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Information about the Project

The project “Institutional Building for Natural Disaster Risk Reduction (DRR) in Georgia” was implemented by the Caucasus Environmental NGO Network (CENN) and the Faculty of Geo-

Information Science and Earth Observation (ITC), University of Twente, the Netherlands. The project was financially supported by the Social Transformation Programme for Central and

Eastern Europe (MATRA) of the Netherlands Ministry of Foreign Affairs. The project was directed towards the provision of capacity building of governmental institutions in Disaster Risk

Management (DRM) and Disaster Risk Reduction (DRR) and an introduction to the modern spatial approaches and technologies in territorial planning in Georgia. The project resulted in
the:

o development of guidelines for risk assessment;

e capacity building of the personnel of governmental institutions with DRM responsibilities in modern DRR and DRM technologies and approaches;

o development of a new system for DRR data management and analysis, and the printed and web-based atlases of natural hazards and disaster risks of Georgia;

e risk assessment case studies, carried out for different hazards, using modern technologies and approaches. The assessments and case studies have been prepared and disseminated
in the form of information packages;

o development of risk communication strategy.
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Project Partners

Caucasus Environmental NGO Network would like to express its sincere gratitude to our partner organizations for their active cooperation and assistance in the preparation of the na-
tional hazard and risk atlas of Georgia: the National Environmental Agency of the Ministry of the Environment Protection of Georgia and its head, Mr. Shalva Javakhadze, the Emergency
Management Department of the Ministry of Internal Affairs of Georgia and its head, Mr. Irakli Kadagidze, Ilia State University and the Director of the Institute of Earth Sciences, Mr.
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Due to the complexity of the geological structure and the diversity of geomorphologic, hydro-climatic and geo-botanical conditions, the Southern Caucasus is considered to be prone to
natural disasters. Earthquakes, landslides, mudflows, floods and other natural events, which can cause considerable human deaths and significant economic losses, are frequent in the
three states of the South Caucasus region (Georgia, Azerbaijan and Armenia). According to various data sources the economic losses caused by natural disasters in the Southern Caucasus

states during the last two decades has exceeded 16 billion dollars.

The main factors contributing to the triggers of natural disasters within Georgia are as follows:

Geomorphology

The territory of Georgia (covering 69.8 thousand km?) rises to a height of 5,000 m above sea level
(46.1% up to 1,000 m above sea level; 39.7% — from 1,000 m to 2,200 m; 14.2% — above 2,200
m). A high degree of the relief-dissection is determined by the strong tectonic movements and the
intensive erosion processes that occur in the Caucasus region. At certain locations the depths of
erosion-cuts exceed 2,000 m.

Geology

Rocks of different composition, age and stability, forming different geological structures, and deter-
mining the development of different hazardous geological processes are all found in the territory of
Georgia. Rockslides and rock-falls are mainly observed on steep slopes comprising of hard rocks.
Landslides and mudflows are, however, rare at these locations. On the other hand both landslides
and mudflows remain characteristic of the areas comprising of soft soil and easily dislodged rocks.

Seismic Activity

The counterclockwise movement of the Arabian Plate (roughly 4.65 cm per year) towards the Eurasian
Plate (N-W) determines and controls the seismic activity within the Caucasus region. The territory of
Georgia, within this region, is characterized by a medium level of seismicity, where strong earth-
quakes can occur several times every one hundred years. Two of the most prominent earthquakes
within the last century are the Spitak Earthquake of 1988, which measured 7.4 on the Richter
magnitude scale, and the Racha Earthquake of 1991, measuring 7.00. In this respect, seismic activity
in the country is one of the most destructive hazards, and has caused significant human deaths and

economic losses; whereas, on the other hand, strong earthquakes often trigger the development and
occurrence of landslides and avalanches. For example the strong earthquake that occurred in 1991

in the territory of Racha-Imereti and Shida Kartli activated and triggered, not only existing landslide
bodies, but also created tens of new landslide and rockslide areas in the respective regions.

Climate

Climatic conditions also play an important role in triggering hazardous natural events within Georgia.
There are often periods of heavy and prolonged rainfall, especially in the regions in the west of Geor-
gia. In the mountain regions intensive and prolonged rains can lead to the development of mudflows
and landslides.

Arapid rise in the air temperature and the subsequent, rapid and intensive melting of the snowpack
and/or the prolonged rains, occurring in late winter and early spring, further facilitate the rapid rise of
the water levels in rivers which can cause floods and mudflows in low lying territories. Furthermore,
the snow avalanches are quite frequent in western and central parts of the Caucasus as well as in the
territory of Ajara. Avalanches are often associated with heavy snows and the constant fluctuations in
air temperature observed at the end of winter and beginning of spring, and can cause further, signifi-
cant, flooding concerns.
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Anthropogenic factors

The local population, whose livelihoods depend on use of local natural resources, also play an active
role in the triggering and development of hazardous natural processes. During 70 years of Soviet
rule, infrastructural activities in the country were carried out without consideration for local environ-
mental conditions. During this period, the local population had not participated in any kind of natural
resource and agriculture management. To further compound this issue the local traditional knowl-
edge and past experience of sustainable resource management was lost. Furthermore, the economic
crisis that developed after the collapse of the Soviet Union forced the local population to use local
resources in an uncontrolled an unplanned manner, which, within a period of years, resulted in the
further development and increasing frequency of occurrence of natural disasters.
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About the Atlas

The Atlas contains general information about natural disasters and specific characteristics of Georgia,
the main elements at risk (e.g. buildings, population, GDP, etc.), the different types of vulnerability
(physical, social, environmental, economic) and the risks inherent in this region. Disaster risk as-
sessment and management is one of the most important prerequisites for sustainable development
within the country.

Therefore the main goal of the Atlas of Natural Hazards and Disaster Risks is to provide national and
local governments, businesses and the local population with information about existing and poten-
tial natural hazards, risks and socioeconomic vulnerability. The Atlas will also assist governmental

institutions in the improvement of the disaster risk management and reduction policies currently in
place, the development of a relevant strategy of effective planning, and in the efficient implementa-
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tion of different development projects. Any interested person or organization will therefore have the
opportunity to evaluate the risks and relevant challenges faced by the local communities of Georgia
by utilizing the information contained in this Atlas.

The maps included in the Atlas have been developed on the bases of modern, international and
national research and assessment methods.

In parallel with the Atlas, an interactive Web-Atlas containing detailed maps and relevant data has
been developed by CENN and the ITC group. Unlikely the paper Atlas, the Web-Atlas is more dynamic
in terms of it’s ability to be updated. It allows users to view hazards interactively, the exposed ele-
ments at risks and the risks per administrative units of Georgia.

The address of Web-Atlas: http://drm.cenn.org
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Introduction

09000306089 096936030 bhngdoy®o dm3zemgbgdobe o dom Fogé godmB3gnmmo 550
39¢hoLhMmmagdab HoEbso o 899mdgdggdol dogme LEGORVE FohyrmAL (ob. bobodo 1.1),
©03 POOYMB0MO© dmddggdl Imbobemgmdodyg, LmEoomyMm-93mbm3n3n® o d169d&03
30M99mB9. 09000306089 893600 0LgMo HyGBOHME0S, LdESE 9OMo 96 MVdgbodg bobol
016936030 Lhndool Logdmbg dMLIOMAL. BmamEE Bgbo, 396906030 30dHOLHGM®RS dbgm
900306m3g3800 dmboemmeEbgemo, booE beogds Modwgbndg BoghMEL Mobbgg®ms, Hmogboi
bhodoolb bomGmbgl ghm30Lb dob 30dotm 096936030 O Lm0 YM-93MbMT0 3P0 FoMHgdmb
dmBy3zemomdd. 096906030 30hoLAHGMABIOL MO300006 d30EMgd vb dobo Bgdmdadggdol 450
393306900 39bodemgdgmod 036906030 30hOLAHGMABEL Gob3oL g3 gdab3gb dodoMmmymo
LA®HIZ0gd0L oM gdol 3Bom. dmb0B6YMOL 3odmBENboMy, 396906030 30¢hdbHGMBdINL
®0L30L 899306900b Loz0mbo 3HomE0hghYIE0d Fcngmo bmmmomb dobdhodom.

500

400
Logdo®mm3zgmmmL Bgbobgd Abmaemom d630L Mo Lbgowobbgs 8ga3oLgdol dnbgzom,
16906030 LyogdonMo LorMMbggdol BocBMIaboL bbgowolbgs semdsMMANL (0.5%; 5%; 20%)
300350m0b6069000, oo gt godmB3gyemo Fgbodemm BemoyMo Botomo 146 dogmombo 33
©MEOM0S6 3.3 30em0oM 933 EMEMOMIId d9x30b9dYme. Lodo®mmzgmmb goMmgdml
05(330L bLTEBOLHG®L oMgdML 9BOM3BYO bdogIdHML MbBMMIs00m, 1995-2011 Bemgddo
39MEMa0YMo o 300OHMIAFHIMOMEMMZ0Y&0 bhodoyHo 3G mE3gLYd0m godmB3gYmad
BoMomdd 2,338.5 dnemombo cmoto d9000g060.
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The frequency and magnitude of natural hazard events is growing (see Figure 1.1), leaving disasters
that have negative impacts on humans, the economy and the environment in its wake. Many areas in
the world are now prone to single or multiple natural hazards. These hazard events result in serious
disasters when they come into contact with vulnerability and inadequate capacity or coping capabili-
ties of local populations and governments. Avoiding these kinds of disasters or, at the very least,
reducing their impact, can be facilitated successfully by engaging relevant actors in Disaster Risk
Reduction (DRR) strategies. Consequently, developing a specific focus on Disaster Risk Reduction is
an important and vital issue for a multitude of actors operating around the world.
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30(hobhmmxygdol Homwgbmds/Number of Disasters

According to two separate assessments of Georgia, both of which were carried out by the World
Bank, taking into account the different recurrence probabilities of disasters in the country (0.5%, 5%,
20%), the possible cost of these annual risks of natural disasters is estimated to range between $146 100
million to $ 3.3 billion. According to additional information provided by the National Environmen-

tal Agency of the Ministry of Environment Protection of Georgia, between 1995 and 2011 the total

amount of damage, as a result of geological and hydro—meteorological natural hazards, amounted to 50
2,338.5 million GEL.

016906030 30hoLAHMMAgdEL B L Hgbrgbizns dbmagemomdon (1900-201066.) O
(Byotom: http://www.emdat.be/natural-disasters-trends). 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Natural Disaster trend in the world (1900-2010).
(Source: http://www.emdat.be/natural-disasters-trends). 63@0/Year

Bobodo/Figure 1.1
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The decade covering 1990 to 2000 was declared by the UN to be the International
Decade for Natural Disaster Reduction (IDNDR). After the year 2000 a follow up called
the International Strategy for Disaster Reduction (ISDR) was developed, which stressed
the need to move from top-down management of disasters and a cycle that focuses on
rehabilitation and preparedness, towards a more comprehensive approach that works
to avoid or mitigate risk before disasters occur. At the same time, this strategy sought
to foster an increased awareness, more public commitment, better knowledge sharing,
and partnerships to implement a range of risk reduction strategies at all levels. This
more proactive concept has been referred to as the ‘risk management cycle’, or ‘spiral’,
in which learning from a disaster can stimulate and facilitate adaptation and modifica-
tion in development planning rather than a simple reconstruction of pre-existing social
and physical conditions (see Figure 1.2).
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Early warning Reinforcing
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A general strategy for disaster risk reduction should first start by establishing the risk management
context and criteria, and by characterizing the potential threats to a community and its environment
(the hazards). Secondly, it should analyze the social and physical vulnerability of a population to
determine the potential risks from a range of hazardous scenarios in order to implement effective
measures to reduce the damage and casualties. The final goal, the reduction of disaster risk in the
present and the control of future disaster risk, should be achieved by combining both structural and
non-structural measures that foster risk management as an integrated concept and practice. This
should be incorporated into all stages of a community’s development process, not just as a post- > EIA/SEA
disaster response. Disaster risk management requires a deep understanding of the root causes and 38d/Lbgd
underlying factors that lead to disasters in order to arrive at solutions that are practical, appropriate
and sustainable for the communities at risk.
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Disaster Cycle
Landuse Planning
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Cost-Benefit Assessment

Evidently, managing risk in this manner requires a consensual and collaborative approach. The United

Nations International Strategy for Disaster Reduction (UN-ISDR) has widely advocated new ways in ©o393335 96¢hddgemmdnL dga3obgde
which authorities, communities, experts and other stakeholders can jointly diagnose problems, P Risk Reduction
decide on plans of action and implement them. Clearly a new ethic of disaster risk management is epafedness Planning e
emerging based on ‘informed consent’ as opposed to paternalism. Risk assessment as the starting ©0b30b 398306900

point for further risk management processes should, in turn, be a multifaceted activity, aimed at
integrating the likelihood and potential consequences of an event with subjective interpretations

(perceptions) of interacting, heterogeneous actors. Figure 1.3 shows a DRM framework that focuses BoboBo/Figure 1.2 3‘_’¢°b06’f°°3360b ®ob30b Bomzolb Bo3mo. BoboBo/Figure 1.3 { 3‘?¢°b¢6’f°@3°°b ®0ob30b dornz0b Aohw.
on the use of (spatial) risk information. Disaster Risk Management cycle. Disaster Risk Management framework.
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2004 6emogob (3oL 3990093, Mo Logdo®mzgmmmdn dg0339¢ms bgemobyazemgde) 9399bolb 330G m3gemmdnL bbgoobbgs mbyBg gobbm®Engms Ggmm®magdo, MmIggddo dmo33d bbgowolbgo Ho3olb budommgdMmn3z0 S 0bLAHNHYEOYGO 330 gdgde. 3ohobhGmm®gdal Mobzob
306m30L bygHmBo Imbeoo® 3603369cmM36 (33cMOENdO B BoomM3oeMmL 2005 Bgemb bogobggdm LodhnogdeL JoMmmM30l g3omdhedgbdol d99dbo bodo®mazgmmb Jobogob bogddgms budobobhmmb BoMgmgddo o 2006 Bgmb LodoMmzgmmL 3oMgdmL oE30L bodobobdhmmb
LA®YIHYM30 IMbohMMOBaELO O 3BMabMBOMIdNL (3906¢H M0l (HMBgema 2008 Bgemb goMongdbo gotmgdmb ghmabnem LoggbHM) odMbgdy. LudoMmagermmad 2005 Bgemb doomm domamb bodmddgm RoMAm 3MMaMmOd, Mo 608603l 3ohOLAHMM®WIINL Mobzolb dom3zolb

939460bom30L IGomMohgh e bozombow good3930L.

bogo®m3gemmBn 30¢hobHGMRIINL FoMHM30LMO6 O 303806Hgd7M Logdnobmdgdn HaYmMMIdS
bb3oobbzd MML 30mgdYmo MG dot0mMOEO 306MmbBomd s Bm®mIdhNnmo dghgdom. gb
306mbgd00:

@ LOJoMHM39emMML 306mbo Lgobgzgdm gmBoMmgmdnl dgbobgd (1997);

® LOJoM™M39mMML 306mbo 336936030 O HggbmagdnMo boboomol bogyogdobogod
3mbobemgmdobe o hgtodhm®moob wo330L gbobgd (2007).

30oLHOHMAgdEL MHoL3ZL FoMM30L dotomowo PBYgdS, HMBgmos 3obyboldggdgmos o3 by3ghmao
3memohn3oL 893130390000 o 309B0gbhobmzal Hg3mAgbroongdal doi39308g, 9m3bymo
19036 mgd0l Loddmod. 306Mb3EIdENMBOL MBOLISW, 30dhOLHGMMBIOL Mobzol FoMmmnzal
bb3oobbgs gho3dg bbgoobbgs Lgdhm®Mo o BEB3NMO O YOO 306930 dmbBOBENgMdgh.
bogdo®mmggmmmb d06ogob Logdgmo bodbobEHGHML bogobagdm bodyoEgdeL FoMm30L I3oMmHodgbHo
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Natural Disaster Risk Management (DRM) in Georgia
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Since 2004, when a new government was elected in Georgia, a number of reforms in different sectors and levels of government have been implemented, this has resulted in sig-
nificant legal and institutional changes throughout the country. The most significant changes in the field of DRM were the development of an Emergency Management Department

(EMD) under the Ministry of Internal Affairs (Mol) in 2005 and the establishment of The Centre of Monitoring and Prognosis in 2006 that, in 2008, became the National Environmen-

tal Agency (NEA) under the Ministry of Environment Protection (MoEP).

Disaster management activities in Georgia are led by two main legal and regulatory acts and sup-
ported by several normative acts adopted in different years. The two main legal acts are:

e ‘The law of Georgia on State of Emergency’ (1997);

o ‘The law of Georgia on the protection of the territory and population from emergency situations
caused by natural and technological disasters’ (2007).

The main institution active in DRM, which is responsible for policy making and advising the President,
is the National Security Council (NSC). According to national legislation, at different DRM phases
different sectors of the government, individuals and legal entities should be participating in the
process. The EMD is therefore responsible for the emergency management processes during natural
or manmade disasters and in the post disaster period. The functions of monitoring, forecasting and
the prevention of natural disasters are allocated to the MoEP (which is a national focal point for the
implementation of the Hyogo Framework for Action 2005-2015) different legal entities of public law
in subordination to the Ministry, and to other legal entities and commissions at different levels. The
main government bodies involved in DRM can be seen in Table 1.1.

The specific problems associated with natural disaster risk management in Georgia are quite complex
and are caused by a variety of factors which complicate the process. The problems and requirements
associated with this issue are reflected in government documents, as well as in reports prepared by
international and local organizations. The Georgian government’s Basic Data and Directions (BDD) for
2009-2012 emphasizes the following problematic issues:

e incomplete picture of the processes taking place in the natural environment;

e insufficient data and information on the state of the environment in terms of hazardous natural
phenomena;

e inexistence of a national plan for natural disaster prevention measures.

The components of disaster risk management are still in need of considerable development in
Georgia and the expenses for such development, despite promised increases planned for the future,
remain insufficient to achieve the set objectives. For example, within the budget of the Ministry of
Environment Protection intended funding the aforementioned activities amounts to 1.77 million GEL
for2012, 2.84 million GEL for 2013, 5 million GEL for 2014 and 6 million GEL for 2015.

As a result of an analysis of the present situation in Georgia and information provided by various stud-
ies, it is possible to single out several significant issues that can contribute to the improvement of the

DRM system in place in Georgia, these are the:
o development of a Disaster Risk Management Strategy and National Action Plan;
e integration of new risk assessment methods into the existing methodologies;

e strengthening of communication among institutions dealing with risk management issues on differ-

ent administrative levels;

e specification of Natural Disaster Risks as a standard component in Spatial Development Projects.

99LBo3eMO O YTozgde bgeml d9nBymdL 939ysbodn d9bgdcn30 3ohobHMdmAygdNL Mob3ol
3oGmm30b Lobhgdob LBYMYMAROL; gbgbos:

® 076906030 30hoLAHMMAgLEL HoL3ZL FoBMM30L bhGohgzoobs o ghMm3bYmo Lodmdgdgom
39300L 89099803909;

® M0L3900L 3gxz0Lgdal MbedgEGO™3g FgmmEgdal 0bhgamoMmgds vMbgdmm dgmmEmmmangddo;

® 3960 YE O dZNMMIMN3 MB9Bg MH0b30L om30L bd30mbgddg BmBndogg 0bbhNhIHIOL
dméob 3087960393006 godemog&gdd;

® 316906030 39hOLAHMGMABIINL Hob3IdL Fom30emabBBgds Log®EYMO 3ob30MMgdNL
3mggdhgddo.

Government bodies LobgemdBoxmm
mMaobmyoon

Emergency Management Department—EMD (Ministry of Interior-Mol)

Log63gd™ LodYOE0gdEL oM M30L g3t H396H0 (B0bogob bogdgme Lvdnbobhthm)

National Environmental Agency-NEA (Ministry of Environmental Protection-MoE)

30Mgdmb g m36ytmo booggbhm (3oMgdmb o330l Lodobobdhmm)

Ministry of Regional Development and Infrastructure — (MRDI)

930mb1em0 30630000Mgd0b O 6ARGOLAHGYIHYMOL bodobobhGm

Ministry of IDPs from the Occupied Territories,
Accommodation and Refugees—(MRA)

Logdo®m3zgmmb m393060 9090 hgemohmMogdoob ndyemgdom
39000000300MgoY™ 30O Mo, 3obLobemgdols o mEmm3z0emms bdobobhtm

National Security Council of Georgia—(NSC)

9 m™m3670m0 P30 mgdol Lodgm

LogdommzgemmAo 396906030 30hOLHGMAgdNL Mob3ol dohmzo80
Bb&ogmo/Table 1.1 { Batrogemo LobgemaBogm bhdYIHegdo (Bystm: UNDP, et al., 2011).
Government structures involved in DRM in Georgia (Source: UNDP, et al., 2011)



Disaster Risk Assessment Methodology
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Itis well known that providing a risk assessment is a process which determines the extent and nature of certain risks by combining the technical charac-
teristics of hazards, the people’s vulnerability to these risks and their social conditions and their exposure to these risks (UN/ISDR, 2004b). Thus, Disaster
Risk can be conceptually represented as:

Disaster risk = Hazard * Vulnerability * Amount of elements at risk.

The abovementioned components form the three central components in risk analysis are characterized by both spatial and non-spatial attributes. Hazards
are characterized by their temporal probability and intensity, derived from a frequency-magnitude analysis. The hazard component in the equation actu-
ally refers to the probability of occurrence of a hazardous phenomenon within a specified period of time (a reference period). During the analysis 9 differ-
ent hazard types were taken into account: earthquakes, floods, landslides, mudflows, rockfalls, snow avalanches, wildfires, droughts and hail storms. For
each of these hazard types a specific susceptibility map was generated and classified into three distinct classes; high, moderate and low. The historical
information available regarding past events was then used to estimate the number of events that are likely to happen and the size of individual events
within a reference period of roughly 50 years. The spatial probability was then calculated by dividing the area of the expected events by the total area of
each hazard class.

The historical data on past hazardous events and the hazard maps will be presented in chapter 3.

Vulnerability and exposure were estimated for the following types of elements at risk: buildings, population, Gross domestic product (GDP), roads,
forests, crops and protected natural areas. These factors will be covered in more detail in chapter 2 (Baseline Data). For each combination of hazard type
and element at risk the overlapping areas were calculated using GIS, this provided the exposure information, which will be presented in Chapter 4. The
social, physical, environmental and economic vulnerability was expressed using a qualitative spatial multi-criteria evaluation technique, presented and
explained in chapter 5.1. Vulnerability values were estimated for each combination of a hazard class (high, moderate and low) for each of the 9 hazard
types and the elements at risk, and presented in a matrix. These were then used in the estimation of the final risk maps, presented in chapter 5.2.

The Figure 1.4 represents the risk assessment procedure followed in this risk Atlas, and Figure 1.5 shows the overall risk assessment methodology, repre-
sented by input maps, that was used in the analysis.
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boboBolFigure 1.4 Schematic representation of the procedure followed in this Risk Atlas.
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Hazard and Risk Assessment at National Scale

Hazard and Risk Assessment using GIS can be carried out on different geographical scales,
and for different purposes. Hazard and risk assessment at the national level covers a vast area
of information and resources. Project team carry out the modelling using ‘Raster Maps’ which
use a total cell size of 100 by 100 meters (1ha). It is important to carry out hazard and risk
assessment on a national scale in order to provide awareness raising about the problems of
hazards and risks, to improve national planning purposes, to allow for the implementation of
national disaster-risk reduction policies, to serve as an early-warning system and to allow for
the development of disaster preparedness plans and insurance policies. Given the large size
of the country, the limitations with respect to the data availability, and the methods that could
be applied, the resulting maps should be considered as general approximations and not as
guaranteed information. They cannot be used for detailed land use planning or disaster risk
reduction on the scale of individual communities. The risk assessment applications in planning
become more helpful when zooming in to the larger scales, such as the provincial or municipal
levels. For instance, hazard and risk assessment become integral components and facilitate
the comprehensive development of regional development plans and Environmental Impact
Assessments for future infrastructure developments. At the municipal level, hazard and risk as-
sessments are carried out as a basis for land-use zoning, and for the design of non-structural
risk-reduction measures. At a community level, hazard and risk assessments are carried out

in participation with local communities and local authorities, as a means to obtain local com-
mitment and support for disaster-risk reduction programmes. Consequently, more detailed
follow-up work will always be required, in the future, at this scale.

There are also a number of factors which play an important role in deciding what scale of
hazard and risk assessment should be selected. These are related to the aim of the hazard as-
sessment, the type of hazard, the operational scale at which these hazard processes are trig-
gered and how they specifically manifest themselves. These factors also relate to the size and
characteristics of the study area, the available data sources and resources, and the required
accuracy of the information.

The hazard maps generated within the framework of this project are general ones, consisting
of only 3 classes, and are made using simplified methods given the availability of data sources
at the national level in Georgia. Some of the maps were taken from earlier research (such as
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boboBolFigure 1.5 Risk assessment methodology.
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with the earthquakes, drought and hail storm hazard maps). Other maps have been made utilizing Ciiaie repiniing  Chiases dotsbase  Mazsnity wnd eids  Comnily mofile  Becbprousd foimaton
the methodology of selecting and weighting important factors in the maps for the particular hazards
with a Spatial Multi-Criteria Evaluation technique. The decision to use three classes in this map was
made in order to make the maps easier to interpret by non-experts. Within the maps the high hazard
zones indicate that, in general, about 90% of the hazard events are expected to occur within that
specific zone. The moderate hazard zones are where another 9% of the events may occur, and the low

hazard zones are those where less than 1% of the hazard events may occur.

Disacter catabasa Hazards and risks
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The reference period of 50 years, which has been used as the basis for the risk assessment, is a
rather arbitrary period. Ideally, when selecting a series of reference points several return periods are
selected for each different hazard type, and the specific losses are then calculated for each of them
and, integrated into the total risk. Given the incompleteness of the temporal information this was not
possible.
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Natural hazards Local case studies

The spatial probability estimation depends to a large degree on the detail of the hazard estimation
(the smaller the high hazard units are, the better the prediction will be) and on the data of past occur-
rences from the incomplete recorded database.

The vulnerability values used in the risk assessment are general approximations, and do not take into
account the different degrees of intensity and the different classes of elements at risk (e.g. building
types).
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Web-based Risk Atlas.
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Risk communication (RC) is an important component of effective risk governance, and is defined

as “an interactive process of exchange of information and opinion among individuals, groups, and

institutions. It involves multiple messages about the nature of risk and other messages, not strictly

about risk, that express concerns, opinions, or reactions to risk messages or to legal and institutional

arrangements for risk management” (National Research Council, 1990).

Communication is therefore at the core of successful disaster mitigation, preparedness, response

and recovery. Communicating information regarding potential and particular hazards, vulnerabilities

and risks is, however, challenging, as it is customary in human behaviour to not concern oneself

with events that may happen in the future but do not pose an immediate threat. However, during a

crisis situation this changes dramatically and it is therefore an essential requirement that citizens

are informed instantaneously by the relevant local authorities, utilizing media to support and play a

significant role in this area.

Risk communication, focusing on the imminent threat of an extreme event is referred to as a warning

and is meant to produce an appropriate emergency response. On the other hand, risk communication

programs can also focus on the long-term possibility of the occurrence of such events, and is also

therefore referred to as a hazard awareness programs.

Risk communication in the form of this Risk Atlas is aimed at:

o making citizens, media, and both local and national authorities aware of rthe existing risks in the
country;

o improving their knowledge of possible disasters, and their potential impacts;

e improving their knowledge of how best to prepare for these events;

o changing their attitude towards disaster prevention and preparedness; and

o eventually changing their behaviour towards these events.

Better interpretation of risk information by emergency managers, or by the public, depends con-

siderably on the risk visualization. Visualization of risks is one of the key processes in effective risk

governance. Since risk is a spatially varying phenomenon, Geographic Information Systems (GIS)
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technology has become a standard tool for the production and presentation of comprehensive risk
information (e.g. maps).

Risk Atlas

Maps can make it easier to comprehend specific messages, regarding potential events, to a wider
audience. Thus, maps are often one of the most effective tools utilized in facilitating risk communica-
tion. Two main instruments were developed within this specific project, both a paper risk Atlas and a
web-based Risk Atlas.

The Risk Atlas includes texts, graphs, figures, tables and maps that effectively communicate to the
user the information regarding hazards, exposure, vulnerability and risks. All of the maps contain
information regarding the map title, legend, sources of the data, scale, projection and a brief descrip-
tion regarding the contents of the map (see Figure 1.5). Alongside the main map content, each map
also has additional information that provides an overview about how the map was produced or
processed before the final visualization displayed on the maps themselves.

