACHOCTH
SBIISIIOTCS. N3MEHEHUs KiuMata AnmaTsl Ha (poHe ri100anbHOTO NOTEIUIEHUs. aTMOC(EpBHI.
Takxke pacCMOTPEHO BIMSIHUE aHTPOIIOI€HHON AeSITeNbHOCTH. [loka3aH LUKIOHNYECKUI
xapakrep 3THX u3MeHeHui. [Ipennonararorcs Takxke rio0aabHble MEXAaHU3MbI Pa3BUTHUS
ONOJI3HEBOM  NEATENBHOCTH. POCT  ONON3HEBONM  AaKTUBHOCTM  MOXET  BBI3BaTh
NapaJUICIIbHYIO CEIEBYI0 aKTUBHOCTh. OTMEUEHO TaKXkKe BIMSHUE U3MEHEHUN KIuMaTa Ha
CEHCMHUYHOCTD peruoHa. Paccmotpensl IIPOCTPAHCTBEHHO-BPEMEHHBIE u
WHCTPYMEHTAJIbHBIE ~ METOJAbI  OLIEHKHM  OIIOJ3HEBOro  pucka. B pasButue
MHCTPYMEHTAIBHBIX METOJOB MNPEIYNPEXKACHUS OINOJI3HEBOM M CEJIEBOM ONACHOCTH
IIpeIyIaraeTcs UCIO0JIb30BaTh aKCEIEPOMETPHI.

Ki1roueBblie c10Ba: ONOJI3HU, U3MEHEHMS KJIMMAaTa, aKCEIEPOMETPHI.

AJIMATBIJAFBI )KEP KOIIIKTHI KAYIITH ASAWTY MOCEJIEJEPI

Anaarna. Makanana AnMatsl Kaiachbl MEH OHBIH alHAJIBICBIHAAFBI JK€p KOIIKIiHI
KayIli MoceJeNIepiH Ienry KapacTelppuiFad. Ol KayinTiH JaMybIHBIH ce0edl peTiHe
kahaHnarel OOJBIN KATKAH ayaHbIH JKbULY calljapblHaH AJMaThl KaJaChIHJIAFbl
KIIMMATTBIK ©3repicTepre oacepi 6ap Typansl 6asHnanrad. COHBIMEH KaTap aHTPOIIOTeHIK
aZjaMu OpEKEeTTEpHlH ocepl Jie aHbIK KepceTuireH. byi e3repicTepliH IUKIIBIK
KacueTTepi Oap ekeHuiri Ae wmoamimzaenreH. Ocbl opaiija Xep KeIlKiHIHEe KapcChl
aTKapbUIaThIH 1C-IIapaiapJblH ayKbIMJIbl MeXaHWU3MJepl YCbiHbUIFaH. JKep KeIKiHi
KayIHIH apTybl COJl KE3€HJE Cel KYpPy MocelepiMeH Karap JaMybl MYMKIH €KEHIIT1
Momimaenred. KimumarTeiH e3repyiH celcMHUKaIbIK ayMakTapja ocepi O0mybl Typabl
alKpIH KepceTiIreH. Makanama jKep KOIIKIHI KaylmiH aHbIKTay iapajapbl KEHICTIK-
VaKBITTBIK KOHE KYPAJIBIK OJICTeMeNlep apKbUIbl KapacThIpbUTFaH. Kypasabik
oaicTeMelNep/l JaMbITy MEH Kep KOLIKIHIHIH KOHE CEJl )KYPY MOCEJIENEPiHiH ajAblH ally
Ke31H/Ie aKcelepoMEeTpAl KOJJaHy YChIHBUIFaH.

KinTTik ce3aep: xep KollKiH, KIMMATThIK ©3repicTep, aKCeIepoOMETp.
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ISSUES FACING ASSESSMENT AND EMERGENCY MANAGEMENT
IN KAZAKHSTAN

B. K. Baimukhambetov
Kazakhstan
bbk 55@mail.ru

Abstract. Each year, natural disasters bring enormous damage (50 billion USD and
more) in the world. The territory of Kazakhstan also is subject to a wide range of natural
disasters, among which the greatest dangers are earthquakes and their secondary factors
(mudflows, landslides, breakthroughs mountain lakes, etc.). The annual property damage
caused by emergencies and accidents exceeds 11 bln KZT (60- 70 mln USD) in
Kazakhstan. In this regard, the Republic of Kazakhstan should design plans on the basis
of the best international experience and programs in the field of sustainable development
at all levels, emphasizing disaster prevention, consequences mitigation, provision of
preparedness and reduction of vulnerability. Also, special attention should be paid to the
solution of the problem of engaging local communities in the prevention of natural
disasters. The first step is to focus on solving the existing problems in the Civil
Protection System.

Key words: natural disasters, earthquakes, man-made disasters, sustainable
development, civil protection.

This article is based on the materials and knowledge gleaned from the Joint
Project of the Republic of Kazakhstan and UNDP “Enhancing National Potential
for Risk Assessment, Prevention and Response to Natural Disasters” (2013-2015)
[1, 2]. The author of this article was the project manager.

Since 1900, over 18 thousand emergency situations have been registered in
the world, according to the Research Center on Disasters Epidemiology based in
Belgium. During this period, the annual number of victims ranged from 20,000 to
50,000 people; the number of injured ranged from 200 to 250 million people; and
the number of economic losses exceeded 50 billion USD. In 2011, the greatest
economic damage to the global world economy from a variety of natural and man-
made disasters was recorded as 350 billion USD [3].

The territory of Kazakhstan is also subject to a wide spectrum of natural
disasters. The damages could be as high 150 billion tenge (1 USD=340 KZT) in
the republic. Kazakhstan is located in the temperate continental zone in the central
part of the Eurasian continent between 40°56°-55°26°N and 45°27°-87°18’E. The
geographical scope of the republic is very wide: the maximal length of the country
1s about 1,600 km from north to south, and it exceeds 2,900 km from west to east.
The total area of the republic is about 2,725 sq.km or 2.7% of the Earth's land
mass. The Republic of Kazakhstan borders with five countries as follows: the
Russian Federation, the People's Republic of China, the Kyrgyz Republic, the
Republic of Uzbekistan and Turkmenistan.
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Kazakhstan is characterized by a wide variety of landscapes: from high
mountain glaciations, lowlands and plains, steppes, deserts, oases, forests and large
and small water reservoirs, including the Caspian and Aral Seas. The climate is
sharply continental, arid with poor uneven distribution of water resources and the
predominance of arid landscapes forms [4].

Large portions of the country are deserts and semi-deserts: 36% and 18%
respectively. Steppes occupy 35%, forests 5.9%, mountain landscapes account for
about 30%, including 5% covered by alpines.

According to the Committee of Emergency Situations under the Ministry of
Interior Affairs of Kazakhstan, emergency situations of natural character can be
caused by the following natural phenomena: earthquakes, spring floods and rain
floods, mudslides, avalanches, rock falls and landslides, wind-induced surges in
the Caspian Sea and other large bodies of water, hazardous weather events
(droughts, prolonged precipitation, strong winds and blowing snow, the sharp
decrease in air temperature, frost in the ground layer of the atmosphere and in the
soil during the growing season, severe and prolonged frost glaze phenomena and
sticking of wet snow, fog, dust storms), forest and steppe fires, and epidemic
diseases.

Every year Kazakhstan faces over 21,000 emergency situations and accidents,
including about 4,000 natural disasters and over 17,000 man-made ones (the ratio
is 1 to 4).The annual number of emergencies and accident victims is about 7,000
people, including more than 1,500 deaths. With natural disasters, the number of
sufferers is double the number of those from man-made disasters, but the number
of deaths is about half than ones resulting from man-made disasters. The annual
economic losses from emergencies and accidents in the Republic of Kazakhstan
exceed 11 bln KZT (60-70 mln USD). The contribution of natural and industrial
emergencies and incidents is roughly the same, but the damage from the disasters
and natural accidents vary greatly from year to year [5].

For these reasons, the governmental policy on the reduction of disaster impact
shall be an essential part of sustainable development in all countries. It was
confirmed by international studies which determined that 1 USD contributed in
prevention of natural disasters saves up to 7 USD [3].

All states are responsible for the protection of people and property from
consequences of natural disasters on their territories. In this regard, it is vitally
important to give priority to activities on the reduction of disasters risks in the
national policy, taking into account possibilities and necessary resources. In this
regard, Kazsakhstan faces the following strategic tasks.

1) more effective integration of efforts connected with disasters’ risks in the
policy, planning and development of sustainable development programs at all
levels, paying special attention to disasters prevention, softening their
consequences, providing the readiness for them and the reduction of vulnerability;

2) establishment of and strengthening of institutes, mechanisms and
potentials, in particular at the local level, which can constantly and systematically
promote the growth of potential danger prevention [3].
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Nowadays, there are serious problems in the Civil Protection (CP) system in
the Republic of Kazakhstan.

1. Archived information of emergency situation reports collected for 20
years has not been processed statistically. Therefore, the harm and risks of
Emergency Situations (ES), as well as vulnerability of the population, objects and
territories both at the national and local levels are still not evaluated. Only
background small-scale maps of ES dangers exist in a 2010 publication of The
Atlas of Natural and Industrial Dangers and Risks of Emergency Situations in the
Republic of Kazakhstan [6].

2. The dictionary of terms in the ES field is not approved.

3. The approved ES classification should be revised for forming an objective
ES data base and ES statistic processing.

4. Systematic statistical analysis of the susceptibility of territories to ES
doesn't reflect the real situation as the carried-out analysis is based on imperfect
classification of ES. Also, there is an absence of assessment methods for damage
caused by different types of emergencies.

5. Seismological monitoring in the republic is mostly focused on the Almaty
seismically dangerous region. All other seismically dangerous regions of the
republic, including territories where intensive production of hydrocarbon raw
materials is carried out, do not meet even the most elementary requirements of an
organized network of seismological supervision.

6. Kazgidromet’s hydro meteorological monitoring network (national network
of meteorological stations, hydrological posts, avalanche  stations, snow-
measuring routes, etc.) which was significantly reduced in the 1990s still isn't
restored. Their technical devices and equipment are outdated and do not meet
current standards. Remote desert and mountain territories remain almost without
supervision.

7. In republican and the territorial crisis centers, there are no specialists in the
field of natural and man-made emergencies capable to carry out quick and
analytical processing of the incoming information. Thus, professional and
competent decisions and responses to emergencies are lacking.

8. The Committee of Emergency Situations of the Ministry of Interior Affairs
carries out no studies or calculations for an assessment of economic efficiency of
precautionary actions. Therefore, the Emergency Situation control branch is
traditionally considered to be highly expensive.

9. There are no reports published in Kazakhstan similar to the Russia
Estimated Report on climate changes and their consequences. This could be
catastrophic for Kazakhstan in 20 or 30 years. Examples include the Caspian Sea
background level rise, growth of number and a catastrophic nature of spring floods
on the flat rivers, full degradation of mountain glaciers, repeated activation of
torrential activity, strengthening and increase of soil and atmospheric droughts, and
so on. The lack of this research on climate change consequences does not allow for
planning and implementation of preventative and adaptive measures for the
mitigation of the danger.
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10. Professional training of regular personnel of the Committee of Emergency
Situations of the Ministry of Internal Affairs of the RK is required, especially at
regional and local levels.

11. Skills’ training for the population about action before and during a natural
or man-made emergency is important. To complete this task, working out of new
methods for training the population for action in ES before the arrival of rescue
teams is necessary.

12. Kazakhstan’s Interior Ministry Committee of Emergency Situation does
not have its own research institute on the common and private problems of
emergency management. It is also not authorized as a body in the field of research
on emergency situations.

13. The status of Kazakhstan’s Interior Ministry Committee of Emergency
Situation doesn't conform to the international requirements about priority of the
emergencies in public policy. Activity in the field of an emergency in the republic
is just regulated by ordinary law, but not the Code, for example, The
Environmental Code or The Water Code of the Republic of Kazakhstan.
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O TPOBJIEMAX OIIEHKH PUCKOB ¥ YIIPABJEHUS YPE3BBIYAVTHBIMHU
CUTYALUSAMU B KASAXCTAHE

AHHOTanuA. ExxeroHo B MUpe OT CTUXUUHBIX OeAcTBui ruOHeT oT 20 g0 50 ThIC.
4elr., 9uciio moctpaaaBmux — ot 200 qo 250 mMitH 4en., a SKOHOMHUYECKHE yImepObl — OT
50 u 6osiee mapn goutapos CIIIA.
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Teppuropus Kaszaxcrana TaxkKe IOJBEpKEHA IIMPOKOMY CIHEKTPY CTUXHUHBIX
OelcTBU, pa3Mepbl BO3MOXKHOTO €IMHOBPEMEHHOT'O CYMMapHOro yiiepba OT HHMX B
pecnyOnrke MOryT coctaBuTh 10 150 mupa Tenre. PasHooOpa3Hble npupoIHbIE YCIOBUS
Kaszaxcrana mnpenonpenenstoT paziudyHyl0 I[OJABEPKEHHOCTh PECHYOIMKH MHOIUM
CTUXUUHBIM SBJICHUAM, HAUOOJBIIYI0O OMACHOCTh CpPEIU KOTOPBIX MPEACTABISIOT
3eMJIETPSICEHHUS] U UX BTOpUYHBIE (DAKTOPBI (CENH, OMOJ3HU, MPOPBIBBI TOPHBIX 03€p U
ap.). Exeronnoe xonuuectBo noctpagapmux oT YC u mpouciiecTBUi COCTABIAET OKOJIO
7 THICSAY YEJIOBEK, B TOM YHCJIC IOTHOIINX - 0ojiee 1,5 ThICSY YeI0BEK.

Exxeronnbiit matepuanbhbiii ymepd ot YUC u mpowucumectBuii B PK cocraBmsier
oomnee 11 mupa tenre ($60-70 muH). B cBsi3u ¢ atum PecnyOnuka Kaszaxcran B messix
pelleHHs 3ahad [0 YMEHBIIEHUIO ONAcHOCTH OE€ACTBHMII Ha OCHOBE HAaMIYYIIMX
MEXAYHApPOJHBIX MPAaKTUK JOJDKHA pa3padbarbiBaTh M IUIAHUPOBATH IMPOTPaAMMBI B
o0JacTv yCTOMYMBOTO Pa3BUTHS HA BCEX YPOBHSX C KOHIIEHTpAIeil 0co00ro BHUMaHUS
Ha NPEJOTBPALLEHUN OEICTBUN, CMATYEHNUN UX MOCJIEACTBUNA, 00eCIIeYeHU TOTOBHOCTH
K HUM U CHUKEHUU yI3BUMOCTH. [Ipu 3TOM 0cob0e BHUMaHUE yAETUTh PELICHUIO 3a/1a4u
M0 TMPHUOOIIEHHI0 MECTHBIX COOOIIECTB K JCSATENIbHOCTH M0 MPeAOTBPALICHUIO
CTUXUUHBIX OencTBuii. B mepBylo ouepenb HEOOXOJUMO COCPEIOTOYUTH YCHIIMS Ha
PENICHUH CYIIECTBYIOMUX MPoOIeM B cucTemMe [ pak1aHCKOMN 3alUThI.