Web-based Risk Atlas

Nowadays, the internet is an increasingly popular tool for the communication of disaster risk informa-
tion, particularly because of its vast potential for information management. In the field of disaster
management, among others, internet based technologies are already widely used for the communi-
cation of risk information. As was mentioned above, within this project a web-based risk Atlas was
developed as a risk communication tool (See Figure 1.6). The web-based risk Atlas allows the user to
combine different types of information, and display this information in a variety of ways, for example:
hazard maps of individual hazard types; information on elements at risk; exposure maps; vulnerabil-
ity maps and maps of individual, specific risk types.

The main functions of the Web-Atlas are as follows:

Disaster reporting: where users (general public, local authorities, universities, experts, media, etc.)

39)oLHOMa30L IMbOEgIMS d98Y: Loz IMIbMYOgEML 8gydemos, dmadomlb bbgoobbgs

Lo mbol Lobgmdgdo (3va.: 396ygMo, J30mo (33960, M3OMEMAR0, BYoemNEMOY, Hhyobo o
390m0b bobdoto, mmzmob 33030 o bb3.), MoMm0mob, ©0a0emAgdMIMBL,  ©.8. dobg3z0m.
8mbo(398000 8385 IM0393L PBEBMMISEOL BoGbyMBo oGodLocMgdYo 03 Lobogomm
3m3emgbgd0b gbobgd, Gmmgdoi gz mazoem 0dbo 03 3GMgddob 3obbmEngemadol 3G mzgLdo
00 B63Ma960em00 5008060LHEO30790 9HMINEMId0L dobg300. dbemo oxedboMgdnmo
3m3em9bgd0 ogdohgde P339 dMLIOYM dMbO393mY dOBOL O FYdnzo dmbgde domo
30bobemgodo.

LogMmbobo o Gob3zob ©Y3900: LooE dmBb3oMmgdgmL Lodyomgde og3L, goboboemnmb

Lo Mbggdoby o Gb3gdal Lbgoolbgo Gy3s. 3oL, Jgdmos dmo3m3mL NbEMMIdE0S

Lo Mbggdal, Mob3ob 30m0ob3nt ymmbol, dmByzMOEMBNLY O G0ob39d0L Jgbobgd, HmBmgdas
Bo®Imeoagboemos Lbzoolbgo v030baLEHMOBMY MbdY Fommzol LuabhgMgbm 6gdabdogH
9003006 3030H 0 gdoB0.

Lo3MgdM™L 3B MABM0: Lo Bgbodemgdgmnd ©dnboLbAHGEYM 9HMIYmgddy (Hggombo,
316030300t gho, Lo3BIOYMM) dm3emg BRMMIS300L FM3M390d. 9b BRMMId300 BmEO3L
06RgYem ©003060LHGSE30YM 9O MNIYBY dmEEbmo bhodoy®o dm3zemgbgdol AsboBgtgdnl
MomgbmdLL 0ogEmOF0LL o 3bMHMab bobom, Lummbggdol Hy393L (Bomomo, Bmdogho o
0000 30molLgdnm), bbgoobbgo Mmdnggdhol (8g6mdgdn, dmbobemgmds, 383, boghMmobb3mtMhm
d4bgemo, hyg, bobbog-bomgbo 30Bg00) Mob3ol 30mob3ot ymmwbol mommgymo Loy mbob
Hho3obom3ob.

0969060030 LoRONbggda: Logss Fgbodemgdgemod dMEOELYMO NbEMMIdE0L dmdogds Lbgoobbgo
Lobob 316906030 LHogdonMo dmaemgbol Jgbobgd. ©3 BoBoemBo dgbodemgdgemos Lbgoobbzo
LObHIELM Ld3oMbob dMI3390m0 GY39d0L RodmEH30Mm N30 (PDF-0b BMMISHA0).
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390)oLHOMa30b Mob3ob dgds0tMgde: Ggbodemgdgemos 3B mgdhol BaMmaemmgddo RodhoMmgdymo yzgemo
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Web-GIS-0b 3odmygbgdo 8gbademgdgemos 898093 0b6hgtbghazatwdy: http://drm.cenn.org

The Web-GIS application can be accessed through the following website: http://drm.cenn.org

can report about disasters/hazardous events in their own area in real time. Firstly, the users have to
be registered to be able to make a report and, after the process of registration, a user can then locate
the hazardous event as a point, line or area on the map.

Disaster database: where users can query different hazards by types (e.g. landslide, rock-falls,
mudflows, flooding/flash flooding, wildfires, snow avalanches, etc.), by date, by location, etc. The
database includes hazardous events recorded in the past, based on information that was gathered
during the project’s initial implementation phases and which was presented by various administra-
tive units. Newly reported events will now be added to the existing database and updated continu-
ously in live, real time.

Hazard and risk maps: where users can view different hazard and risk maps. The user can retrieve re-
ports regarding hazards, exposure, vulnerability and risks presented, for any place of interest across
multiple administrative levels.

Community profile: where a shortened version of the information regarding the different administra-
tive units (region, municipality and community) can be generated. This information includes: the
number of recorded natural hazardous events present, displayed as graphs and tables; the hazard
maps (with high, moderate and low classes) the exposure of elements at risk (buildings, population,
GDP, transportation, forest and crops) listed by percentages for each hazard type.

Natural hazards: where background information regarding different types of hazards can be found.
A range of different maps covering different interests (in pdf format) can also be downloaded in this
section.

Local case studies: where case studies that were carried out within the project can be downloaded in
Georgian and English languages.

Disaster Risk Reduction: where all the training materials carried out within the project can be down-
loaded. Information relevant to DRR can also be uploaded here.

Paper Atlas: where the selected Atlas, including all user selected information, will be available in pdf
format and can be downloaded and printed by the user.
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In order to effectively visualize the reported natural disasters and to efficiently assess the hazards,
vulnerabilities and risks applicable to this Atlas, various spatial and non-spatial data (instrumental,
historical, reported natural disaster data, statistical data and other geo-data) have been applied.

For the hazard assessment, specific hydro-meteorological data was used. Within the territory of
Georgia, a system of regular meteorological observation stations has been active since 1844. Up until
1990, the number of meteorological stations and posts equated to 100 stations and 60 posts. Since
2008, the number of meteorological stations has been reduced to 14 and the number of posts has
also been reduced to a total of 14.
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Information pertaining to natural disasters with specific locations (mudflows, landslides, rockfalls
and snow avalanches) was provided by the National Environmental Agency, the historic (as well as
instrumental) data on earthquakes was provided by Ilia State University, Institute for Earth Science
Studies. Due to the unavailability of specific, detailed data on the geographic locations of wildfires,
it was decided that the MODIS burnt areas (2000-2011) data source would be applied. Within the
framework of the project, some data was also collected on previously reported natural phenomena
from various sources; these are described in more detail in section 3.2.

In order to effectively assess the risks, both the CENN geo-database and other statistical and spatial
data sources (provided by various institutions) were used. This data was processed in the framework

Baseline Data
dgbogomo
Introduction

8mb0(39800 dmdogdo o 89800330 31893900 3EBVZ30tM IEXMOTNYBOLMOB nym
00393306909m0. 396L3YNMIOYM Lo YL J3bod IMbOEIFMO SHBGLIOMOY (30RH YD
Bm®Ioh30 o 350 dMm3mM3900bmb, BgbBogemobs o 960M0BMb o330 gdYmo
Lodbgemggdo. dmd3z9emgdYo o vGBLEYMO ImMbo393900L godmygbgdol dggasc
303mB3990m30 6530mMm306909330 3obldM3EML 5boeMEBOL LddmmM™M boboomoa. sdo¢hma
9900939006 bLHYYMRL 3086000 IMv30¢m0 YOS 0969L oBMYILIdNEMO 3obObeMYdYO O
IBO® IHOMYM0 0603mG o300l 393(339¢m0 3mbo399900.

of the project. The list and sources of all of the complete data are provided in greater detailin Annex 2.

Obtaining and subsequent processing of data has been associated with a number of difficulties,
these include: the majority of data not existing in a digital format, problems related to data sharing
and communication, and the dispersed locations of related datasets. In addition to this, much of the
data that was applied was outdated and inaccurate. These inaccuracies will certainly have an impact
on the results of the analyses, and should be substituted by updated and more detailed information
in the future, to improve the results.
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LogoHMN3geML HaMohMmM0d 3oba3gbomos Bm. MboLb 5,201 3 bodommgdcog.
LOJOOHMNZIINML 3gMEEMOAYI0 3MMEMEbHYV0L: ABommmgmom — Abommm 3obgrol 43°
35' 25" 0o 903mbozmmgm gddgob 40°23' 31"; budbMmgmom — Ataomm gobgrol 41° 02'
58" 000 0gmBmbogemgm gMmdgnl 46° 30", obogemgmom — Rdommm 3obgoab 43° 23' 31"o
03mbogemgm gtdgob 40° 00 30"; omdmbogmgmom — B ommm gobgwob 41° 17" o
d0Imbogemgm ghdgool 46° 44' 31",

89000609000 898mYYM0 BOHMMOOL 3gMmbg LodoHM3gmmL HgGodhmMoolb Bgodo®o mEds
0606936090000 O MY 3003bMAIHMOYO 30630MMYO0M boboomgds. bugotmagemmb
4390089 9300 gdyem boBoemdo (39339b0mboL ggob b3obgmolb dmbo339mBg) bodomemgmo
Lbgomdo 4—-2033 306doemom OdMEYdY 398mdgm dgnemgdl Bm&oab, 2,700-3,550 3-0b
LBM3MYOT0 (3390M9OOEMOL.

Lo M39M™L J0BLMBYHGOY 3o63000MYOBY b 38oME ByLh BoMIMagbol 3ggodema3L
3o0bo HgGodhmMoob goboBoemgdo bodommomo LogbyMgdol obgz0m (ob.3bGHogmo 2.1).

bodommob 0GP0 IMmgemo
6060800900609 dhemobdo dm3997cm0 LogHmMbggdol dga3oLgdobm3z0lL godmygbgdymo
Lodommob 30WGHYMO BmEgmod: ImB063g 3MLAMLYH Mg&BYmo godmbboggdobo
00 96933tm0b HoEom3ghMmob (ASTER) 3emmdoagmymo bodogmemob 303G Yo dmgemo
(GDEM), ®»m3gemo(3 899360cmos 988-0b 99mMmbo3h030Lo o 3mLAMbyMo bogtmEob 33cmg30L
9 m3610m0 LEFFONZIEM™L (NASA) o 003MbooL g3MbMTn30l, 30dErXMBOLY O 0bEYLHGOL
LdobobH®ML (METI) 3096. ASTER GDEM-0b 6gdmemy300 — (30gbgemol Bmdo) osbenmgdom
30 3900, GMAgemo(3 89900393 300390 100-39h&006 30gdbgmo (1 399do®o), Gmame3
Ohemobdo BomHIMaggboemo Lo Mbggdol vbooBobm3zol 3odmygbgdymo ghmgyemob dmas.
30633603 0bogmgm LogoMm3zgemmb ozbmdghMmoymo Y30, Gm3gemos 8g0gdbo ASTER

10 GDEM-39 c0oy®bmdom. 53Mm9m3g y39eme obotmAgbo dmboigdo/mgbs, Mmagmmogss
99L3™B0300, BIHEMIZOOL LM (nboemgm BIHEMBYINL EbMol M3 Joh33603 dm3937m
303bmBgHM00L B13089), BI09BEL YMNBEIOMBS o bbgd, 890Jdbs GDEM-006.

coobogemgm bogdohmggemm 0mImbogmgm bogdomzgemm bogdoerm39emm 3em0obo

Lodommomo boxgbyMo
Western Georgia Eastern Georgia Entire Georgia

30%/km?2 %
0.8

Georgia’s territory extends to an altitude of around 5,201 m above sea level. Georgia’s geographic Altitude

coordinates are: in the North — latitude 43° 35' 25" N and longitude: 40°23' 31" E. In the South —

latitude 41° 02' 58" N and longitude: 46° 30'E. In the West - latitude 43° 23' 31" N and longitude: 40°
%
7,673.2 24

00 30"E. In the East — latitude: 41° 17' N and longitude 46° 44' 31" E.

The surface of Georgia’s territory characterized by complex hypsometry and is subdivided into

several major altitudinal zones. At the highest part of Georgia (the Svaneti section of the Caucasus 020 282.2 7:955-4

Range), the change in elevation within 4-20 km, ranges between 2,700-3,550 m. 200-400 7.7 3,405.7 5,870.3

Dividing Georgia’s territory by elevation (altitude) ranges provides quite a detailed picture of its 5

hypsometric development (see Table 2.1). 400-600 o8 4245-1 : 6,349.7
.. . 600-1,000 7,871.3 11,881.1

Digital Elevation Model (DEM)

The DEM used in this atlas for hazard assessment is the Advanced Spaceborne Thermal Emission 1,000-1,400 5,851.7 . 9,996.4

and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) that was developed jointly 1,400-1,800 5,708.1 9,736.7

by the U.S. National Aeronautics and Space Administration (NASA) and Japan’s Ministry of Economy,

Trade, and Industry (METI). The ASTER GDEM resolution (pixel size) is about 30 m, this was further 1,800-2,200 4,719.6 7,809.2

resampled into a 100 m pixel (1 hectare), the unit of hazard analysis used in this Atlas. 2,200-2,600 2,933.8 . 5,368.1

The hypsometry map of Georgia, generated by the ASTER GDEM, can be seen on the right. All other
necessary data/layers such as aspect slope (see inset map on the hypsometry map), curvature, etc.
were generated by the GDEM as well. 3,000-3,500

2,600-3,000 1,737.7 : 3,041.1

601.8 . 1,075.9

3,500-4,000 178.4 : 343.9

4,000-4,500 24.8 56.4
4,500-5,000 4.7 9.8

37,564.9 69,493.9

dmgemo hgbodhmEos/Entire Area

LogdoMM39emmL HaMohmMoob gobobBogmngds bodommomo boxgbytgdol dobgz0m (bodotmzgemmb ggmadmoxns, bobogmo I, 2000).

GbGoco/Table 2.1 {Altitudinal subdivision of Georgia (bogo®m3zgemmb ggma®ogns, bobogmo |, 2000).
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bogdotmzggmmb Bhabohm®mos, HMamMOE 30330L00bL 6B, IgdOMIMBL g3thoBoobo

00 dROM-0Mdgm0b Boemgdol 3g3obgdol Brmemdn, bdgemmodys (vem3nMm-3odomoy®o)

Lot hygemBo, 930M30Lo o 9800bL bgzdgbhgdol LoBmaotBdg. dobo ggmemmaon®o bh®ydhyMe
do60mod© 9390700 398mBmy®o (250-60 dogmombo B9emo) o 3006mBmyMo dbozol
Boemggdgoom (60 dogmombo Bgemo @gdwg). YRO™® dEMIYMmO (3030603530090 S
3oemgmBmyMHo BmM3dE30900) 393M(396MIOP0d 33069 HamohmM0od.

090003060L g9 gob obemm3o300L botobbob, ggmemmanyho mo30Lg0YMHgdgdLL
93memy300L d0bg30m bogdohmzgmmb hgmohmmoodg godmoymaze 3930930 BHadhmbozyco
bOGIhG9d0:

1) 39330L0Mb0L JMO356M0 Jgol Bomas Lobhgds; 2) 93096 30330L00b dmomodys o6My;

o 3) 33069 39339L0mb60L Bomdo bobhgdo. 8gdmm v0badbyemo dbbgoemo HaddhmboznMo
LAGYIHIOI0, MO30L b3, nymaze bbloobbgs (Igmbg o dgbodg Mogol) haddhmbozn®
9HNIITO.

bhGOHgMHOR0

LogoOmM3gemmL HIMohMM0089 303G E39IMIdYMO Yd39emgbo 308860YdoLBnbobgmo,

939000 o 390 3oemgmBmyMo Jobgdo Boemdmagboemos yzgmo hgdhmbozn® gbhmgyemmao.
00 0bo30L Jobgdo god0d3emgdYM0S 30330L0MbOL ;o306 Jgob Bmbodn, bogdotmggmmmb
d9emBob hgGodhm®oobe o 3306y 30339b0mb8g BoMdmagbocmas gbgobgdom, 3Gobhommydo
®30demgd00m, 530300M0hgdomo o bbs.

B900030mmgmBmy®0 sbo30b Jobgdo godndzmgdnmod (396G 30330L0mbob bdbmgm
399089 o doM0moEsE BoMIMagdogmo 960sb moboagogdmgdom, §30d0g39d0m,
H6d00hId0m, MMobHMLEHGMIZO0m, BoGBoGommb m0bBgdoms o 30mhahg 9bgBoc-
30960 3939600 9000.

H®0obymo 6oemggdgdo 33b30gds 30339L0MmbBOL FmvzoM0 gl LodbMgm 3mmoBy
(dotromoog, 3. 9639Mob ©39880) o Bo®mBmggbomos oEnh-MommomnyMo

31 3900h)9000, 3306300060 30809390000 O BEMYZOMOHIIN.

0960 bogmgdgdn, YBG™ d3gem Bocmdmbogddbgddgo 3obemoggdnmo o 3o3M39eMIIYT0S
Logdo®mzgemmb yzgeme Bhgdhmbozn® 9hmgyemao. dmbodbymo boemgdgdo BoGdmggboemos
00bdx30gemgd0m, J3085939000, HGd0OHIV0m, HOMEOMgOnm, doBOEHMO 390000

The territory of Georgia, as a part of the Caucasus, is located within the collision zone of the Eurasian
and Afro-Arabian plates, in the Mediterranean (Alpine-Himalayan) belt, at the interface of European
and Asian segments. It is built mainly of Mesozoic (250-60 Million years) and Cenozoic sediments
(60 Million years-present). Early (Precambrian and Paleozoic) formations occupy smaller area.

The following tectonic units can be distinguished on the territory of Georgia by the Earth crust dispo-
sition, geological characteristics and evolution:

1) The folded system of the Greater Caucasus; 2) The Transcaucasian intermountain zone; and 3)
The folded system of the Lesser Caucasus. Each tectonic unit is subdivided into secondary and
tertiary tectonic units.

Stratigraphy:

The oldest Precambrian rocks - Lower and Middle Paleozoic rocks are found in all tectonic units. The
rocks of this period - gneisses, crystalline schists, amphibolites, etc. are exposed within the zone of
the Greater Caucasus range.

Upper Paleozoic rocks - clay-shales, sandstones, turbidities, olistostromes, lenses of marbles and
lime alkaline andesite-dacite volcanites are exposed of the southern slope in the central part of the
Great Caucasus.

Triassic sediments - daciti-rhyolitic volcanites, quartz sandstones and siltstones are observed on
the southern slope of the Greater Caucasus range (mainly in the Enguri river basin).

Jurassic sediments overlaying the older formations are found in all tectonic units of Georgia. These
sediments are comprised of clayshales, sandstones, turbidites, rhyolites, and basaltic lavas and
their pyroclastic deposits, gravelites, conglomerates, clays and red zoogenic limestones.

Cretaceous sediments are found within the folded system of the Greater Caucasus range. Creta-

00 3000 306HM3mOLAHMMOMNII0m, 3MO39M0HIO0M, 3MB3EMIIMOHIO0M, M0bgdMS O
Bomgemo Bmmagby®o 306 g39000.

3o®EYmo dbo3ob boemgdgdn 33b3gds 39330L0MbBOL dmo30Mm0 Jgol bomds Lobhgdol
ROMZm9d80. 3G dbO30L Jobgdo BoMIMagbomos 3cMOLHYG-30Mmg3Mmo,
93080939-0¢mg3H Mot Mo 3emodob o mbgemo Bmaol 306939000, 396H39eMgd0m O
3mon3mbohto J3080943900L bobom. bdb&Hgmom o bagotmaggmmb dgemdol BoMzgmgddo
39O bogmgdgdo g3b3gde 3060939000, FoMBoG0mML, Mbgdobo s gemon3mbohyto
9308093900L Loboo.

30m9mag69Mn Jobgdo 3o3ME39mYdYM0S 30339L0mboL LvdbEgM 30tMMdL Mog vEaNTM9ddn
03060-0MH 0o gmob Bomdo bobdhgdodo, bogo®mzgmmmb BMoMEdMENL doMHB0, ¥ M3060bS O
mmdob hgdhmboznto ghmgnmgdol bodmamgddn. smbodbymo Jobgdo Bomdmeagbomos
43080930-0em93MH Mo y®0 Bmodom, 3069439000, 39MH3gemad0m, mobgdom, J3085d39d00m,
360390m0h900m0 O JoMToGm0mmb Jyode99d00m.

69m3969®M0 dbo30L Job9d0 o3M39eMION0d doEMOEOE dMMOLYH g3hgbogddo o
Bo®Bmagboemos Bm309&0 (mobgdo, 9308093900, 3mbgemmagHohgdo, 306d3900 O
396M39em9d0) o 3:mb6dh0bgbhM (3mbammIgMothgdo, J308093900, 9308900 O M0bgdo)
dmmobgdom. LodbGgm bodommzgmmBn bgmggbyco bogmgdgdo BoMHImagbomos
9600980(h900m, 9600980hO30HIO0mM, PMMgMOHIO0MS O 3omM0 Mb3bemgdo
30GOm3mobhmmodhgdom.

39mmbgyemo bogmggdgdo gob30moMmgdnmos bdgdoMm3gemmb M0:mddnob dmgm hgdodhmMoody
0 606H3ma960em0s 30boMhgymo 3G mmY30960, 9mmY30960, d3g9em dyobzstymo,
3MmY309M0 o bbgs bobob Eo?MIMBgabgd0m. gb dM0lb 3EbMgYMo hgeobgdol
Bo®mImMbogdbgdn, bodo godynbzoMmgdol 3gGomeol dmmgbgdo o 3y 39by&0 Bo®mdmbogddbgon
39396960 3067LgdobY O MEZMO 6350900L bobom (30339b0mbob J9Bdg, yoBdgaol
bEdbGIMOM O MMM gmML 9g8g, dmMHIMINL d0odmM9ddon).

ceous sediments are represented by clastic-limestone, sandstone-siltstone flysch and thin marine
limestones, marls and glauconitic sandstones. The following Cretaceous sediments: limestones,
marlbles, clays and glauconitic sandstones are found in the southern part of Georgia and within the
Georgian Block.

Paleogenic rocks are found at certain locations of the southern slopes of the Greater Caucasus, in
the Achara-Trialeti folded system, within the Georgian intermountain lowland and the Artvini and

Loki tectonic units. The mentioned rocks are comprised of sandstone-siltstone flysch, limestones,
marls, clays, sanstones, gravelites and marble strata.

Neogenic rocks are found mainly in molasses depressions. They are represented by marine (clays,
sandstones, conglomerates, limestones and marls) and continental molasses (conglomerates,
sandstones, sands and clays). In the southern part of Georgia the following Neogenic rocks are
widespread: andesites, andesite-dacites, dolerites subaerial and accompanying pyroclastolites.

Quaternary deposits — fluvial proluvial, diluvial, old glacial, colluvial and other formations are found
almost throughout the territory of Georgia. These include river terrace formations, three moraines of
glacial period and volcanic formations in the form of volcanic cones and lava streams (on the Greater
Caucasus range, south to Kazbegi and on the Trialeti range, near Borjomi).

©06oe9d0, (06oe9d-371396ma9bYM0 o FYmm 306G Jobgdo
Sedimentary, volcanogenic-sedimentary and volcanic rocks
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dgmmbgyemo bobhgdo oybobgztgdgemn/Quaternary system (undismembered)

39mmbgyemo bndogcnmo v6gBodhgdo, oE0HIV0 s S6gBowaE0hgdo

Quaternary subaerial andesites, dacites, andesite-dacites

8o 0o B900089mmbgnemo bydaghH Yo EMEG0hgd, 5brgBohgdo ws dbgBowazahgdo

Middle-Upper Quaternary subarial dolerites, andesites and andesite-dacites
890003¢m0m(39696-93900089mmbgyemo bndogHnemo doBomAHIdn, meEmgMhgdo,

9bgBoh-d0Boamhgdn, Hdob bogmggdgde (Bogm3o-obomgdommadol Gygdo)

Upper Pliocene-Lower Quaternary deposites: subarial basalts, dolerites and andesite-basalts,

lacustrine deposits (Tsalka-Akhalkalaki suite)

69ma96n&0 (conboBg3Mhgdgmo) g308093900, mobgdo, 3mbammBgMmOHIdo (Br30960 o 3mBbHBIBHYMO dmemobo)
Neogene system (undismembered) sandstone, clays, conglomerates (marine and continental molasse)
B90003¢m0m396960 bydogHnemo 96gBodh-doBommhHgde, Hoob, vbrgdohgdo

Upper Pliocene. Subareal andesite-basalts, andesites

8900080m39696-9390003m0m39696M0 9600980HI00, doBoENHIV0, ©IE0HIdN, Bomeomgde (3mwghdob Bygdo)
Upper Miocene and Lower Pliocene andesites, basalts, dacites and rhyolites (Goderdzi suite)

B9mbnc0o o 3mbhMo 3mbaemmBgMohgdn, 9308593900, Mobgdo (Bm309Mo o 3mbHNBIbHYGN Bmemabs)
Meotian and Pontian conglomerates, sandstones, clays (Marine and continental molasse)

Lo®3odhymo g308093900, mobgdo, 3mbammmAgMmohgdo, dgMagmgdn, 306d39d0

Sarmatian sandstones, clays, conglomerates, marls, limestones

80800396960 00bgde, J3085943990, 3m63mMAIGOHIdN, FgMaITd0, 30693900 (830900 dmemobo)
Middle Miocene clays, sandstones, conglomerates, marls, limestones (marine molasse)

™e03m39679M0 o J3900080m39696M0 Mabgda, g308093900, 3baMBgMIHIdN(Bon3m3al Lgens), Brzoydo dmenobs
Oligocene and Lower Miocene clays, sandstones, conglomerates (Maikop series). Marine molasse
890009m3967600 05 ME0am396YM0 3MbaT™BgMOHgdo, 9308593900, demgzBMEMOhgdn, Mobgda,
™obHOMLHGMEgd0 (30600b Eygds), mmodmemgdoboobo s BMGd0boghgdosbo dgMzgemgde, 30MHJ3900
Upper Eocene and Oligocene conglomerates, sandstones, sillstones, clays, olistostromes (Kinta suite).

Shalow water deposits: foraminiferal marls, limestones

890009m396760 MmmobhG®bAHG®Bd, 3G39tmahgdn, 308593900, BMEB060RgMIdN60 o PG Meng3abosbo
396a9mmgd0, doBoemh e, 9600980¢h-d0B8oemAHId0, (ool o HMododh o gogzgd

Upper Eocene olistostromes, gritstones, sandstones, foraminiferal marls, lavas and volcanic tuffs of basalts and trachytes
809m396960 J308093900, 30693980, hnygde, mabHHmbHG™AEgd0, doBomhndo, vbwgdodao, oohydo ©s
Gommooy®o 3obsgbgdo o 3nmm3069Ho dGgdhogdo

Middle Eocene sandstones, limestones, tuffs, olistostromes, basalts, andesites, dacites and rhyolites, volcanic breccias
939000 o 89090396960 89H3gm9d0, 9G0THYd0, §3030g3900, 3063900, 3M63MBHIHId0

Lower and Middle Eocene marls, argillites, sandstones, limestones, conglomerates

3ogmgmE9bnMo o gmEgbymo docBRbo Brzol 306Hd3900, 39MH3gemgdo o J3080d300emgzMMEoh M Bemodo
Paleocene and Eocene shallow water marine limestones, marls and sandstone-siltstone flysch

309396960 ©d J390009m3969M0 J3080430-2¢m93BMEMOBHIGH0 O JEALHYG-30693em0

@080, HaBGmAHyGd0ohId0, 39H3gemgdo, mobgdo

Paleocene and Lower Eocene sandstone-siltstone and clastic limestone flysch, tephro-turbidites, marls, clays

89000306390 (0oY6069309d9em0); J3085930-00093HMOGHYH0 > 3oL YM-3067939em0 Bemodo; BoHRbo Brgol
3emon3mbohobo g30809d3900, 30693930, dBoTHIdN, 9609B0G-0BoHIdN, 96gBHIBNL, HEodoobrogBahgdol,
HMogdohgdol o Bmbmeahgdalb gobygbgdo

Upper Cretaceous (undismembered). sandstone-siltstone and clastic limestone flysch, shallowwater glauconitic sandstones,
limestones, basalts, andesite-basalts and volcanic tuffs of andesite, trachyandesites, trachytes and phonolites

B900009Mmnm0 3ol y®-306d3nemo B3e0dn, me03060060 doBomAHIdN, Hmmgodhydo doBoemhgdn, sbrgdohgde,
9308593900, 36939tm0hgdo, 3mbaemmBgMohgdo, mobgdo, BgMHzgmgdo

Upper Jurassic clastic-limestone flysch, olivine basalts, tholeiitic basalts, andesites, sandstones,

gritstones, conglomerates, clays, marls.

89000350370 J3085d30-0emg3OME0h M0 Bwodo dodAbo Brgalb 300d3gd0, K8mbohydo 0t0d3gde, dgGzgmgda,
BB 60, 9600980 nM0 o oYM t3YMH0 dGgJRgdo o J0Gm3emIbmmeEmodgdo

Upper Cretaceous sandstone-sillstone flycsh, Shallow-water-marine limestones, ammonitic limestones, marls, volcanic
tuffs of basalts, andesites and lava breccias

80096HY0 m0bgde, 6aoemodhgde, J303593990, 9emgzBMEahgdn, doBoemH G, 96009B0¢h-doBommAHgdn, vbrgdodhydo,
0300 O HOMEOMYGO (3930, 3OO dGIJR0d0, 30HMmbAHMNMII0 S HIBOMHYMd0LOHId0
Middle Jurassic clay, argillites, sandstones, siltstones, volcanic tuffs of bazalts, andesite-basalts, andesites, dacites and
rhyolites, tuffites, tephroturbidites and tephroargillites.

9390000960 O d0eMIBYM0 Mobogagdmgdn, J308939G0 S SeMYZOMEOGHYGO HMINOHIVN, 3MBZTMIIMOHIdN,
39639900, 30693900, doBOEHYMO o dBEIBaB GO Hywgdo

Lower Jurassic and Aalenian sandstones, sandstone and siltstone turbidites, conglomerates, marls, limestones,

tuffs of basalts and andesites

93900009690 Mmobdxgngdemgdn, demgzdmemohgde, J3085943960 BhnMdoodgd, sb3owydo godmgdo,
HomgohdodomdHMo mogyco 3obxgbgdo, 30093900, gMagmgde

Lower Jurassic shales, siltstones, sandstone turbidites, slates, tholeite basaltic lava sheets, limestones, marls
H0sbyemo 96 3mBYmo J308593920, 00bgdo, HyBoHId0, HOMEMNYM0 o d9BocHYM0 HBIdO S MO39d0
(Boyemob Bygde), 8030 moboxzogdmmgdo, boemoohgdo, g308093900, 3r039em0GHgdn, 30630l 06890 (00Bob Bygds)
Triassic arcose sandstones, clays, tuffites, tuffs and lavas of calc-alkalic rhyolites and basalts (Naruli series),

black clay shales, silicites, sandstones and gritstones, lenses of limestones (Dizi series)

3060dmbYm0 o 39630 Boemohgdo, J308593990, 96gBGHYGO S WM J0HM3ELHMEOmgdo,
Bom3om0ommb m0b8gdo (00Bob Bygds)

Carboniferous and Permian phyllites, sandstones, volcanic tuffs of andesitic and dacitic composition,

marble lenses, (Dizi series)

©93m6YG0 3Mho39emohgdo, 9308093960 HyMd0©0HId0, Bomohgda, FoGHBoMmommb tm0bBgdn, 3090560 Bodemgdoa,
Logmoohgdo (c0dob Bygdo)

Devonian gritstones, sandstone turbidites, phyllites, lenses of marbles, cherty shales and silicites (Dizi series)
30MdMBYm0 3mBzmmAgMHgdn, 3r39em0hgde, J3085d39d0, 9MHgomodhgdo, 306d30L c0bBgde (J3080L Bygdo),
3m6¢h069b6¢h M0 Homeomgdo o Bomo J0Mm3mobhmenomngdo

36 308yem0 J308593990b 8036993000 o MBBgd0m, LdOIBYIO BHommomgdo, doBoenhgdo

0 3000 306 M 3emobhmemomgdo, hnx)gdo, bogmosohgdo, bobdomasbo iodemgdo, sdgomodhgdo

Carboniferous conglomerates, gritstones, sandstones, argilites, lenses of limestones (Kvishi suite),

continental rhyolites and their volcanic tuffs with intercalations and lenses of arcose

sandstones, subaeral rhyolites, basalts and their volcanic tuffs, tuffites, silicites, coaly shales, argillites

939000 0o Bno3oemgmBmYMo Boemohgdo, 3gho3gemodhgde, d9hod308093930, Homemomny®o hywgda,
33960300900, 3oGBoM0EH™L M6BgdN

Lower and Middle Paleozoic phyllites, metapellites, metasandstones, rhyolitic tuffs, quartzites, marble lenses
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Mm3939%0/Faults
H9ddmboznto BgbMgdo (Jotooggdn)/Nappes

A A

3gbbemghgde o Bgamgdgde/
Reversed faults and thrusts

Normal faults and faults of unstated nature

03039 ©393900, 3g3ggeo bogsGob 393/
The same faults covered by younger deposits

o 25 50

000700396960 376930b H393900 o bobberghgde/

3G mbhOYBonmo 3mbhodhgde/Protrusive contacts

393096960 Jobgdol bobgbbzomdgdn
Volcanic rocks

306-¢hyh9/Calc-alkalic

An69/Subalkalic

byoHdh9/Alcalic

O™egobyco/
Tholeiitic

bbgo boddmemmgdo
Other symbols

39396960 396¢hH0/

100 33/km

3oL3¢yoodo / Scale: 1:1500 000

Volcanic center
Ggodhm®o: 9. godyegemodg/Editor: I. Gamkrelidze.
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41°E 42°E 43°E 44°E 45°E 46°E
06GhMmNB0Ymo o bYIZYM396YMo Lbgnemgdo/Plutons and subvolcanic bodies B9003509mBeY0 330630360 OmGHI0
939000-89035emgmBmM0 3mmoz0mabgaligdn, s8a30dmmongdn, Bghs3mBamMAgHIGIY0, Upper Paleozoic quartz-diorites
- 33963001990, 306BHOMII0 (d0b IghodmB B 3133emgdln) 3e0m(3gbnco doBaemigdo 890003063960 Gomemomgdo 8900030mgmBmyo 3GobohmoEgdo o oo 3bgobyo bobgbbgomdgdn
Lower and Middle Paleozoic plagiogneisses, amphibolites, metaconglomerates, quartzites, marbles Pliocene Basalts Upper Cretaceous rhyolites Upper Paleozoic granitoids and their gneissic varieties
B90009m39679M0 bogbohgdo o bogboh-omEohgdo 89000300370 EOE0AHIV0 8900030emgmBmy®o 330630060 omGohgdo, © 1$H900, 3OOOM (O h9d

(Laba metamorphic complex)

3GOMHIOOBMYO0 05 §3900030emgMmBmPG0 3GHobHdEYM0 Bogdemgdo, 3emagom o

3Mobohabgobgda, 0gdodhohgdo (803960l dghodm®inmo 3md3emgdLo),

3m0g03690Lgdn, 930dmmahgde (d39magbob dghedm®anmo 3m33emgdLa),

39¢hodoBohgdn, bbgowolbgs Bademgda, 330G 30 gd0, BdGFIHML cmBBgd0

Proterozoic and Lower Paleozoic crystalline schists, plagio-and granite-gneisses, migmatites (Macera metamorphic
complex), plagiogneisses, amphibolites (Buulgen metamorphic complex), metabasites, chlorite, schists, quartzites,
marble lenses

3OmHIO®BMYG0 3G0LHIMIG Bogdemgdo o 3dgdodhohgd, s8xB0dmmohgdo, dotymmobs

0 b6odob dobozgdol 3bgobym-dogdohodymo 3md3emgdlo: bbgoobbgs

B0gdangdo, 93300m0hgd0, 3emogamabgabgdn, 3emogamdogdahohgde

Proterozoic crystalline schists and migmatites, amphibolites, Dzirula and Khrami massif gneissmigmatite

complex: schists, amphibolites, plagiognei and plagiomi ite

35

Upper Eocene syenites, syenit-diorites

B909m(396960 godOM-306Hmgbgbohgdo, 3odmm, 3dGM-0MMHId0, COME0HId0
Middle Eocene gabbro-pyroxenite, gabbros, gabbro-diorites, diorites, quartz-diorites
B09m(396960 06009B0d0BOMHIO0

Middle Eocene andesite-basalts

30emgm396-9m396960 Iemogoma 306900, 3O6MEoMG0H-3mMHBMHId0
Paleocene-Eocene plagiogranit-porphyries granodiorite-porphyries

89000300390 H98960hgd0, 3083HmBoGHgd0, BmbAnzohgde

Upper Cretaceous teschenites, camptonites and monchiquites

ByooyHyemo 008900, ©00308-3mGB0M0HI0, INOHBOGHIdO

Middle Jurassic diabases, diabas-porphyrites, porphyrites

Hobarh-3

Upper Cretaceous dacites

89009690 3mMHB0MLIdGO gMhobohmowgdo

Middle lurassic porphyraceous granitoids

8900960 3Gobodhmogdo

Middle Jurassic granitoids

oGm0 gadem! ©00008-3mHB0H0HId0 ©d 3MOBoHMowId
Middle Jurassic gabbro-diabases, diabas-porphyrites and granitoids
Bpoopcymo 306Hmgdlgbohgdo, 3odGMId0 O LoMMHIO0

Middle Jurassic pyroxenites, gabbros, diorites

B900030emgmBmyn®o 803G 3em0b0sbo gMhobohgdo

Upper Paleozoic microcline granites, granodiorites

24802,
J

Upper Paleozoic quartz-diorites, diorites, gabbro-diorites
F9030emgmBmy®o gbgobobgddo 330630060 omGHgdo
Middle Paleozoic gneissous quartz-diorites

3OMHIOOBMYO0 330D 3-00MmMOH IO MHMHM36goLgda
Proterozoic quartz-dioritic orthogneisses

3GmHIOOBNYOH0 3odOHM®OId0

Proterozoic gabbroids

3OmHgOH®BMYH0 3cmogomabgalgdo o 3emogomamobohgdn
Proterozoic plagic and plagic i

3GmbHgmHmBmYM dobhoydo LgM3ghHoboBdmo YendHHdBHId
Protrusions of mantle serpentinous ultrabasites
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bogdo®mzgmmb mobodgdmmag Mgmogmn Bohdmagbogmos gobbbgoggdymo
303LmBgHM0YT0 O IMOWMZHOBRYM0 M30Lgd7M Y900l 3gMmby BMEBJO0m — dmomo
06¢h)9bLboYEOE ObE93MgOYMO BIHEMBgd0m, MM 9HMmBoYmo bgmdgdom, dmomedmmobo
439090m900m, 0O (HY9TBIEE306H0000 OO MOIINM, 30399000, JeMOHhMI0Md O B9abgdnm.
39MMa0YMo ©39079emg00bo o HImMogiol 030bgd1Mgd900L ZomzoemolBnbgdol
bomyd3gmBg bodomM39mMML HgGodhmG008g 3odmoymad 30339b0MbOL domommdmoobgmab,
33069 30330L0MbOL LB MBMNNO6gMOL, LddbMHgm bogdoGMN39eMML 39 306M0 Fm0obgmabo
0 300000dmMH0Lo g3hgLool ggmameOmEmmmanyho megdgdo.

bogdo®mzgmmb BhaMohmEmodg, dob Aoemm boBoemdn sgmdodmmyemo 30330L0mbol

990000 dmb33900 69030 96d0emBge 3o303ncm0 AMLOTHM-oLB3NgmNb bydbMgm-
003mLO3EMgmol 303oGMYMgdam. dobo Lddgoemm bodomeng 3,520 3-b Ptab,

30g4L0doemyMo 30 — 5,201 3-b (36393960 BbotMw). 3xV30M0 Byoemaedymazn ggn s 3obmob
0030380690100 3o63hmgdgdn (g3og®ob, 080a30L, 3MmEMENL, L3sbgmol, dmegzemgdmoab,
B9bbmU, Godol, 39Mdbol, JoGmmob, 30bgmobs o bba.) 3odmomBg3006 demogho gHMmBoymo
0606936090000 o BIMEMIgo0l 3603369tmm3060 obMom, Hgemngamol d3gmadyobzomyemo
®m®3gd0L (HHM™3gdo, 3063900, IME96gd0 o Lb3.) o 3G YMo (33089900, 30GLHYMO
dodMgdo, dobhgdo o bb3.) BMMHIFINL gob30moMmgdom. bogotmaggmmb Lodmadmgddo
39339b0mbob 990l 396G YG0 IMbB339m0 . Mbowob 2,400—3,0008-8g domemo,

The modern relief of Georgia is comprised of forms with different hypsometric and morphographic
features heavily dissected mountain slopes, deep erosive gorges, intermountain depressions, flat
lowlands, plains, plateaus and uplands.

Given the geological structure and topographic features the following geomorphologic units can

be distinguish the territory of Georgia: the high mountainous zone of the Caucasus, the middle
mountainous zone of the Lesser Caucasus, the volcanic mountainous zone of southern Georgia and
the zone of intermountain depression.

The section of the Greater Caucasus Range located in the northern part of the territory of Georgia
stretches for 690 km from northwest to southeast. Its average height is 3,520 m, the maximum
height is 5,201 m (the peak Shkhara). The main dividing ridge and associated branches (including
Gagra, Bzipi, Kodori, Svaneti, Shtavleri, Zeskho, Racha, Germukhi, Kartli, Kakheti, etc) are character-
ized by erosive dissection and steep slopes, as well as older glacial landforms (troughs, circuses,
moraines, etc.) and karst formations (caves, dolines, shafts, etc.). The upper part (at a height of

bgmdobo o 30MmYm-bgmdnMo Ho3ob godynb3o6gdom boboomgde (3YnbzoMmgdol $0d3nMo
BOONMI0 55039%-b 0gdohgoo).

33069 39330L0M60L ggMmIMOBMEMz0YMH Mmenddo 890l bogoMmmzgmmb bodbmgm bobogndo
MM NYM0 93EMO-M00emgmob, 3933900L, ¥BLBOLS s emmdol (bmdbomol) 9gcgdo,
oboem30bol 930090 o 8o bHodob dmome 3306do (gdomemgbo 3639635¢m0o Yyobemob dmo,
2,987 9). 33069 30330b0mboL dm0obo dbomg bagdo®mmzgmmb budm3Mmgddo bobosmegds
LodYOT™ LEFOoMEMOL Jmo-bgmdomo HITMNgxREL Fo630MOMYONM. deMOZ-deMOZ JM(3960L
37306396796 9obgdmob 030380690100 3emEm3060, 3mB830L9d9M0 Hgmogayol
B30, Bngob (dmeFma-d03960060L J0odM9d80) 60b03bgd0 dbogmasddmms 39396760
603gdmdg00b gobznmamgds. ghmBoymo obsBg3tgdnlb bogm®mdg bvdyomme 500—1,000 3-0b
LOBM3M 900 (3300MIdOMAL.

LEdbGEYM Logo®mMzgmmML 39306760 300069m0L gMIMOBMENMZoYE Mengdo

3096 0006909m00: 9B P8gmol Jomemmdn, $035bgmol 8ggobo, LudboMob Jgo, Boem 3oL
9439090m0 o 393m bGHodob (MO3M0 Iemoh™mgdn. 9¢b08bYmo 3gmImMHBMEMmaoyHo
90099tmg00 00:mgdol dogmoobo v3g0Ymos bgmagbobo o dgmmbgyemo 3gGomeoob

0080 HM0 0 96009B0H-d085emH M0 M3900m, HMBgMmY Bgo3n®mgdo Lo3dome
06¢hgbLoYGOE 9G0b 693N FBMMO 3060MmbOLYdYMHO bgmdgdom, d3gemo

5 00603900MHM39 HooL J30d7mgdom, yobzomo godmazoh3olb 8gcgaoe Bomdmgdboemo

2,400-3,000 m above sea level and above) of the central section of the Greater Caucasus range
within the boundaries of Georgia is characterized by canyon and kar-canyon type glaciers (the total
area of glaciers exceeds 550 km>).

The geomorphologic unit of the Lesser Caucasus covers the Ajara-Trialeti, Shavsheti, Arsiani and
Loki (Somkhiti) ranges, the Akhaltsikhe depression and the Shua Khrami mountains (the highest
peak is the Kanli mountain, 2,987 m). The section of the Lesser Caucasus located in the territory

of Georgia is characterized by hilly and gorgy terrain. In some areas the tower-shaped relief is as-
sociated with Eocene volcanic rocks; at certain locations young volcanic formations are observed
(Borjom-Bakuriani areas). The depth of erosion dissection varies between 500-1,000 m on average.

The geomorphologic unit of the volcanic mountainous zone of southern Georgia is comprised of:
the Erusheti upland, Javakheti Plateau, Samsari Range, Tsalka depression and Zemo Khrami lava
plateaus. The above geomorphologic units are almost entirely built of Neogenic and Quaternary
basalt and andesite-basalt lavas the surfaces of which are heavily dissected by canyon-type ravines

R
APRLE A\, S

“B A

‘ N
£ :

mEbdmgdolb Jemgoagdom o bbs.

LOJOH NI ML FVMOIMMOL gMIMOBMEMZoYE® MNJB80, 3o9MHM006g0Ym0d dod
Jo®mmob, §399m Jommmobo o 9emadbolb dmomodmmobo ©g3thgbogda, 3membgmob
©00MMO0 o do®Pmob Iemodm. 9060367 memdol LEdm3Mmgddo Hgemngao
BoGBm©agbnemos 3G HYgemo o6 Lbgoobbgo botobbom obMommBgodn®mosbo — semy30n6o,
B8mg 89000b393980 Hd0L O $0MdL ©6 IENY30YM-3EMENY309M0 139O0l

390093900 BoMHIMJab0oemo 3539900000 O dMOZ-0eMOg JgEoMmgdnm 33069 bow®dgdg
Rog®omo ghmBoyemo bgmdgdom. bagommzgmmb hgMohmMoodg dobo (30m399em0
660gmgd0b ggmenmannmo v3gdnmgdnl, Jobgdol 3ghdmamosnnemo 39ggbncmmdoby

00 300060 M 3em03oh Mo 306HMdgdoL dmdaggdom Hgmogaolb bbgoobbse dodos
3963000060 909em0. 300 JmEob 306H39¢m Hngdo Yoo d0nb0dbmL ghmBoymo, 39306760,
396LHYMO, 3Mo30ho307m0, d39cmAYnb3oGH Ym0 Hgmogasol ¢ho3godo.

of rivers, old and modern lacustrine depressions, boulder trains formed as a result of frost weather-
ing, etc.

The geomorphologic unit of the zone of intermountain depression consists of Shida Kartli, Kvemo
Kartli and Alazani intermountain depressions, Kolkheti lowland and Dzirula plateau. The relief within
the mentioned zone is formed by flat or gently inclined plains developed as a result of alluvial, lacus-
trine-marsh or diluvial-proluvial sedimentation and a number of shallow erosive gorges. Different
relief types are found in the territory of Georgia due to the geological structure of its specific parts,
petrography of rocks and exposure to hydro-climatic effects. Erosive, volcanic, kars, gravitational,
and old glacial landforms should be noted as the most important landforms.
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High-mountain landscape of the central and western Caucasus axial line developed on Paleozoic crystal rocks

398m-3006mBmy®0 oboemgdo Job9000 ©3gd9m0 Bomgd J900900 o 3ob039d0, MEMBo EBBI3MIdIYMO 9O MBOYMM-96YE30YM0 Hgmmogs0m
Wrinkle ridges and massifs formed of Mezo-Cainozoic and sedimentary rocks with deeply disintegrated denudation relief

398mBmy®0 o 30emgma g6yt 39 396Mmaa6YcM0 o BaTgdo Jobgdom ©39dYmo bomds-mmes J9gdo o
35b039d0 MV E6EI3M IO 9B MB0YM-gbNELENYMO BYIT0gz0m
Wrinkle-boulder ridges and massifs formed of Mesozoic and Paleogene volcanogenic and sedimentary

rocks with deeply disintegrated denudation relief

39bodgnem0 dL30L IMENOLYENm (SeMOg-OeMZ 30639000, 3080939000, M0bgdom) v39dYmo Byzghom-bomdo
3mbm3m0bymo bh®ngddhu®ob 3gmbg EodM0 s bdysmm bodomemol dmgdo o dmobBbgde ghmBoymo Mgmogaol P3oGmobabo g3obgzomomgdom
Low and medium height mountains and foothills with broken-wrinkle monoclinic structure formed of Tertiary molasses (in some areas, limestone, sandstone, clays)
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30emgmBmy® 3G0LHomYE Jobgddg 306300069070 396¢HMOTHYM0 O oldZIMIm 30330b0mbOb Mahdymmo 0 25 50 100 38/km
. 80em0 FoeoemBm0obo, Lybhow ©oboBggMIdYN, 96O, 3emEMzdbo HIe0gBm 3ewom3gb-dgmmbgyemo 39em3060(hgd00 03909em0 Bxgdo, Boboggdo o ImdHmgdo
' Volcanic massifs, plateaus and lava ridges formed of Pliocene-Quaternary formations 9ob3hodo / Scale:

890003em0m(396-93900089mmbgnemo 30mbgmmmBgMahgdnm 539870 bhHIIHGHImo Jemahm 9HMB0YE-0398mOE0YM HIEP0gBm

Structural plateau formed of Upperpliocene and Lowerquaternary conglomerates

998m-3006mBmy®o 306939000 039010 LdFYITME IBYOMH IO BomId J9gdo o 3obn3gdn F0MLEHYMO Mgemngxsel gobznmotmgdom
Medium-denuded wrinkle ridges and massifs formed of Mezo-Cainozoic limestone with karst relief

398mBmY®0 o 3oemgmagbyto 39 306mzgbydo o obogmgdo Jobgdom vggdymo

3MEH3-0mM(330060 O LOTYITIM 3x060 J30d9eM0 gOMBOYN-00I6YOB3YMO BgE0gBMN
Hilly-undulated and medium mountainous cave formed of Mesozoic and Paleogene volcanogenic and sedimentary rocks

LAGYIHOV-EIEYLIBIH0 EOHM, de3-0Eo3 38030 3HAbHEIG bogggdazmeo
Structural-denuded plateau with bare crystal basis in some areas

039890030960 3039
Accumulative plane

Byotm: bogo®mzgemmb shemobo, 1964; bodoMmzgmmb ggmaMoaes, bobogmo |, 2000
Source: Atlas of Georgia, 1964; bogdo®m39emmb ggmacagos, boBoemo 1, 2000
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LogdoHm39emm IH30MBIHM360 3em0dohm boboomgds, Mo gob3ommdgdnmos dobo
9em09x30L LoOMNYmMom, Brm. EMBOELL HgMohm®ool oo Lodomemgdg (5,000 3-89 domemo)
30630300 o dob boBEM3MYdJ0 G E3MY 08300Mm0E HOMINIYINO O 3MENOMYIMO

Lo HYmgdoLomM30L EOToboLodMYdgemo 3ogeob Folgdol 3gtomeymmo gdmdcmao.

3m035¢hM0 306HMdg00L d0bg300 bogoMmzgmmb hgdmohmmoodyg godmoymaze:

o 3m30L Boghom LYdIHGM303yeo 3em0dodhob mendo, HMBgEoE IMoEe3L Joemoobog
©obo3mMgm LogoHmzgmmU;

o LPdHO™3I03m0o 3Mb¢hBgbHYMO 3cMm0Boh0ob Bm30l bmdom 3em0dohdg 3o o3030em0
mgdo, HmIge0E 3oghm0069d1em0d ©mMAmLogmmgm bodo®mmzgmmb hgdodhmEos
B8m809Mo bmdhom LdHGM303Ymo 3cm0dohom. dgmdg 3emadoh Mo medolb d995003969cm
6o60emo 3obobogmgde $030bgmob 39cm 306960 Bgabolo o dobmsb 30dgdodg Jagdol
®39OHEMIgL0L g3gmemdo, HmIgmo3 Bem. mboob 1,500-2,000 3-89 domemo 3gdotgmol
o 3o0oemo B9abol 3dGoemo LydhO™303nmo 3emadohnm bobosmegde.

8300 bddh®™30390m0 bodom 3em0dodob menddo Bem. mboeob 700-800 3 Lndomemgdcy,

0030bob0OMAgEM0 $0MdO BmdHom o BmBogMoe bmbom 3em0do¢o. bogmgdgdol Bemoymo

Georgia is characterized by a highly diverse climate, which is further conditioned by the complex-
ity of its landscape (topography), i.e. the spread of its territory at a high elevation and periodic
penetration of air masses (characterized for tropical and polar zones) that are frequently noted in its
regions. Georgia’s territory can be divided according to the following climatic conditions:

e Marine subtropical humid climate region, which comprises the entirety of western Georgia.

o The transitional region from the subtropical continental climate to the marine humid climate,
which covers the territory of Eastern Georgia with its temperate, humid, subtropical climate. The
Javakheti volcanic plateau and sub-portion of adjacent slopes shall be deemed as part of the
second climatic portion, which is located at an elevation of 1,500-2,000 m above sea level and is
characterized by its dry subtropical climate and high plateaus.

Within the marine subtropical humid climatic portion, at an elevation of 700-800 m above sea level,
the climate is very humid and moderately humid. The total annual precipitation within the coastal
zone fluctuates between 1,480-2,530 mm. At a higher elevation, of around 1,800-2,000 m above

$080 B30b306o Braemdo 1,480-2,530 33-0b LoBdM3MIOT0 (33001 gdOEMAL. YROM Fomame,
3. mbogob 1,800-2,000 3 bodommgdg bogmggdgdol Bemoyto 3030 1,200-2,500 33-L
99000396b. 30960b Lodyommm BemoyMo 1Hgd3gMoh Mo Br30L30G Bmemdo oéob 14.1-14.7°C,
00b. 30gL0dyd0 — 41°C, 50bL. 30603730 -8 -14° C-00. YBGO™ Jommo 30960l Hgd3gMohyco
060000 30M9d9emmAL: byyemmdo (8.c0 920 3) — 10.4°C, 39bdhoodo (8.c0. 1,421 3) — 5.7°C,
d0b3om™Bo (B.c0 1,926 3) — 4°C. b0 d006086mb, GMB b3 gm bogoMmzgmmmBo
06300y 083000000 3990b393900, HMEO MI-0o3g80 Fmbymo boemggdadol Homwgbmodo
20-50 93-b 0gdohgde, MV M3MEMBLOTNT0 3G MEILILOL ZoB30MOMIONLY o demagto
BgomEomdgdol Bo6HImdabol bgemdgdbymdo JoMhmdos.

0mAmbogmmgm bogoMmmM3gemmAB0, dm. MDD Lodyomme 800-1,000 8 bodsmemgdg
0030boL0V?MYOYEMO BmBogMHoE Brmdhom 3¢m0dohn 8900009000 1B BodNEMmS

0 bo3domE 3bgemo Boxmbymmom (emoBbob 3039, Boo o J398m Jommemob 3039900
300000606900L BmEmMob ghmoE) o 313G bydhHM303mmo 3emodoho (sbogmzobol
930019em0 30900900609 606000900L B ™MOb gHMO). 9MmBbYM HaMohmEmgddg 3ogkob
Lodyomm Bemoy®o (Hgd3gGmothy®o 10-12.9°C-b o, sdLmmyHYMo dodbodydo 40-41°C-b
0mB93L, boemm vdLmeYHY®o 30603130 -23 -28°C-3c0g 983900. Boemggdgdolb Bemoyo

sea level, the total annual precipitation equals between 1,200-2,500 mm. The annual average
temperature within the coastal zone is 14.1 — 14.7°C, where 41°C is the absolute maximum and
-8 — -14°C is the absolute minimum. At a higher elevation, the temperature gradually decreases,
specifically in Khulo (920 m asl) -10.4°C, Mestia (1,421 m asl) - 5.7°C, and Bakhmaro (1,926 m
asl) - 4°C. It is noteworthy that in Georgia the total precipitation level frequently exceeds 20-50 mm
per day, which represents a dangerous factor that further facilitates the development of mudflow
processes and the strong floods.

Eastern Georgia, at an average elevation of around 800-1,000 m, is notable for a temperate humid
climate with relatively warmer winters and relatively hot summers (the Alazani Valley, and Shida
and Kvemo Kartli plains along with foothills) and the dry subtropical climate of the Akhaltsikhe

depression along with the adjacent foothills. In the above stated territories, the annual average tem-

perature is between 10 and 12.9°C, where the absolute maximum reaches between 40 and 41°C,
the absolute minimum decreases to between - 23 and - 28°C and the total annual precipitation
fluctuates between 380 and 900 mm. In Eastern Georgia, at an elevation of between 1,000-1,200 m

$080 380-900 33-0b LOBM3MId0 (330¢gdOEMAL. 3. EMBA6 1,000-1,200 3-89 ogmemo
003mbogemgm LogoMmmzgmmdn 3ogMob Lvdyoemm Bemoy®o Hd3gMobyco 4-6°C-b Mab,
20Lbmemydh®o dogdbodydo 16-34°C-ob LdBM3MYO0 (339¢mgdOEMOL, bmenm vdLmEYHYGO
9060300 -34-42°C-3¢09 933900. bogmggdgdol Bemoy®o $0d0 530-1,400 33-L goa9oL.
00Imbgemgm Logdommzgmmmadn, v1939 dME3MY 08300mo0 dmeol mg-modgdo 20-50 33-89
39¢h0 boemgdo, B3 M30MEMBLO00, 96ygebiodndo o Byoemamdgdol 3G M39bgd0L
30630006 900L bgemB8gdBymdn gogdhmEos.