KiaroueBble cJjioBa: CcTuUXUWiHbIE O€ICTBUS, 3E€MJIETPIACEHUS, TEXHOTEHHbIE
KatacTpo(dbl, yCTONUYMBOE pa3BUTHE, TPAXKAAHCKAs 3alUTA.

KA3ZAKCTAHJIAT'BI TOYEKEJIIEPAI BATAJIAY KOHE TOTEHIIE
JKAFJAUJIAPBI BACKAPY KE3IHJEI'TI MOCEJIEJEPI BOMBIHIIA

Anparna. XXein caifplH onemjae AyJied amattapaaH MepT Ooranmap canbl 20
MbIiHHaH 50 MBbIHFa JIeiiH Oapajbl, 3apjar IeKKeHaep caHbl 250 MIIH actam ajaam, aj
sKOHOMUKaNBIK 3ananaap S0 mupa AKII qommapael Kypar OTbIp.

Kazakcran PecnyOnukacel na aynei 3ui3ananapra aymap O0dybl MYMKIH, OAaH
IIEKKEeH 3apJalThiH JKUBIHTHIK Meimepi 150 mupa tenre kypaybl MymkiH. Kazakcran
PecniyOnukachiHbIH TaOWFU KyObUIBICTApFa YINBIPAYbl, OJApIbIH apachlHIa KOINTereH
Ta0UFaT JKaFgaiylapel op TYPJi VIIBIPAFBIITHIKTEl AWKBIHIAUIBI KOHE OJIAPIBIH
KaiiTaiama (pakTopyiapbl €H YJIKEH Kayill TOHIpel, OJapAblH 1IIHAET eH KaylNTicl )Kep
CIJIKIHICI JKOHE OHBIH caljapbl (TacKbIH, KOIIKIH, TayJbl ©3CHACPJIH >KapbLIybl JKOHE
1.0.). TeTeHie >xargaitlap MEH OKWFalap/laH 3apjan IIEKKEHIEPAIH Kb CaWbIHFBI
CaHbl IIaMaMeH 7 MBIH ajaM, OHBIH IIIHAE Ka3a TamKaHaap caHbl 1,5 MBIH acTaMm ajam
CaHbIH KYpauIbl.

Kazakcranaa TeTeHue xarjaninap MEH OKUFaJIapJIaH Kbl CAMBIHFbl MaTEPUAIIBIK
saman 11 mupa teHrenen actam ($60-70 mun) Oombim Typ. OchiFaH OaiJIaHBICTHI
Kazakctan PecnmyOnmkacel Kayim-kKaTepAl a3aiiTy MakcaTbIHIA, O3BIK XaJbIKapaibIK
TOXKipuOEHI TMaiianaHa OTBIPBIN, OPHBIKTHI JaMy callaChIHIAFbl Oaraapiamanapibl
a3ipney KoHe xocmapyay tuic. OFaH Koca, KEPTuUlKTI KOFaMJACTBIKTBIH 31713allaHbIH
cajIapblH OOJIIBIpMAy MaKcaTTa dp TYpJIi MIapajap MEH TalchlpMmaiapra epekiie Hazap
aymapy KaxeT. bipiHIII Ke3eKTe, KOJJAaHBICTAaFbl a3aMaTThIK KOpFay KyHeciHmieri
HICTIJIMETEH Mpo0JIeMalIap bl STy YIIIH 0ap KYII-KIirepi skymcay Kaxer.

KinTtrik ce3mep: myneit 3ii13ana, xep CUIKIHY, TEXHOTCHIK amaT, TYpPakThl Jamy,
a3aMaTThIK KOPFAHBICHI.
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Abstract. This paper briefly presents results of SAR (Synthetic Aperture
Radar) interferometry for displacement monitoring by using StaMPS/MTI software
over urban areas and areas of intensive hydrocarbon extraction. Almaty city
presents a great potential for SAR interferometry technology use since the city is
located in the seismic zone. Astana is not in a seismic area, but it is one of the
fastest-growing regions in the country. Datasets used for these case studies, include
the archive of ENVISAT ASAR data (2003-2010) for Almaty and COSMO-
SkyMed data (2011-2014) for Astana. Also, the subsidence over Karazhanbas field
was measured by using interferometric analysis of SAR archive data from
ENVISAT ASAR (2004-2009). Deformation maps of the study areas were
produced by using Persistent Scatterers (PS) and Small Baseline Subset (SBAS)
methods.

Key words: SAR interferometry, StaMPS/MTI, PSP-IFSAR.

INTRODUCTION

Satellite-based remote sensing data became a commonly used technology for
mapping deformation in Kazakhstan in the last ten years [1,2].

Interferometric application extends to economic activity realized on wide
areas and extended linear objects, for instance, building sites, mine production
units, energy facilities, and transport infrastructure items. Interferometric
processing technology can be applied for monitoring sudden and quick
catastrophic natural processes, for example, mud flows and landslides due to heavy
rain and thunder storms.

This paper presents two applications of SAR interferometry for the
monitoring of urban areas and oilfields.

The basic scheme of research will include several methods: using Persistent
Scatterers (PS), Small Baseline Subset (SBAS) methods and PSP-IFSAR (E-Geos
technology). First, these techniques were applied to ENVISAT and COSMO-
SkyMed images in Almaty (one of the most seismically active areas of the
country) and Astana (the capital of country) respectively. The second application

102



was related to monitoring of Karazhanbas field also using the two methods
previously mentioned.

Methodology

Satellite radar data was processed using StaMPS/MTI (Stanford Method for
Persistent Scatterers/ Multi-temporal InSAR). StaMPS/MTI is an improved and
expanded version of the software package STAMPS, that implements an InSAR
persistent scatterer (PS), a small baseline method (SBAS) and a combined multi-
temporal InSAR method.

The satellite radar interferometry method uses the effect of the interference of
electromagnetic waves and is based on mathematical processing of several
coherent amplitude-and-phase measurements at the same site of ground surface
with shift in space of the receiving antenna of radar. Two or more images received
by the sensor during repeated space vehicle flights over the same territory are used
for this purpose. As a result of manipulating the phase components of radio
signals, it is possible to obtain the elevation of one resolution element relative to
another, to construct a digital elevation model with reference to reflective surface,
and to estimate the changes of the elevation which have occurred in the time
between data acquisition.

The interferometric processing method is a powerful tool which is described
well in scientific literature. This literature provided the basis for the brief
description of the widely known principles of radar interferometry below:

The interferogram is generated by the multiplication of two radar images
presented in complex values:

I= Sl S; — A]efd'\ ,Azeil‘&ﬁz - AIAQ Lol = A|A2 el®

where 7 is the complex interferogram,

5 is the radio signal in complex values received during the first
(master) acquisition,

5: is the complex-conjugate signal received during the second (slave)
acquisition,

4 4 are amplitudes of the signals,

% 9 are phase values of the signals,
@ is the resultant interferometric phase.

The interferogram phase consists of several components:

D=0 +f.1)dgf +@ , +P,

topo

where Po s the phase contribution due to topography observation under
two different angles,
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®ur s the phase contribution due to surface displacement in time

between acquisitions,

®.n is the phase contribution due to difference of optical wave

lengths because of refraction in the environment of signal propagation,

®, is phase variations as a result of the speckle-noise caused by
incomplete compensation of a phase of multiple reflections due to reorientation of
elementary objects and their movements inside of a resolution element.

Results

Figure 1 shows the outcomes of the PS and SBAS processing, where the
indicated subsidence can be potentially associated with oil field development. The
results over the field show slow displacement trends of + 20 mm/yr and show good
agreement with each other.
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Figure 1 - a) Persistent Scatterers (PS) result; b) Small Baseline Subset
(SBAS) results

According to the PS results, as shown in Figure 1a, the 6130 PS points with
high coherence signal have been identified, while 72 488 PS points have been
selected by SBAS method. Further analysis detected that SBAS points were
interpolated by IDW (Inverse Distance Weighted) method in the ArcGIS software
(Figure 2).
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Figure 2 - Interpolated vertical displacement map of Karazhanbas field,
velocity in mm/year. For deformations in circled areas (a,b) shown graphs in
Figures 3 and 4.

The processing of archived data using StaMPS methods detected few unstable
zones at the licence block of the field. There is high-amplitude subsidence of the
earth's surface in the south-eastern and central parts. As can be seen from Figure 3,
the graph for the circled zone in Figure 3 PS points into the 100 meters radius
characterized by subsidence with an amplitude of -40 mm.
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Figure 3 - The subsidence rate of PS (circle a)
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Figure 4 - The subsidence rate of PS (circle b)

There is uplift zone at a rate of 20 mm per year for the observation period.
Researchers [3,4] assumed that the detected uplift zone was associated with the
activity of the mud volcano- see Figure 4. However, this assumption has not been
confirmed.

The resulting map of mean vertical displacements over Almaty city from
2003 to 2010 from ENVISAT ASAR satellite is shown in Figure 5.

68

MMTON

Figure 5 - Average displacement rates as obtained through PS processing over
Almaty city area

According to the results of the ENVISAT ASAR over Almaty and the
surrounding area, the vertical velocity rates were between 6.2 mm/yr and 6.8
mm/yr for the 7 year period of time.
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The technology which enabled and guaranteed the high accuracy and high
measurement density is an e-GEOS patented processing technology named PSP-
IFSAR [5].

Some results of COSMO-SkyMed data (2011-2014) processing for building
stability analysis and managed through Google Earth platform for Astana city are
explained below.

GBS Co&,‘\gkf earh
Figure 6 - 3D view of the PS mean velocity measurements obtained by PSP-
IFSAR processing of COSMO-SkyMed images acquired from 2011 to 2014
over Astana

Figures 6, 7 and 8 represent the overall view of urbanized area stability
showing highly detailed (millimetre accuracy) information on buildings and
structures (Bayterek monument and House of Ministries) and PS mean velocities
of highways and roads in Astana.

= A'——'; Alash highway

Figure 7 - PS mean velocities of Alash highway area
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The intersection between A. Pushkin :
Street and Vishnevsky Street in Astana i~ ~ .,.,;g_oc)glc earth

Figure 8 - Subsidence along the A. Puskin street in Astana
Conclusion and discussion

In this work, several examples of SAR interferometry applications
demonstrate that the measurements obtained from radar images have millimetric
precision for different surface models.

For the Karazhanbas field area, where the majority of subsidence on field is
affected by oil and gas activities, the results show slow displacement trends of + 20
mm/yr. The verification of the SAR - interferometry results with ground-based
observations showed an accurate correlation.

The PSP-IFSAR is an advanced processing technology, which provides very
high density of persistent scatterers with high sensitivity to displacements. The
results obtained for Astana prove this. However, it is necessary to mention that this
technology is very expensive.

Finally, the vertical movements of the earth surface in the region of Almaty
were studied based on radar images from satellite ENVISAT ASAR. Based on
these maps (by satellite radar interferometry) of vertical displacements of the
Earth’s surface, intensive vertical movements in the fault zones of the southern part
of Almaty region were noted.
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PCA UHTEP®EPOMETPUS 1JI51 AHAJIU3A TE®OPMAIIAM 3EMHOM
ITOBEPXHOCTH B KABAXCTAHE

AHHoTanmsA. B naHHOMN cTaTbe KpaTKO pacCMOTPEHbI BO3MOKHOCTH OOHApYKEHHUS
CMEIICHU 3€MHOM MOBEPXHOCTU MO JAHHBIM OOpabOTKM pajapHOM CIIyTHUKOBOM
cbeMKU. {151 aHanm3a ObLIM BBIOpAHBI 00JIACTU € Pa3IMYHBIMU TUIIAMU IMOBEPXHOCTEN —
TOpPOJICKME arjJioMepalud U paloHbl MECTOpOXAeHUN HepTu u raza. Pe3ynpTaThl
o0Opabotku nanHHbix PCA wuHTEepdepomeTpuu, KOTOpBIE LIMPOKO HCHOJB3YIOTCS IS
MOHMTOPHHIAa CMEIIEHUH 3E€MHOH TIOBEPXHOCTH, OBLIM IMPOAHATU3UPOBAHBI C
UCIIOJIb30BAHUEM OTKPBITOTO nporpammHoro obecrneuenuss StaMPS/MTI ans ropoackux
TEPPUTOPUNA U pallOHOB MHTEHCHUBHOM J00BIYM YITIEBOJIOPOAOB. B KauecTBe ropoickux
TeppUTOpUil ObUIO BBIOPAHO JBa KPYMHEHIIMX TropojAa CTPaHbl — TOPOJ AJMAaThl,
KOTOPBIM pACIONIOKEH B 30HE BBICOKOIO CEHCMHYECKOro pucka M crosiuia AcTaHa,
SBJISIOUIMICS ONHUM U3 HaubOosiee OBICTPO Pa3BUBAIOIIMXCS TOPOJCKUX ILIEHTPOB B
pecnyonuke. Habop ucnoiab3yeMbIX CHUMKOB JUIsl UCCIIEOBAHUS TOPOJACKUX TEPPUTOPUI
BKuro4aeT B ceOst apxuB AaHHbIX ENVISAT ASAR (2003-2010) mist ropona AnMartsl U
nanabie COSMO-SkyMed (2011-2014) nnsa ropona Actana. B kadectBe Tepputopuid
JOOBIYM  YIJIEBOJIOPO/IOB ObUIO BBIOpaHO MecTopokiaeHue KapaxanbGac — pagapHble
nanublie co cimytHuka ENVISAT ASAR (mepuoa 2004-2009 rr.).

Kiouessie cioBa: PCA unreppepomerpus, StaMPS/MTI, PSP-IFSAR.
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KA3AKCTAHJIA 'KEP KbIPTBICBIHBIH JE®OPMALMSIJIAHYBIH TAJTJIAY
YIITH PCA UHTEP®EPOMETPHSICHIH KOJTAHY

Anparna. Ocel Makajiajga FapbIITBHIK pafapibl TYCIPUIIMAEPIHIH MAJIIMETTEPIH
KOJIJIaHBIN OHJACY AapKbUIbl EP KbIPTHICBIHBIH BIFBICYBIH aHBIKTAY MYMKIHIIKTEpP1
KbICKallla KapacThIpbUIFaH. Tanjay yIIiH opTypiil aiiMakTap, KalajblK arjioMepalusiap
MEH MYHal jKOHE ra3 KeH OpbIHIApbI ipikTenai. JKep KbIphITHICHIHH BIFBICYBIH OaKblIay1a
KCHIHEH KOJIJIAaHBIJIATBIH HMHTEPPEPOMETPUSIIBIK MOTIMETTEepPAl OHIEY HOTIKENepi,
KeMipcyTeK OeJICeH/Il OHIIPUTIN jKaTKaH Kaja >KOHE aybll aiiMakTapbl YIIIH allbIK
kosngansicTarbl StaMPS/MTI nporpaMMacelH KOJaHy apKbUIbl XKy3ere acThl. Kamambik
aliMak peTiHJe eNMiMI3/IiH €H YJIKEH eKi KaJlachl TaHJaJIIbl- KOFaphl CEMCMUKANBIK KYilTi
Oenaemie opHalackaH AJIMAThl KoHE PECITyOIMKaMbI3/IbIH €H KapKBIH/IbI JIAMBIT )KaTKaH
KananapelHbIH Oipi  Acrtana. Kananblk aiimMaktapabl 3epTTey YIIIH  FapbIIITHIK
TycipumiMaepain S>kubIHTBIFBI AnMmaTsl Kaiacel ymriH ENVISAT ASAR (2003-2010)
KamTuael, an Actana kKamacel yiiiH COSMO-SkyMed (2011-2014) wmomimertepi
KonaaHeUIael. KemipcyTek eHmipymi aiimak perinne KapakanObac keH OpHBI TaHAamn
anbraabl, oFaH ENVISAT ASAR (2004-2009 xbuigap) MomiMeTTepl KONIaHBUI/BI.