898mm 96086y MEM039 36m0doHPE Memgdo Mmm3emol dyo®o boggato Bm3zol mboob
400-500 9 Lodom9dEg ym39gemBEOYMo 56 BoMIM0gdbgds. Be. mbogsb 800-1,500 9
LodommM9Bg MMzl Loaga®ol bobgMdemozmdsd 60-130 ®gdwg 3godemgds doomBomb,
IBRO® dommo 30 — 150-190 Mgdwg. Mm3mob byzo®mol bodomemg 3. mbowsb 800-
1,000 3 bodomemgdg 3oeM399em Bemgddn dgndemgde 10 bd-ob 1.5 8-dcog ogmU, 1,000-1,200
3-89 domemo 30 2-3 3-b o YJBRO™ FgHL FooodoMmOMb.

above sea level, the annual average temperature falls to between 4 and 6°C, the absolute maximum
fluctuates between 16 and 34°C and the absolute minimum decreases to between - 34 and - 42°C.
The total annual precipitation rises to between 530 and 1,400 mm in this region.

In both of the above noted climatic zones there is no hard snow cover created at an elevation of
around 400-500 m above sea level on annual basis. At an elevation of between 800-1,500 m above
sea level the duration of snow cover may last between 60 and 130 days, while at a higher eleva-
tion it can last between 150 and 190 days. The height of snow cover at an elevation of 800-1,000 m
above sea in separate circles (sections) may reach between 10 cm and 1.5m; it may even exceed 2-3
m at elevations above 1,000-1,200 m.
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0h3mbzgHYmo 6oemggdgdo (Ho3 3IMMMZYM-3gMIMOEBMEMMZ0YH O dmH603YG
BOJHMOOINOD ghmo 3608369cmm306 HMML Modadmodb bhndoyto d9bgdMo30

36 m39L900b 3ob30MOMd0) Logdommzgmmmb HaMohmEm0sdg goboboemgdol Gmymo
69308000 boboomgds. gb gob3nMmdgdYM0s HMYIO MEMZMHOB0M, 5g0emgol dmEmob
9903060090000 LOFOMEMOL o bbgomdom, Bo30 3300006 gdmemaemn bmdom Jogtol
3oL9d0L go3M39emgdol 3oblbzaggdyemo 30HMBgd0M o ©.9. 803 BmM3oLMOL Loobemmzol

309m ob. bogo®mgzgmmdn bogmggdgdol Bemoy®o 930 ya3tm dghos (950-4,500 33),

3000609 503mb3Mgm LogoMmzgemmao (400—1,800 33). bogmggdgdolb boybgom godmomABgge
Logdo®m3zgemmb Bo308m30L30&mgmo (domydo — 2,318 33; mmo — 1639 39; bembydo — 1,460
33), 30339L0Mb0LO O V3IMO-MM0dgMNOL BIOLMOYdO (og®ob Jgwo — B.c0. 1,644 3 - 1,737
39; anoy®o — B.00. 2,194 9 - 1,371 90; dobdotm — B.¢0. 1,926 3 - 1,406 39). dBrmgoo,
300mo 13gHEMOgd89 Lodommol BrobMb 30380680 Bogmgdgdol BemoynMo 030 dodhemmAL,
09930 9L H9bgbEnd Bmaob MGOMaMHORYM J06HMOIINL go3eMmabom otM®3gYmas (39dm
L3069m0b 930010, $939bgm0b Bggobo, mmMEEbE O vbogm30bol J300emgdo). Lodohmzgemmb
H9MoH™mE00bL Yol boBoemBg Bogmgdgdol 55-75% mdaem bgdmbBdn (93M0mo-mghmadgcn)
dmeoob.

LhogdonMo 396906030 30HMBgOEL (M30MHEMA0, 396y 900, demoghmo Byomdm3zoM69d0)
3063000060900b M35mLOBGELOM goblo3nMMH YOO ynGoEMgde 9603900 9HM Mg-modgdo
3mbymo 6oemggdgdol Homgbmdsl. 39Gdm, MHmmgbog 6otmgdgdol Emamedydo 3030
20-30 33-b ©m93ohgdv. dLgMo MYgdoL MHomMmgbmds BemoYMow OLdZMgm Lodo®mzgemml
39eM 3990 3360;3030m0th9h9030 1-0b 28-309 (330¢MgOEMAL, dIMbOZTNgm
bodo®mmzgmmdo 30 0.4-11 ool LB gddn FgMHygmdL. M9-modgdo dmbymmo boemgdgdol
3094b0dydo (350 3) obogemgm Logo®mmM3gemMmBn odS (MOBRbYMB0S gLt YdYMo.

Logo®mm3gemmb Hatohm®0odg 8.c0. 300-500 3 Lodommgdg MmM3mmEL dyoto Loggomo
gm39emBmoyMo o6 BoMmdmgdbgde, 90goemol Lodommob 3 sbmOb ghmo mm3zmob
Logo®ob Lodomeng o 3ol Bmemob bobahdmogmde BohyemmdL. om3mb. Lagomzgemmaon
8.00. 600-800 3 bFoMM9Bg M3l bogotol bodomeng B-10 b3-b, bmewm dobo Bmenol
bobgMdemngmdo 57 Mgl yotob; 8.c0. 1,500-2,200 3 Lodomemgdg — 20-40 LD o 120-140

The atmospheric precipitation that (along with geological-geomorphologic and botanical fac-

tors) plays an important role in the development of some of the major natural processes is often
characterized by a compound regime of differential distribution in the territory of Georgia. This is
further conditioned by a complex orography, a large difference in relative heights between areas,

as well as various conditions of spreading humid air masses that penetrate from the Black Sea, etc.
Due to its proximity to the Black Sea, the annual total of precipitation in western Georgia is higher
(950 — 4,500 mm) than Eastern Georgia (400 — 1,800 mm). The Black Sea zone (Batumi - 2,318 mm;
Poti — 1,639 mm; Sokhumi — 1,460 mm); the Caucasus and the Ajara-Trialeti Ranges (Gagra ridge
1,644 m above sea level (asl) — 1,737 mm; Gudauri — 2,194 m asl - 1,371 mm; Bakhmaro - 1,926 m
asl- 1,406 mm) are distinguishable by their abundance of precipitation. In general, the annual total
precipitation increases with elevation. However, this trend has been interrupted in some locations
(upper Svaneti caves, Javakheti Plateau, Tori and Akhaltsikhe caves) due to the influence of certain
orographic conditions. Within the territory of Georgia, 55-75% of all precipitation occurs in the warm
season (April to October).

From the viewpoint of major natural hydro-meteorological hazards (landslides, avalanches, strong
influx of waters), particular attention should be paid to the quantity of precipitation per day. Specifi-
cally, where a daily total of rainfall exceeds 20-30 mm and when the quantity of days can be from

1 to 28 days, dependant on the individual municipalities of western Georgia. In eastern Georgia, it
fluctuates between 0.4-11 days on an annual basis. The maximum level of precipitation per day, 350
mm, was recorded in western Georgia, specifically in the town of Lanchkhuti.

In the territory of Georgia, at an elevation of between 300 and 500 m above sea level, a solid cover of
snow does not always occur on an annual basis. The height of snow cover and its duration increases
along with a growth in the elevation of the area. In western Georgia, the height of snow cover at an
elevation of between 600 and 800 m above sea level equals between 6 and 10 cm respectively, and
its duration is 57 days. At an elevation of between 1,500 and 2,200 cm, it is between 20 and 40 cm
respectively and its duration is between 120 and 140 days. The height of snow cover at an elevation
of above 2,000 m exceeds 1 min all places, while its duration equals roughly 195 days. In western

©m3L; 2,000 3 domems mm3emob boggo®ob bodomemyg y3gemasb omgdothgde 1 3-b, bmewm dobo
Bmemol bobghdemogmde 195 Mgl omBg3L. obogmgm bodotmagmmmadn mmgmmol Laggomob
Lodomemg B.c0. 600-800 3-89 o YROM Fomems dGEMY 0bg 0d300m00 150-200 b O NBGO®
3909, bmemm dobo Bmenol bobaMdemozmds 70 Mmwsb 220 magb smBg3l.

39h9mOHMeMMany&mo dmbozgdgonl (bogmgggdol)
3063900000 060080 o Fomo sbobgo MHY30b9.

898mmg37moob godmdmnbodyg, 3608369emm30600 Bogmgdoobo mggdol (sbg3g Yboemgdm
©M99d0L, Mo Fomom H9d3gGmohGMOLMOL ghmo 063931 3390mM390L) gooboboemgdol
490600963300L 36> bogoMmMN39eMML HgGmodhmGobm30b. vd0bm3zol 83 dghgmdmmmznydo
LOEENMH06 dMgOYO MHVBYB03g dMgYmo Bemol boemgdgdol ymagm Mmoo dmbogdgdol
Lomyd39emBg (Y6 ©06086ML 3 dmbO3939080 dMLYdIYO 930B8mMEYM0 bot3gBgd0 —
By39¢> Imbo39390mo 3089080, Bmasgh dMOLEYMO 0bMGIoENY), ,R*-0b, bhodhobhozato
3O mamodynmo PYBMYB3gmymAeL godmygbgdom d90gdbo bbgoobbgs 3cmododn®o 0bgdLob
®93s¢hMo Hy3g9do:

930 1: Rx5 — 5 ool 306303¢mmd080 dmbyemo boemgdgdob dogdbndocmy®mo Gomgbmdol
LOTYOEM BHO39MBEMOYH0 oEobOBNMgdY;

©Y30 2: CDD — 0608080093 7mo nbommgdm (6oemgdgdol Homegbmde < 183) cmggdol
©om9bmdol Lodyomm IGV30eMBMNYMO FooboBomgdy;

30 3: CWD — 0060303009300 bogmggdoobo mggdol bodyoemm IGMe30emBmoy®o
3000006060emgov;

©Y30 4-8: Rx1 — 9Om0 mob 3o63o3cmmdsdo dmbyemo dogdbodommy®o bogmggdgdol
dmbogmmbgmo goobobomgds bogo®magmmb hgbodhm®oobmaob 5, 10, 25, 50 o 100
Bemob 0b¢hge3o0mobm3z0b. Lhodhobho3yto dmgmmob 899abobol gomzoemobBabgdyemo oym
89800930 30603ghHg00: Hggombob odmMmgde Brm3000b, 30x3bmBgh®os o 3emodohyto
™enggoo0.

Georgia, the height of snow at an elevation of between 600 and 800 m above sea level, and at a
higher elevation, frequently equals between 150 and 200 cm or more of snow, and its duration lasts
between 70 days to 220 days.

Visualization and primary analysis of meteorological data (Pre-
cipitation).

As stated above, it is vitally important to have knowledge of the distribution of precipitation and
spatial trends (and/or absence of precipitation that, together with high temperature, can cause
droughts) in the territory of Georgia. In order to visualize and analyze these factors the multi-year,
everyday measurement data of precipitation, obtained from the 83 meteorological stations, has
been used (however, gaps in records and missing data have impacted the saturation of this data).
Based on this information, using statistical software ‘R’, different thematic climate index maps have
been calculated. These are;

Map 1: Rx5 - Average multi-year distribution of the maximum 5-day precipitation.

Map 2: CDD (Consecutive dry days) — Distribution of maximum length of dry spell (RR<amm) over
Georgia (multi-year data).

Map 3: CWD (Consecutive wet days) — Distribution of maximum length of wet spell (RR»1mm) over
Georgia (multi-year data).

Map 4-8: Rx1 (Maximum 1-day precipitation) — This map shows distribution of the possible highest
precipitation amounts, in a one-day period, for the territory of Georgia for 5, 10, 25, 50 and 100

year return periods. During statistical model generation the following parameters were used: dis-
tance from the sea, hypsometry and climate zones.
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LogdoMmm3gmmb gbdm3Mmgdd: AHENMMIMNESL — HYPLIMOL BIEIHSE0, bLodbMHgmoEod
096HJ900 o berdbgmo, LEbEYMN-0MIMLOZENYMNNE O dMIMLOZENINNEOL — dBIMO0FBO.
439emoBg 3edgmo boBM3oM0 bogo®mmzgmmb vg3Lb MHYLIM ™ML (897.7 30), y39emoBdg dm3zmg —
Lmdbgmmeb (210.5 33).

Logdomm3zgemmb LddbMHgm o bodbGHgm-obogmgm hatmodhm®gddg d.6. 1l vmobBemgyemol
39mMg bobgz®m000b 06ygde JoGm39mY® HMBmMo 306H39¢M0 Zoghm06909d0L-3membobo o
009600b LOFgRMYOOL — MOBEVMVEMINM ROBMYIETMNdgOOL IBXM3gLO (0b. Bobodo 2.1).

A3.6. XI boy3yb9do, J39460L 3BLMEMOEOENNL 3B ME3LOL bGPl 8gdga, 9hmoobo
LobgmmBBomm BHadohm®oolb ombobndbogo0 od3300M©S H9Mdnbo “bodotmggmm”.

Logdommzgmmb hgdmohmemos Xl Loy3znbob dmemmb dmoEo3d MObEdgEMM3g dBgMmILNFI6L,
Lmdbgmobo s MYOIgmol haMohmMm0gdol 6oBoemL o dobo BoGMMB0 890390000
oobemmgdom 130 vmob 33.30-b (0b. bobobo 2.2).

X1 boy39600006 Logomzgemmb HaBoHMMNL BoHNMIN 3608369cmmM3bO 033eMgdo.
939460L Ha0hmE003 o dobdo boBM3Mgddo 3608369cmM3960 (33¢m0eMgd9d0 gobo3oEIL
XVI-XVII b5339699080, Gm30 mb3oemgmds doohois bodEbg-bosmodegm. XVII boyzybolb dgmtg
6obg30680 939460L BOHMMB0 102 dmob 33.33-3009 393306 s.

939460L LdM3MgBOL (33cm0eMgdgd0 Bmbeod XIX-XX boy3nbggddos, GmEo Hybgm-
00 J9m0ob M3gdobo o bbgoolbgs bgemdgztymgdol bomndzgmBdg J3gybol LodbMHgmo o
0(3mLO3EMgm LoBEM3OMO LogMdbmdMOE Fgniz3ome Logdotmmaggmmmb LoBosbme.

1921 B9l Logdohmzgemm GLgmob dog® 0gdbo M3P306H9gdYm o 1922 Brmoob 1991
Bemod0g boddmmo 3933060 893500390¢PMOG80 goms. 1991 Bemowsb, bado®mmzgmml
003MY300090emmdob domgdob 3990093, LobgemdBogm Lodm3&ab Yogbo dmbozzgmo
$960390Md0m 96 960l gem0dohMgdM s IIVMI0MHIOIYO. 9OMOPIOMNO
308mb603em0b0d LEBdM3MOL 241 38-0060 3MbO339000 — MY3960gemo Lddm3zoto
Logo®m39emmULo O MYMIgmb dmbMob.

LogoMH™M39tmM™ 0O 3PHYIMYMO 39933000MgMBOL g39yobos. smbB0IBo300 dobo

26 d9mmma0y&0, obhmMoymo o 9OdJohadhndymo dgaemgdo — 93emaboo-dmbobh®mgdo,
Lobobemggdo, (30bglodogMggdo, d3gemo bogdon, 338993900, Mmgoh®gde, 3063900, Logodmmgbm
™0099(h9%0, 300emom™g39d0 o Lb3.

Georgia borders the Russian Federation to the west; to the south lie Turkey and Armenia and to the
southeast and east it is bordered by Azerbaijan. Georgia’s longest border is with Russia (897.7 km),
and it’s shortest is with Armenia (210.5 km).

From the second half of the second millennium AD, a process of gradual establishment of the very
first consolidation of Georgian nations (tribes), the Colchis and Iberian kingdoms, started in the
southern and southwest territories of Georgia (see Figure 2.1).

In the 11t century AD, after a process of consolidation, the term ‘Sakartvelo’ (‘Georgia’) was intro-
duced to indicate the unified state territories.

At the end of the 12th century, the territory of Georgia comprised the part of the land that included
the modern day territories of Azerbaijan, Armenia and Turkey and covered an area of 130 thousand
km? (see Figure 2.2).

From the 13 century, the country’s territory significantly changed through various conflicts, expan-
sions and defeats. Furthermore, Georgia’s territory and its borders continued to significantly change

within the 16% and 17t centuries when the Ottomans conquered the Samtskhe-Saatabago region.
In the second half of the 17% century, the country’s territory had reduced to 102 thousand km>.

The country’s boundaries were again changed during the 19" and 20" centuries, when the southern
and eastern boundaries were significantly altered due to the consequences of the Russia-Turkey
wars and various subsequent treaties that were agreed.
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In 1921, Georgia was occupied by Russia and, in 1922, became a part of the Soviet Union. In 1991
Georgia regained its independence and the vast majority of the country’s borders have not been
altered, delimited or demarcated since that time. The only exception to this is the 241-km section of
the current border between Georgia and Turkey.

Georgia is a country with a large cultural heritage. It is important to note that its archeological his-
tory, its architectural history, as well as its general history has been preserved in various monu-
ments, churches, monasteries, castles, fortresses, old bridges, museums, theatres, etc.

LEOEYM-93MmbMT03YM0 O 93MIMINYMHo J0OHMOgdo
Social-Economic and Ecological Conditions

GEORGIA AT THE PEAK OF HER MIGHT 1184-1230
[ =

mom o il
T AL (8 H O 5L B AILID GEaToR
1RTEd s e toats  FdE FisTese e

Sy |"E:qu?'| IR

o, e

- !{.{Hkl‘Tl
i & - 1 K |1 fp—
u Trebiznd r2o® J
’
FARYADRIA ;21. TAD
! ol %
- 1

EMFIRE OF TREEIZDND——*
{12504 Grorg. Infusrion) mwii

Copynght £ 2004, Andrew Andersen

Bobodo/Figure 2.2 {

i i
at EHCR. ARFATL

Y i’ g LEKIA My :

; . i -
s KINGDOM* ™. > “w,;—- d

* Dmarws LS P - L
Y e T

= " - (L 1]

= 50 # VAE hana
panraes e SHIRVAN
[Imﬂ.ﬂn."ﬁ}

R s | B

w * ) KHASHEN t-/f

-qiﬁ1lvubfm W y
Ll et v il
(1210 Georg Trib)
.‘h
£

o = .
"I | Lo TASHIRI

.1 GEORGIA

LogdoMmm39mmML LEBdM3M0 39-12 Loy3YbOL dmMEMU.
Borders of Georgia at the end of the 12t century.




39 byOHmo 398330000 gmdo/ Cultural Heritage

4Q°E 41‘°E 42‘°E 4§°E 44°E 45°E 46“’E
' JLIOIOL [ BIRIGHOGNY
z
2
3030 DR300
ST R i
z) N Y
§ NGO Y
YOI ﬁ? g S
RS =Y, p4
z
Z]
by
3
41‘°E 42°E 43°E 44°E 45°E 46°E
o) 25 50 100 38/km

3ob3hodo / Scale: 1:1500 000

® 9399bod/Church
® 39Rgmo/Mosque

Lobogmas/Synagogue
Bygotm: CENN/ITC
[ 3obgbodogtg/Fort $9memgbeoo/Jumpstart Georgia
Source: CENN/ITC
@ 3:330/Tower Geoland/Jumpstart Georgia



22

d0bob bLoggoMmo
Land Cover

2.3.7

3060L LogaMo 0gYeMolbdgds gEOdnBob bogmymo, B3Bo3YMo BgodoMo. JoMHodotMo
3939000, 9630600 30600 LoIMO” obobOBM3MIS dETNd60L LdgYHBgM Logdnobmdom
306 00093600m0 90d060b 376936030 Bge30Mm0l ;3gbs. Bgbododobo, BhadodhmGool
890003060, HMIgEB9oE BoMdmagbomos dbmmme mob Jobgdo o booogbogoto,
16000 06mgdm©gl, GmamM3 ,3060" o 9G ,8060b boge®o“. hgHdnbgdol ,d065” o ,d060b
Logo®o* 8g306H0L30MHgdal EOHML bzsdomm GRgS Gogo sb3gdhgdoby; 3og., bugodomme,
16000 3060bogmgdmegl ;Y 9o Byoemo, Hmam®d3 3060l bogo®ob ghm-ghmo 3m33mbgbho.
7330 890mm 5¢mb03bym db3ggdhgdl bdoMoo dmooBMgdgb hg®dobol 3060l Loggo®ob”
4398. 306500L0MggdemMmdS boboomEgdd 08 LdgdnobmdgdoMs O Jaggdgdom, HMIeNgdLo
00009006900 9693006 3m6309dhnm0 060l bogotob (0389, Gome SBIMBM™B, dg(335¢W™B, o6
39060MmAYBMB 0b. FoBomboMagdT™dL Bgdmm Bomdmagboemo goblbodmamgde 3oMedn®
030380690L 3060L LOWOGOL ©03060L bogdoobmISLMH.

Logo®m3gemmb BHaBohmG0ob 3gmemmanyMo 93909m9dnl, Mgemoga3el, doGmm3modohyco
306HMd900L IH39mBgHM369008 B0 3396060979t LOGBIHMOE gHMOE obo3oGOHMdS
Lb3zoolbgd 030l BooEoggdal gobznmotgdy. bago®mmzgmmb boowogbogemo dotnmosow
oboboglb 03 B30B3NM-39MaMHOBRYM 306-:MOO0L M030Lg0YM AL, BMIGEMMS 3o3emgbomo3
809000606 gmdL dobo Bocdmgabo-gobznmotgde. bagdo®mmagmmb HahohmEodg boowoggdol
L 330m 3ooMo L3ggh®Moo BoGmBmMagboma. 036906030 30HMOGANLY o LmosmY®-
930bm303960 1030L907M90900L Jgbododobow bogoMmzgmm bmamob 3gycMbymdnl
©063300b 30300 BIO®369d0m ZodmoMAg3d. dMB3BYMO boowoggdn 0bhgbboyMo
300m0y96900 bb3oolbgs ©60367mgd0m, P30639emgl ymamobo 30, 30Bomdmgdggdobs o
39(30m390mgmd0L 3063000 9d0L M30eMLOBGELOM. Logdotmggmmb Lobmaemm-bodgyHbgm
Lo30M3Ymgdob oMM 89000g96L 30,26033%-b. 3060l Logotmol Lobmagemm-bodgyHbgm
Lo3M3Ymgdol LHMYIHIGO BoMIMagbomos boboddg 2.3.

Land cover is defined as the observed (bio) physical cover on the earth's surface. When considering
land cover in a very pure and strict sense it should be confined to only describe the vegetation and
man-made features covering the land mass. Consequently, areas where the surface consists of bare
rock or bare soil are describing land itself rather than land cover. Also, it is disputable whether water
surfaces constitute land cover. However, in practice, the scientific community usually describes
those aspects under the term land cover. Land use is characterized by the arrangements, activities
and inputs that people undertake in a certain land cover type in order to produce, change or main-
tain it. This definition of land use establishes a direct link between both land cover (natural systems)
and the actions of people in their environment (man-made systems).

bogdommaggemmb 3060l boagamob obgzg 3608369cmm3060 3MA3MBgbHNS (hyg, Hobos dobo
H9IM0H™E00L momgddob 40% y30Mogb. hyob d3960mgyemmdom (60630060 hyg — 16.4%,
BONEM3560 hyg — 83.6%) dom0moo© 393mbogmod 30330b0mMbB0b, dgMO-ME0dTgMNb,
90389000, 9GLOBOL, cmobob, $930b9m0L, Mol gggdol 30mmgdo Bm. EMmboob
bodyoemmeo 400-600-¢006 1,800-2,000 3-3009. bogoem3gemmb hyggdolb Bodmnmdo
29,00033%b oggdothgde.

Logdobmggemmdo 850-89 dgho (oo, HmIgmmo boghmm godmmdo 170 33%-b dgoa9bL.
40md900L bogHmm GOm0 2,250 392-00, 3406306 gd0m OTIOYM BOMMMIN 30 506
30%-b 390008960

3060bL boggoMmob IMbozgdgdol odyndoggdo

3060L boggo®mob Bmaswo bdeBobm dmbo3999d0 dMBMEgdNNS F9Mmgbrol d0gH, HmIgEm
6930mob0a3030MgOdE Bmbod dmbo3gdgd0L godotmhnzgdol m3oembEdMoLom (obogmgm
3bGogmo 2.2). 980093 CENN-0b 309t gobobemeoo 3060l boagamolb a3gbs Lvzoobhtdm
3mbo(399900L0 O vg9MMZodMLObYgdgd0L boagydzgemdyg; dog.: 896mdgd0, bobbog-bamgbo
806900, 09Rg6069gd0 O d0MObM30060 LA/ gemMmgdo Lo ZoOLbHMM dmMbO3939d00d0 0gbs
00mMgOYM0, hyob bLOOMo 30 — 9gHMZoIMLLYMgdgd0ELL. 6ol boage®ob gobobemgdobol
139690L 3GomMohgho 309603900 39900930 0653030093 MO0m (FOMM06 EOdMLO396):
0bobemgdYemo 9Hgoemgdo, hyg, Lobbog-bumgbo 306gd0, dOYRJEIGN, doeMEbm3b0 Lvagatma/
d09emm o ©.98.

9990093 dmbgoo 3obobemgdymo 3gbol bgemobommo M93emobognzsEos, 3ogsmomo: bobbogo
306900 o 3M35cMBM0060 boM3O3900 goBobogmgdy, HmamM3 bobbog-bamgbo 060l B39by;
30090m™g00 O bYMNd-LddM3IMId0 — BMIME doeNobm3560 LdBOMO Y ©.8. (3bMoemdn 2.3
60R3969d00 3060l bogze®ob ¢Ho3gdo o 3gbodedolo BoMMMBgde (382).

The vast diversity of the geological structures, landscapes and hydro-climatic conditions of Geor-
gia’s territory, as well as its rich plant cover, stimulated the development of a variety of different
types of soil. Georgia’s soil cover, in general, represents a reflection of the features of the physical
and geographical conditions under influence, of which some have been created and some have
been developed. Consequently, a rich spectrum of soils can be found in the territory of Georgia. The
agricultural sectors of Georgia are notable for their diversity in their natural conditions and their
social and economic properties. The different types of soil that exist in Georgia are used intensively
for various purposes and, first and foremost, for the development of farming and livestock breeding.
The total area of agricultural lands in Georgia is 30,260 km?. Figure 2.3 shows the agricultural land
structure of Georgia.

One of the main features of Georgia’s land cover is forest, which covers almost 40% of its territory.
Forest vegetation (coniferous forest — 16.4%; deciduous forest — 83.6%) cover the slopes of the Cau-
casus Mountains, Ajara-Trialeti, Shavsheti, Arsiani, Likhi, Javakheti and the Loki ridges at an average
elevation of between 400 and 2,000 m above sea level. The total area of coverage of the forests of
Georgia is more than 29,000 km?2.

There are more than 850 lakes in Georgia covering a total area of 170 km?2. The total area of wetland
is 2,250 km? and the total area covered by glaciers in Georgia is 506 km>.

Land cover data processing

Abasic land cover database was provided by Geoland, it was reclassified to simplify the data (see
table 2.2). The land cover layer was then updated by CENN based on cadastral data and satellite
imagery. For example, buildings, crop land, shrubs and grass cover/meadows, were all taken from
the cadastral data, while forest cover was derived from the satellite imagery alone. In the course of
updating the old data, the following order of importance was considered (listed in order, from high
to low): populated areas, forests, agricultural lands, shrubs and grass cover/meadows, etc. After
this process, the new land cover was again reclassified, for example; arable land and perennial
crops were redefined as cropland; meadows, pastures and hay-lands were redefined as grasslands;
etc. Table 2.3 shows the land cover types and the areas (in km>) that they cover.