Kinrrik ce3nep: PCA unrtepdepomerpust, StaMPS/MTI, PSP-IFSAR.
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SOLUTIONS FOR MONITORING AND PREDICTION
OF NATURAL DISASTERS
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Abstract. In this article, the main trends of the modern world industry for creation
of high altitude platform stations are considered. Along with satellites, high altitude
platforms (HAPS) will be completely isolated from the effects of disasters on the ground.
Also, they can be used to monitor the state of the environment, to forecast and to prevent
natural disasters. This paper discusses the calculated service area, influence of different
factors on attenuation, propagation attenuation due to atmospheric gases, and the
attenuation between a HAPS and ground terminal. Recommendations for the use of
HAPS in highlands area are made.

Key words: remote sensing, high altitude platform stations, HAPS,
telecommunications, geo stationary, stratospheric platform, attenuation, global
positioning, elevation angle.

Introduction

In the last decade, the world has faced a variety of natural and technogenic
disasters which are connected with anthropogenic and climate change.
Mountainous areas in Kazakhstan, located in the territory of Central Asia, and part
of the so-called Alpine-Himalayan seismic belt, have a high probability of
earthquakes. Near the Alatau and TienSchan mountains, there is a high probability
of flooding caused by melting glaciers. It is considered that the high temperatures
and heavy rainfall this year are a result of global climate change. Thus, the threat
of natural disasters has increased. Therefore, constant and continuous monitoring
of the state of the environment is helpful in predicting such disasters. These
problems are quite relevant and current for the Almaty region.

This paper is a detailed analysis of various tracking technologies (monitoring)
of the environment, identification of their strengths and weaknesses, and the
determining factors considered for selecting the monitoring method.

Communications platforms situated at high altitudes can be dated back to the
last century. In 1960, a giant balloon was launched in the USA. It reflected
broadcasts from the Bell laboratories facility (Crawford Hill, New Jersey) and
bounced the signals to long distance telephone call users. This balloon can be
regarded as a forerunner of High Altitude Platform Stations (HAPS).

With today’s space technology, airships will become one of the safest
methods of transportation. By solving economic and environmental issues, airship-
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based solutions are generally fuel efficient and quiet, and they cause little air
pollution and have low transportation costs.

Methodology

The proposed structures of terrestrial wireless, satellite communications
systems and stratospheric telecommunications platform occupy an intermediate
position between the previous methods.

Satellite communication systems have proven to be sufficiently accurate
highly reliable systems with global positioning and navigation. They are widely
used all over the world, including in matters of territory sensing and monitoring of
the environment. Their use is not in doubt. However, in our view, the use of
satellites for such monitoring has a number of problems:

e Construction and output on the satellite orbit are quite expensive
(especially for high altitude geostationary systems)

e Impossibility of replacing, upgrading and repairing the satellite

e Limited life span

e Removal of satellite from orbit after the expiration of the service

e The creation of "space debris".

Therefore, it was of interest to consider the stratospheric telecommunications
platform. Depending on their configuration, they allow high efficiency to conduct
the following tasks:

e Mine detection and mapping of minefields

e Mapping and 3D-modeling areas

e Precision shooting topography of vast territories

e Monitoring and control of large areas and length in the sparsely populated
and remote areas

e Monitoring and diagnostics of electrical lines, gas pipelines, roads,
railways, waterways and water areas

e Mineral exploration

e Security for major public and sporting events

e Multiple military purposes [1, 2, 3, 4].

The economic feasibility of the use of stratospheric airships is evident from a
comparison of the costs of operation of various types of aircrafts. According to [2],
the hourly cost of operation are: for satellites - $1000-4000, for unmanned aircrafts
(HAWK type) - $300-1000, and for stratospheric airships (high altitude platform
stations (HAPS) - $2-5.

However, the creation and operation of HAPS presents a number of
difficulties. Such HAPS need to operate for a lengthy time (from several months to
a year) at high altitudes, in a rarefied atmosphere, at sufficiently low temperatures,
and with intense sunlight exposure. Undoubtedly, one of the greatest challenges in
the construction of HAPS is the creation of the balloon envelope, which must be
capable of functioning for long periods of time in extremely harsh conditions.
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Another important issue is the creation of a HAPS power system based on
thin solar cell layers, promising electrochemical batteries and combining them with
a hybrid power facility, similar to those for high-performance electric motors.

Modern materials, technology and engineering solutions make it possible to
create such HAPS. Currently, the following companies are engaged in the design
of hybrid aircrafts: Augur Aeronautical Centre (Russia), Worldwide Aeros (US),
Lockheed Martin (US), and Luftschifftechnik Zeppelin Gmbh (Germany). Usually
these research and development projects are conducted to meet military needs.

Table 1 - The main technical characteristics of modern airships [1]

The main technical characteristics

Name Volume, m’ Carrying, kg Altitude, m Duration, day
Blue Devil 2 TCOM
(US) 42 000 2 000 6 000 5
LEMYV Northrop
Grumman (US) 38 000 1200 6 000 21
Unmanned platform
«Sokol» (Russia) 10 400 500 5 000-6 000 10
Zeppelin NT-07
Luftschifftechnik 8 825 350 3000 8
Zeppelin (Germany)
Integrated Sensor Is
Structure (ISIS) —(US) 120 000 - 21000 30
Stratospheric airship
«Bercut (Russia) 200 000 1 000 20 000 180

The calculation of HAPS and combining them with telecommunication
systems is the purpose of further study. One of the main requirements for the
satisfactory operation of HAPS is obtaining reliable data, geostationary - the
possibility of finding data lasting over one point of the earth's surface. This limits
the wide use such technology [5].

The scheme of telecommunication systems on the base of stratospheric
platform is shown in Figurel.
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R - radius of the HAPS service area; h — Altitude HAPS; D - The distance
from the HAPS to the border of service area; O- the width of the NAM in the
organization of narrow beams; y - Elevation angle on the border of the system.

Figure 1 - To calculate the technical characteristic of telecommunication
system based on a stratospheric platform

The coverage area of one of the aircrafts depends on the altitude of the radio
antenna, and its radius of action from 50 to 600 km. The use of multibeam antenna
systems on such platforms allows for the possibility of different sized monitoring
zones on the Earth’s surface [2]. All this will increase the service area, which
depends on the antenna used by the HAPS systems. Flight control and operation of
the aircraft systems is assumed to mainly be conducted in an automated mode.

Referring to Figure 1, the zone range may be calculated from the formula:

R = h/tg(y), km

Results

1. The calculation of the radius and area of coverage areca high altitude
platforms for two heights:

h;=3km and h,= 21 km (above sea level).

For a comparative analysis of the size of the coverage area at various
altitudes, we consider the dependence of the coverage area (r) from the elevation
angle (a) on the border zone.
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Figure 2 - The dependence of the coverage area from the elevation angle
on the border zone

2. Figure 3 gives the symbols used in the calculation of the attenuation in the
rain.

L

Figure 3 - Schematic representation of the track land-HAPs, indicating the initial
parameters for the attenuation forecasting

The results of calculation of the attenuation in the rain based on the ITU
recommendations, depending on the elevation angle are shown in Figure 3. The
rain intensity is Ry ; = 22 mm/h for Kazakhstan.
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Figure 4 - Rain attenuation at deferent HAPS altitude

3. Calculation of propagation attenuation due to atmospheric gases.

As recommended by ITU-R P.676-6 make up for the 2.0 GHz frequency
0,07dB/km, for the frequency of 29.0 GHz - 0.5 dB/km, for the frequency of 48.0
GHz - 3 dB/km.
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Figure 5 - Rain attenuation at deferent HAPS altitude
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4. Taking into account the attenuation of the gases of the atmosphere,
calculations for the attenuation of the radio line between a HAPS and ground
terminals for different frequencies based on the slant range.

Attenuation, dBi
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Figure 6 - Attenuation between a HAPS and ground terminals
at different altitudes and frequencies

Discussion

1 The influence of altitude of HAPS on research

HAPs are located at 20-25 km above the Earth’s surface because these
altitudes are well above the space used by airlines. The wind conditions in the
stratosphere are normally predictable. See Figure 7 for the average wind velocities
with season and location variations. Further, the zone of 20 to 22 km suffers from a
relatively mild turbulence. The most preferable altitudes fall between 20 and 22
km. Generally, wind velocities increase over the altitude of 25 km. Besides, as the
altitude increases, the air density is reduced, making the placement of the vehicle
very difficult. For example, at 12 km (the maximum altitude of airplane lanes) the
density is about 25 percent compared to that at sea level, while at 24 km it is only
about 3.6 percent. The possible monitoring of the territory should also take into
account the height of the Alatau Mountains and the foothills of the Tian Shan
Mountains. It is also important that the stratospheric airships will not interfere with
air traffic since planes fly at altitudes up to 12 km.
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2 The influence of elevation angle on research

Elevation angles less than 25 degrees in the mountainous area are not
desirable as this may impair the free space line because of the mountain peaks. In
this situation, the radius of the coverage area for altitude of 3,000 m is 6 km away,
which is insufficient for solving the problems.

An altitude of 21km will allow for observation of an area of approximately
6.5 km?, the radius will be 45 km. This is sufficient for the observation of local
phenomena. The altitude of 23km will allow observation of an area of
approximately 7 648 km?, of which the radius will be 49 km.

3 The influence of atmospheric gases and rain on research

Atmospheric gases including water vapor cause attenuation, which depends
on the distribution of meteorological parameters such as temperature, pressure and
humidity. Thus, variations will occur because of the geographic location of the
site, the month of the year, the height of a ground terminal above sea level, the
elevation angle of the slant path and the operating frequency.

For communication between the surface devices and the radio transmitter on
HAPs, the waves pass through two zones of atmosphere: unstable climatic zone
and a relatively stable composition and position zone.

The first zone (ground) is characterized by the presence of large amounts of
water vapor, and various types of rain. There are many clouds which are located at
a height of not more than 2 km. This has a strong influence on the propagation of
radio waves at the millimeter range.

The second section, which is located above the first, is characterized by low
amounts of water vapor and the attenuation of the signal in this layer is
insignificant. The upper border of this section is the stratosphere. Since
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Kazakhstan 1s situated between the North 40° and 53° latitudes, the altitude of the
lower stratosphere border 1s about 12 km.

4 The influence of propagation frequency on research

Since 2000, according to ITU-R F.1500 and F.1501, frequency bands for
HAPS were determined: 7.2 ... 47.5 GHz and 47.9 ... 48 2 GHz respectively. In
2002, the F.1569 Recommendation determined two frequency ranges for HAPS:
27.5..28.35and 31 ... 31.3 GHz.

In 2000, Recommendation ITU-R M.1456 for high altitude platform stations
provided technology IMT-2000 in the bands 1 885 - 1 980 MHz, 2 010 - 2 025
MHz and 2 110 - 2 170 MHz in regions 1 and 3 and 1885 - 1980 MHz and 2 110 -
2 160 MHz in region 2. Kazakhstan is considered a region 3.

Thus, the main working ranges of frequencies for HAPS are millimeter and
centimeter ranges. These conditions are heavily dependent on the attenuation of
radio waves in the atmosphere by the presence of hydrometeors, as well as the
need for a free space line between the HAPS and terrestrial objects.

Conclusions

A network that is based on High Altitude Platform Stations has great
importance in the unfolding operational radio network over large areas in the
aftermath of earthquakes, flooding and other emergencies in an unstable operation
of terrestrial communication networks. It has significant advantages both in cost
and capability of solving problems.

Accordingly, this study offers some of the data for designing HAPS with a
telecommunication system for the monitoring of mountain areas.

Date: the elevation angle on the border zone — 25 degree

Altitude of HAPS above the sea level - 21 km

Frequency of transmitter - 2 GHz.

In other conditions, energy characteristics of the transmitting equipment must
be very large, due to the signal attenuation. It is difficult to implement as on
HAPS, there is limited power consumption.
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BbICOTHBIE ASPOCTATHBIE INTAT®OPMbI KAK PEINEHUE JUIA
MOHUTOPHUHI'A U ITPOI'HO3UPOBAHUSA CTUXUUHBIX BEACTBUH

AHHOTAanusA. B 23TON crarbe paccMaTpUBAIOTCS OCHOBHBIE  HAIIPaBJICHUS
COBPEMEHHON MHUPOBOW HMHIYCTPUU Ul CO3/IaHUS BBICOTHBIX a’pOCTATHBIX IUIAT(HOpM
(BAII). Hapsny co cmyTHHKaMH, TaKM€ BBICOTHBIE a3pOCTATHBIE MIAT(GOPMBI SBISIOTCS
HOJHOCTBIO H30JIMPOBAHHBIMM OT TMOCJIEACTBUM CTUXUHHBIX OEICTBUI B MecTax
npupoaHbix karactpod. Taxxe BAIIbl Moryr ObITH MCHOJIB30BaHbI JUIsl KOHTPOJIS 3a
COCTOSIHUEM OKPYXKAIOIIEW Cpenbl, C LEJNbI0 NPOrHO3UPOBAHUS M INPEAOTBPALLICHUS
CcTUXUIHBIX OeacTBU. B naHHON padoTe paccunThIBaeTCs 30Ha OOCTYKUBAHUS, BIUSIHNE
pa3nuyHBIX (HAKTOpPOB Ha 3aTyXxaHWe, 3aTyXaHHE TIPH PaACIpPOCTPAHEHHWU CHTHAa
pa3IMYHON YacTOTHI M3-3a aTMOC(EpHBIX ra3oB, 3aTyxanne Mexnay BAIl m HazemHoi
IIOBEPXHOCTBIO. Pe3ynbTaThl 3TUX pacyeTOB MOTYT MCIOJIb30BAaThCA KaK PEKOMEHIALUU
JUI IOCTPOEHUS! TEJIEKOMMYHHUKAI[MOHHBIX cucteM Ha 6aze BAII B ropHoil MecTHOCTH.

KiiroueBble cJji0Ba: UCTaHIMOHHOE 30HIMPOBAHME, BBICOTHAs adpOCTaTHas
miardopma, BAIIsr, TEJICKOMMYHHUKAI[UOHHBIE cery, re0CTallMOHAPHOCTh
cTpaTocepHble IIATGOPMBI, 3aTyxaHHe, IJI00aIbHOE IO3UIMOHUPOBAHMUE, YroOJl
BO3BBIILICHHUS.

BUIKTIK 9YEHIAP IIVIAT®OPMAJIAPBI TABUT'U AITIATTAP
MOHUTOPHHI'T MEH BOJIZKAY JAT'BI IHEIIHIM PETIHAE

AnpaTrna. byn makanana OMIKTIK dyemrap riatgopMaiapbiH jkacay YUIH Kazipri
3aMaHfbl QJIEMJIIK OHEPKACINTIH HEri3ri OarbITTapbl KapacThlpbliajbl. CIyTHUKTEPMEH
CaNBICTBIpFaHa, MyHAal OwikTik oyemap mnatdopmanapsl (BOIl)  kayinri
ayJnaHaap/arbl TAOUFU anarTap 9CepiHEH TONbIK oKuaynanrad. CoHnaii-ak onap Taburu
anarrapipl OOJpKay JKOHE alblH ally MaKcaTblHAA, KOpLIaFaH OPTaHbIH Kai-KyHiH
OakpuTay YIIiH HaianaHbulybl MYMKiH. Byl Makanana ceHyre acep ereTiH ¢akropiap,
aTMocdepaiblK Ta3fap cajJapblHaH op TYPJl KUUIIK CUTHAJIIAPBIHBIH Tapally Ke3iHIeri
ceny, bOII xoHe xep OeTi apacblHla COHY ’KOHE KbI3MET KOPCETY aiiMarbl €CENTENreH.
Ocnl ecenrteynep HOTHXeNepi Tayisl aiimakta bOIl Herizinze TeleKOMMYHHKAIUSUIIBIK
KyHenep Kypy YIIiH YCHIHBIC PETiHAe Maii1aJaHbuTybl MYMKIH.

KinTTik ce3aep: KambIKTBIKTaH 30HATay, OUWIKTIK oyemap mmiatdopma, bOII,
TEICKOMMYHUKANMSIIBIK ~ JKENi, TEOCTAllMOHAPJBIK CTpaTocepanblk —ajaH, CoHY,
»ahaHIBIK TO3UIUsIIAY, OMIKTEY OYPHIIIIHL.
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SEISMOGENIC LANDSLIDE RISK ZONING IN THE SURROUNDING
AREAS OF ALMATY CITY, KAZAKHSTAN

A. R. Medeu, A. R. Blagovechshenskiy
Institute of Geography /Almaty, Kazakhstan/
ingeo 2009@mail/ru

Abstract. The article deals with the experience of the zoning of Almaty city and its
surroundings for the risk level of a landslide caused by earthquakes. Zoning is done by
combining maps of landslide hazards and the development of the territory. The landslide
hazard areas with a strong, medium and weak risk level are shown on the map of the
landslide hazard. Seven degrees of development of the territory are marked on the map
from the dense urban areas with a population density of more than 10 000 people per km*
to the uninhabited areas with a population density of less than 1 person per km”. The
territory surrounding Almaty city is divided into three zones: high, moderate and low
seismogenic landslide risk according to the ratio of the degree of landslide hazard and the
degree of development.

Key words: seismogenic landslides, risk, zoning.

Introduction

Strong earthquakes with a magnitude of more than 6.0 in mountainous areas
usually cause devastating rock and soil landslides. The damage caused by them can
even exceed the damage caused directly by the earthquake. With an earthquake
with a magnitude of 6 (M 6), landslides descend at a distance of 20 km from the
epicenter. With earthquakes of M 7, this distance is increased to 50 km, and
earthquakes of M 8 cause landslides of rock and soil in a radius of 200 km from
the epicenter [1].

The most devastating earthquake that has been recorded is a 7.8 M quake in
Gansu Province in China in 1920. Those landslides killed about 100,000 people
[2]. The landslide at Hait earthquake in Tajikistan in 1949 impacted several
villages and killed 26,000 people [3]. In Peru in 1970, an earthquake of 7.7 M
caused a gigantic landslide from Mount Huascaran which destroyed the Yungay
city and several villages. At least 18,000 people were killed [4]. The 2005
Kashmiri earthquake in Pakistan caused a combination of 25,500 landslides and
87,500 people were killed [5]. The 7.9 M earthquake in Sichuan, China in 2008
created nearly 200,000 landslides in an area of 110,000 km®. The volume of the
largest landslide amounted to 750 million m’. The death toll was almost 70,000
people [6, 7].

The catastrophic “Verny Earthquake” of M 7.3 happened in the Ile Alatau in
1887 [8]. Faithful Verniy city (now Almaty city) was razed to the ground. There
were many landslides and falling rocks in the mountains. The total volume of
landslides and rocks was 440 million m’. The volume of the largest rockfall was 54
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million m’. A few hours after the earthquake, mudflows occurred in the valleys of
the major rivers. The number of earthquake victims was 332 people of which 154
people were killed by landslides.

Another catastrophic earthquake was “Kemin”, with a magnitude 8.2 it
occurred in 1911 [9, 10]. This earthquake is the strongest one recorded in Central
Asia. Collapses in the Chon Kemin and Chilik valleys reached colossal
proportions.

Almaty’s current border far exceeds the boundaries that existed for the city of
Verny in 1887. Urban areas have expanded towards and into the mountains. Many
of the buildings and infrastructure features are located in potential landslide areas.
The danger of landslides 1s amplified by human activity. There is a clipping and
overloading of slopes, and additional moisture from damaged pipelines. Every year
several damaging landslides are recorded in the city. These even occur in the "dry
season’ in October and in December.

Therefore, the development of a seismic safety system for Almaty must take
into account the risks from the seismogenic landslides - the seismogenic landslide
risk.

Methodology

The risk is the average losses from natural hazards for a certain period of time
[11]. When we consider the seismogenic landslide risk, we are measuring the loss
associated with landslides caused by earthquakes. The value of the seismogenic
landslide risk is determined by several factors: the frequency of earthquakes of
varying intensity, the probability of landslides during earthquakes, the probability
of the landslide’s impact on people and structures, and the probability of damage
and its impact. All of these factors, especially the first two, are subject to
substantial uncertainty. Therefore, determining an accurate quantification of
seismogenic landslide risk is virtually impossible. In this study, we carried out a
qualitative assessment of three categories of risk: high, moderate and low. High
risk implies the real possibility of severe consequences combining seismogenic
landslides with extensive material damage and numerous casualties. A moderate
level of risk can be compared with acceptable risk (as defined by UNISDR [11]).
At this level of risk, little material damage is possible, and deaths are improbable.
With a low level of risk, the possibility of damage from the seismogenic landslides
cannot be taken into account.

Results
A landslide hazard map was compiled from a survey of traces of landslides,
the majority of which originated with the Verny earthquake in 1887 [6]. The

landslide hazard map is drawn in a scale of 1:25 000 for the territory of Ile Alatau
low mountain zone, which surrounds Almaty city. The map shows landslide-prone
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slopes of three categories: slopes composed of loess loam; slopes covered with
powerful deluvial deposits; and slopes with a thin cover of deluvial deposits.

In areas composed of loess-like loam, landslides can capture large blocks up
to ten meters thick. Loess deposits are prevalent in the low area with a height of
1500 m a.s.l. These areas have a strong landslide hazard risk.

Above the loess zone, slopes are composed of rock, covered with a surface
layer of deluvial deposits submitted by detritus loams. On the northern slopes, the
thickness of the deluvial cover reaches up to several meters. The earthquake
landslide spans a large area, but the penetration depth is limited. Displaced masses
very quickly turn into a stream consisting of dirt, gravel, turf and trees. The
landslide hazard risk in this area is also strong.

On the southern slopes, the deluvial cover does not exceed 1 m. On such
slopes, only small shallow landslides descend less than 1000 m’. The landslide
hazard risk is considered weak.

To assess the seismogenic landslide risk, a map of the territory’s development
was also drawn. The map shows the location of 1) dense urban residential areas, 2)
dense country houses, 3) sparse urban development, 4) sparse country houses, 5)
undeveloped areas adjacent to housing estates, 6) territory which has no permanent
population, but which is often visited by tourists, and 7) uninhabited areas rarely
visited by tourists. The main objective of this zoning is the ranking of the
probability that people could be impacted by a landslide.

The combination of the landslide hazard and development maps has allowed
for a qualitative assessment of seismogenic landslide risks (see Table 1 and Figure
1). The studied area has been divided into three zones: low, moderate and high
risk.

The high-risk zone is the area with a strong hazard of landslides, in which
people are constantly present. It includes the residential buildings and adjacent
areas. There 1s a very high probability of human victims in this area during strong
earthquakes. This zone is located in south-western part Almaty city and in the
holiday villages and cottages area on the Kamenskoe Plateau. Because of continual
development of cottages in landslide-prone regions, the size of high-risk zones is
constantly expanding.

An area with moderate risk includes territories with a strong potential of
landslides, where there is no permanent presence of people. Areas with low risk are
areas with weak hazard landslides and are rarely visited by people.

Conclusions

The level of the seismogenic landslide risk is determined by the seismicity,
the landslide-prone spread, the landslide’s volume, as well as the degree of
development.

The three categories of Zoning Risk (high, moderate, low) may be
accomplished by combining the data from the landslide hazard and the territory
development maps.
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In areas with a high level of risk, there is a real possibility of large material
damage and numerous human victims. These territories include landslide-prone
slopes in the southern part of Almaty city, where private cottages have been
constructed. It is necessary to carry out a complex set of the prevention measures.

Table 1 - Level of seismogenic landslide risk, depending on the degree of landslide
hazard and the development of the territory

Territory development Degree of landslide hazard
Strong: Medium: Weak:
. volumes of
Population . volumes of volumes of
Type of : landslides : .
density, 3 landslides more landslides less
development 2 more 1000 m”, 3 3
people/km . 1000 m”, 1000 m”,
landslides . )
spreading more landslides landslides
p 10% spreading less 10% | spreading less 10%
0
Dense urban More . : .
development 10000 high high high
Dense summer . : .
residence houses 1000 - 10000 high high high
Rare urban . : .
development 500 - 1000 high high high
Ra#e summer 100 - 500 high high moderate
residence houses
Areas a djacent to 10 - 100 high moderate moderate
the built-up areas
Unpopulated
areas used for 1-10 moderate moderate low
recreation
Unpopulated less low low low
areas 1

Moderate risk is observed in areas where there may be little material damage

and a few human casualties. It includes areas with no permanent population, but
which are frequented by people, especially for recreational purposes. They are
located in the bottom of the river valleys in the middle mountain zone of the Ile
Alatau. In these areas, it is sufficient to identify the landslide-prone zones and to
create a system of warning about the landslide threats.

Low risk is inherent in the mountainous areas of Ile Alatau, where there are
no conditions for the development of landslides, no permanent population, and rare
presence of visitors. In such areas, the seismogenic landslide risk can be ignored.
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30HUPOBAHUE CEMICMOTI'EHHOI'O OIIOJI3BHEBOI'O PUCKA
B OKPECTOCTAX I'OPOIA AJIMATDBI

AnHoOTanudA. B cratbe paccMaTpuBaeTcsi ONBIT 30HUPOBAHUSI TEPPUTOPUU TOPOJIA
AnMatbl ¥ €ro OKPECTHOCTEH IO YPOBHIO OIOJI3HEBOIO PHUCKA, BBI3BIBAEMOTO
3eMIICTPSCCHUSIMUA. 30HUPOBAHUE TPOBOJIUTCS IyTEM COBMEIICHHS KapT OIOJ3HEBOM
OMacHOCTH U OCBOEHHOCTH Tepputopuu. Ha kapTax Omos3HEBON OMACHOCTH IMOKAa3aHbI
Y4aCTKM C CWJIBHOM, CpeiHed u cliaboil omnos3HeBOM omacHocThio. Ha  kaprax
OCBOCHHOCTH BBIJICTICHBI 7 CTETNIEHEH OCBOEHHOCTH TEPPUTOPUU OT TUIOTHOM TOPOIACKOM
3aCTPOMKH ¢ TUIOTHOCTHIO HaceneHus Ooisiee 10 000 gemoBek Ha KM’ 10 HEeHaCEJICHHBIX
MaJjio MOCEeIaeMbIX JIIOJbMU TEPPUTOPHUH C IMIIOTHOCTHIO HAaceleHus MeHee | uemoBeka Ha
kM°. 10 COOTHOIIEHMIO CTEMEHH OMOJN3HEBOM OMACHOCTH M CTENEHH OCBOEHHOCTH
TEPPUTOPHUU BBIJICJICHBI TPH 30HBI: C BBICOKMM, YMEPEHHBIM M HHU3KHM YPOBHEM
CEHCMOTeHHOTO OTOJI3HEBOTO PUCKA.

KiioueBble cj10Ba: ceiicMOTreHHbIE OMOJI3HU, PUCK, 30HUPOBAHUE.

AJIMATBI KAJIACBIHBIH MAHBIHJIAFbI CEVCMOTIEHIIK KOIIKIHIEP
KAYIII-KATEPIH 30HAJIAY

Anaarna. Makanaga AnmaThel Kajdackbl MEH OHBIH MaHbl ayMarblH JXK€p CUIKIHY
caJapblHaH OOJaThIH KOUIKIHAEp Kayil-KaTepiHiH JeHreline OalIaHBICTBHI 30HAAY
TOXiprOeci KapacThIpbLUIFaH. 30HANIay KOIIKIHEP Kayiln-KaTepi )KoHE ayMaKThIH UTepiryi
KapTaJIapblH KUBICTBIPY apKbUIBI ‘kacananael. KemkiHmep Kayin-kKarepi KapTachIHJA
KONIKIHCp Kayil-KaTepiHiH KYIITi, OpTalla >KoHE oJci3 OeliMienepl KOpCEeTUIreH.
AYMaKTHIH Hrepily KapTachlHAa ayMAaKTHIH WIepiTyiHiH XablK THIFBISABIFBI KM -T€
10 000 amam GosaThiH KaJladbIK THIFBI3 KYPBUTBICTAH XaJIbIK THIFBI3IBIFBI kM>-Te 1 agaMJIbl
KYpalThIH aJaM CHUpEeK OapaTblH ayMakTapFa JACHIHT1 7 Jopexeci aXbIpaThUIFaH.
Kemkinnep xayin-kaTepiHig A9pexkeci MEH ayMaKThIH UTEPUTY T9pPEKECiHIH KaThIHACHIHA
OaiiTaHBICTHI YIII 30HA AHBIKTAJJIBI: CEHCMOTEHIIK KOIIKIHAEP Kayil-KaTepiHiH KOFaphl,
O1pKAJIBINTHI ’KOHE TOMEHT1 ICHT €Wl 30HaJIapHI.

KinTTik ce3nep: celicMOTeHIIK KOIIKIHAEp, Kayin-KaTep, 30Hanay.
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USE OF PARKED VEHICLE LIGHTING FOR MULTI-STORY
BUILDING EVACUATION

Y. K. Umbetkulov
Almaty University of Power Engineering and Telecommunications /Kazakhstan/

Ertuganu@mail.ru

Abstract. When emergency evacuation is required at night for a residential multi-
story building which has a disabled power supply, the researcher recommends the use of
parked car headlights. The author uses data of participant’s walking speeds as they
experience emergency evacuation routes with different lighting.

Key words: night-time, evacuation, cars, vehicles, lighting.