BoboBo/Figure 2.3

d060b boggotob LoByobo ¢Ho3gdo

Land cover initial types

domobmgobo bogoto/Grassland
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dyRdboto/Scrub
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3M5300mBem0obo botaoggon/Prennial crop

6989306 9d0/Reservoir
39bdymgdo/River islands
Lobogemom/Cemetary
30060ty /River
Logmo-3emoygn/Sand-cobbles
4omdo/Wetland
3omeg/Bare-rock
63060330/Railway
390mYyygbgdgmo dobo/Badland
29O m3mMbo/Airport

Bm3o/Sea

bombogmodymm do®mBMYH0/Ski route
dmgobo/Square
dmMgbo/Moraine

dygobgoto/Glacier

3030 B3o/Black Sea
Hhoo/Lake

3bGogmo/Table 2.2 {

3060L boggo®ob Bho3o
Land Cover Type

309myygbgdgemo/Bare
obobemgdymo/Built-up
bobbogo/Cropland
hyg/Forest

dogmobm3zobo booto/Grassland
dyRdboto/Scrubs

gbMogmo/Table 2.3 {

bobbogo
Arable

30300mBm0obo bohgogn
Perennial

Lomodo
Hayland

bodmgatho
Pasture

996mdo o gdm
Buildings & Yards

Logdommzgemmb Lobmagemm—bodgy&bgm bogoMmanmagdelb byGnddhne.
Agricultural land structure of Georgia.

3030010390900 3060b boggoto

Simplified land cover

domobm3ob0 bogoto/Grassland
obobemgdo/Built-up
d9Bgboto/Scrub
hyg/Forest
bobbog-bomgbo/Cropland

Lobbog-bomgbo/Cropland
Bgoomo/Water
309myy9bgdgemo/Bare
obobemgdd/Built-up

Byoemo/River
3v0myygbgdgmo/Bare
4omdn/Wetland
390myygbgdgmo/Bare
Loh®obb3medbm Jugemn/Transport

390myygbgdgmo/Bare

Loh®obb3medbm Jugemo/Transport

Bgoomo/Water
Byoemo/Water
obobemgdo/Built-up
309myy9bgdgemo/Bare
390myygbgdgmo/Bare
Byoemo/Water
Bgoomo/Water

3060b LoggotMob Mg3emobognzoEes.
Land cover reclassification.
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Land cover types and areas.
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LogdoMH™M39tmM™ EOYMABNEMod 3980093 HIMOHMM0YI O BEFOTNMIM030
0300038560390 mO0L ©03060LAHGOE0YI 9OMIYTNIISC:

Administrative-Territorial Division

1. 93mbmBoyMo Mgb3ydmn3d;

2. 3botg (0930mb0);

3. 3960303omohadh0, obobemgdome 9HMNMIMOMBd — 30d0bobhEOE0YM ghmgYmo,
HmIgmbog 3oL 30003356390 mMB0L BoGH3M0a9oMMO0m0 s dMIdLMmYTgdgMmO
™M3gobmgodn, 993b L3NG Jmbgde, J98mbogemgdn, B0Y39H, ©03060bHMOEYMO 396dHG0
00 960b OdMY3000999¢M0 0G00I 3060;

4. 1300000600390 Joemogdo — Joemogdol ho3ob obobemgds, Gmagmbeg od3b
03003356m390m0 gHmMgymmob bihohybo;

5. bo3MgdYPM — 5ZOEMIM030 BOHIMI0ZIBEIMMO0000 M3000335MM3ICNMINL MEFO6M;

6. 30339mo0/396M00 — 50g0emMMIMH030 M300330HMN39emMmA0L dMAILMYENIIgEo MGZOOM.

At present, Georgia is divided into the following territorial and local self-governing units:

1. Autonomous republics (A/R);

2. Regions;

3. Municipalities (Districts): the settlements which are self-governing units, and which have a level
of regional representation and executive self-managing bodies. Municipalities also have their
own property, income, budget and administrative centre, and a municipality is an independent
juridical entity;

4. Self-governing cities: a town-category settlement, which has a self-managing unit status;

5. Sakrebulos (Communities): local representation self-governing entities;

6. Governing Bodies (Gamgeoba/town hall): the local self-governing executive entities.

According to the Law of Georgia regarding Occupied Territories, a special legal regime has been es-
tablished in the territories of the Autonomous Republic of Abkhazia and Tskhinvali Region (territory
of the former Autonomous Republic of South Ossetia). Thus, free movement and economic activi-
ties are restricted there. Abkhazia A/R and the Tskhinvali region have been indicated with hatching
(stripes) in the Atlas, as many types of data were not available, or were out-dated, for these areas.

The regional division of Georgia coincides with the historical and geographic districts of the country.
There are 9 regions: Guria, Imereti, Kakheti, Mtskheta-Mtianeti, Racha-Lechkhumi Kvemo Svaneti,
Samegrelo-Zemo Svaneti, Samtskhe-Javakheti, Kvemo Kartli and Shida Kartli. Georgia contains a
total of 71 municipalities.

0003000LdHEOE0YM-hgM0HhMMH0YMO OYME

003b089m0b 93¢ MbmMIyHo Hglidndemozoby o (3b0b3oemolb M9a0mbol (gmaogmo bodbémgm
mbgmob 93¢hmbm3oyMo mmdo) BHadohmG0odg bogommzgmmb 306mbom "m3y306Hgdymo
H9®0ohmE0g00L” dg9bobgd 3G39eM©gdS b3gE0OYMO LdFoOMMIIM030 B97030. 0990000
399m30boMy, 93 HatohmM0gddg 89BMYLYM0S MO30LYBEMNOE ZOWOIZNNIIS O
93mbm8037960 LgdnobMd. dWbOBIMOL V3HMBMB0YMHO Mgb3YOT03d O (300635¢mol Mggombo
ohemobdo odhEmobymos, Goaobog 93 Hadmohmmagdol dgbobgd dmbs3999d0L oo BoBogmo
3md39emgd7nm0d, 96 Loghmme & Mol bgemdobobzmao.

LogoMmM3geMML EOYMAd doGomogo gdmbagzs J394bol obhmEonm-zgmamomnymm
390bggdb. godmoymazs 9 dbotg: gnMool, bddgadgem-8gdm L3obgmab, 0dgtgmol, Mods-
mgBbydobo o g393m b3obgmab, o JoGmmeob, 33bgmo-000069m0b, g398m JoGmmemab,
30bgmobo o LEdEbg-Fo30bgmaby, HMImgdoE dmogesgb 71 3ybogo3oemohghb.

Processing of Borders of the Administrative Units

Unfortunately, no up to date digital maps were available for all of the communities of Georgia. There-

fore, the borders of the administrative units applied, for the assessment of the exposure, vulner-
ability and risk in this Risk Atlas (as well as in the Web-Atlas), were made by integrating two sources
of information: the borders of communities that were provided by Geoland, and the borders of the
communities obtained from the cadastral database. The attributed data was linked either to the
level of regions, level of districts or the level of the communities (e.g. the recorded natural disasters,
population, number of school children, hospitals, doctors, etc.).
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Logdom39emmBo LEbMm3MIdgIMO, dGBLOELM3MIdgMO, bomaoby, ©dnbobhGms0Ymo
996m09d0L LOIBIVZemMg BgodRbg3o 0d, Lol Fgotgdom bgmboytgmo g30Bo3nm-
39MaMHoB0YM0 O 93MbMB03YM-39MmamO0Y0 30HMOd00. 3gbmdsms bodMmozemom
399m0MABg3006 obvbemgdymo 3169hgdn, HMImMYdnE bLohMOBL3MEMHM BogobhMmomgddg (o6
300 8g9LoyoMBy), B93M90(309¢m ©a0emgd8n, Brm3z0L bobo3nMmgddg o ©.9. BIdOMHIMO6
(9. md0gmobo, d. ggmoobo, d. gmto, d. Bgbhoxmbo, d. bodydo, 4. LudhGgwos, d. bgbozo,

d. 6omydo, 4. bmbydo, 9. ™m0, J. agoo, 4. mBEdRoMy, J. dbogmznby, J. mgmeso, d.
Hyodyemo o bba.) (ob. Bobobo 2.4).
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There are a variety of building groups in Georgia, covering residential, nonresidential, office and
administrative buildings, which are located in areas with relatively favorable physical-geographic and
economic-geographic conditions. Settlements that are located near motorways, recreation zones, the
coast, etc. generally have a higher density of buildings than more rural settlements. The highest pop-
ulation density are found in the cities of Thilisi, Kutaisi (see Figure 2.4), Gori, Zestaphoni, Khashuri,
Samtredia, Senaki, Batumi, Sokhumi, Poti, Zugdidi, Ochamchire, Akhaltsikhe, Telavi and Tkibuli, etc.

Due to the favorable geographic living conditions, the intermountain plain of Georgia has the highest
number of buildings. The regions with a more severe set of natural conditions have far fewer build-
ings and construction sites. The migration of the population from the upland areas to the lowland
areas has consequently resulted in the near abandonment of many villages and settlements in the
mountainous regions (see Figure 2.5).

Physical-geographic conditions frequently determine the architectural composition of buildings.
Because of the warm and humid climate in western Georgia, one or two-storied timber houses are
the most common building types (mainly on piles, which remains frequent even now; see Figure 2.6),
while in Eastern Georgia, the building types consist of mainly stone and/or brick houses.

In Western Georgia, due the current conditions, brick, slab and reinforced concrete materials are used
instead of the traditionally applied timber. As a result of the above stated developments, architectural
differences are no longer observed across the various regions of Georgia.

Building stock data processing

Buildings are an important element at risk and the creation of a building map of Georgia is crucial
for the exposure, vulnerability and risks analyses. Due to imperfections in the existing building
databases, the generation of a building map was difficult and time-consuming. It was therefore
decided that the existing cadastral information would be used and processed as it already contained
the information regarding building floors, construction material and construction period (that was
afterwards used to assign vulnerablity types to the buildings). Instead of the building footprint poly-
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000b03Y803999em00, Mobo3 1:1,500 000 3oLBHodL B30 gbmdO-H5390MdgdAL Bybho
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000300m3gd0MgmdL J0bg300 393306 gdnM0 0ym 3060l boggoatol i3gbolmobd, Mab
890093000033 96900 3oboLodM3&O Fom0 EO6086YMgdNL Ho3gdol dobgzom, 8999z
bbgoobbgd dmmbmabol (query) Bgbodedobog d96mdgd0 oaym bdd Ho3ow: Logbmamgdgmo,
06oboEbm3MgdgmMo o Lb3d (odbdotmg) 96mds-639dmdgd0.

060em0B0 3o39mwo 939460l 03 HgEohmE®09d0Lm30L, MMBgemms dgbobgdol dMLYdMOS
bo3oEbHGM dmMbo3999d0, dmbros gho 3gghotdg (1008/1003-89) 8gbmdgdol bodyocmm
MHOomEIdbMIL odmmazmme. 3990093 396mdgdal bodyomm doRz9bgdgmo (1 3ggdhomdg 5
96md0) 3odmygbgdyem 0d6o 03 obobemgdynemo 3bdhgoobomaol, HmBmgdobmaobos
Lo3oOLHG™M 3MbB(393900 06 dOLIOMOWS.

030l 8930093, G933 303MM3Maem 0gbo d96md9d0L LodnEEmm3g Logo®mzgemmL dobdhodom,
3mbeoo d96m0d900L LoddnMmm30L HY30L Bgmoglbgde bo3mgdyrmgdal dmbogdms 13gbolmob,
MmO OM3eMOEMOY™m 896Mmd9d0L BHOMEIbMBd MMM b3MgdEmLm3ab.

08 3900me0b godmygbgdom godmmaemoemo d96mdgdol Lo Momegbmds 39900396l
1,178,000-b. g39460L 08 Hgaombgdolmzol, HmBmgdobm3zoboi 9BLYOIMIES b3dEILEHGO®
9dmbo(393900, dmbeod 8gbmdgdnl ho3gdnlb 3emoboasnzoEes, bdwoi yzgeme Bhodob 896mdnodb
Lobm3MYdgEM0 dgbmdgdEL MOMEIBMOLE dgoanbs 730,000, sGoboibmamgdgmn dgbmdgdol
MHom9bmdod — 93,000, odbdotg 96mdgd0bed 30 — 156,000.

gons, buildings were converted to points coinciding with the center of the polygon, because points
are much easier to handle, while the base scale of the map was 1:1,500 000 and did not require the
exact shapes of the buildings.

For the building types the building (polygon) layer was spatially joined to the landuse layer, which
gave information regarding building use. After using specific queries, buildings were grouped in

3 categories: residential, nonresidential (adminitstrative buildings, banks, ofiices, etc.) and other
buildings.

A different approach was used for the areas where cadastral information was not available. First, the
building density, as in the number of buildings per hectare (in a cell of 100 by 100 m), was calculated
for all terretories with cadastral data. Then, this building desnity was applied to the areas not covered
by the cadastral maps, the average number of buildings per pixel was calculated based on this value
(5 buildings per pixel). A ‘built-up’ class, from the simplified land cover map, was used and a value of
5 buildings per pixel for this zones in the non-cadastral areas was applied. After the buildling density
map was generated for the whole country, it was then combined with the data layer of the communi-
ties to effectively calculate the number of buildings for each community.

The total number of buildings estimated for Georgia using this procedure was 1,178,000. The num-
ber of residential buildings was estimated to be 730,000, the nonresidential buildings were roughly
93,000 and other buildings amounted to roughly 156,000.

Lobemo bod0b$9089 (cobogeMgm LagoMmzgmmm).

boboBo/Figure 2.6 House on piles (Western Georgia).
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d. Jgmoobo.
Kutaisi city.

BobobmoMmgdn gmdgbeol bgmoodo (ydgmo).
Former settlements in Gometsari ridge (Tusheti).
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Population

According to the statistical data from 2011, the total population of Georgia is 4,469.2, of which,
2,371.3 live in urban areas and 2,097.9 live in rural areas, (excluding the population residing in the
occupied territories, for which no recent population data sets are available). The average density

of the population is around 64 individuals per km2. Georgia is a multinational state and the chart
below shows the ethnic composition of Georgia’s total population is presented on the Figure 2.7.

The population is unequally distributed over the territory of Georgia, this is directly related to the
natural-geographic and economic factors in the different regions. For instance, due to unfavorable
farming conditions, only 4% of the population lives in the Caucasus mountain regions, 8% live in
the southern uplands and 88% live in the intermountain plains. From an agricultural point of view
Samegrelo, Imereti, Shida and Kvemo Kartli, Guria and Javakheti represent the most cultivated
regions.

The largest population density can be observed in the regions of Ajara and Kvemo Kartli. Further-
more, the important and key centers of urbanization are: Thilisi, Kutaisi, Batumi, Zugdidi, Gori and
Telavi. The lowest housing and population density is observed, as is expected, in the Caucasus

2011 Bemob bhohobhoznHo dmbo3gdgd0L dobg30m, bodoMmm3gemmL dmbobemgmds
4,469.2 500l 30(3L 89000396, 9990006 2,37 1.3 vmobo Jogmogdow (sbmz®mmdl, 2,097.9

200b0 — LMo (M 39306090790 Hgmoh™mM0gd0L dmbobemgmdolb 8gbobgd gobobemgdymo
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mountain regions, specifically in Svaneti, Racha-Lechkhumi, Pshav-Khevsureti and Tusheti. This
can be accredited to the climatic conditions, the remote location and the significantly low level of
developed infrastructure.

As a result of the Georgia - Russian wars in the early 1990’s, as well as the recent war of 2008,

more than 400,000 people were forced to leave their homes in Abkhazia and Samachablo and were
displaced throughout the regions of Georgia. As a result of the hard socio-economic conditions and
high levels of unemployment . This has been compounded by repeated, subsequent cases of forced
migration of the population groups from the uplands to the lowlands and from villages to urban type
settlements; a resettlement trend is evident, crossing from East Georgia to west Georgia. A large
portion of this internally displaced population is accumulated in the capital of the country, Thilisi, as
it contains more job opportunities.
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bogdo®mmzgmmb dmbobemgmdol gmbo3yto 8g8o0396emmds.

boboBo/Figure 2.7 Ethnic composition of Georgia’s population.

Generating population density maps

The information regarding the number of people living within Georgia and their locations was
provided by Geoland and is based on statistical information from 2002, this information was later
calculated per hectare and was sourced from the various Sakrebulos (communities).The population
data from 1989 was used for the occupied territories, as no up to date information was readily avail-
able. In order to distribute the population of the occupied territories over the built-up areas (from a
ratio scale of 1:50,000 on the topographic map) a dasymetric mapping approach was utilized. The
population density that was calculated based on the available data contains uncertainties due to its
out-dated nature. Unfortunately, at this time it has not been possible to get any additional updated
information regarding the population densities for the smaller administrative units.
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Transportation Infrastructure

Lodh®OBL3MEAH™ Jbgemo, ImByzmoEMANLY o Mob3ol d9a30L900L M30eMLOBGNLOM y3gemo
60MAgho LeE0OEYM-93MmbMT03MH0 Md0ggdHoL AbgogLo, 3603369emm306 HoL3ob MdgdHL
BomImogagbl.

LogdoHm39emmBo Bo®mBmagbomos BHHEBLIMMHOL bbgoobbgo bLobgmde: H3060380,
LoO3hMIMOOM™, boBm3zom, Ludogem, Bogmbogbo o bbs.

30639em0 63060380 — Bgbhommbo-gmmo o Mmdomobo-gmmo — goyzoboe ogbs 1871-

72 Bemgddo. 1902 6geml 30660 me00bog0obo 630603800 4. dmMIM30 oy393306M 00
000 0039M006L. Lago®mM3gmmL M3060380L bLogHomm LogMhdg 2,344.2 38-00. H3060380
Logdomm3gemmBo 3odmoygbgde MHmamt3 dmbobemgmdnl gowsboyzobog, dbgzg bbgowolbgo
H030L boggL3mGAH™M, bLeedIMmEHM o HGHBBoHYIT Hgby®LOL, Fobomobo o IGmydi00b
30000boHOb. bLogoMmmzgmmdn boogdhmImdnemm 3B8gd0l 389690mmdL Ldagydzgemo
Rogyote 39-20 Loy3nbob obobyolbdn. Lbgowobbgo Ho3olb boogdhmdmdoemm gdgdol Loghomm
Log®dg 40,000 33-L OBoHdO, 9996 bgMMedMEMNbm O FoolbobymmadBonmgdmoszn
3608369cmmd0b 38gd0b bogédg 10,121 38-00, bbgoobbgs obobemgdyemo 3ybdhob
0035303800939em0 38g00L bogmmm Loghdg — 15,921 38, 3GYbHEL 3dgdobs — 22,503 39,
g39emo bbgo obo®mABgbo ho3ob dogmnzgdobe o a3Bgdolb bogédg 47,521 39-b 39000396l
(0BgMGB5(300 dgOYMO0S 3MmMmgdhob BoMHammgddn ImaBogdymo boogdhmImdoemm gdgdol

9mbo39000 00800006, BMIgM03 J0M0MOOE JYMEbMIS LBAIZMMO HM3IMEOHOBOYM MY390L).

dhemobdo dm(3989¢m0 38900L Hhn3900 EO3ZYBIVYM0S 8990093 4 30h93MMH0O:
03¢h™3030LAHMO0, J9hgd0, dMO3MIbAOMAHgOYMm 3Bgd0 o dogmn3gdo.

Transportation networks are a significant element at risk (as are all other social-economic elements
atrisk presented in this chapter) that need to be considered during the vulnerability and risk as-
sessment; They are therefore included in the baseline data. Various types of transport networks are
present in Georgia, specifically: railroads, roads, harbors, airports, etc.

The first railway between Zestaphoni-Poti and Thilisi-Poti became operationalin 1871. Then, in
1902, the town of Borjomi was connected to the community of Bakuriani with a narrow-gauge rail-
way line. The total length of Georgia’s railway network is 2,344.2 km. The construction of highways
in Georgia was started at the beginning of the 20" century. However, railroads remain highly impor-
tant for the transportation of (raw) materials from the ports to the main cities and vice versa.

The total length of Georgia’s motorway roads equals more than 40,000 km, of which 10,121 km
are roads considered to be of both international and state importance. Furthermore, 15,910 km are
streets in different types of settlements, 22,503 km are unpaved roads and all other roads cover
47,521 km.

During various analyses presented in this atlas, the road types were grouped in 4 main categories:
o Highways

o Streets

e Unpaved roads

o Pathways

The total length of Georgia’s coastline equals 309 km. The most important ports for the country
are: Batumi, Poti, Sokhumi and Kulevi. Georgian ports are located within the Europe-Caucasus-Asia
Transport Corridor and fulfill the shipment of dry cargo, fuel and oil products.

The following airports are currently functional in Georgia: the Thilisi and Batumi international air-
ports and the Kopitnari and Mestia airports, these last two are of significant local importance.
Lifelines are considered to be those networks that provide basic services to the population, such as
water supply, electricity supply, gas supply, telecommunications, mobile telephone networks and
sewage systems.

Three pipelines of international importance also pass through the territory of Georgia: Baku-Thilisi-
Ceyhan (BTC), Baku-Supsa (WREP) and Baku-Tbilisi-Erzurum (‘Shah Deniz’ — BTE), through which

oil products are supplied from Asia to Europe. Another important lifeline is the northeast main gas
pipeline, through which natural gas is provided from Russia to Armenia.

There are currently both 300 and 500 kW power-transmission lines in Georgia’s territory, that con-
nect the country to the Azerbaijan, Armenian and Russian electricity systems. Construction of a 500
kW transmission line, that will connect Georgia with Turkey will be completed in 2012.

Logdo®mmzgemmb Bem3zob bobodoMmm boBob bogtdg 309 38-00. J394bolb 3603369cmm360
603LoaMgo0d: doMYT0, BM™MO, Lxmbydo S Yyymg30. LagommM3zgmmmL bogbogytgdo
3960M03901em00 93BrIM30-30330L00-08000L LOHGVBLIMEHM EIM9RV630 s doMNmMOEO®
L&Y gdgb 38GOMO H30GMgdab, Bo3MMINLY O Ba3MMIIGMEYIHIO0L goodoaol

06 300b.

Logdommzgemmdn i396g30Mm606H 9090 MB0eMELOLY O d9mYToL LogMHMEdMEOLM, 3Mm30¢Hbotobs
o 39LAH0ob ©gNMMOM30 3603309eMMANL vgEM3IMmMAHgdo.

bodo®mmzggmmb Bhahohm®0oodg boghmodm&obm 3608369¢mmdal bodo dogmboggbo gowolb —
d0gm-m00¢m0b0-3903060 (BTC), dogdm-byagbo (WREP), dogm-mdacmobo-g&mBy&mydo (,3030096080%;
SCP), ®m3gemmd bodYoegdom 880D g3Mm3dl 3096mMmEIdS H3MMIIHMEYIHId0. Vb
006036mL 336936030 060l BHMMgm-bddbgmol dogobdhtmomymo dogmbogbo,
HmIgmob bLodYoemgdoMS(3 096906030 d0G0 BYLYMNESL bemdbgmlb dogbmwgds.

bogdo®mm3gmmmL HgdmoHmG0odg 300 o 500 33¢-0060 gemgghemaodd3gdn bodgdo oo,
HmAmgo0moE 939Yobo 989MBo0360L, bmdbgmolbs s HYLgmol gemgdhGmLOLEHIIgOL
139330600900. 3500 BmG0bod MYMIgmMb 303938069d9cm0 500 33¢h-0060 bodo, HMBemab
999690emmdo3 2012 Bgemb obi®yemegdo.

LoboEmEbenm 3603369tmmdNL dgmbyg 336030130900 YBGYNB3gMYMARI6 Imbobengmdsl
89800930 h030L doGomogo bghz0bgdom: Bymom, gemgdhHmabgdznom, d16906030 S0G0m,
H9e™93™3360303000, MNP0 LohgmgRMbm Jugmoms s Lozoboemodogom Lobhgdoom.
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o310 hgdmohmEm09d0
Protected Areas

2.3.1

LogdoM™m39emmBo OEYO HIMOHMM0gd0L Ldghmm RoMhmmdo 512,123 3gdhotmb YoMab,
9990006 bdgemgmb ydo®ogl 496,379.71 3g9dhoto, bmenm dmgol — 15,743 3gddhodo.

LobgmBBomm 6530 domo - IO HgModhmG0gdol doMmoo 39hgamMoss, HmIemol
LOBM3Mg0d0(3 09690030 93MbOLAHZIFANL OE30LO o domo 3g3bogtyemo 3gbBogemol
8036000 53 doemYE0d Yym39ema39mo LdAIYMBIM Ldgdnobmds. Lugomzgmmb HgdmohmMoody
999860¢m00 0y8gmob, 00660L, 000069960, tMogmEgbol, 308tmm3o60L, JoMH003330M0b,
00b30L, dmGFMB0b, JMoYmgmoL, 306¢h 0oL, 00430600-3079bgeob, BLby-gndoboobe

o 060l LobgemdBoBM Bo3MdoMYdN, HMIgEMS boghmm Bommmdn 141,473 3ggdhodlb
390003960.

6330mBoMY®0 (9Or™M367eM0) 39630 — 0936900 07690l PYB03OENYMO g gd0L
39606mRY69d0LOM30L, LOBYEbOgMM S Ldgd6dBOMENgdTM 30869d0LOM30L. bodotmzgmmb
96 ™m369m0 3063900L Loghmm Gommdns 270,740.83 3ggdho®oa. bogomagemmaon
306bb3039090m0 Foboboomgdmgdol dobg300 3odmymanemos MHdEIbndy ghmabnmo oM 30;

o 330609 30339L0MbOLEMZ0L POFObOLOVM OGN §3MLOLEHIBIONL O doMIGOZOMBIH™36gd0L
— Y §MB-botogoymol ghm3bnmo 306 30;

e LOgYMOIML Jgrdg HLYOYMO BIHNMBMNENM3360 (HYyggdo — Mdoemobolb ghmzbymo

The total area of Georgia’s protected territories is equal to 512,123 hectares, of which,
496,379.710 hectares is composed of land territory and 15,743 hectares by the sea.

State Reserves — the main purpose of the protected territories, where economic activities (con-
struction, etc.) are prohibited, is to protect the natural ecosystems and allow for scientific access
in these areas. Within the territory of Georgia, the areas that have been declared as state reserves
are: Batsara, Babaneuri, Lagodekhi, Vashlovani, Mariamjvari, Liakhvi, Borjomi, Kobuleti, Kintrishi,
Bichvinta-Miusera, Pskhu-Gumista and Ritsa; they have a combined total area of 141,473 ha.

National Parks — these have been created in order to maintain unique natural areas, as well as for
scientific and educational purposes. The total area of Georgia’s national parks is 270,740.83 ha.
The following national parks have been created in Georgia:

e ecosystems and biodiversity typical to the Lesser Caucasus: — the Borjomi-Kharagauli National
Park;

o broad-leaved forests along the Saguramo Ridge: the Thilisi National Park;

o biodiversity of Kolkhetian type forests of Ajara Highland: the Mtirala National Park;

o high-humidity ecosystems: the Kolkheti National Park;

e mountain and highland ecosystems and biodiversity: — the Tusheti National Park;

e arid and semiarid ecosystems: the Vashlovani National Park;

e extreme southern area of distribution of the Eastern Spruce (fir): the Algeti National Park;
o biodiversity of highland ecosystems: the Kazbegi National Park;

e mountainous high-humidity ecosystems: the Javakheti National Park.

Natural Monuments — these areas have been declared as such to protect and maintain specific
natural features of national importance. Currently, the following natural monuments can be found in
Georgia: the Alazani Grove, the Artsivi Gorge, and the Takhti-Tepa and Imereti Caves.

Preserves/Reservations — these have been created in order to protect unique animal species and
plants; it is permitted to use the natural resources within its boundaries for limited economic
purposes only. The total area of the preserves/reservations in Georgia equals 64,085 ha. The fol-
lowing preserves/reservations function in Georgia: Ajamaeti, Lagodekhi, Ilto, Khoruli, Gardabani,
lori, Chachuna, Katsoburi, Kobuleti, Nedzvi, Ktsia-Tabatskuri, Tetrobi, Kartsakhi, Suldi, Khanchali,
Bughdasheni, Madataphi and Sataplia.

Protected Landscapes — these are created for the harmonious coexistence of nature and human be-
ings, for the development and support of recreation and tourism, and for the protection of regional
economic potential and traditional rules of the community. In Georgia, there exist the Kintrishi and
Tusheti Protected Landscapes, with a total area of 34,510 ha.