A number of Republic of Kazakhstan large cities (including Almaty) are
located in areas prone to strong and devastating earthquakes, the consequences of
which are unpredictable and can lead to, or cause, extensive material damage,
massive losses and deaths [1].

Experience has shown that the most reliable way to ensure the safety of
people in such cases is their timely evacuation from the building to a safe place.
Evacuation is a process organized by the movement of people through the escape
routes (staircases between floors) towards an open area.

During the evacuation of people from residential multi-storey buildings
(RMB), additional difficulties may arise because of the failure of the power supply
system since the power system’s elements are susceptible to mechanical damage or
outages from short circuits. In [2], it is recommended even in such situations to cut
the supply of electricity in the RMB in order to avoid fires, gas explosions or other
consequential accidents.

The use of mobile power stations for evacuation of people is problematic
since their number is very limited in urban areas, and delivery of energy from other
regions will take a long time.

In this article, the use of headlights of parked cars in parking lots to illuminate
the emergency evacuation route from RMBs is recommended.

Existing published research [3, 4] lacks information on the use of vehicles for
evacuation and rescue operations in emergency situations. Umbetkulov and Askar
[5] identified the need for research on the use of vehicles for general or local
lighting during evacuation at night.

Method & Results
Currently, the city of Almaty is experiencing serious problems with the

organization and availability of parking spaces. Many vehicles are parked near
RMB entrances and the adjacent territory.



An estimated number cars parked near the RMB during the day was carried
out for common types of apartment buildings in different densely populated areas
of Almaty. Figures 1, 2 and 3 show the distribution of the number of parked cars
during the day near 3 different residential complexes: a 4-stair large-panel system
RMB , a 9-stair large-panel system RMB and a 16-stair RMB. Observations were
made and data was collected in four time periods:
10.01.2016 and 15.03.2016.
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Figure 1 - Distribution of parked cars/ hour at a 4-stair large-panel system RMB 1
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Figure 2 - Distribution of parked cars/ hour at a 9-stairs large-panel system RMB 2
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Figure 3 - Distribution of parked cars/hour at a 16-stair RMB 3



This data indicates the maximum number of parked cars accounted for during
the night (from 00:00 to 06:00). During the observation periods, the maximum
number of parked cars rarely changed. Thus, the average number was calculated to
be: for RMBI -- 21 cars, for RMB 2 -- 48 cars and for RMB 3 -- 85 cars. The last
figure includes 60 vehicles that are regularly parked in an underground garage in
the yard of the 16-storey residential complex. The number of cars remained stable,
and was not impacted by the season.

A further examination of the possibility of using parked cars for illumination
of escape route sections was conducted in a 9-storey RMB in Almaty.

The estimated time for complete evacuation is determined by the sum of
movement time on separate areas of the path/route [4]:

tp:t1+t2+t3 +...+ ti, (1)

where ¢; — time of motion of people on the first (initial) area, min;
by, t;,...t; — time of motion of people on each of the following after the
first area of path, min.
The walking speed at every area, m/min:

V: =1L/, (2)

where /; — length of path, m
t; — time of movement on an area, min.

The sample of participants acting as evacuees was composed of:
- 4 males (aged 35-40 years) and 3 females (aged 25-30 years)

- 2 cars: Toyota Camry (2003) and Toyota Yaris (2007)

The males went down the stairs from the 9™ floor

The females went down the stairs from the 5™ floor.

The illumination was measured by a digital light meter Mastech MS6610. The
start time and duration of the participants’ movement on the escape routes were
recorded on stopwatches.

The experiments were performed on 22.02.2016 from 21:00 to 22:00. Figure 4
exhibits the location of the 2 cars in relation to the RMB building.

The average walking speed of all participants was pre- measured and the
benchmark during a lighted escape route was about 20 Ix.

Further, all electric lighting of the story landings, flights of stairs and staircases
of the 9-storecy RMB was completely shut off. Figure 4 shows how the evacuation
route (storey landings and staircases) of the building were illuminated in two ways:

1. Lighting the porch of the 1st floor of the RMB by headlights of Toyota Yaris,
which was 2.5 meters away from the front door entrance

2. Lighting window hole of staircase between floors 3 and 5 by the headlamp
(Beam) of Toyota Camry, which was 21 meters away from the entrance. The front
wheels of this vehicle were slightly elevated on an artificial hill to simulate a curb.
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Figure 4 - Car headlight lighting of emergency escape route
in a 9-storey RMB

During the observed time period, the illumination in all areas of the escape
route (staircases and flights) was measured and recorded by light meter.

Figure 5 indicates the data of average walking speeds in different parts of the
escape route (1 - story space, 2 - a flight of stairs and the 3 - staircase), depending
on the degree of illumination.
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Figure 5 - Dependencies of average walking speed on emergency exit route in
terms of different lighting: 1 — storey landing; 2 — stair flight; 3 - staircase; 4 —
average speed at lighting of 20 1x



Figure 5 suggests that the maximum walking speed occurred on the stair
flight, since in this area of the escape route, the lighting from the car headlights
reaches its highest level.

Conclusions

An analysis of the average walking speed of the participants at night with the
escape routes illuminated by the car headlight, was reduced by approximately 5-6
times, compared to the evacuation walking time without lighting.

The measurement of male and female movement in the study revealed
differences in speed. The walking speed of the females on all sections of the escape
route was somewhat lower than the males’ (approximately on 20-30%).

It appears males have considerable physical advantages over females as they
move at a higher speed. In the absence of illumination, the males maneuvered more
actively by overtaking people walking in front of them. By increasing the
illumination of the escape route, the walking speed of men and women did not
differ significantly.

A significant reduction of average speed (about 2 times) can be expected
during the evacuation of elderly people and small children. It should be noted that
the walking speed of all evacuee categories will also depend on their
psychophysiological and emotional state.
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SBAKYALIUS JIIOAEN U3 MHOI'OATAKHBIX )KHJIBIX IOMOB
B HOYHOE BPEMS C UCITOJIB30BAHUEM ITPUITAPKOBAHHBIX
ABTOMOBWJIEN

AHHOTamudA. [[ns 3Bakyauuu JIOJ€M M3 KWIBIX MHOTO3TaXHBIX JIOMOB, IpHU
OTKJTFOUYEHHON CHCTEME DJJICKTPOCHAOKEHHMsI B  HOYHOE BpeMs, IMpeJiaraercs
WCIIOJIb30BaTh OCBElIeHHWE OT (ap TpUIlapKOBaHHBIX aBTomMoOuiei. Ha ocHoBe



OKCIICPUMCHTAJIbHBIX I/ICCJIGZ[OBaHI/II‘/JI OIPCACJICHBI CKOPOCTU TCPCABUKCHUS J'IIOZ[GI\/'I 10
yY4aCTKaM 9BAKYAlTUOHHOI'O ITYyTH IIpU €€ pa:wmqﬁoﬁ OCBCIICHHOCTH.
KiroueBble ¢J10Ba: HOUHOE BpeMsI, DBAKyalus, aBTOMO6I/IJ'II/I, OCBCIIICHUC.

TYPAKTBLTAHFAH KOJIKTEP/I HAHJAJIAHY APKACBIHJIA TYH
ME3T'LUITHJAE KONKABATTBI TYPFBIH YIJIEPJIEH AJIAMJIAP/IbI
IBAKYALMSIAY

AngaTna. Makanana, TyH ME3TUIIHIE DSJICKTPMEH KaOIbIKTay XKyheci iCTeH
MIBIKKAH JKaFJaija, KemKa0aTThl TYPFBIH YWIEPACH aaaMIapibl dBaKyalusiay YIIiH
KAKbIH KEpJe TYpaKThbUIaHFaH KOJIKTTEP apKbUIbl KAPBIKTAHABIPY YCHIHBUIBIIT OTBIP.
DKCMEePUMEHTTIK 3epTTey HET131He ABaKyaIus YKOJITapBIHIAF b TYpJii
YKAPBIKTAHBIPBUIFAH  ydacKeslepJierl  aJlaMaapJblH ~ KO3FAJIbIC  JKbULAAMIBIKTapbl
aHBIKTaJIFaH.

KinTTik ce3mep: TYH Me3riji, 3BaKyallys, aBTOKOIIKTEP, )KAPbIKTAHIBIPY.
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Abstract. The current emission inventories of Almaty city in Kazakhstan and
Calgary city in Alberta, Canada are presented in this paper. We compared the
factors affecting air quality in both cities. Five criteria contributing to air pollution were
analyzed: transportation, industry, green areas, wind patterns and waste management.
We analyzed these factors and identified the underlying problems associated with
them. Finally, recommendations to improve the environmental situation in Almaty are
provided based on existing and successfully implemented practices and initiatives from
the city of Calgary, showing how Canadian models can be implemented for Kazakhstan.

Key words: Almaty, Calgary, air pollution, transportation, industry, green area,
waste, wind, Canadian Model.

1. Introduction

People have distorted nature for many years. Our actions affect the
environment drastically. The race for energy has resulted in the massive
production of greenhouse gases, which have caused global warming and climate
change. Urbanization and industrialization have increased air pollution and the
consequences have affected us.

The current generation lives in a century of fast growing change. A large
portion of our lives depends on technologies which were fantasies years ago.
This growth has made a variety of challenges to our environment. Today, these
effects are becoming apparent in the air we breathe. Most of us support the idea of
environmental sustainability, and thus, the need to control air pollution. If
immediate steps will not be taken in Almaty, the city will not be a particularly
friendly place for future generations.

Emissions of solid particles and gases due to industry development have
created health problems and environmental risks in Almaty (UNDP, 2015).
People suffer from a variety of diseases. The consequences of it may lead to the
case when locals will have to wear masks due to the dramatic degradation of air
quality and decreasing visibility level in polluted areas. Even though the
Kazakhstani government seems to be aware of the problem and is attempting to
find a reasonable solution, the air quality is still very poor. There could be
environmental justice movements involved in order to diminish the effect of air
pollution.

While identifying a good example of a country or district that was able to
overcome air pollution problems, the city of Calgary, Alberta immediately came
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to our minds. Indeed, both cities have similar geographical and demographic
characteristics as shown in Figure 1. Also, both cities have large emissions due
to the high number of vehicles and industries. However, the Canadian
government, with the help of its citizens, managed to improve pollution control
and reduce emissions of hazardous gases into the atmosphere. In our perspective,
that is a great demonstration of human — environment interaction even though
there are many reasons and issues underlying this achievement.

..........................................................
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Figurel - Geographical and Demographic characteristics of Almaty and Calgary
2. Air Pollution

Air pollution is a mixture of gases and solid particles that cause pollution in the
atmosphere. These substances are mostly produced by our human needs. According
to the EPA, there are five common pollutants: carbon monoxide, nitrogen dioxide,
ozone, sulfur dioxide and PM2.5-10. The table below shows their source (WHO
2008).

Table 1 - Air pollutants and their sources

Pollutants Sources
Particulate Matter construction sites
Sulfur dioxide power plants, industries
Carbon Monoxide burning fossil fuels
Nitrogen dioxide power plants
Volatile Organic Compound chemicals used for household products
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In order to increase air quality and maintain a cleaner, healtier
environment in Almaty, all the gases mentioned above have to be reduced.

2.1. Air quality in Almaty

Almaty is characterized by a fairly complicated ecological condition. There
is constant gray smog hanging above the town as shown in Figure 2. More than
80% of air pollution in the city is accounted for byroad transport whereas 20 %
are by industries. According to recent data, the number of cars is growing every
day. Every year, these vehicles emit around 250-260 thousand tons of hazardous
pollutants (UNDP, 2015). According to Numbeo (2015a), air quality in Almaty is
rated as very low.

Figure 2 - Smog over Almaty city

2.2. Air Quality in Calgary

When it comes to the most environmentally friendly cities in the world, we
imagine a sparsely populated place. However, this is not always true. As it was
mentioned above, Calgary like Almaty used to have an air pollution problem.
Calgary with a relatively large population (more than 1 million) and developed
industries (o1l and gas fields) is one of the most environmentally friendly places
in the world (Hutchin, 2013). Numbeo (2015b) rates air quality in Calgary as
high. It becomes clear that sustainability for the residents of Calgary - is not a
gift of nature, but the result of their own deliberate actions (Figure 3).
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Figure 3 - Calgary landscape
3. Comparison analysis

Considering the current situations in both Almaty and Calgary city,
determined 5 main factors that affected air quality were determined. They are
transportation, industry, parks and green areas, wind pattern and waste
management. In the following sections, both cities will be compared in terms
of these factors using ArcGIS software and related findings will be revealed.

3.1. Transportation

In Almaty the biggest portion of air pollution comes from transportation.
According to recent data, the number of registered vehicles in Almaty is
approximately 800 000 and corresponding emission of air pollutants is 260 000
tons per year (Rysbay, 2007). This gives the ratio of 325 kg per vehicle. In
Calgary this number is significantly different. Nowadays, in Calgary the number
of vehicles reached 1 000 000 units and their total emission is approximately
215 000 tons per year, which means that emission per vehicle is 215 kg
(Dhaliwal, 2013).

Based on these numbers, it is possible to say that Almaty produces higher
amounts of air pollutants compared to the city of Calgary, despite the fact that
the number of vehicles in Almaty is relatively less than in Calgary. This
statement points to the fact that transport quality in Almaty is not high. Most of
the vehicles are very old and the quality of the gasoline in the city is getting
worse (Nurkz, 2014). These problems increase the amount of air pollutants every
day. The other factor affecting the high emission from transport could be the
quality of the roads within the city. Most of the roads are not even and this
leads to the consistent stopping of the vehicles. Consequently, vehicles emit
higher air pollutants. In Calgary the quality of transportation is not bad due to the
use of more electric vehicles and the management of gasoline use.
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3.2. Industry

Industry and residential heating also contribute to air pollution in Almaty.
They account for about 20% of emissions, totaling 65000 tons per year (Rysbay
2007). Whereas in Calgary, stationary pollution sources account for nearly 50%
of emissions, which totals up to 167 000 tons of air pollutants per year (Dhaliwal,
2013). The number of industry facilities in Almaty and Calgary are 199 and 4116
respectively (The city of Calgary 2006). The areas of industries and residential
heating facilities were highlighted with blue using the ArcGIS software in order
to show their approximate locations with respect to the industrial and
residential areas (Figure 4 and 5).
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Figure 4 - Industry area in Almaty Figure 5 - Industry area in Calgary

Based on the data, it is possible to see that Calgary city, with more than 20
times more industries, produces only 2.5 times more emissions per year compared
to Almaty. This demonstrates the fact that the industries in Almaty do not control
their emissions well. From Figure 5, it can be seen that, in Calgary, most of the
industries are located in the middle of the city; however, the city is not damaged
by the emissions from industries. This is because the Calgarian industries manage
and control their emissions better and use alternative sources of energy.

3.3. Parks and green areas

Green area is another factor that affects air quality. Vegetation can help to
clean air by absorbing different air pollutants. It is a fact that the biggest cities
in the world, such as New York, are improving their air quality by increasing
the amount of vegetation and number of parks (Chen and Ye, 2015). Almaty,
once called a green oasis, has long lost this name. With about 7 square meters of
green space per citizen, parkland and green spaces cover an area of slightly more
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than 1000 hectares, less than 5% of the city’s total area. According to the
international standards average green space per person should be 10 square
meters, which shows that there is lack of green area in Almaty (Tengrinews,
2014). On the other hand, the city of Calgary has around 8000 hectares of parks
and green areas, which is about 66 square meters of green space for every
citizen. With over 30 parks, Calgary is considered one of the greenest cities not
only in Canada, but worldwide (Calgary city news blog, 2015a). The difference in
green area distribution can be seen in the maps that were developed by using
ArcGIS software (Figure 6 and 7).
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Figure 6 — Green area in Almaty Figure 7 - Green area in Calgary

In Almaty, green spaces are located at certain areas within the city and
mostly at the areas close to the border of the city where not many people live.
Alternatively, in Calgary, green spaces and parks are located throughout the
city by making green spaces accessible for every resident. Additionally, Calgary
government always promotes different environmental programs to maintain and
extend the green areas. Reduction of green spaces and parks in Almaty could be
due to constant cutting down of trees and using parkland territories for commercial
or residential purposes.

3.4. Wind patterns

Wind pattern has a significant effect on air quality. Frequent and strong
wind can decrease the amount of air pollutants by dispersing them. In order to
analyze wind patterns in both cities ‘wind rose diagrams’ were developed using
recent wind information. Figure 8 and 9 demonstrate wind rose diagrams for
Almaty and Calgary respectively. In Almaty, the most frequent wind comes from
the north with a frequency of 7 days per month and wind speed varies between 1-
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4 m/s. In addition, most of the days in Almaty are windless (Gismeteo, 2015). On
the other hand, in Calgary the highest frequency of the wind is 3-4 days per
month from the north-west and south directions and the average speed of the wind
is 15 m/s (Windfinder, 2015)
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Figure 8 - Wind rose dlagram for Almaty Figure 9 - Wind roe agrr
Calgary

After an analysis of wind frequency and speed in both cities, it was decided
to combine the wind rose diagrams, industry facilities and mountain layers in the
ArcGIS software in order to find some pattern related to air pollution (Figure 10
and 11).
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Figure 10 - Wind rose, industry and Figure 11 - Wind rose,
mountain layers in Almaty industry and mountain
layers in Calgary

In Figure 10 and 11, industry facilities are highlighted with blue and the most
frequent wind directions are shown with red arrows. The most interesting fact
that was discovered from the map of Almaty is that most frequent wind
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directions pass through the industrial facilities first and then transfer air pollutants
from the industrial area towards the city. Afterwards, this polluted wind is
trapped by mountains. The other significant issue is that most of the buildings in
Almaty are located perpendicularly to the wind direction, and thereby making
wind movement difficult.

In Calgary, the wind pattern is not as big of an issue as in Almaty. The
most frequent wind comes from opposite directions (south and north) and the
mountains do not interfere. Additionally, in order to make free wind movements
within the city, some of the buildings in Calgary were built strategically by
considering the direction of the wind. It is also important to consider that the
wind speed in Calgary is significantly stronger than in Almaty. This can be due
to the location of the mountains. As it is shown in the figures, in Almaty the
mountains surround the south part of the city, whereas in Calgary the mountains
are located only to the south-west side and are slightly farther away from the city.

3.5. Waste Management

The more waste that is generated, the more of it has to be disposed
eventually. Most of the ways of waste disposal result in air pollution due to the
greenhouse gases coming from them into the atmosphere. The amount of waste
that is produced in a given city is an important factor that impacts the overall
amount of emissions. Having studied various sources of information and making
an analysis of the data, we have found that for the city of Almaty, the total amount
of waste is about 649,900 tons per year and the total number of factories
involved in their recycling is only about 25 with a rate of 5-7% of total waste
recycled (Mitsubishi Heavy Industries Environmental & Chemical Engineering
Co., 2014). On the other hand, the city of Calgary produces 630,000 tons of
waste per year with 95 factories involved in recycling 20 percent of total waste
(Calgary city news blog, 2015b). Both cities use landfills for the rest of the waste
just like many other parts of the world since it seems to be the most cost-
effective way of dealing with waste. Figures 12 and 13 demonstrate the locations
of main recycling waste plants and landfills in the two cities.
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Figure 12 - Recycling plants and landfills in Almaty Flgure 13 - Recychng plants and
landfills in Calgary

It can be seen that waste in Almaty is not well managed compared to Calgary.
People continue to dispose the waste into the landfills and increase emissions of
harmful gases such as methane. Alternatively, Calgary succeeds in solving this
problem by increasing the number of recycling facilities and it continues to
improve its waste management situation.

4. Recommendations

This comparative analysis identified a number of air pollution issues in
Almaty that need to be addressed in order to improve the quality of the city’s
atmosphere. The research showed that similar problems have been successfully
targeted in the city of Calgary through various federal and municipal plans,
programs and initiatives (The City of Calgary, 2011). These best practices are
applicable to Almaty in order to decrease the current emission numbers and
contribute to overall improvement of the environmental situation. The
recommendations cover all the factors that affect air pollution in the most populated
city in Kazakhstan.

4.1. Transportation

Varying vehicle registration fees as well as tax schemes will increase the
demand for fuel efficient vehicles, i.e. cars with small engine capacity which will
eventually result in a decrease of total emissions.

Electrification of cars will have its own impact on decreasing air pollutants.
Nowadays, their use is a common practice in most parts of the world, but they are
not widespread in Almaty or in Kazakhstan in general. However, increasing the
number of electrified cars is not as great a solution as it may seem at first glance.
This is due to the fact that in some countries, electricity production is heavily coal
based, so the increase in demand for electricity will result in an increase of
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emissions from the energy production facilities making electricity for electrified
vehicles. This actually has been a main issue in Calgary for many years and still has
a significant negative impact on the city’s air pollution.

Improving traffic management is a key activity to reduce the emissions.
Building roads or planning traffic flows avoiding stop-go intervals could have a
significant impact as well as implementing more speed limit signs. The less time
the vehicles spend on the road travelling the less they tend to emit unwanted gases
and thus reduce the total amount of emissions. Banning the use of old cars, (i.e.
cars that were manufactured some 10 years ago or more) as well as increasing
the standards for manufacturing new vehicles, especially a high control of the
emissions they make at a factory level test, can also be an environmentally
beneficial solution.

There is a lack of data to find out the exact level of pollution in Almaty.
Government and local authorities should allocate more funds to carry out related
research activities in order to identify the exact amount of pollution and its sources.

4.2. Industrial and residential buildings

The most significant impact on the decrease of harmful pollutants in the air
will come from reducing the use of traditional energy sources, such as coal and
oil, and switching to alternative sources. In fact, the city of Calgary only uses
wind energy for its operations (Dodge and Kinney, 2015). Moreover, factories and
plants should be encouraged to use renewable sources by getting tax credits
and other financial support from the government. The use of green energy
should be economically attractive for business operations.

The construction of residential and industrial buildings should be done with a
sustainable approach, allowing for efficient heating and electricity use. ‘Energy
efficiency labeling’ should be introduced, and existing buildings should be
evaluated according to recommended world standards.

Modern technology and tools must be used to control factory emissions and
capture hazardous pollutants on site. The installment of such equipment should
be incentivized with the creation of stricter emission standards and
regulations. Those exceeding the recommended amount of emissions must be
punished with fines.

4.3. Parks and green areas

The improvement of parks and green areas is primarily achieved with the
help of governmental funding. However, existing initiatives for the
enhancement of green space in Almaty are usually of non-recurrent nature and
do not involve huge financial investments. What Almaty needs is a well-designed
program to upgrade its parkland. In 2012, the city of Calgary received 75 million
dollars in funding for its park system (Stephenson, 2014). A similar program in
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Almaty would greatly benefit the city. The money could be used to renovate
current parks and add new green areas.

A widespread practice of cutting down trees to use the land for
commercial purposes must be more thoroughly controlled. Unauthorized cutting
of trees must be punishable by large fines. Trees should be dug up and replanted
or new trees should be planted elsewhere. People need to be encouraged through
social responsibility programs to plant trees and take care of them. Almaty
citizens have to understand that by increasing the number of green plants they
contribute to the environmental wellbeing of the city.

4.4. Wind patterns

One of the major problems regarding wind patterns in Almaty is the
construction of the buildings. In order to solve this problem, buildings should
be constructed in a way that does not block the free movement of the wind.
This will create wind corridors within the city to allow for better ventilation of the
streets. Moreover, future industries should not be built along the most frequent
wind directions. This will decrease the amount of air pollutants moving towards the
city.

Another ambitious project would be to create a wind corridor through the
Almaty-Medeu canon as shown in Figure 14. The feasibility of such project is yet
to be assessed.
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Figure 14 - Wind corridor through Almaty-Medeo canon
4.5. Waste management
Emissions from inefficient waste handling are not a big concern for
Almaty. However, some best practices from Calgary can be used to improve the

situation. Despite producing nearly an identical amount of waste, Calgary has 5
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times more recycling facilities. Almaty needs to increase the number of recycling
plants. Moreover, recycling rates should be also increased. In order to achieve high
recycling rates, people have to be educated about sustainable use and disposal
of products. As well, financial incentives, such as deposits and refunds on beverage
containers could be implemented. The attitude of Almaty’s citizens towards
recycling must be changed.

5. Conclusion

In this research paper, we compared air quality in Almaty and Calgary, two
cities with similar geographic and demographic characteristics. It was revealed
that both cities exhibit a large amount of air pollutants. However, the findings
showed that Calgary manages their air pollution problems through a number of
governmental and municipal programs. Those include reducing current emissions
by using alternative sources of energy, introducing varying vehicle registration
fees, energy efficiency labeling, increasing the number of parks and green space,
sustainable construction of buildings, and changing people’s attitudes towards
waste recycling. Our suggestions include gradually applying similar approaches to
those that Calgary uses to overcome the problem of air pollution in Almaty. We
recommend an improvement in the environmental situation in Almaty and the
implementation of practices and initiatives from the city of Calgary. Almaty and
Calgary cities could become twin or sister cities, and that would help with
cooperation and implementation.
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YIYHYHHIEHUE KAYECTBA BO31YXA B AJIMATBI
C UCITIOJIB3OBAHUEM ITEPEJJIOBOI'O OIIBITA U3 KAJII'APU

AHHoOTamusA. B 1aHHOW cTaThe MpPENCTAaBICHbl CYHIECTBYIOIIHUE KaJacTpbl
BbIOpOCOB Topona Anmatel B Kazaxcrane u ropona Kamrapu B Kanage. Mbl cpaBHUITH
(dbakTophl, BIUAIONIME HA KauyeCTBO BO3/yXa B 000MX ropogax. Mel mpoaHAIM3UPOBAIH
NATh  KPUTEpPUEB,  CIOCOOCTBYIOIIMX  3arpsA3HEHUI0  BO3AyXa: TPaHCMOPT,
IIPOMBIIUIEHHOCTb, 3€JICHBIE 30HBI, BETPOBBIE PEXKHUMBI U YIIPABIEHUE OTXOJAMHU. MBI
MPOAHATM3UPOBAIIM 3TH (HAKTOPBI U OMPENEIWIN OCHOBHBIE MPOOJIEMBI, CBS3aHHBIC C
HUMHU. PekoMeHaanuu no yjaydlIeHUI0 SKOJIOTUYECKON CUTyallud B AJIMaThl OCHOBAHbI
Ha CYIIECTBYIOIIMX M YCICIIHO BHEAPEHHBIX NMPAKTHUKAX M WHUIMATUBAX W3 TOpoja
Kanrapu, ¥ noka3pIBalOT KakK KaHAJACKas MOJEIb MOXKET ObIThb peali30BaHa IS
KazaxcraHna.

KiroueBbie caoBa: Ausmvarel, Kanrapu, 3arpsizHeHHe BO3ayxa, TpPaHCIOPT,
IIPOMBIIIEHHOCTD, 3€JIEHBIE 30HBI, OTXO01bI, BETEP, KaHaackas Moaems.

AJIMATBI KAJJACBIHBIH AYA CAITACBIH )KAKCAPTY JIA
KAJITAPUJAFBI AJTJIBIHFBI KATAPJIBI TOKIPUBEJEPAI MAUJAJIAHY

Anpatna. byn makanaga Kazakcrangarel AnMmartsl skoHe Kanamaparsl Kanrapu
KaJajlapblHAaFel Ka3ipri KalAbIKTap KaaacTphl KepcerinreH. bi3 eki Kamamgarel aya
camacblHa ocep eTeTiH (aKTOpJapAbl CaNBICTHIPABIK. AyaHBIH JacTaHyblHA ceOerni
OonaTeiH O€c KpHUTEpHIAl TalgaiblK: TPAHCIOPT, OHMAIPIC, JKACBLI alWMakTap, MKej
peXUMIEpl JKoHE KalablKTapAbl Oackapy. bi3 ocel Qakrtopmapabl Tangail oTelpa,
OCbUIapFa KaTBICTBI HETi3ri mpobnemanapnabl aHbIKTanelK. CoHpiHAa, Kanamambik
monenaepal Kazakcranna »kysere acwlpy yiuiH Kanrapu kamachlHIArbl COTTI JKy3ere
ackaH ToxipuOesep MeH Oacramanap HEri3iHAe AJMAaTbIAAFbl HKOJIOTHSIBIK axXyaJlbl
KakcapTy OOWBIHIIIA YCHIHBICTAP Oepiii.

Kinrrik ce3nep: Anmarsl, Kanrapu, aya nactanysl, TackIManaay, eHIIpic, )Kachll
allmakTap, KaJlAbIKTap, ke, KaHaganslk MOaeb.
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EXPERIMENTAL PLATFORM FOR THE DEVELOPMENT SYSTEM OF
MEASURING TECHNOLOGICAL PARAMETERS
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Abstract. The article proposes the use of an AUPET experimental platform for
research on the collection, processing and data management technology options to
address disaster prevention in industrial environments and socio-adapted facilities.

Key words: database, wireless communication, industrial controller,
microcontroller, software.

Introduction

An educational and research platform for multilevel system automation of
industrial processes was created at AUPET based in the laboratories of the
Electronics department. This area, which was built in a hierarchical manner, has
three levels: an intellectual system of central control station, intelligent network
management system of industrial controllers, and intellectual system of data
measuring channels [1].

Simply put, the experimental area of the department is a network of virtual
laboratory work bench (VLWB), which includes two components: virtual - the
program, and physical — the real hardware. Educators using VLWB integrate
diverse interdisciplinary knowledge and many types of academic work of students.

The physical structure for collecting data from laboratory stands is shown in
Figure 1. Each laboratory stand is connected to a PC or laptop for controlling the
laboratory setting and collecting data about parameters. The PC or laptop plays the
role of a network client. The client sends all data about the laboratory benches to
the server, which works as a control station. The server provides all the
information about the parameters of the laboratory facilities to the personal
computers for further processing.
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The Department of Electronics uses the different laboratory facilities with the
various measurement technics and a wide variety of methods of controlling and
automation starting from microcontrollers up to industrial controllers. It is very
important to gather all the information and provide easy access to learners and
teachers for processing. In order to do this, the Department of Electronics decided
to find solutions in related branches of science: communication, information
technology, microprocessor machinery, and so on.