306 30;

o 350030060 939M0L 3MMbYG®0 HyYggdol d0mIGO30eMBIOHM369d — IhHoGMOMmOL
96™369m0 306 30;

o 30mbgmob doMdhgb0obo 93mbLEHYAgd0 — IhoMocmol ghm36ymo 306 30;

e 3000L0 O oMOMBM0L 93mLOLHYIgEOL doMIGMOZ0tMBRYHM369d0 — MY3gmob ghmzbymo
306 30;

e 06000 o bBOMHOEYMO 93mbLOLAHIFIV0 — 308eMMm360L gHM367ym0 306 30;

o 00m3mbogmgmob 65d30L 3o36M39em9d0L P3000M9gLo LBbMHYMO vEgoTo — dSeMagmol
96hm367m0 306 30;

e 30000 dmob 93mbobhgdgdol d0mIGO30M®WIOHM369d0 — yoBdgazalb g m3bymo 306 30;
e 300l $06dhgb0obo 93mbLLEHYagd0 — F030bgmal ghm3bymo o6 30.

0969090 dgaemo — 0gdbgdo g m3byemo 3608369cmmdol d969d0L Md099HId0L OE30LY O
99606RA169d0L 308600. Lo M3geM™P0 3OV SMLIIMOL deVOBBOL doemob, 9GHB030L
bgmdobl, Bhobhomgaobe o 0d9hgmol 3m3039900L d69d0b dggemgdo.

M 339006m0 — 0936900 (3bM39eM™M0 o 33960MmM B3O YM bobgmdgdol oE30L 308600
o 30b LoBP3E9d80 BgdOIGMYMNS d79690(H030 Hgby®dLgdl dbmemme Bgdmyyemo
LOFgY®BM godmygbgds. LEgoOMN3gEMML HIMOHMMBg 9ELIIYMO v 33900em0/
©989630h9d0L bogHnm BoHMMdN 64,085 3g9hodlb 89o396L. LogoGmagemmdon
®B6d30mb06Hgd96 0308900, tmogmmgbol, oemdmL, ymGPmob, goModbob, 0360b, 04360l
393M0M0b, Jmdymmgmol, 69d30b, Ji300-ho0dBYYGNL, MgMEMBNL, 306HBobab, byemob,
bobRoemNL, d9mEodgb0b, Foohoalo s Lvmoggemool oM 33gmomo/MHgBgtmaohgdo.
(3O Mobddxh0 — 0930900 316900Ls O ©OFNVBOL 3oMTMBOYMO MOBEIMLIOMINL,
00b396930bo O HYGBI0L Fob30mOMgdOL, bgemBgBymdls o Mgzombal g3mbmBnznto
3mh9b300emoLo o dmbobemgmdnl 3bmatmgdol hMooEogmo Babgdol ws30L 308600m.
bogdommaggemmBo 399abogmoo 306¢M08oLo o MY8gmol oMo MEbEdomhgdn, HMmBgMmm
Loghmm GQohmmdns 34,510 3gdhoto.
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93Mmbmdn3o
2 ' 3 ' 8 Economy

Logdommzgmmb 93mbmBn30b 3mo396m0 oMagdns: bmaemol 3gyeMbgmds (393(39606Hgmdo,
39(3bm390mgmdv), 30r9639emMA (3ghomy®a0d, 396gobom3dgbgdemmds, Jodoy®o o
69300md-940309®0, Lddgb Fobogmomo, bghyobs o Jomommeol, Abydydo, 339d0L), 969MagH03,
HHBL3IMOHO (LdO3HMAMdOM™M, LM 306038M, bLoBmzom, bodoghm, Boembogbo) o 3odGmd..
doemm 396H0omdo hyc0ddo 939960l 93mbmBoz0l 3GomGohgh e oMaoE 0Jso.

2010 Bemob dmbo3999d00m, Logo®mzgemmBo dmemoobo oo 3hmeydho (333) 20,743.4
30em0mbo cmotoo (11,636.5 d0emombo 938 moto), bmenm gho byem dmbobemgBg
300em0060 oo 3G mEYddo — 4,675.7 (oMo (2,623 533 mmoMo), 333-b HgoemyMo dkreo
6.3%-b 390003960.

939460L gogommog mdogmobdg dmemoobo odahgdomo MoMmgonmgdol 43% dmeonb.
999c03m30 39-2 o 39-3 9g0Mgd0 36BN gdYEMNS 039G 9M0-Modo-cmghbydon-9399m
13969m0b0 O §399m JoGOMMOL ©B0bOLAHMSE3YM Fbotggddg (ob. bobobo 2.8).
Logdommzgmmb 93mbmB03nMmo Logdnobmdgdol dobgznm 383-b goobobnemgds d0dnbotmg
®30L9030 BoMmIMEagbogmod (3bhamdn 2.4.

The main sectors of Georgia’s economy consist of: agriculture (crop growing, livestock breeding),
industry (metal manufacture, machine engineering, chemical and petrochemical, construction
materials, timber and paper, light and food industries), energy, transport (motor, railway, marine,
air, and oil and gas pipelines), and trade. Recently, tourism has also become one of the main priority
sectors of the country’s developing economy.

According to data from 2010, Georgia’s Gross Domestic Product (GDP) equaled 20,743.4 million
GEL ($11,636.5 million), while the per capita Gross Domestic Product was 4,675.7 GEL ($ 2,623),
the growth of the country’s GDP was 6.3%.

The total, combined value of Thilisi, the capital of the country, equates to 43% of the country’s total
GDP. The second and third places in terms of contributing GDP are divided between the Imereti-
Racha-Lechkhumi-Kvemo Svaneti and Kvemo Kartli (see Figure 2.8).

GDP of Georgia by types of economic activities in current prices are represented in Table 2.4.

Spatial distribution of GDP

In order to develop a map of the economic indices (e.g. GDP), which is necessary for an assessment
of the exposure, vulnerability and risks (as presented in the following chapter), the above data,
which was only available as total values for the regions and economic sectors (excluding the data for
the occupied territories), had to be spatially distributed on the basis of the land cover classes. This
was done by dividing the GDP of a specific sector (e.g. agriculture) by the number of pixels (hectares
as 1 pixel on the maps covers 100 by 100 meters) for the specific ground covers (e.g. crops). As a

333-L LogMmE3Yemo godmbobgo

030bomM30L, M™M3 8933993065 93MbMB03YEM0 06030HMMOL (30a., 333-b) B30, Gog Gobzolb
3060L306 gmxzbob, ImByzemomdnLy o Molzob d9a30bgdolomazol oym Lagomm, 333-L Bgdmm
3m39990m0 dmbo399900 B930mbgd0LY o 93MBbMB030L EOMEJBELOMZ0L (M 3Y30tgdymo
HaBohmE0g00b 3ohs) gowoboboemes 3060b boagamob 3emobgdol dobgz0m; 396 dme,
©930mbob 3m63M9h o 93mbmdnzolb 333 (303., bmazemob gyMHbgmdd) gonym 3gbodedobo
3060b boggaMob (Lobboz-Lbomgbo 3069d0) 1 3ggddhEob (Gp398g Bggbodedgde 1 30gugemol

Bmdol) Gomgbmdody. 39009300, bogoMmagmmb hgdmohmmoodg mommgye 3gdhomlb
8096030 89L0530L0 HoEbznmo 3608369cmmMdS. 9b dOL dLgmo Ho3ob gomammol dgothgdom
B8ma000 3GOME9YMY, 3ogMod, 0doob godmanbotg, MM A39b o6 33dmbeod LozmEyemo
306060emg00b 93mbmB03nM0 3mbo393900, 9b 3030B6090 BoboM9d BWMGIo.

93060

3069000 Ajara

Kakheti 3nmoo
Guria

doemobo
Thilisi bodgadgenm-

893m Lgobgmo
Samegrelo-
Zemo Svaneti

dog0 Jobhmemo
Shida Kartli

4399m Jomemo

result of this calculation, a numerical value has been attributed to each pixel. This procedure is .
Kvemo Kartli

extremely generalized, but given the fact that no spatially distributed economic data was available it
was considered as the best proxy in terms of measurement. Lod3bg-F030b9m0
Samtskhe-Javakheti

BoboBo/Figure 2.8 { (bogdbhoho, 2010).

039G 9mo-
Mogo-cmgRbydo o
9399m L3obgmo
Imereti-

Racha Lechkumi-
Kvemo Svaneti

2010 Bemob 333-b 3 mE9bhmo 3ooboBoemgds hggnmbgdol dobgzom

The Distribution of Percentage of GDP by Regions (Geostat, 2010).

boygemol 39MHbgmdd, boommds s Ldhygm 39xMbgmdd, Mg3Bomdd

Agriculture, hunting and forestry and fishing

36 96390mmO
Industry

36O mYJi300L gowsdndsggds d06sdgydmbgmdnl dogM

Processing of products by households

3396900 md0

Construction

3036 M0, 93hMmBMB0eNgdnL, Loymazogbmatmm boBo®mdnbo o

306000 dmabdodmgoob Logbgdob HydmbhH

Trade, repare of motor vehicles and personal
and household goods

HEOBL3MEHO O 3038060350379 MIS

Transport and communication

bobgem3Bomm 33oMM39eMMIS

Public administration

3obommgde

Education

39636 0gmmmA0L o330  LmENOMYMO ObIdMJOd

Health and social work

3maLoby®mgdol bbgoobbgs bobg

Other types of services

2010 Bemob 383 (3gmb. gmoo) bbgoolbgo 93mbmdnzyto bogdoobmdol

BbMogmo/Table 2.4 | Bobgegom (boguhodho, 2010).

The 2010 GDP (million GEL) by Types of Economic Activities (Geostat, 2010).
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076906030 bLogymbggdo Logdotrmggemmdo
Natural Hazards in Georgia

dgbogoeo
Introduction

606030090069 00380 BomB3mMag6em0d LodoMmM39mmmL HgeodhmMoobomzolb odobobnomgdgmo 416906030 Lhogdonmo dm3amgbgdol bomMmbggdol (3gByMol, Mm3oMmEMABEL, g3ome (339600,
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This chapter presents hazard maps for the different types of natural hazards that are occurring on the territory of Georgia (earthquakes, landslides, mudflows, rockfalls, floods/flash floods, snow avalanches,

drought, hailstorms, wildfires and other natural hazards), and the hazard assessment methodology. The maps are developed by various institutions, such as the Institute of Earth Science of the Ilia State University,
the National Environmental Agency, the Emergency Management Department and other entities. Unfortunately, some natural hazards have not been covered in the Atlas, specifically soil erosion, soil contamination
and coastal hazards. Also, technological hazards have not been taken into account in this Risk Atlas.
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Natural Hazard Events Recorded in the Past 3.
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gb®ocmo/Table 3 { Example of information on natural disasters incorporated into the PostgreSQL database.
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Function of Web-Atlas for recording disaster events.

Atlas of Natijra1 Hazar&sandﬁiéﬁ;ﬁl;‘ benrg-;-i-a Bl

. N

D onn o wpmsl na s
o metinen 1 4nd 3

B prines 1 amd &

B metpen 1 ond 04
B e s A

e e s T e R T a2
bob . 39000 mobolb g3bd(300 316906030 bhndoynMo dm3amgbgdol dmdogdol boznmbdo.
oboBo/Figure 3.2 The Web-Atlas function for searching recorded natural disaster events.

Recorded (non-instrumental) data from past events regarding: floods, flashfloods, mudflows, landslides,
rockfalls, hailstorms, forest fires, snow avalanches, etc. were collected from the National Environmental
Agency, the Forest Management Department, and various other archives, as well as from mass media
records (Rustavi-2, newspapers and journals), monographs and scientific publications. It was important
to introduce a unified recording structure for each natural event when integrating the information into the
database. Thus, it became necessary to convert all the past events recorded by various organizations into
a unified format first and then apply the unified information framework to it. This will make it possible to
update, specify and disseminate information with a minimal loss of time and resources in the future.

Web Atlas

As was noted above, the database plays an important role in the management of natural disasters. Along

with the collection, systematization and updating of the database, it is also crucial to provide the informa-
tion to various central and local governments, as well as the population, to enable them to take necessary
action and ensure readiness and timely responses to natural events, which will reduce their consequenc-

es.
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Risk communication is the main reason for the creation of the Risk (Web) Atlas. Application of internet tech-
nologies provides the possibility to make the database available to the public at large, raise the awareness
in the population and local authorities, and improve their preparedness for dangerous/hazardous events.
It also facilitates improvement of the existing database and ensures that it is regularly updated. Any user,
through the respective functions, can contribute to disaster risk management and provide additional
information to the Web Atlas administration about natural events that have occurred, which, after being
specified and rechecked, will be used to update the database. Figure 3.1 shows the Web Atlas function
where a user can indicate the event location, date, damages/losses, photo/video and other significant
supplementary information.

In addition, the Web Atlas provides the possibility to query information on natural disasters by types and
dates on various administrative levels (regional, municipal and community). Figure 3.2 shows the number
of recorded landslides by municipalities, which is presented by the gradation of colors. During the search,
an interval between the years of 1995 and 2011 is being selected.

Due to poor accuracy (and sometimes even the absence of data) it has become impossible within the
framework of the Project to query other information (on past damage, human losses, etc.).
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Note: for many years, various organizations used to carry out traditional manual or/and typed recording of
natural hazard events. There were frequent cases where the information was destroyed, damaged or lost,
which made it impossible to create a complete database.
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Earthquakes are considered to be among the most devastating natural phenomena, causing huge economic damage as well as human losses. Many regions prone to earthquakes
are densely populated, and experience a high level of seismic risk. Special attention should be drawn to developing countries, where natural catastrophes can cause tens of thou-
sands of deaths and severe economic losses, setting these states back for many years.

Unfortunately world practice shows that attention to seismic hazards remains low in so called quiescence periods and rapidly increases only after a catastrophe occurs. Though
the short-term prediction of earthquakes remains an unsolved task for the world’s seismological community, long term probabilistic prognoses in terms of seismic hazard and risk
assessments are well developed. The latter is connected with pre-disaster activity and the management of consequences of a possible disaster. In particular, this direction includes
planning of insurance policies, decision-making, early warning, training and education of the population, and the organization of relief, rehabilitation and reconstruction. There is
a broad recognition that it is extremely important to ensure disaster preparedness through reducing of vulnerability to its impacts. This approach is based on the results of hazard

regions.
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Georgia is situated in a seismically active region within the Caucasus, which is one of the most seis-

mically active regions in the Alpine-Himalayan collision belt. Present day tectonics of the region is de-

fined by the northward movement of the Arabian plate towards the Eurasian plate. Convergence rate
is estimated to be about 30 mm/yr, 2/3 of which is likely to be taken up south of the Lesser Caucasus,
where it completely vanishes at the Greater Caucasus, forming a complex structure of seismic faults
with diffused seismicity. Analysis of the historical and instrumental seismological data shows that
strong earthquakes with magnitude of up to 7.0-7.5 and microseismic intensity 9 (MSK scale) have
occurred here. The reoccurrence period of such events is of the order of thousands years. Several
major seismic zones can be defined in Georgia, first of all the main ridge of the Greater Caucasus and
Javakhety volcanic plateau, the Adjara-Trialeti ridge fault system is also characterized by a history of
destructive earthquakes.

assessment research. The proper and adequate assessment of seismic hazards represents an indispensable condition for the safe and stable development of seismically active
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309bgeoo3500 930LY, (3DodE BBL 3MEMgMOES Bodmbymdo dmabrodmo doBoldzmgdby o
LgoLAY® H™39390L BMMOL. demogto 0Bobdztmgdolb doabothygdo 3gxbgdye 0dbs, HmamM3
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obogmgoemagdol d0Bobdato 1899, Ms=6.3, lo =8-9) 130380600900. 9939 5bLBTBZ00 LdI3bAL

The catalogue of earthquakes of the Caucasus consists of two different parts: historical and instru-
mental. The documentary historical catalogue stretches back to the beginning of the Christian era.
The information about the earthquakes of this period has been extracted from historical annals. The
parameters of historical earthquakes are determined on the basis of macroseismic data analysis
from contemporary documentary description of damage caused by earthquakes. For the older events
the errors, in both location and date, may be substantial. Still, while bearing this in mind correlation
between the locations of historical events and active faults is evident. The magnitude of the largest
events was estimated as ~ 6.5-7 and the macroseismic effect as 8-9 on MSK scale (New catalogue,
1982). The largest historical events were mainly connected with the active faults of the Greater Cau-
casus (Alaverdi earthquake of 1742, Ms=6.8, l0=9; Lechkhumi-Svaneti earthquake of 1350, Ms=7.0,
lo =9; etc.) and Javakheti plateau in the Lesser Caucasus (Tmogvi earthquake of 1088, Ms=6.5, [0=9;
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9060bd3M0m godmB3gmads 6369300 500LMdNM 3350MOHN0 30eMAgHM FMOE30. 33 8 i s 4 "HH i e . : e
LEFBNLOOME, HMaMM(3 gobnemo Bamgdob 3Mogdh300 33083960, Fogmoemo Lgobdymo Mobzo - 9 T'l el S el & . ‘?’ [

LOdYOE™ LOAdMO3ENL BoBobd3MIIMOBOE dLMEFOMEIdS, B, MO30L BbMH0g, Igzo3Memobgdl W, e
139380000905. 2002 Bemob 25 53000l Mmd0emobol 3080Ld3MYa, Mmdmol 930396 Mo

Jomogdob g3otgemgddo egdotgmdd, 3608369emm3060 63930 o Botogmo godmob3zos. . 1920 Bemob oG oremol do6obdgme. . 1991 Bemob Hodob doBoldgmo.
301b903900 030bY, GMA 93039630 060Ld3EEL ogbodhys dbmemmme 4.5, bmenm bobabo/Figure 3.3 1920 Kartli Earthquake. bobabo/Figure 3.4 1991 Racha Earthquake.
00h)96b03MdO 7 doemo 0ym (MSK L3oemom), o0mMY3d 7 90030060, bmemm BoGommads 160

30em0ombo 988 MmOt 39og00o.

Akhalkalaki earthquake of 1899, Ms=6.3, lo =8-9; etc.). The exact epicenter of the strong Samtskhe
earthquake of 1283, Ms=7.0, 10=9, is still not clear, but it was probably connected to the Lesser
Caucasus fault system.

The instrumental period of seismic observation began in the Caucasus at the very beginning of the
20" century. Since then, several destructive earthquakes have occurred in the region, causing dam-
age and human losses. The Kartli earthquake of 1920 (Ms=6,2, lo =8-9) which occurred in Gori (see
Figure 3.3) has to be mentioned as it caused severe destruction and around 150 people died. During
the last decades several destructive earthquakes with magnitudes up to 7, intensity 9 (MSK scale) oc-
curred in the Caucasus region: during the 1988 Spytak earthquake in Armenia (M=7.0) 25,000 people
were killed, 50,000 were injured and economic damage equaled nearly 15 billion Rubles. Just three
years later, in 1991, the Racha earthquake (see Figure 3.4 and 3.5) occured in Georgia (M=7.2), more
than 200 people were killed and approximately 60,000 were left homeless. The damage covered
thousands of square kilometers. Unfortunately, the last few years have shown that high seismic risk
is also associated also with moderate events. Big cities in the Caucasus, such as capital of Georgia —
Thilisi, are subjected to high seismic risk, which was proven by the 25 April, 2002 Thilisi Earthquake,
the epicenter was located within the city limits. Although the earthquake magnitude was only 4.5 and
intensity up to 7 (MSK scale), there was significant damage in Thilisi — assessed as 160 million US
dollars, 7 people died and several more were injured.

3060Ld3G00m 3odmB391em0 B0obob ©3LOb3gEMO BMAH™do (1991 Bemob 25 93G0agmol doBobdz®mo Gododo M=7.0).

boboBo/Figure 3.5 { Photos of earthquake damage (1991 04 25 Earthquake M=7.0)
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Source: llia State University, Institute of Earth Sciences (Seismic Monitoring Centre)
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Earthquake Hazard Assessment

3.3.7

bogomm39emmL bgoLdy®o LEdodHMgdEL 30M3gemo GY3d 1948 Bemom MOMOM©IdS, HMBgMN3
©00030dL0MgdY bgobdPHMISL 9u3YdbgdMEL S 9(396¢0 D339 dmBbotMo doBobdztgdol
Bmbg089 3900090Mo. 33969060300, BYP30L OO gooRbs 3 MabmBymo 9emgdgbho o
gm39emo 3mdg36m demogto 30Bobd3tol 3930093 dobo gobobemgdo begdmeo. bdEybotmeo,
1988 Bemob b3ndhozobo o 1991 Bemob Hodob doBobd3tgde dmbd 8mbgddo, bos(s
3mbommbgemo 3o30mbgolbdy®o 9i3gdho 1-2 domom bozmmgdo 0dbs gmolgdymo.

LgoLdPEo LdodHMYdNL d9a3oLYdNLOL MOBOTgEMH™M3g FnaMad deMBdIMYM LYoldy®
LJIOMYOOL gm3Pdbgde, HMBgemoE nBobdzmol dgbodemm 396Mgdol gobLodmamolo o
300 306039¢hH080300L 00030eM0LB6YAL. dHb0BYEEOD godmanboty, 3obolodmamgds
MMM 0d0bo, HMI oM 3399em BadhhoemIo bgobdy®o ga3gdhob (3o3EmLgaLanHo
06¢hgbLo3MdY, 3O1BAHL dogdbodomyMo sBJotgdd, 3ebhob dogduodomyo boRdotmg,
L399dHHYo OBJOMYdS o bb3.) EMBY 3oEOZoMOdIYMO 0d69d0 EOHMOL Bogdbotgdymmo
3960mE0b 3obdogzemmdsdo.

bgobdneMo LdYEBGMYIL dEMBSNYMO Fgx3OLIINL 390MEO BIGMME 0BG P360L3690m0
30 Bemob 3o63030mMdv80. 93 39mm©oLb doGmowo P30MohHglmds bgobdnmo bddodtmgdol
99330Lg00b Lbgo 3gMMEIOMOE Bgotgdnm obod, HMA 0go bdyomgdol ndemgss, JBG™
BLho 0969L gomzomobBnbgdymo yzgeme dgbodemm doBobd3zMmol 9a3gdho, BoBobdzMoms
39639m©9000md0L bob3otyg s 3MB0MYd60, HMIMgd0E dbemogL dobobdzGob
Loddgmo3M0b, 3egdOMIMINLY O gobIgmMMgdoEMdNL LobdoMmol 3R MagbmBatgdsl.

bogoMHM39MML J06M39eM0 BENOVMYMO bgoLdyeo LododHMgdab Gy3zo 8gngddds 1999-2000
6cm903d0, LogoMmzgemmb 39(36096M9d0mo ©39009300b gmanBozol 0bLAHEHYAHEL Hggombyemo
LgoLAMEMa0L gobymanemgdol d0808g (M. $g9emady, 8. $930b0830¢m0, M. 396OBO6OZ0em0,

The very first seismic hazard map of Georgia dates back to 1948, and was based on observed
seismicity with an emphasis on the zones where earthquakes had already taken place. Naturally,
the map did not have any forecast element; hence it used to be updated after every severe earth-
quake. Unfortunately the Spitak earthquake in 1988 and Racha earthquake in 1991 took place
in zones where the expected micro-seismic effect was underestimated by 1-2 points, which was
directly reflected by the resulting victims and losses.

The modern approach relies on a probabilistic seismic hazard assessment, which is based on the
identification of possible earthquake sources and their parameterization. As a result of this, the
probability that the predicted level of seismic effect (macro-seismic intensity, Peak Ground Ac-
celeration, Peak Ground Velocity, Spectral Acceleration, etc.) will be exceeded at a certain point
during a fixed period of time is defined.

The method of probabilistic seismic hazard assessment was broadly introduced 30 years ago.
The main advantage of this method, in comparison to other seismic hazard assessment meth-
ods, is the fact that it provides the possibility to reliably consider, including: the effect of all
possible earthquakes; the frequency of earthquakes’ reoccurrence; and uncertainties associated
with the definition of magnitude, location and reoccurrence frequency of earthquakes.

The first probabilistic seismic hazard map of Georgia was created in 1999-2000 by the Regional
Seismology Department of the former Institute of Geophysics (Authors: T. Chelidze, Z. Javakh-
ishvili, O. Varazanashvili, M. Elashvili, I. Kolesnikov, T. Godoladze, N. Butikashvili and E. Glonti).
Later, in 2009, the probabilistic seismic hazard map was officially approved and became a part
of the acting Building Codes of Georgia. The map is based on the following principle: “From the
earthquake source zones to the seismic effects on the Earth surface”, i.e. initially, potential
sources of earthquakes and their parameters have been studied and identified before the total
probability of the cumulative effects of the stated earthquakes were calculated at various points
of the Earth surface.

To carry out a probabilistic seismic hazard assessment of Georgia’, the software SEISRISK Il was
used. This method consists of four stages:

1. Identification and parameterization of Earthquake source zones

Identification of the earthquake source zones is based on an analysis scheme of active faults in
Georgia, which has been reanalyzed and compared to the observed and historical seismicity,
as well as to other geophysical fields. The faults have been classified by the earthquake source
zones and parameterized.

3. 9emod30em0, 09. 3memgbbozman, . gmmeodyg, b. dhH039830em0, 9. WEPMbHO).
3m3300069000 2009 Bgemb LgoLdy®o LBoIOMIINL dENBEMYMHO 730 MABOOOTHYHO
9(h303000 beGBoh0Yem ©EM3nIBHO© o 8930000 LodomM3gemmL dmddge Loddgbgdmm
B6m®39080. 9b08bYM0 Y30 98YsMgdd 306303L - "d0Bobd3zMol 39600l Bmbgdnob
00900030600 3900030689 LgobdPHo 9ngdhobo3gb”, 96y MV3E30M3geMme JgbBogemaem ngbo
00 3960bBM3MmO B0BobdzMoms 3miab0nMo 396900, Bomo 306Moaghtgdn, bmenm 89393
309m0m30emo 53 3060bd30gd0l Bgbodemm gm39gdhgdol $939M0 deMISMMdS ©gsdnBol
8900030600 Lbgoobbgo Bgthoemdo.

bogdotmmzgmmb Bhadohm®mool bgobdy®o bododHMYdL deMddMYMo Bgaobgdobomaal
399mygbgdyem 0gbo 3GmMaMmads SEISRISK 111, 3g90mo mmbo ghodobaob dgggde:

1. 3060Ld3e0b 3960b Bmbgdol godmamgbo o JoModgh®odogno.

3060Ld3Mob 39G0b 3mbgdoL 09bH0a3030300L boazyndzmoE ogEM bogdoMmzgmmb ogdhon®
H990™b03n6 Hm3930m0 bggds, HMIgEOE 300093 9O Mbgem ZooboemBrov, goteod
00330639000 390093500 ©Ox30gdLOMIIYIM O LHMMOYMO® (36Md0H Lgobdy® dm3aemgbgdl,
bbgo 3gma3080396 39¢m9dL. dmbros H393900L bobAHgdogeBdoios 0Boldzel 3960l Bmbgdo
00 30639 M0Bo300.

2. 3060bd3GOM 3obdgmMgodEMdNL 396MBBMBngtgdobo 390l Bmbgdolom3ab.

399mygb903em 0g60 30330b00b doBoLdzGmoms 3ohOmmman, 39Mdme, 0bLEHGYIIBHYTO
3960mob 3060bd3tgdn. dmboo 30dhommmanl ©g3emobhgMm0do0s (3mbnems 9.6.
BMMIM3900 o dx3HIMHEM3900), bmemm 399093 M0mmgYmo 39GMobom3zob dogm guhgbdgta-
Mobhgcmob goboBoemgde, HmBmob 39339MO0MS(3 E0BES 3Mmb3Mghymo dogbodyonlb

2. Earthquake Reoccurrence Rates for the Earthquake Source Zones

The earthquake catalogue of the Caucasus, specifically the instrumental period earthquakes, has
been analyzed. The catalogue has been de-clustered (the so-called foreshocks and aftershocks
have been removed), and a Guttenberg-Richter distribution has been constructed for each
source, through which frequency of occurrence for the specific magnitude earthquakes has been
estimated.

3. Earthquakes’ Surface effect attenuation lows

Two types of seismic effects and respective attenuation lows have been applied: first, seismic in-
tensity in MSK scale and Peak Ground Acceleration value (PGA). In the first case, the attenuation
relation of macro-seismic intensity, specifically established for Georgia, was applied while the
peak horizontal accelerations of soil were calculated according to the South Caucasus attenua-
tion model, which is based on severe earthquakes reported in the region.

4. Calculation of integral seismic effects, taking into account the variations of all parameters

The probabilities of exceeding certain level of seismic effects for fixed period of time was cal-
culated (return period 50 years) using the software SEISRISK IlI. All existing variations for each
parameter have been considered and the total probabilities of the integral seismic effect on the
surface calculated. All calculations and composition of maps have been carried out using GIS
technologies. Probability maps have been designed for 50-year return periods and for 10%, 5%,
2% and 1% exceedance probabilities.

8060bd30mgd0b 3obdgmEgooEMINL Lobdotmy.

3. 3060bd3Mob doge 3odmbB399emo Lgobdy&o g3gdhob EOEbOMANL 306mMbBBmMBngtgdsbo.