The following objectives were set for designing the experimental platform:

— organization of communication between the lab benches, computers-
clients, servers, and other members of the VLWB network

— programming microcontrollers [5], and industrial controllers [6]

— schedule organization [7]

— the development of communication interfaces [8]

— the application of information technology for data collection.

Communication between the laboratory bench and the computer, which acts
as a point of controlling a bench and a receiver of information about laboratory
parameters, can be realized through either wireless [8], or wired network
communications. The connection to the server requires wireless communication, as
the server is in a different room and there is only one for a number of network
clients. For organization, a wireless network is supposed to use the following
wireless technologies: Wi-Fi, Bluetooth, ZigBee, Z-Wave. The advantage of using
wireless technology is the ability to expand the system, which is important for the
construction of an experimental platform which includes new educational stands in
the current VLWB network. Currently, two types of wireless communication: Wi-
Fi on most customer points and a radio signal on the basis of an experimental set of
MSP-EXPC430RF4 software CC430 Wireless Network Monitor v1.0 with
SimpliciTI wireless data transfer protocol [5,8] are implemented and work well.
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The remaining tasks are dedicated to developing software. The software
required to build an experimental platform can be divided into three types:

1) software for controlling a laboratory bench

2) software for data collection

3) software for data processing.

In the department, laboratory benches are connected to microcontrollers of
various companies, such as AVR, PIC and Texas Instruments, as well as different
classes of SIEMENS industrial controllers (Simatic S7-314C, S7-1212, S7-1515).
Therefore, the software for managing and controlling the laboratory bench is
individual for each bench and the choice depends on the type of controller used.

Totally Integrated Automation (TIA) Portal software environment is used to
manage and control the laboratory bench with SIEMENS controllers [6,7].

TIA Portal is an intuitive, efficient and reliable development framework that
allows you to optimally design all automation processes using a single operating
screen. TIA Portal creates a unified framework for the development of complex
projects based on a variety of hardware and software components of the LA & DT
department. This framework provides support for navigation features projects, the
concept of using a single library, centralized data management and ensures their
coherence, actuation of the necessary editors, saving projects, diagnostics and
many other functions. TIA Portal integrates software STEP 7 V13 and WinCC
V13.

Software WinCC V13 contains a complete set of tools to solve all the
problems of human-machine interface based on software and SIMATIC HMI
hardware. Projects may be developed as separate operator panels and multi-user
SCADA systems with the help of software WINCC.

Additional software WinCC Runtime is utilized to collect data in real time.
To ensure communication between the client and the server, we used WinCC
Server program and WinCC Client [2].

In order to develop software communication interfaces to other laboratory
benches, LABVIEW graphical programming tools were chosen. Laboratory
Virtual Instrument Engineering Workbench (LabVIEW) allows you to develop
application software for interaction with measuring and control equipment, the
collection, processing and display of information and the results of calculations
and modeling of individual objects, and automatic systems in general [3].

The chosen software for data acquisition was MS SQL Server, which is a
system with relational database designed to gather information about the
parameters of laboratory facilities in real time. TIA Portal and LabVIEW are able
to communicate directly with SQL Server databases. Figure 2 shows the
connection between the TIA Portal and SQL Server programs based on the
example of a "pumping station" laboratory bench. The process of collecting and
storing data is automated with the ability to automatically save any amount of data.

The advantages of using the MS SQL Server is the ability to combine
multiple instances of SQL Server on the same network. In this case, the database is
physically located on the server. The remaining databases are located on the client
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PC, and they simply display all of the information stored on the server. User
identification data such as, server login and password are required to gain access to
the database server [4].

SQL Server has essential capabilities to process information and provide the
data in the form of various reports, graphs, charts, etc. At the same time, to use
these functions you need knowledge of the SQL query language, which is not
always known to students at the beginning level. Therefore, to access the database
and process data, the graphical tool LabVIEW is also used.

SQL » Datalogging [SIMATIC PC station] »* HMI_RT_1 [WinCC RT Advanced] » Hi
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Propert onsumption 06. 10: ! / 3
| Prop 7 G 15.06.2016 16:10:15  0,0333333350718021 1 4
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Loagi tod ] Temperature value (degree)  15.06.2016 16:10:15  20,363136251503% 1 4
I gaing meme 10 Yposens_samarme 15062015 161015 85 1 4
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a) Historical Data window in the TIA
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Figure 2 - The relationship between the TIA Portal and SQL Server
Discussion

Thus, the experimental platform for the developing a measurement system of
technological parameters allows you to:

— ensure the collection of information from the equipment

— archive data as new information becomes available

— solve design challenges, in terms of inflow new data and the user's request

— provide information to the users in the form of mimic diagrams, graphs,
and tables with values of parameters of the equipment

— realize tasks display, processing and transmitting process parameters -
temperature, humidity, flow rate, air pressure and liquid; electric quantities -
current, power, voltage, circuit resistance, digital codes of different signals.
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Conclusion

Combining different layout settings to the network with a common database
will allow:

— an increase in the number of ongoing laboratory work on the stands

— develop new labs using several stands

— optimal use of the available stands for education and scientific research

— conduct laboratory work remotely, without being tied to an audience

— handle obtained VLWB data as they become available on-line or off-line,
after a sufficient amount of the saved parameters;

— send data coming from VLWB to a few PCs for individual work of students
with a stand.
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IKCIIEPUMEHTAJIBHASA IVIOINAIKA IJISI PASPABOTKHN CUCTEMBbI
N3MEPEHUSA TEXHOJIOI'MYECKUX TAPAMETPOB

AHHOTauuMsA. B crathe mpejuiaraeTcss UCHOIB30BATh  AKCIICPUMEHTATHHYIO
wionaaky AYOC s mpoBeACHHs UCCASIOBAHUN TT0 cOOpy, 00pabOTKe U YIPABICHHIO
JAHHBIMH TEXHOJIOTMYECKUX TapaMeTPOB IS PEIICHHsS BOMPOCOB TMPEIOTBPALICHUS
Ype3BhIUAWHBIX CHUTYallMid B MPOMBIIUICHHONH Cpele W COIMAIbHO-aJalTHPOBAHHBIX
00BEKTax.

KioueBble ciaoBa: 0a3a JaHHBIX, OECHpPOBOJHAS CBS3b, MPOMBIIIJICHHBIN
KOHTPOJIIEP, MUKPOKOHTPOJUIEP, MPOTPAaMMHOE 0OecTIieueHue.

TEXHOJIOTUSIJIBIK KOPCETKIIITEPII OJIIIEY )KYWECIH
KYPACTBIPYT'A APHAJITAH TOKIPUBEJIIK AJTAHBI

Anparna. byn makamana onmeymeTTIK JaFJbUIaHFaH HBICAHIApP MEH OHJIPICTIK
opTaZia TOTEHILE >Kardainapabl OOJIIbIpMay CYpakKTapblH IIEHly YIIIH MOJIMETTepi
KUHACTBIPY, OHJICY KOHE TEXHOJIOTUSIIBIK KOPCETKIIITEP MAIIMETTEPiH 0acKapy CHUSKTHI
3epTTeyiepl Kyprizy yirH ADxb yHUBEpCUTETIHAETT TOHKIpUOENIK ajaHbl KOJJIaHY
YCBIHBLIAIBI.

KinTTik ce3mep: mMomiMeTTep KOpPBI, CHIMCHI3 OaiIaHBIC, OHIIPICTIK OAaKbLIAYIIIBI,
MUKpPOOAKbLIAYIIIbI, OaF1apiaamMaibIK jkKacaKTama.
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Abstract. Our glaciological studies were conducted for the periods of 1956-1989,
1989-2001 and 2001-2012 and are based on Landsat TM/ETM+ data analysis. A well-
established semi-automated band ratio technique was applied for glacier mapping. The
result showed a comparatively higher shrinkage rate (-1.02%) than rates in other
glacierized areas of Central Asian mountains, including Altai, Tien Shan and Pamir. We
also analyzed long-term climatic and runoff fluctuations for the different sub-basins of
the Karatal River. A positive trend in annual discharge was detected in almost all the
glacierized tributaries of the Karatal River during the last half of the century.

Key words: glacier shrinkage, glacier mapping, river runoff, Karatal river basin.

Introduction

Global climate has changed on both regional and global scales, with a mean
increase in annual temperature of 0.74 from 1906 to 2005 and a predicted increase
of 1.1 °C—6.4°C by 2100 [1]. This increase in surface temperature has important
consequences for the hydrological cycle, particularly in regions where the water
supply is provided mostly by melting ice or snow. Even a low fraction of change in
glacial cover within a basin has tremendous impact on hydrology. Various research
studies based on remote sensing methods found that the shrinkage of Central Asian
glaciers has accelerated in the last several decades [2, 3,4]. Especially, glaciers that
are located on the peripheral regions of the Tien Shan [5, 6] have changed.

In spite of the glaciers’ importance to the economy, after the collapse of the
USSR in the 1990s, regular glacier mass balance and other ground-based
glaciological measurements were discontinued in the Karatal River basin, as well
as in the entire Zhetysu Alatau mountain range.

In this study, the glacier area shrinkage and the effects of dramatically
decreased glacier runoff for the sub-basins of Karatal river with different glaciation
area are assessed. The three main parts of this study include detection of long-term
trends of runoff, precipitation, and air temperature; estimation of glacier change;
and the assessment of the effects of glacier and climate changes on runoff.
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Study area

We focused on the Karatal River Basin, which is the largest basin in Zhetysu
Alatau. It covers an area of 19,100 km2; and the total area of the four sub-basins

studied here is 4370 km® (Figure 1).
The Karatal river basin is located on the outer ranges of Zhetysu Alatau,

where the elevations of the highest mountain ridges range between 3800 and 3850
m above sea level [7]. Most glaciers found here are small in size (less than 1 km?).
In addition, the Karatal basin is close to urban areas, which are located

approximately 60 km from the lowest glaciers [8].
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Figure 1 - Location of the study area; map based on SRTM3-DEM; sub-basins
with glacier: 1 — Kora; 2 — Koksu; 3 — Koktal; 4 — Chizhin; 5 — Tekeli;
Weather station — Taldykorgan (air temperature, precipitation)

Data and methods

Remotely sensed data and glacier mapping technique

Landsat TM and ETM+ images were used to measure glacier delineation. We
applied a well-established semi-automated approach using the TM3/TM5 band
ratio to produce glacier outlines. Misclassified areas, such as snow patches, cast
shadows and lakes, were corrected manually using false-colour composite (TM
bands 5, 4, and 3) on the Landsat imagery. All of the images were obtained during
cloud-free conditions and for the ablation period when the extent of snow cover
was minimal in order to reduce potential uncertainly in glacier boundary
delineation because of seasonal snow cover. Changes in the extent of glaciers were

154



assessed with regard to images from 1989, 2001 and 2012, and analysed according
to the surface area. Landsat TM and ETM+ scenes were co-registered to the 2001
Landsat ETM+ scene, and root-mean-square error (RMSE) was within 0.5 pixels.

Hydro-meteorological data and trend analysis

In order to determine and analyse the potential drivers of glacier changes and
investigate the changes in river runoff over the past decades, a trend analysis using
the Mann-Kendall test [9] was carried out for the time series of runoff at selected
hydrological stations.

An accumulative deviation test was applied to detect trends in air temperature
at the Taldykorgan weather station. Test results showed that the temperature had a
step change point occurrence in 1977. Therefore, the data series was divided into
two periods before and after 1977.

The rank-based nonparametric Mann-Kendall test is commonly used to assess
the significance of monotonic trends in a hydro-meteorological time series. In this
test, the standard normal statistic Z is estimated and compared with the standard
normal deviate Z,,. The test statistic Z is not statistically significant if
-7,<72<Z7,. Correspondingly, this test shows a statistically significant trend if

z<-7,0r Z,<Z . The confidence level fixed at a = 0.95 and critical z values for
two-sided test are —1.96 and +1.96.

Results
Glacier shrinkage

Our glaciological studies were conducted for the periods of 1956-1989, 1989-
2001 and 2001-2012 based on Landsat TM/ETM+ data analysis.

In 1989, we found 243 glaciers with a total area of 142.8 km® that by 2012
had shrunk to 214 glaciers with a total area of 109.3 km* This indicates a decrease
of 33.5 km” over 23 years or -1.02% per year. We also analyzed the shrinkage rate
of glaciers based on their differences in size, altitude and aspect of slopes, as well
as other topographic parameters in four sub-basins, where glacier shrinkage varied
from 18% to 39% (Table 1).
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Table 1 - Changes in Glacier area

Region Area change (%) /annual rate (%) Mean2 size
195689 | 1989-01 | 2001-12 | 1956.12 | 1989-12 | (km’)in
Terisakkan | -40/-1.22 | 23/-1.96 | 20/-1.8 | -63/-1.13 | -39/-1.68 0.403
Koksu 31/-093 |-15/-124 |-13-1.14 | 48086 | -26-1.11 0.506
Chizhin 44132 | -15/-124 | 9/-0.79 | 56/-1.0 |-22/-097 0.445
Kora 28/-0.61 | -14/-1.03 | -7-0.63 | 35062 | -18/-0.80 0.873
Total 28/-0.86 | -14/-1.20 |-11/-0.96 | -45/-081 | -23/-1.02 0.588
Glaciers <0.1 | 31/ 04 | 68/-5.63 | -22/-1.99 | -83/-1.49 | -75/-3.25 0.031
km~ in 1956
Runoff Trends

Trends in monthly and annual runoff for the sub-basins of Karatal river were
analysed. Discharge trend analysis was calculated for three periods: full-observed
time and for periods before and after 1977 (step change year) for each hydrological
station. Annual runoff of almost all of the sub-basins showed an increasing trend
for annual, melting and frozen seasons for the entire observed time (Figure 2 A).
An increasing discharge trend was statistically significant in more glacierized
catchments (Kora, Koksu and Koktal). Runoff trends for the melting season were
similar to those in the annual cycle. Less glacierized (Chizhin) and non-glacierized
sub-basins (Tekeli) show a lower increasing trend in the melting season and annual
time frame.

The discharge trend for the first period, before step change year (1977),
showed a slightly negative trend in the annual and melting cycle. A positive trend
was found for only two stations, Chizhin and Tekeli. However, the trends for cold
months and the frozen season were different. The discharge trend was increased in
Koktal and decreased in Chizhin and both trends were statistically significant
(Figure 2 B).

Runoff data for the second period (after 1977) indicated trends that are more
positive. In the Koksu sub-basin, where most of the glaciers were located (108.6
km® in 1956), trend analysis exhibited a statistically significant increase for
melting, frozen and annual cycles. Three sub-basins, which were more glacierized,
showed a slight increasing trend, while less glacierized sub-basins had small
decreasing trend during the melting season (Table 4 C).
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Figure 2 - Kendall test Z statistics for trends of monthly, annual and seasonal
runoff for the Karatal river sub-basins: (A) for entire period, (B) and (C) for the
periods before and after the 1977 (step change) year, respectively. Critical value of
7 <—1.96 and >+1.96 (two-sided)

Discussion

The linear trend analysis of mean temperature indicated that the average rate
of temperature increase was 0.43 °C (10a)", while the summer (JJA) temperature
rose 0.28 °C (10a)™" (see Figure 3). From 1960 to 2007, records at the same station
displayed a slight decrease in annual precipitation. Increasing temperature leads to:
(1) increased energy available for ice and snow-melt, (2) decreased snow
accumulation, and (3) lower albedo of the glacier surface [10, 11]. The temperature
increase caused the rainfall rate to increase, rather than snowfall in the high
altitude glacierized areas, leading to a reduction of accumulation and the
acceleration of ablation, especially during the summer. Due to a significant
increase in annual temperatures between 1960 and 2007, and a stable annual
precipitation trend, which did not compensate for the rising temperature, intensive
glacier melting occurred.