399my969d9em 0g60 MM bobob Lgobdymo gngdho o Bgbvdedobo wobH™MIol
3006m63m30gHgdobo. 306390 - bgoLdy®o 0bhgblogmds doemgddn (MSK b3oeme) o dgmdy
- 30g4L0BoEMYM0 3MMHBMBHYMO BJoEgdL 360336gemmde - PGA. 30639¢m 893mbigzodn
300mygb9039cm 0gbo b3gEPOMMO© LodoMmMN3gMMLEM30L 3obLOBM3GYM Fo3BrMLYELdnMo
06¢h96b03MBOL EOEbEMTL 306MbBMBogtgds. bmemm g&Ybhol dogduodocmyo
3m&08mbhemo 9BJoMgd9d0 omM3maem 0gbs Lodb&mgm 30330L00L OEbOHMT0L dmegemol
399my969d0m, GM3gemoE H9a30mb3o dmdbromo demog®o 306oldzmgdol shdotgdgdol
RoboBgegOL gm3ndbgdo.

4. 06hgamomymo bgobdy®o gx3gdhob godmm3zm, Yy3gems godmygbgadymo 306modghMmol
(300m300m90900b gom3zomobbnbgdnm.

300mm3emoem 0g6o bgobdMo gn3ggdhob dmEgdnemo ML gosdghgdol vemddMMIgde
©®Omob ogdbo®mgdnmo domgwobomzol (Bmmmmobob M - 50 Bgemo). 3odmygbgdym
0960 3rMaMmodo SEISRISK 111, 3mboos gmazgmo 306od9h&mobomgolb smbgdnm (30m0emgdoms
300350m0LB069d0 O dMEML 3odMom3zoeMo Bge30®mBg 06hgatmomyMo bgobdy®mo gmgdhob
3999600 5eMd0mMO9Y0. Y39emd goIMMZMS O MY30L 93900 O93YdMS GIS-0b (Hggdbmenmgoob.
039090 0d60 10%, 5%, 2%, 1% demdomyMo 63900 50 - Bemoobo dmemmnbol
Mmobomaol.
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3.4

396ym1em-3m30(h0(309¢M0 O M30MEMABY0 IO M39L9d0L demogc Bgaosmgbob (bdoMow
30hobhdmanmo 3900939000) 39GH0MEYM 36030l dbgymmmInm obobemgdymo
3796940, bobm@Em-bodgyMbgm Logo®amgdn, 38gdo, bogmMd o goBlogbgdal HEObgdo,
3omoemo dod30b 9emgdhdmagosd3gde v6d9dn, 3oGmibgdbo3znm-bodgmom®moom
®0099dhgd0, bedmm-hyGobhymo 3m33emgdbgdo o Lbg. bhndool bodedGOmgdol sGgogmdo
3mg3990m00 1000930L Yy39emo cMobEIOBRHYM-3gMaMom0Yemo Bmbs — 30308m30b30Mgmowsb
©006y9g09em0 3000 Im06-6035emYGH0m 3MO3MYOYO, LEOE 3IMI3MEMZoY& bodgoEos
13000960 gboE oOMYEIOYM0Y. vJ 3063000000 M3OMHEMPBIO0MS d 3gByMHYem-
36030030790 36OME39Lgd0m 3IMB3gYTO YIOYMPBM0 Lm30oTYGH-93MmbmBo3Ho,
099maMOBOYENO OO 93MEMMZ0YMo 890093900 030396 90030060 bogdnobmdol yzgeme
LzgOMUL. gobbo3YNMmgdmOE 3dndg 30moMhgdos 899360cmo 3m0ob G930mbgd380, bLogs(s
bhodoolb 9guhBHgBoMYMO 3oogdhoYMIdL J0MMIgdB0 dOEMY 08300000 bddoGmm brogde
dmbobemgmdnl oy®o obhmMm0YmoE 933300069070 LEbM3MIdgMO da0M9dNOD

0 goy3obo bbgo Hggombgddo. 3oL XX boy3zybol dgmbdg bobgzo®do Im3ysd smgyemmdom
bzl EOEIM0gTmMIdd 3080 o F069d0L go3gMobgds. y3gemodyg bogobzodm 30 ob véab,
Hm0 09 dm3cmg6gdL bBoMo Mob LrgaL vEdNdBMS ALbzgM3emo. dothm 1987 Bemowobd
99009 bogoMO™M39emMB0 3gMmEMmanYMIs bhodood dgnBotms 600-8g gho veEEdNb0, bmenm

d96ytgdo Landslides

dm3emg6900b Homgbmdd

(3909hoghgdgemo o
dbemog Botmdmgdboemo)

doobemmgdomo
306030600 BoMommo
(demb. gmoto)
Approximate

Direct Losses
(GEL million)

0000300600
dbbggM3mo

Number of events

(Activated and New) Human Losses

gbGogmo/Table 3.2 {

396946900, M30MH3MxYd0 O J3ome (33900
Landslides, Mudflows and Rockfalls

co304Lbothgdyemo 396y&mgdo, M30MEMEI00 O J3ome (33900
Recorded Landslide, Mudflow and Rockfall Events

dmem 35 Bemob 3obdogemmdodn 30mds Mobzds 1000-b gooodo®mds. 13939 3900omdo
LHOJ00m EOBOIGVINGIYEMO ZNEMJOND Fooy3o60em 0g6o B0 dMbOdEg MFobo. bhodool
BP0 3o0gh0nMd0L 306-Mdgd30E 30 bLoghmm 93MbmT03PMO BoMogmo vmgymo dognombo
MMOMOm 3obobodmadgdo, bmenm dobo ggdbh®gdocmy®o gobzomomgdol d99mbggzedo
obgyem BoemombgdL 940MdgobL.

Logdommzgemmdo my XX boy3zybolb dmmm sMBemgYm9dedog I96yMHYM-M3oM(3MABBYIO
36m(39L900b dooghon®gdoLb 9gdbhHgd1n89d0 FgH9LBoOL gaMERNTNgOIM®S oM 3399
303e07HMAL Y, 90zl gMEMMa0M-3cm0doh Mo J06HMIgOND 3odmanbomy,
39mMgdmE bddomm 3-5 o 8-11 Bemob gobdogzmmmodsdn ghmbgem, 39-20 b. 90-0060
6cm9000006 Imymemgdyemo 3G M39Lgd0b Lodyomm BMBL Bgdmm googdhoPegdo vm0bndbgde
000930l ymzggem Bgemb, bmenm domo 9dbhHgdomyto 3odm3emnbgdnl 0bhgtzomgdo
8603369cmm36o00 960l d98(3060909em0. 90603670 3G M39LYdNL Yobymamomo dmgdggdol
96 95¢m80 9913930 byem dbogmo o dbagmo HgGohmEgdn, obobemgdnemo 3nb6dhgdoa,
LOOBYBOM-LGYMBIM MB0gdhado o bbs.

196000 9006036mb, HMI LogomM3gemmIn o6 dMLYIMOL gByHmmo 3Mm3gLbgdol 30wGYMmo
00396¢ho®0. HEMo©oE301mo©, 3964Hgoolb gbobgd 0bagm®masz00l dmbybbgobe s dom G398
309mbob3zol go®mgdmb g m361nemo bdggdbhmb ggmmmany®mo LvdndOMmgdgdel doMmm3z0L

®39M3MmxR900 Mudflows

doobemmgdomo
3060003060 doMomo
(3emb. cmoco)
Approximate

Direct Damage
(GEL million)

®30m3ma30b
Bo6Hdmgabols
MHom9bmodd

3000060 BoMogmo
(3emb. cmoko)
Total Loss
(GEL million)

00003006mo
dbbgg®m3mo

Human

Number of Losses

Events

SMoEbyemo 396y gd0 o M3OEMxBgd0 1995-2009 Gemgddo.
Recorded landslides and mudflows between 1995-2009.

09356 H0396¢h0 963M3MYAL. LdBboG M, d3gemo RobBgH ol oo BoBomo O3,
06 dem0g® oB0obs. P3960b369¢m bobgddn 3gBymgdal, Mm3oGmEMAgdOLY o J3ome (33960
99Lobgd 0bRME®Bo300L IM3IM39d0L Loxnd3gmBg oBJLOMES odbMMgdom Fobodwg
36md0 396yl 700, m3oMm im0l 350 o J3omo (33960L 100 d98mb3g3o. mydso gb
Momgbmdd dogmnob 330090 03 3G M39LIdNL boghmMm HOMEIbMILLMOE JgoMmgdom,
Hm3gd0E dmemm dmBgmyemgdol 3obdogemmdsdo godmamoboo.

09 39G0m30 Logommzgmmb BHaMohm™M0ody EoxdboMEd 06303080 dymao O

L0IB MOl M0b30L Bmbodo dgmazn 53 dmObOAwY FgBYONE-aMO30¢ (30T Yoobo, 3000-
3009 39MHEMBHMIBLAIMEOT0MIOO gOMB0Yo Byoembobo®o s 3MmEgbo, HmAgmmd
LO80IOMGONL B0oL3ZL dégoemPn dmdgzgyemos 3000-3cg obobemgdymo 3ybdho.

Hmagm®3 3oMgdmb oE30L LddboLHGML goMmgdmb ghmzbymo booggbhmb ggmemmanyto
Lhogdoob 89093900L 0BRMMI307¢M d07M9H9bgdB0d dMbBEYMO, bLogdotmazgemmBo gobymo
LoY3Y6oL 90-0060 BeMgdob dMymgdymo 3gmE0bo303nGoE ododym M9znmbgddn
LHJoPMo 3gMEMZ0YMo 3G MEgLgdoL odm3emnbgds, Hmagmm 6L, Mmomddolb ymagem
69emb Lodysemm ML 8gdmm ¢M0608bgdmMEY Y, Bgbodednbog, 3603309emm30600 Fomgob
30496909em0 93mbMI03YH0 Boboo (ob. (sbGogmo 3.2).

The landscape, geology, geomorphology and climate of the territory of Georgia create favourable
conditions for the development of active geological processes, such as landslides, mudflows and
rockfalls. Landslide processes affecting the social and economic development of the country are
widespread in Georgia. Therefore, a study of landslide processes using both with modern and widely
applied technologies.

A large number of settlements, agricultural lands, roads, oil and gas pipeline routes, high-tension
power transmission towers, hydro-power and water treatment utilities, mining and tourist complexes
have been periodically affected by these processes. Almost all landscape-geological zones represent
some degree of landslide hazard, from the Black Sea coast to high mountainous zones within the
Nival Belt, where the geological situation is extremely complicated. The negative social and econom-
ic, demographic and ecological situation caused by mudflows and landslide-gravitation processes
developed within the stated zones cover all sectors of human activities.

A particularly difficult situation has been created in the mountainous regions, where extreme activity
of landslides and mudflows often requires evacuation of the population, and sometimes even their
resettlement in other regions. In the second half of the 20% century, this resulted in the evacuation

of tens of villages in mountainous regions and the complete devastation of lands. The most alarming
fact is that these events are frequently followed by human losses. From 1987 to present, more than
600 people died as a result of geological hazards in Georgia, and the number of victims exceeded
1,000 in the last 35 years. Around 60 thousand households have been resettled from damaged sites
during the same period. The overall economic losses equal tens of millions of US dollars, and, includ-
ing indirect losses, these exceed even hundreds of millions.

Until the end of 20t century in Georgia, extreme activity of landslide-mudflow processes were subject
to a certain cycle and used to be repeated, on average, once every 3-5 and 8-11 years. This was due
to the geological-climate conditions; however, since the 1990’s the activity of these processes has
increased and they now take place almost every year. As a result of this development, more and more
new areas, settlements and engineering and technical installations have experienced the negative
impacts of these processes.

In Georgia, a national digital landslide inventory covering the entire country is not available. Land-
slide information is traditionally collected by the Department of Geological Hazards Management

of the National Environmental Agency. They have carried out field investigations for many years and
have been mapping landslides in their annual field campaigns. The resulting yearbooks contain a
large amount of information, but the information is mostly in an analogue format. Unfortunately, a
large part of these archives has been lost or damaged. In order to collect and digitize the landslide,
mudflow and rockfall information, a team of experts has been supporting NEA. They were able to
extract information about 700 landslide events, 350 mudflow events and about 100 rockfall events.
However, this is still only a very small portion of the actual number of events that have taken place
over the past decades.
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996yMH900b, M30HEM®BIONLY O J3ome (33960L LogGMbggdol boolbmddogn dga3obgdobmagoly
303mygb9d1em 0gbo 39a39L9d0L LOgEOE0MN FBVZM 3B0(HIH0YF0060 gm0 (obogmgm
Lgdzoo 5.1). 3000306 30806l BoMHIMOEagbd Fgmmemmmanol 39379303900 bogomzgmmado
396y 900, 39MEM®Bgo0LO O J30md (33960L G0b30L 0bggdLob Bgboggolgdmmago, HmBmol
mhmbog 3bg3gemmdsdo 0dbgdmms domgdymo dmbogdgdobs s LogMEYmo MBmemyzool

398mnnmmds (1 30). bogdmbggdol 8gobomobgdmec godmygbgdyem 0gdbo ggmatmomoymo
LobBMEIoE0m LoLEHIS (,8060L S Bymmob 9o M0obo LoobaMEBsE0m Lobhgds” [ILWIS]-GIS).

Logommzgmmdo 396y gdol, M3GmE3Ma3gdobo s §3900 (33900L Loaztmbol dga3oligdol
bogyd3EoE wogEM:

o Aster GDEM-0b bodommob 3053Gmo dmgemo, HmAmaobss 8309d6s B3gMmdgdol
obM0ogmmdolb GY3o;

o bogomm39mmmb ggmmmannmo GY39;
o bogBom dugemob GY3o;

© 3060b boggotob Gy3o;

® 39MIMOBRMMMa00l O39;

o 3000HM3HoR00L MHY39;

For the purpose of a qualitative assessment of the landslide, mudflow and rockfall hazards presented
in this Atlas, the decision support tools such Spatial multi Criteria Evaluation (SMCE) method have
been applied (See section 5.1). The main goal was to design a methodology for the assessment of a
landslide, mudflow and rockfall hazard index for Georgia that took into account the limitations in data
availability and spatial resolution (1 hectare). The hazard assessment was made using Geographic
Information System (Integrated Land and Water Information System, ILWIS-GIS).

In order to assess the landslide, mudflow and rockfall hazards in Georgia, the following datasets were
utilized (the risk index uses indicator maps collected from a variety of national information sources):

o digital Elevation data from Aster GDEM, from which a slope steepness map was generated;
e geology;

o road network;

e land cover;

e geomorphology;

o hydrography (from Topographic map scale: 1:25 000)

o Peak Ground Acceleration (seismic hazard map, presented in the previous section);

o rainfall distribution map;

o landslide, mudflow, rockfall inventory maps.

The hazard risk index method started with the selection of indicator maps, criteria structuring meth-
ods and the selection of standardization and weighting methods.

To make spatial multi-criteria analysis possible, the input layers need to be standardised from their

LHogoy®o 3G MEgLbgdol dbogmo va3gmdgde onbym 2001-6emogob, 2003-2005, 2008-2011
Bemgd80 30 99bhHgoMYH0 boboomo Boogmm o dgh-630mgdo 0b¢HgbLozmdom dmas3o J39ybol
300900 HgeohmM0d. 3ogmBoMmgmde P300MgLo 303630300 L3oBgmMb, MHodo-cmgRbydol,
33b900-3000069m0L, 9d0M0b, 30bgmol Fm0sb Hgz0mbgdd0, dbgag bodbg-$o30bgmal,

Up to now around 53,000 landslide phenomena and around 3,000 mudflows susceptible water-
channels and processes have been recorded in the territory of Georgia, where around 3,000 settle-
ment units are considered to be at substantial risk of hazards.

As noted in the information bulletins (with the results of geological investigations prepared by the
National Environmental Agency of the MoEP) from the 1990’s, the occurrence of active geological pro-
cesses has been above average as disaster events were reported almost every year (see Table 3.2).

396g4&mobl, m30mima3obo o Jzome (33900L bLogmmbggdol dgaobgdo
Landslide, Mudflow and Rockfall Hazard Assessment

o 31bhHL dogdbodogmyMo sBdoMmgdolb M3, 03039 3060Ld3MNL bogGmbolb Gy3s, HMBgmmol
dm3989em00 Bobo Lgd30080;

© 6oemggdgdnb goboboemgdolb My39;

o 0x30dLoM9dYM0 396yHgoab, M3oMEM®WgONLY O J3omo (33960L G3900.

396y®m9dob, 30MEM®gOLL O J3ome 33960L 069dlgddn godmygbgdyemod 0boohMmMYmO
713900, ®M3M9d0(3 3009dYM0d bbgoolbge LobgemaBomm Loobym®IsE0Mm BystrmEb.
Loghmbggdol Hob3oL 06egdbolb Igmmeol godmygbgds onBym 0bwozsdhmMmYmo Hy39d0b,

300(hH9h073900b LHGYIHYOMIIL, Fomo bhoboMHBOE300LS s d98mB30L IgmmeEgdals
99mhg300.

000bO™M30L, HMA gbodemgdgemo gobgl LogM Mo IMV3M 3M0AHIM0YT0ob0 vboENEBob
Boghotgds, 99(306m909em0d, dmbeogh LivdeBobm i3gbgdal bhoboombnBogns domo
00300030639¢m0 3608369cmmd006 0-1-0b 3608369cmmd0L BoE3M9d0. dbobdBog0s, M
0600030hMMgoL 9930 bbzoobbgs Lvdmdo ghmgyemo (bmBobomy®o, Hogomo, 8yocmaEYco
5 BQOIMHEMINMO) O 300 39OHMZMOBYO Zodmbobas bbaowsbbgos. 9ggob
308m30botmyg, Im3939cm 060030¢HMMYOBg godmygbgdnem 0gd6s SMCE dmeyemdn dm3gdyemo
LAH®OBEIMHBOE0L bbgosolbgs dgmmeo. LhobwoMmAHBoEnob 3Gmi3gbo 3obbobloggdymoy,
079 06000300 BoHIM3gg60em0d Go3bmIM030 o 3odmI3z0000 3608369emMBgd0Mm

original values to the value range of 0—1. It is important to note that the indicators have different
measurement scales (nominal, ordinal, interval and ratio) and that their cartographic representations
are also different. Taking into account these elements, different standardization methods provided
in the SMCE module of ILWIS were applied to the indicators. The standardisation process is differ-
ent if the indicator is a ‘value’ map with numerical and measurable values (interval and ratio scales)
or a ‘class’ map with categories or classes (nominal and ordinal scales). For standardizing value
maps, a set of equations can be used to convert the actual map values to a range between o and 1.
The next step is to decide for each indicator whether it is favourable or unfavourable in relation to
the intermediate or overall objective. For example, for the intermediate objective of vulnerability, all
indicator maps in which higher values show an increase in the overall vulnerability were considered
as favourable. Another aspect considered in the model design was the use of constraint indicators.
Constraint indicators are those that mask out areas and assign particular values to the resulting risk
map, irrespective of other indicators. For weighting, three main methods were used: direct method,
pairwise comparison and rank order methods (direct method was used for hazard assessment pre-
sented in this study).

The hazard maps were grouped into three simplified categories based on the histogram of the final
weight maps: high, moderate and low. This was done for the landslide, mudflow, and rockfall hazard
maps. The resulting hazard maps are not static, as a number of indicators have a temporal variability,
and the landslide susceptibility map should therefore be updated regularly.

LgaM I ML O 039MIM0L FM0LBNBYMB0. ZgmemmzoY®o LogGmbol Ludyommm Gob3zol
0699em80 dmgd(30 300 o J399m Jobhmmob 30em399emo hgdmohmMH0gdo0.

During 2003-2005 and 2008-2011, many events occurred over almost the entire territory of Georgia
with various degrees of intensity. The situation became extremely critical in Svaneti, Racha-Lechkhu-
mi, Mtskheta-Mtianeti, Ajara, and Kakheti mountainous regions, as well as in Samtskhe-Javakheti,
Samegrelo and the Imereti foothills. Individual territories of Shida and Kvemo Kartli also fell under
the average risk hazard zone.

(890m909H0 O BIMEMINMN) 6 399zMM0gd0m, 3¢molgdom (bmnbocny®o o Gogomn).
330m000900b ©73900L bHObEIGHNBOE00LM30L Bgodemgds godmygbgdyem 0dbglb Godgbndg
3900 mmMgd, Homo dmbegl MH130L OgHMOM30 3603369cmmAgd0l 3mb3gMGHOE0d

0-0006 1-909 36033690 MdgdNL BOMZengddn. 399camdn ghodn oMol goobyzghoemgdol
30900 100MYY 0600030hMM M6 300G gdod0, 967 Mo3gbow bamboymgemo ob
0Hobgmboy®gmod 030 390mmgn® ob Loghmm 30806006 3080 Jddn. 3O3IMOMSC,
3mBy3emomd0l 89emgEyMo 30860Lm30L yzgme 08 omoemo 3608369cmmd0L 0bo3shMEBo,
HmIgemao3 oh3960 Fohgdd 0396 dmBYy3emoEMBS30, Rsomazams, Hmagmmz 3603369cmm3060.
dgmmg 3603369emm306 dL3ggdHL BoMIMOagbL 0bn3oHMMIdBY d98mN39d0L OBgLYdS.
996mb30bm30L Bgodemgde godmygbgdnem 0dbgb 3 3ozt 3gmmo: J0todnmo dgmmo,
6930em9d0L JgoMgdd o MobJo®mgdolb dgmmeo (ddhemobdo Bothdmagboemo bomhmbggdol
99030L90080 3odmygbgdyemod J0MH V3060 3gom0).

Lom®mbggdolb ®Y30 O3B bdd godoMH03909em 39(HI3MM0VE (Fomomo, dmdngHo

0 005MM0), M3 9BYIBS BmBgdNL LddMEMMM M13900L 30LHMaMOToL. Ludmemmme

990990300 39646 g00L, M30MHEMBELY s J30md (33960L Lo mbggdal MHy3900.

733900 06 5¢hoM 9096 LhYoH3PM bobdML, BOEED PHM™MO gobdo3emMO80 0(33¢MmIdO
090096039 0600039hMG0. 530dh™mI Y30eMgdgE0d 396yMol, M3oHEMA0LO o J30md (33900L
Logg®mbggoolb 3gGomymo gobobengdo.
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bodo®mmzgemmb BhaMohmE®oobmzolb odoboboomgdgmos Byommoowmdgdo o
ByoemBmM3606900. BYoemE0mMOSL vbobnomMgdL 3ob30motgdol dgotgdom bgemo hgd3do

0 godmB399emos bobgmdemogo 630390000 96 MMzl LEGORO bMB0m. 53 Ho3ob

6900 00000md900 bogdo 39806, BmEgLs 3BOMOL 30eMO3MmAOL H300Mdd Bo3eMgdod Byemol
Bo3mbOg6BY. ByomBm3zoMbs budomagemman 0b¢hgbloy®o 63039000, Botdmgdbogmo
9600060 RIMBO©gLOL Pg3oMo B0l 899300, M3 8godemgdo BoMmImddbolb vgdhgmag
308bemol 3ot m3930m, 3g6yGyemo bbgymom bgmdob Ro3gh30L Bggao o bbs.

80006069900, H®IMO(3 d000OdE MM30L dboto Byemom o6 dyobzomymo
Bo3mMBO060m LEBGEMMYH, bolndmMgdnsd bo®mol domomo 3oR3969dcm0m goBosbymbo o
Box3byem80 o oddM0 3oB39690em0m - BodmEob gobdogemmdsdn. 30botggdn, HmBmgda
d0&00000© LdBGEMMBgD 63039000, BoMH3MIa6006 ByoemnEMBgAL 0b¢hgbboy&o 63039301
390093900. 30006069900, HMIMgOnE LomM39L 0MYdg6 39339L0MbOL LEdbMHgmM FomMMsdY, Loy
0M3em0006mdd bgdMBYMo ImzeMgbod, bolovmMgdNLd godoasbymol BysemoEmdgdoms o
Bogbym-393meamdol Byoemdmaotwbgdnom.

The territory of Georgia is characterized by floods and flash floods. Floods take place less rapidly, due
to runoff from sustained precipitation or rapid snow melt exceeding the capacity of a river’s channel.
Flash floods result from heavy precipitation or sudden releases from an upstream impoundment cre-
ated behind a dam, landslide, or glacier.

Rivers that are mainly fed by snow melt or glacial melt water from the Caucasus will have high flows
for 160 to 180 days per year in the spring and the summer, and produce a low flow throughout the
winter. Rain-fed rivers may flood after intense rain storms. Rivers that originate on the southern
slopes of the Caucasus, where seasonal snow exists, are characterized by spring and summer floods
and autumn flash floods. Rivers that originate from the western part of central Georgia’s mountains
are characterized by spring floods and summer-autumn flash floods. Rain-fed flash floods occur in
the Kolkheti lowlands, the Caucasus Mountains nearby Kolkheti lowland, and in the Meskheti Range.
Many rivers in Eastern Georgia and Ajara show flash flood behavior.

Bgomnomdgdn o Byoemadmzothobgdn
Floods and Flash Floods

00030gLoMgdYMO ByoMENEMO9d0 o Byoemdmzotmbgdo
Recorded Flood and Flash Flood Events

B94oemE0MOgd0 O ByoemImzotbgdn, HMBMMgddoE3 3odmoB309L oo BoMomo:

© 30060y G0ombBg 1895 o 1922 Bemgddn a0 3gmbeod Ydemoghal BysemnEmdgdL,
03533 3mMbgmol odEMMBBY 3odmnB300 0V3006m Lb3gMHIcmo O O dohaMoomyMo
BotMogmo;

® 30060ty 33306089 1968 Bemob 18-19 v3Mmomb oggdbo®ms Byemob 3ohobhedmagymoe
0000 boGso — 2450 3%/60, , GMBgemo(3 3odmB397nmo ngm mm3amob 06¢hgbboyGHo bmdome
0 03 39G0mdn dmbyemo dgetmgdom bz 6303900m;

© 1987 Bemob 21 006306b 300botg Hombds bmxgen bdgz0RdMbMLL gootm3aos dobob
033030 830670M0 O EOHIMEY bo3FoME 3ME3ITNO HIMOHMMOY. OOHIMM
obobemgdymo 3169hH9d0 s Yoowgbo Botomo dooggbs Lmaemol 39nMHbgmdsl. oym
0000300600 bb3gM3emoys.

306 g3mb 9em367em0 bovggbhmb 3ogH dMG0EbYM BydsemENEMIS-BysemIm3zoMHbgdol

89000b393900L GoMEgbMBY, BoGomo o dbbgg®m3emo 1995-2010 Gemgddo boB3gbgdoo

gbGogmdo 3.3.

High impact floods-flash floods include:

e The 1895 and 1922 catastrophic floods on Rioni River that caused death of people and huge
economic damage.

o The 1968 Mtkvari flood in Thbilisi on April 18-19 with a peak discharge of 2,450 m3/s. This flood
was caused by intensive snow melt combined with heavy rain.

o The 1987 flood of the Lower Rioni River. On January 21, 1987, the Rioni River breached the
northern embankment at the village of Sagvichao. A vast territory was inundated for a long period
of time, many settlement areas were flooded, leading to some casualties, and huge damage to the
local agricultural sector.

The number of flood-flashflood events, and damage and casualties caused by them, recoded by NEA
between 1995 and 2010, are presented in Table 3.3.

2009
2010

byem/Total

3b&®omo/Table 3.3 {

Bgom0mdgd0 o Byoemadmgotbgdo
Floods and Flash floods

P0Oymi0mo 9n9dho/Negative Effect

dbbzgM3mo
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164 435.7 24

20M0EbYemo Byoemnmdgdn o Byocmdmazambgdo 1995-2010 Bemgddo.
Recorded flood and flash flood events between 1995-2010.
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Flood Discharge Analysis
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390093900 399oMms JoMmm3gmo 9gdu3gmHhgdol (3.130mgdo, 3.0030803300m0, 3.¢HMo300dg)
8096 393909070 960¢M0BL, HMIgemdoE dB3960 390093900L MObb3gLMe.

3900093 9tho389 dmbeoo yzgemo boagy®ob LozM YO 3MEMIdS (3MMMENbOHYIBY ObTL)
00 3ooyY3060em 0gbo ESRI-0b 9.6. shape file ¢o3ob i3v0emd0. dobotol Byemol embggdo o
bo®$900 5 bbgoolbgo 3obdgmMmgdomdol 3gMmommobm3zol ogdodo shModyhyemo 3bMHoemol
Loboom. dhE0dYHhYo 3mboEgdgdo 6oR3gbgd0d hy30d9.