The area changes of the glaciers investigated in the Karatal river basin
confirmed an expected and widely published trend of glacier retreat [11, 12].
However, our results for this region indicated the highest shrinkage rate for the
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period of 1989-2012 compared to other glacierized areas of Central Asia, including
all parts of Tien Shan and Pamir. The effect on runoff changes was different in
glacierized sub-basins of Karatal river. The relatively high glacierized Kora area
(14% glaciation) showed the highest positive trend, while the smaller glacierized
Koktal area (5%) demonstrated a smaller trend, with the statistically significant
magnitude of 3.32 and 2.31, respectively (Table 2). In the catchment with only 2%
glaciation (Chizhin), the trend was even negative with a magnitude of -0.43.
Apparently, the tipping point (peak water) for this catchment might be already
passed [12, 13].
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Figure 3 - Annual and summer (JJA) temperature and annual precipitation of
Taldykorgan station [4]

Table 2 - Characteristics of sub-basins and changes in annual runoff

_ Z of trend in Mean Basin
Glaciation, % runoff 2
annual runoff area(km”)
(m3/s)

Kora 14 3.32 14.1 484
Koksu 7 2.38 39.2 1590
Terisakkan 5 2.31 9.3 293
Chyzhyn 2 -0.43 11.6 479
Tekeli 0 0.86 2.2 193

*Critical value of Z <—1.96 and >+1.96 (two-sided)

The tipping point is a phenomenon when runoff during warm temperatures
will at first increase due to the higher temperatures and result in more meltwater.
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This effect is gradually reduced when the glacier area begins to decline as a result
of continued glacier mass loss. Tekeli sub-basin, which has no glacier, showed a
slight increasing trend, but the absolute water volume of the rising trend was very
small. Based on runoff trend analysis, the runoff in the sub-catchments was
controlled by temperature provoking the melting of glaciers which had existed for
decades and centuries.

Conclusions

Our results, with the shrinkage rate of about -0.8% to -1% per year for the
periods of 1956-1989 and 1989-2012 for this study area, showed the highest
decreasing rate compared to other glacierized areas of Central Asian mountains,
including Altai, Tien Shan and Pamir. Climatic conditions play a primary role on
glacier status. Two main climatic factors, statistically significant temperature
increases and slight precipitation decreases, were the main cause in the glacierized
area loss in the Karatal river basin.

River runoff demonstrated a significant increasing trend during the last half of
the century at the expense of glaciers’ melting intensification against a background
of slight decreasing precipitation at the same time.

The increase of global temperature had a significant impact on the river runoff
fluctuations for even small glacierized areas (5% - 14% of the total basin).
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BJIUSHUE U3SMEHEHUA KJIUMATA HA JIEJHUKW U PEUHOM CTOK B
3ATIAJTHOM YACTH KETBICYCKOI'O
(IKYHI'APCKOI'O) AJIATAY

AHHoTaumsA. Hamm risuuonornyeckre UccieloBaHusl MPOBOJMINCH HA MEPUOJIbI
1956-1989, 1989-2001 u 2001-2012 Ha ocHoBe aHanm3a gaHHbIXx Landsat TM/ETM+.
JInst KapTUpOBaHUS JIEHUKOB HCIIOJIb30BaH HAJAKEHHBIA MOJTYaBTOMATUYECKUNA METO/T
Band ratio technique. Pe3ynbpTaThl mokasaiid, 4TO CKOPOCTh COKpalleHUsl JEIHUKOB (-
1.02%), cpaBHUTEIBHO OBICTPEE YE€M B JPYIHMX OJIEACHEHHBIX TOPHBIX TEPPUTOPHUAX
LenTpansuoit  Asum, Brimodas Aunras, Tsaup-lllans wu Ilamupa. Mbl  Takke
IPOAHATU3UPOBAIIN JJOJTOCPOUHYIO KOJIeOaHUIO KIMMaTa U PeYHBIX CTOK IS Pa3IUnYHbIX
noj-0acceiinoB pexu Kaparan. beiia oOHapykeHa MOJ0KUTENIbHAS] TEHACHIUS IOYTH BO
BCEX OJIeICHEHHBIX MpUTOKax peku Kapatain 3a nmocnennue nojiBeka.

KiloueBble cJiOBa: COKpallleHHE JIEHUKOB, KapTorpadupoBaHUE JIEIHHUKOB,
peuHolt cTok, Kaparansckuii peuHoi 6acceii.

KETICY (KOHI'AP) AJIATAYBI BATBIC BOJIITTHAET'T
MY3/bIKTAPJAbIH ’KOoHE O3EH CYbBIHbBIH O3I'EPIYIHE
KJIMMATTBIH 9CEPI

Anaarna. bi3aiH riasnuonorusiibik 3eprreyiep 1956-1989, 1989-2001 xone 2001-
2012 xwuinap apansireiHa Landsat TM/ETM+ MoniMeTTepiH Tajiiay HET131HIe *Kacasibl.
My3sabikTapasl Kaprorpadusaiayna KeH TapajfaH >kapTbulaii aBTomarThl Band ratio
technique omici KoJmaHBLIABL. AJIBIHFAH HOTHOKEIep MY3AbIKTapabiH - 1,02%
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KBUTTAMIBIKTAa KBICKAPFAH/IBIFBIH JKOHE OYJI KOPCETKII CABICThIpMabl Typae OpTaibiK
Azust Taynel aiimakTtapeiHaarbl (Antai, Tsaab-lllanp xone Ilamup TaymapelH Koca
€CenTereHie) MY3JIbIKTapAaH JKbUIJAM KBICKAPBIN JKaTKAHIBIFBIH KopcerTi. COHbIMEH
Karap, Kaparan e3eHinaeri opTypiii cajiaiapaarbl ©3¢H Cybl MEH KIIMMATTBIH aybITKYJIapbl
tanaanael. COHFBI XKapThl FackipAa KapaTan e3eHiHIH cajalapblHIa CyAblH KeOeHreHair
OaliKaJIbl.

Kiarrik ce3aep: My3IbIKTapabIH KbICKAPYBI, MY3JIBIKTAPIbl KapTorpadusiiay, 63¢H
arpichl, KapaTan e3eHi OacceliHi.
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PREVENTIVE MEASURES TO REDUCE THE DAMAGE FROM SOME
SECONDARY EARTHQUAKE DAMAGE

Zh. Abdimuratov, N. Bekmuratova, A. Adilbekov
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Abstract. This article deals with questions about the consequences of earthquakes
in the earthquake zones of Kazakhstan and explains measures to reduce casualties, in
particular, the use of shatterproof bulletproof glass and other mechanical protective
equipment.

Key words: earthquakes, natural disasters, disasters, protective film, glass, seismic
resistance.

Of all natural disasters known on earth, earthquakes, more than other natural
disasters (ND), often occur quite suddenly. Examples of devastating EQs in our area
include: Ashkhabad in 1948, Tashkent in 1966 and Spitak in 1988 [3].

Economic losses from EQ, as well as their social, natural, and environmental
impacts are significant. Total losses in the world from emergency situations (ES),
including technogenic ones, steadily increase every year and reach hundreds of
billions of dollars, and claim hundreds of thousands of human (and animal) lives. At
the same time, the destructive EQ is accompanied by a change in the environment,
landscape, deterioration of air quality and destruction of man-made objects and
infrastructure.

Because a third of Kazakhstan’s territory is seismically active, EQs especially
represent a serious threat. For example, in the late XIX and early XX centuries in the
Tien Shan region, in only a 26 year time period, there was a series of devastating EQs,
of which Belovodskoe, Chilik, Kemin had serious consequences for Almaty city [3].

Hence, the problems associated with the EQ, are relevant for the southern capital
and the rest of the country. The vulnerability of people in relation to the ND has been
steadily growing due to increasing population density, and infrastructure complexity.
Almaty has about 1.4 million residents. The number significantly increases if all the
outlaying settlements in Almaty region are included in the count. The large
settlements and towns have a high concentration of industrial enterprises, a large
number of gas pipelines, flammable agent storage facilities, and transport systems.
Thus, an EQ may cause various technical accidents - fires, explosions, and emissions
of hazardous substances into the atmosphere.

As aresult, the significant expansion of the zone of emergency situation (ES) has
dramatically increased the economic loss, environmental damage, and the
irrecoverable loss of life and health. For example, during the EQ in Japan on 17
January 1995, more than 350 fires destroyed the buildings in the densely populated
area of the city [3].

In addition, there are social costs associated with the breach of supplies; the
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deterioration of sanitary conditions, leading eventually (with high probability) to the
development of communicable diseases, which will necessitate quarantine conditions.
EQ may cause the activation of other manifestations of the phenomena of natural
character such as mudslides, floods, tsunamis, landslides, and avalanches.

President Nazarbayev in his message to the Nation "Kazakhstan — 2050,"
identified "... Our main goal - by 2050 is to become one of the 30 most developed
countries of the world. Our achievements and our Kazakh model of development
should be the basis of a new political course" [2]. For the execution of this goal of
stable development of our country and economic growth, it is necessary, along with
other important issues, to ensure seismic safety in Kazakhstan. It is necessary to
ensure that the security of the vital interests of the country and the people in the
seismic areas are protected from the EQ and the secondary consequences. Numerous
measures must be implemented. The awareness of the tragic consequences of a
catastrophic EQ has led to the fact that the task of ensuring the seismic safety of all
the stakeholders has become connected to national security issues.

Many newly constructed buildings in Almaty are designed with a lot of glass.
The impression is that the buildings are made entirely of glass. These buildings, with
significant outer glazing, are very dangerous - not only for those who are inside the
building, but also those outside. It is difficult to present a picture of what will happen
to people who are in such buildings, when a 5 to 7 point earthquake occurs (on the
MSK-64 scale), let alone a more destructive EQ. Statistics say that modern humans
spend more than 70% of their time in different locations. At the same time, the share
of destruction due to shards of broken glass during possible accidents accounts for
about 30%. With explosions, the figure rises to 60 to 70%. In reality, the number of
attacks involving explosives has not tended to decrease, while more and more glass is
being used in construction of all sizes of buildings [4].

The main causes of the destruction of glass used in construction are thermal
stresses resulting from the heating of glass, mechanical forces, due to its own weight,
wind, hits from flying objects, and vibration loads. Due to the design, location and
construction of buildings and the nature of ND, winds now frequently accompany EQ
[6].

A destructive EQ can lead to massive destruction of glass and the number of
casualties caused by the natural EQ factors increases significantly due to the
distribution of glass fragments.

With a significantly strong EQ, it 1s the destruction of the frames and transoms,
which leads to the destruction and distribution of glass. The damage is comparable to
the effects of an explosion. The number of injuries caused by glass fragments from an
EQ is greater than injuries caused by shards of glass during an explosion. From a
security standpoint perspective, the more vulnerable sections of the buildings are
glazed openings: windows, stained glass windows, glass doors, and partitions. That
material which is designed for protecting lives and property, is referred to as
"protective glazing." This is shatterproof and bulletproof glass, and laminated glass or
glass covered with a protective film (PF). Such film is generally used where there is
no need to use expensive armored glass shatterproof and mechanical or other
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protective equipment [6].

The main function of the PF is to preserve the integrity of the system: Film +
glass even if the glass is destroyed. In high-rise buildings, glass film prevents the glass
from falling to the street. PO is an alternative replacement of existing glass with
laminated floors. It is important not to confuse the PF, with all the necessary safety
qualities - strength, protection against ultraviolet and infrared radiation from the
conventional tinting film. PF are the products of nanotechnology and manufactured
only in countries that own these technologies. According to international experts, the
best PF is currently produced in the United States, France and Japan [5].

These countries have adopted measures to improve the safety of the glass
fragments. Installing the PF has shown that 80% fewer injuries occur from glass
fragments.

Earthquakes are geodynamic processes that occur in a short moment originating
in the depths of the earth. EQ is one of the most formidable ND, leading to disasters
with serious economic, environmental and social consequences.

For Kazakhstan, where more than 30% of the territory belongs to the seismically
active zone, ensuring seismic safety and protecting Kazakhstan's population from the
effects of these geological disasters requires urgent attention.

In the Republic of Kazakhstan "On civil protection" Law, the idea of the
importance of early preventive measures is evident. For example, in Section 1,
Chapter 1, Article 1, claim 72 clearly indicates the direction of events at the maximum
possible reduction of the risk of emergencies, as well as the preservation of human life
and health [1].

On this basis, realizing the tragic consequences of the secondary factors of EQ,
relating to glass lesions, it is necessary in the planning of activities of civil protection,
to fully assess the risks and comply with the requirements of the Republic of
Kazakhstan Law "On Civil Protection."
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ITPEBEHTUBHBIE MEPOIIPUATHSA 110 CHUXKEHUIO YIIEPBA OT
HEKOTOPBIX BTOPUYHBIX ®AKTOPOB 3EMJIETPAICEHUI

AHHOTanus. B ctaThe paccmarpuBaercs BOIPOCHI O MOCIEACTBUIX 3EMIIETPSICEHUI
B ceiicMoomnacHbIx 30Hax PK u mepbl ymeHbllleHUs )KepTB, B YACTHOCTH, NPUMEHEHHE
0€30CKOJI0YHOT0 OPOHECTEKIA U UHBIX MEXAaHUUYECKUX 3ALIUTHBIX CPEJICTB.

KioueBble cjioBa: 3eMIETpsCEHHE, CTUXHIHBIE OEICTBUS, OCICTBUS, 3allUTHAs
IUIEHKA, CTEKJIO, CEHCMOYCTONUNBOCTb.

"KEP CUIKIHICIHIH KEUBIP KAUTAJIAMA ®AKTOPJIAPBIHBIH
BOJIATBIH IIBLIFBIHIAP/IBI ABAMTY BOMBIHIIA AJIIBIH AJTY
LIAPAJIAPBI

Anparna. Maxkamana Kazakcran PecrnyOnuKachIHBIH —CEHCMHKANBIK —KayilTi
aliMaKTapbIH/A )Kep CUIKIHICIHIH 3apJanTaphl )KOHE ajiaM IIBIFBIHBIH a3aiTy IapanapbiH,
SFHA OpPOHIIBI WA KOJJIAHBUTYBI MEH 0acKa J1a MEXaHHKAIBIK KOPFay KypaJlapblH
KOJIJIaHYBIH KapacCThIPAJIbI.

KinTTik ce3nep: xep CiIkiHICI, TaOWFU amartTap, amaTTap, KOPFaHBIII TMJIEHKACHI,
IIBIHBI, CEHCMHUKAIBIK TO31MIIJIII.
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