For the flood discharge analysis a total of 108 hydrological stations were used. Much of the data was
available in paper log books. From the large amount of data that existed, the yearly maximum water
level and discharges were stored in a database for each of the stations and for the total duration of
the measurements. Some stations, like the Thilisi station on the Mtkvari River, have been operational
for 72 years; other stations were operational for only 10 years. The peak in hydro station density oc-
curred in the middle of the 20* century.

For each of the stations, an analysis of the data was carried out as illustrated in Figure 3.6. The top
left panel gives the relation between the discharge and water level. The scatter in this plot is due to
changes in the river bed levels that occurred over time. The middle panel gives the maximum water
level and discharge as a function of time. For the Sufsa River, 1967 was the worst flood. The two pan-
els on the right indicate the fit of a Gumbel extreme value distribution for water level and discharge.
The Gumbel distribution is a mathematical relation between the frequency of occurrence of a certain
event and the magnitude of that event. In this case, water level and discharge. High magnitude
events, such as extreme discharges, occur less frequently than low magnitude events. Using the
relation indicated in the right hand panels, the discharge and water levels were predicted for events
with an average return period (RP) of 5, 10, 25, 50, and 100 years. A tabular overview of this data is
given in the bottom left panel of the figure. A comparison with similar analyses by Georgian experts
(Baadur Ukleba, Gigla Tamazashvili and Vaja Trapaidze) revealed a close match.

Allthe stations were geocoded into an ESRI shapefile; the discharge and water levels for the five year
return periods were added as attributes. These attributes are depicted in the map.
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Example of the results of magnitude-frequency analysis for one of the hydrological stations. The same analysis was carried out for the 108 available stations in Georgia
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The flood hazard in Georgia was determined using a GIS-based approach. A schematic overview of
the flash flood method is presented in Figure 3.7. The assessment was carried out in a freeware GIS,
called PCRASTER, which was developed by the University of Utrecht in the Netherlands. A script was
used to compute the height above the river based on a Digital Terrain Model (DTM). The DTM was
based on the ASTER GDEM v2, a globally available DTM with a 30 m resolution (see www.gdem.aster.
ersdac.or.jp). This DTM was re-sampled to a 100 m resolution for application in Georgia. The work-
flow was based on a method developed by the EU Joint Research Centre for potential flood hazard and
risk mapping at a pan-European scale. The script determines the location of the main rivers derived
from the stream order of the water courses. Then the height above the river for each location in the
study area was computed by forcing the catchments to have their outlet at the location of the river.
The height of the outlet was assigned to the whole catchment, and was subsequently subtracted from
the DTM. To determine the flood hazard, the height above the river should be assigned a temporal
probability, the chance of water actually reaching that height. Return periods of water levels were
determined by analyses of the hydrological station, as explained in section 3.5.2. Assuming that

the height of the DTM equaled the water level of the 5 year return period, we determined the height
above the river for the 10, 50, and 100 year return periods for each of the stations by subtracting the
5 year water height from the 10, 50, and 100 year water heights. These water heights were interpo-
lated over Georgia using inverse distance weighting (IDW), with break lines assigned to catchment
boundaries. By comparing the height above the river from the DTM with the heights above the river
from the different return periods of the stations, we derived a flood extent map for each of the return
periods. The flood hazard map is a combination of the flood extent maps for each of the return peri-
ods.

A few manual corrections were done for specific areas, based on expert knowledge on the occur-
rence of floods in the country and information from local people. In some areas the flood extent was
reduced, for example in the desert area in the east of Georgia. Other areas were added to the flood
hazard map, such as the marshy plains of the Kolkheti lowlands, as this method did not perform well
in flat terrain and the DTM showed larger errors here.

Validation of the flood hazard map was based on recorded water levels at known cross sections at
hydro stations, as provided by NEA and Ilia University. Flood levels were converted to flood extents
based on hydraulic equations. Cross sections were processed and widths were calculated for 10, 50
and 100 year return periods. The error in the predicted flood width at the cross section was less than
one pixel. No data was available to carry out a 1D, or 2D hydrodynamic modeling study. In particular
the height of the main river and floodplain needs to be known with a high degree of accuracy for such
a modeling approach.
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Snow Avalanches

3.6.1

0m3emob 8303900 ymzgemBemoyMo 3603369tmm306 Botomb 0ygbgdgb Lodo®mzgemmb dmnob
3bo®g9db o Lo Mbylb 36006 ©OT0BMS LomMEbemgl. Luh®OBL3MGEHM 3MTNB030E30gd0L
0 obobemgdymo 3ybgdhgdol 3608369cmm3560 BoBogmo dgdoMmgmdl 83030308 végom9ddo.
0m3mob 8303900 G300 09300m00 0639396 ObObeMdIYIMO 3YbIhgdolb (Bmase®
31603030em0hghg00b) 03memoEnalb 3Boh39(30emgdal Robgtaszalb godm.

obogmgm bogoMmM39tmMMBo MM3mob 8393900 YBG™ b3oG0s, 300069 vMAMLOZEMgm
Logdommzgmmmdn, Mo Pb30 ohIMLA3gMYMO boeMgdgdol HomEgbmdslmob ghmow
BIOEMI900L 0 ObMOEMINM dMOL gob3nMmMmdgdnmo.

39000609000 bLEYEO O IHOMYM0 06BMGIOE0L Bm3M3gde B303900L Rodmbamab
d9bobgd 3gbodemgdgemo gobo dob 3930093, Mo bogommagmmb ymanem bodbgdm gdodg
99-19 LOY3Y6980 ONBYM M9z YEOMYMO LohE®OBLIMOHAHM FMdBOMdY. bodomzgmml
H9G0dhmE0089 ox0dLoGMgdNEo MM3molL 83039000006 dg0demgds 90b0dbmL Modwgbodg
3603369¢mm3060 dm3emgbo:

® 1850 Bemob 7 3omhb om3mob 83030b306 oomy3o bmagem gobomol 68 d3bmatgdo;

® 1932 6emob 14 9096 35emb 330330 bevxgem v6HIgbod0 112 5030060L bogmibemg
9906060;

o304LoMmgdymo mmzmob 8303900
Recorded Snow Avalanche events

® dmog®mo ;mm3mob 83030 oagogdLotes 1987 Bgemb demobol bozmgdymmado (Bgdm
13969m0), GMAMOL 99300003 O0MY3O 27 030060 O S0B3MS GBI dgbmdo.
83030L 3mEYemmOd 1.5 dogmombo 32 ogm, beemm bow®dg — 80-100 bA. 6obodBg 3.8
Bo6mImagbnemos b3o6gmBo, bmaez. Jodyddo 1987 Bgemb RodmBmenaemo 83030, MMMV
0080060 39emdhMmYmo 3993300060 gmdoL dgaemo.

Logdommzgemmdo mmamob 83039000 gobLo3ym®mgdymo Lodemog&mob og¢hHo3mdd dmMbodbs
89-20 LoY3nbob 70-0060 BeMgdoLb 39330L0MbAL Jgolb BIHEMOgOBY O JMNdD voMOT0.
396dme, demogho B303900L BodmbImOl vgnmo 3gmbeos 1975-1976, 1986—1987 oo
1996-1998 Bcmgddo.

Logdommzgemmdo mm3zmob 83030L LoggGmbggdol ImboEgdms doB0b 8gcg960bm3zal
003mG35(300 IMBMEdINEMOd gotmgdmb ghm3bynemo Lvoggbhmb dogM. P339 Modwgbodg
B9emoo, Go(3 booggbhm vatm3g0L Foboemol Mmm3zmoEb 8303900L dgbobgd. domo 0bgm®sE00m,
bogo®mzgemmdo 5,000-309 m3emob 830360603m3g3bgemo 39Mo0. MPBE3O (30BGYT
063m®3d(300 Bbmemme 620 ;mm3emol 830389 dmo3magde. booggbhmb d0gH sm®abymo
8303900b GomME9bMdS o Bo®omo 1995-2010 Bemgddo 6oR3969000 3.4 ;3bGHoemBo.

Snow avalanches cause serious damage to roads, buildings and population in the mountainous re-
gions of Georgia every year. Utilities (communications) and many settlement areas are located within
snow avalanche hazard zones. Snow avalanches frequently cause isolation of the municipalities
since they block the access roads to the settlements.

Snow avalanches occur more frequently in the western part of Georgia, as compared to the eastern
part; this is caused by the higher amount of precipitation and steep slopes.

Detailed information on snow avalanches is available from the beginning of the 19* century and is as-

sociated with the regular traffic along the former Military Road of Georgia. Below are some significant
snow avalanche events in Georgia:

e On March 7, 1850, as a result of snow avalanche, 68 residents of the village Ginati died.

e On February 14, 1932, the village of Arashenda was destroyed by the avalanche where 112 indi-
viduals died.

o A major snow avalanche event occurred in 1987 in the community of Mulakhi (Upper Svaneti)
resulting in the destruction of several buildings and the deaths of 27 people. The avalanche had a
volume of 1.5 million m3 and a height of 80-100 cm. The Figure shows the avalanche event of 1987,
which also affected some of the cultural heritage sites in the area.

Extremely strong activity of snow avalanches in Georgia was reported in the following years: 1975-
1976; 1986-1987; and 1996-1998. Snow avalanches are frequent on the slopes of the Caucasus and
Ajara mountains.

For the construction of the historical database of snow avalanches in Georgia, the National Environ-
mental Agency was consulted. They have been collecting this type of information for a long period

of time. According to the National Environment Agency information, there are around 5,000 snow
avalanche sources in Georgia. However, only a small subset of 620 snow avalanche locations were
digitally available as avalanche tracks in the digital database. The snow avalanche events recoded by
the NEA between 1995 and 2010 are presented in Table 3.4.

306093mb 9 m36nemo Looggbhmb 3ogh demMoEbymmo mm3amol B3030L
390mb393900 1995-2010 6emgddo.
Snow avalanche events recorded by NEA within 1995-2010.

3b®ogmo/Table 3.4

2007
2008

2009

2010
byem/Total

1987 6emob ;vm3zemob 83030 (g939don).

babobo/Figure 3.8 { 1987 avalanche event in Zhamushi.
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Snow Avalanche Hazard

3.6.7

LogoHM3gmMML MM3MOL 83030L LoggGmbol HY30L dgbogddgbemo godmygbgdymos
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Loy, BIOEMBZONL obMS s HImmMNgul BMEBgdol dmbo39d9d0, HmBgemos
8909360 ASTER GDEM-0b LodoMeMb (30310 IMEIEM0EOL. MM3mOL bogs®ob Bemgdol
3069030mmdd0 go3M(39¢mg00b H13089 godmbobzobm3nlb godmygbgdyemo nym MODIS-0b
™30l LdggoMmob LE3MEYMO s PHMOMO Zo3M39emgdol IMbL393900; JoBob boggetol
99Lobgd 0bmMMISE0S 30 0gbd HM3MaEHOBYMO, LdoobhM™ o Lahgmodhndo
309mUbobymgd9d00006 (Landsat-ob bohgemodhy®o 3odmbobymgdgdnob sdmmgdnem

0g60 m39306907em HatohmE0gddg 0MLIdPMO HYob bowe®n).898mm dMb08EYMOL

For generating the snow avalanche hazard map of Georgia, a Spatial Multi Criteria Evaluation
approach was followed. Given that the hazard analysis was done at a national scale, only the
avalanche starting zones were taken into account, and runout assessments were not performed.
For the analysis a number of input maps were used: altitude, slope, aspect and plan curvature
data were derived from a Digital Elevation Model (ASTER GDEM). A temporal satellite data set
from MODIS was used to map snow-cover distributions over a number of years. Land cover infor-
mation was used from existing topographic maps, cadastral maps and aerial images. The forest
cover for the occupied territories was obtained from Landsat satellite images.

Seven layers of individual components were generated, and were classified according to Geor-
gian and International experiences. Each of the classes of the input maps was weighted and the
relative importance of the input maps was also expressed by weighting the maps themselves.
Since the existence of forests reduces the snow avalanche hazard, a negative value has been
assigned to each territory where forests have been observed. The areas where the occurrence of
snow avalanche is impossible were excluded from all other layers, and the relative importance of
the factor in the contribution to snow avalanche hazard was weighted with value between 1 and
3. The more hazardous a component is at a specific site, the higher its value. Figure 3.9 shows
the methodology used for the generation of the snow avalanche hazard map.

After weighting all the seven layers, the final snow avalanche hazard map was made with a four-
step classification: safe (hazard-free) (it is not colored on the map), low, moderate and high.

According to the obtained results, 10% of Georgia’s territory appeared to be in the high hazard
zone for snow avalanches, 22% in a moderate zone, and 6% in a low risk zone. Consequently,
62% of the areas of Georgia are not at risk of snow avalanche hazards. Other sources have indi-
cated a higher area (56%) of the territory located within the snow avalanche hazard zones.

Itis also noteworthy that in the semi-arid zones of Georgia, some (few) avalanche hazard zones
were detected. Based on the analyses of spatial and temporal distribution of snow cover, hyp-
sometry, slopes, aspect and other data, it was revealed that it is theoretically possible to have
snow avalanches in these areas.
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bobaBo/Figure 3.9 Methodology used for snow avalanche hazard map generation.
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Wildfires

3.7.1

Recorded Wildfire Events

hyobo o 39em0b bobdMHgdo BbmBE0MBn MObEEMLb 0g30 36083690mM306 LmEnomyt—
93Mmma0YM 3MMIMgdog. (hyobo o 39emol bobdMhgdo demagh otymaznm 8gdmdadggool
0bgbgb 0bgm 3B m3gLgddY, HMamMMOEY: 60oOgNL BMMInMdS, 30MMEMMNY&M0
303600, d0MAMOZ9eMRIHM36900L LsdoYOMBS, 633900l BrO-gob30MOMgOd

o bbg. bLoBmaoEMYdL PYIGHV3eMgLMBNLMZ0L Hyobd o 39emal bobdoto BotmBmoagbl
6930t 09M dm3emgbol, GmAgemoE 933dMHgde 5d00bLY o 3gemYM d1bgdeL, 9boaMAL
9060L BOMOMOYAL, 06393L 000060 O JMBYONL oBNEBYISLS o Lbgd Obo3oMHz9dL.
Hhyobo o 39emob bobd®ob sbgmo Yotym@emo goggds P83ommeE Mol 3938060 9dnmo
bo6dMH0L JoMHM30L LS YM-3MoH03IM (H96IB(3090006. bobdE0b go3MbHMMMgdaL
0 Bogermdol 930090mmd03 dg(330¢mo dobo d1bgdt030 (303¢m0 03 M9a0mbgddn, ool

030 396 gdm Mobdomhob gob30modmgdolmzol odobolnomgdgmm 09690603 aogdhmML
BoMmImoggbl. 89009300, bobdMab BocmdmBmdnl d99mbigzodo ngo Jthm ddemoztmos, Mo
0OHEMY 0330000000 goMgdmb d91d(393000 OBN6gOL 06393L. FgmMg BbG03, 000690 OGO
07 99O Mdgb O d3MbHMMEgOgh bobdoMb, o6odge, 306H0dom, Moz BotmdmMmoaggbgb dobo
Bo&3mgabol dmoz06m 30898b. a30gdhmIG0300, 39630000Mgdo0 §3996900L PIGO3MgLmddTo,
8060mboGZgdmMMOL oM m30l 308600 bobdo®o by yR®M 3ghow 3odmnygbgds bLabmaemm-
LOBYYEBIM ©60TBYgdL F0BgdBg, HMmamMM(3 Jom30l 0oa30 0bLAHGYBgbHO.

Logotmzgemmdn hyobo o 39emob bobdGol 3odmab3930 doGomoo 30898900 $96 o6 godboMo
ROOOM JgbBogemmob Logobo. doybgozo vdobo, SMLIIMAL 36Mdgdo Lo mbob dgbobgd,
©00g0b bdgobzgdm bodnoE0gdL oM M30L g3oMHLFIBHN vx30dLoMIAL 3oRgboemo bobd®mgdol
8990b39390L, HMBgemme Bglvbgdol 06amEMBs300b dmBmgde brgds, Hmame(s Bgbo,
90030emMmIB030 dmbobemgmdol 3ogM. bobdMHob 8990b39390006 393806 907cm0 06RMGIdE300L
Lobhgdoh G0 dgacm3gds dbogmo 0ba30o¢HN390 2006 Bemosb M9dg. bobodo 3.10 dbobogl
LOgbagdM godmdobgdgdol HomeEgbmdsl (69emoBodn 100-b 600-3cog dghymdobgds), Mo
9000LHYMYOL bogomM39emmBn FMLdbeMgmdNL YuogGMbmMmgdol bogsbgodm dgmdatgmdsb.
3gmg dbtog, 2008 Bgemb HYLYN-boJoBMNZgEML dmMob Mo gobes d0BgB0 Hyggdol
0603063 900L d30bo, Mo 3odmB3gyemo ngm 3dndg dHMgE0l 3odmygbgdom ob (393bemols
3068Mob goblbom. 5306 godmoB30o d9bgdMn30 bobdMHgdnl gogM3gemgdal (303emol Bg33emo

00, 39L0d030bo, Fom0 ZotMogdbs bobdMHnboadn doMmg30em vb bobd&mab PY3MbHGMm™
303M390m900b Bmbgdo (Mo 3odmB397em00 bobd®ob tmo3300300Lm30L Lagotm
0003009003009 30730emMB0m). 93 LohYoEEL bd3obybme dmbs Hyobo o 39emol bobd&mol
©0bL30b 39x30L9d0b 3ggdob08dnl Bgdn8oggde MATRA 36hmgdhob Botgmgddo. BgbBogemoen

0960 bobd&ol 3m3emgbgdnl Mmomo o bog®mEomo 3sLdhodgdo MODIS-0b 0363560 dmbol

Wildfires are becoming a major environmental concern in many world ecosystem function, as they play a
critical role in aspects such as soil formation, hydrological cycle, nutrient cycle, biodiversity stability and
plant growth. To most modern societies, wildfires are depicted as negative events that threaten humans
and wildlife, destroy land areas cause human and property losses, and other irreplaceable losses. This
negative perception towards wildfire is directly related to the socio-political trends associated to fire
management. Efforts to control and suppress fires have modified its natural cycle in regions where wild-
fire is an innate factor in the evolution of the natural landscape. As a result, when fires do occur, they
tend to be more severe than they should be, sometimes causing irreversible damage to the environ-
ment. Humans not only suppress and control fire, but also are one of the main causes. In fact, in most
developing counties, land use tends to move towards agricultural land using fires as an inexpensive tool
for management purposes.

In Georgia, the underlying causes of wildfire have not yet been studied extensively. However, the threat
is known to exist as reports of fire events are kept by the emergency management department, who are
usually informed by local people. The archive of fire related occurrences is a recent initiative, started in
20086. Figure 3.10 shows a range of 100 to 600 emergency calls per year confirming the uneasy safety
status of people in Georgia. On the other hand, in 2008, the Georgian-Russian armed conflict caused
extended forest losses through the use of heavy artillery or intentional fires. This opened the possibility
of changing the natural cycle of fire behavior in those zones. Consequently turning them into fire prone
areas, susceptible to the spread of uncontrolled fire (due to inaccessibility of the areas). In response to
this situation, a wildfire hazard and risk assessment was developed within the framework of the MATRA
Project. An attempt was made to explore the temporal and spatial scales of fire events using MODIS
Burned Area Pixel products for the period of 2000 to 2011. This was followed by the consolidation of

Hyobo o 39cmob bobdérgdo

hyobo o 390l ogndbotgdyemo bobdhgdo

30dbgemob“ (2000-2011 66.) godmygbgdoom. v30b 399c0ga 8999303000 Byobo o 39cmol bobd&oal
Logdmbob bhohoznHo dmegemo (Primer Static Wildfire Hazard Model) bogomggemmb Ggaombob
00303960 0 LmESYMO BOJHMEIIL om30tmobBN6IdN.

MODIS-0b 000963060 Bmbob 30gugemal” (2000-2001 66.) 990093900 330R39690L 243 332
BOHNMO0L EoIB3060 Bg003060b LM BEMOYMH MEgbMOOL FMNE MEgbmBSLME
(2,922.60 392) 30dommgdodo. 3.11 boboBob 3087oemy&0 dgbBogemo 330R39690L Lvdo MbOL
0363060 890003060b 0030190790 9d0L (Bomoemo — 650-500 332, Bmdogto — 300-240 302,
odoemo — 30-180 302). hmms 36360330 oxngdbotgdnmo ydomemgbo Bgbhoemgdo
(359b03y3900) 33083969396 LOLEHYFYE gL, Lo Fogmoem 3603369cmMdLL dm3y3gde
99000690000 MO O LdBYOT™ 3608369¢mMOd0, Mo J3bob ghMZ3® (303emU. B306g
(3390mgdoMdd 30gLndoemye 3603369cmmOgAL JmEnb bod Lbgoolbgo mbgdg g30A39690L
0363060 90030emgdol gobdgmMmgdomdnl dgbodemgdemmdsl. MODIS-0b ,3060b boggatmob”
(2009 6.) co> MODIS-0b ,,000863560 BmbBob 30dbgemol” Bgrotgds 330839690L, HMA Lobbog-bomgl
8069089 3oRgb0em0 bobdMob 898mb3gg39d0L H3ghglmds d99bodedgds 3gotgdom oMo o
B3md0g® 3603369cmmMdgdL (nbogmgom BoboBo 3.12), booi 6oR3969000 3ob3gmEgdmo B30L
0003060900 bogoGM3gEML LEBbMHIM-0MBMLOZENgm BoBogmn. dgmeg dbtog, 2000 o 2008
Bemg00 Y ® 3ghoe 90l 03538069070 hygbo o bobmamm-badgy&bgm LogoManmmgddy
39R9b0cm bobdhgdmob, GMBemgdo(s goasobdhyemos bogM39d0. 9b 3993900 3oM3399emBogmo
0000bhMgdgb 3ob30moMgdo 939469080 3330000 HEOENE0L dMLYIMISL, Hmgbol
beogds bobdMol, Gmagme3 06LAHMYIIBEHOL, 3odmygbgds bmazemol 3gy&bgmdol 3086gdoLbm30b.
9L 30001000 890dmgdd oLLHNMEIL v3MHgmM3g bugebagdm boghnoE0gdL d90mbigzgdlo
0036356 89000306L JmEob PHM09MH™ 303306000 (07 89390006900 dgdmbyemo bogobagdm
9hymd069d0b 030 gdaMmgmISL o 3nboEndomonghdo oGbLgdn bmaemol 3gyMHbgmdol
LO3MZYMgOL). 1Yo B30L doomoo dmgemo, bdgoGmoyme, gbgde 2003—2008 Bemgdl
ol 0Mbgdm 3g9Eomeb, HoEasb 0go gdmbzgzs Lobmagemm-bodgy&bgm boga®maymmgdol
6300 3960meb (Boxzbymo), Hmagembog 0ob brgal elizgbgdnl/gebhzotmzol 3gMomo.
0bg39 3603369emm30600, d0BEBBMU, Brdd MODIS-0b 0363560 Bmbob 3ogugemob” (2011 6.)
0099353900L ML dmenm Lddo M30b FMb393900 o6 0ym bgemdabobzmadn, Mol Bggasowas
60boB9d0b (3.10 o 3.11) Bgomgdobilb 2011 Bemob dmbo399900 9HxBbIMNL o6 gdmbagso.

what could be considered a Primer Static Wildfire Hazard Model, integrating physical and human factors
in the regions of Georgia.

The results of the MODIS Burned Area Pixel (2000 - 2011) study show a mean annual burned surface
of 243 km?, from a total of 2,922.60 km?. A visual inspection of Figure 3.11 shows the distinction
between three levels of burned surface (high: 650 — 500 km?, moderate: 300-240 km2, and low: 30-
180 km?). The peaks over time seem to also depict a systematic pattern, with higher peaks followed by
lower ones and intermediate ones creating cyclic behavior. The little variation between peak values — on
the three different levels — also suggests the possibility of repeated burned locations. The monthly
temporal pattern shows the summer time period (June - August) to have a higher concentration of fire
events. An overlay between the MODIS Land Cover 2009 and MODIS Burn Area Pixel indicates that the
majority of fire events occurring on cropland areas correspond to the higher and intermediate peaks on
Figure 3.12, with repeated burned locations in the south-east of Georgia, on the other hand, the years
0f 2000 and 2008 seem to be more related to a mixture of forest and agricultural fires with randomly
distributed burned locations. These results confirm - to a certain extent - the traditional tendency of
developing countries to use fire as tool for agricultural purposes. The relation between emergency calls
and the total burned surface can also clarify these assumptions, overlaying the source call locations
with information regarding agricultural fields per district. However, the actual burn pattern is suspected
to be between the years of 2003 and 2008; as it fits the cycle with a pre and post agricultural burning
(summer time) followed by a rest period. It is important to mention that MODIS Burn Area Pixel data was
not available for 3 months after its acquisition in 2011, this is why the 2011 data from Figures 3.10 and
3.11 does not coincide.
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6oboBo/Figure 3.11 {The size of burned area over the period 2000-2011.
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boboBo/Figure 3.12 Burned pixel land distribution within 2000-2008.
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3.1.2

LogdomM39mmmL hyobo o 39emol bobd®Mgdol Gobzob dmgmo gi3ydbgds LoghmodmGobm
mbgdg 8991853901cm 3000g™magdL, HMIgNgdaE va9069b oM 3990 bobdéMgdol
®0L3R30gHMMIOL o v331BIOL Fom J393mMEIMgOOE, MMIMdLOE JHMBsMmO
3oboboomgdemgdo 993m. gb dmEgemgdo LHshn3nMoo s P d99LoddgdMBYL
bodo®mm39emmbm30L BobobBM 3993803907cm Hgzomboemy® LodoBm dmegmb. gb dmegemo
3m0303L by 9399mgmb, HmAgemms 308obL BoMmdmoagbl, 8gomagbmb 0d sb3gdhadol
©030, H®MIgonE obododl 0demg3zgb ,bobdMmol Mobzb“. gb 939dmegmmgdons: ,630L Hobzo”,
,00eM9d0L M0b30“, ,,090600L Mob30", ,“899Rbg30L ML O ,HIog0emgdL Hobzn" (obogmgm
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Wildfire Hazard Assessment
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The development of the wildfire (wildland fire) hazard model for Georgia was based on internation-
ally developed methods and approaches. This approach identifies individual fire risk factors, and
groups them into sub-models that share similar characteristics. The models developed are static in
nature and are expected to conform to a preliminary regional country base model for Georgia. Five
sub-models have been included that aim to encompass the range of aspects that give rise to ‘fire
risk’. These sub-models are the Fuel Risk, Ignition Risk, Weather Risk, Detection Risk and Response
Risk (see Figure 3.13). A final fire risk output is produced by combining these sub-models using a
weighted approach.

A survey, in the form of an experts’ judgment, was conducted in order to collect the information
related to the importance of wildfire risk factors for the country of Georgia. For each sub-model,
questions regarding the importance of each variable were stated. A total of 7 surveys were developed
that included all 5 sub-models, the overall model and risk table index agreements. The formation and
evaluation of all models consist of a pairwise comparison, based on the analytical hierarchy process
(AHP) and the knowledge obtained regarding the temporal and spatial fire patterns previously
explored.

In order to construct the static Wildfire Hazard Model the variables for each sub-model were convert-
ed into a risk (hazard) index. Once the hazard index was obtained, a linear normalization was applied
to normalize the values between 0.00 and 1.00. The results of the Pairwise Statistical Analyses, in
the form of weights, were used to generate an equation for each model. An overview of the generated
sub-models, as well the Wildfire Hazard Map and validation with its particular pair wise results, are
presented on the page 61.

The validation approach undertaken for this study was based on crosschecking the burned areas from
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the MODIS Burned Area Pixel product with the Wildfire Model. A cumulative frequency map was gen-
erated to visually inspect the spatial distribution of the fire events; this was followed by a spatial auto
correlation analysis for the assessment of hotspots over the region. For the model to perform well, is
expected that the majority of the burnt areas fall into the moderate and high classes. Looking at the
validation graphs in Figure 3.14 it can be seen how the majority the Burned Area Pixels correspond to
the high and moderate risk categories.

This study has demonstrated the value of a GIS integrated approach for a wildfire research agenda.
The acquisition of freely available spatial data in conjunction with GIS opens up possibilities for the
practical generation of a Wildfire Hazard Model, especially in developing countries, where economic
resources are scarce. If a local level approach is to be considered, further research should be devoted
to include other aspects related to the hazard as well as more detailed information regarding land
cover.
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Drought

As a result of global climate change, changes in the temperature regime will cause a growth in
drought hazards throughout the world. On the basis of recorded and observed data, the increase in
the frequency and intensity of this event has become clear worldwide, including Georgia.

Analysis of the historic data demonstrates that, previously, strong droughts used to occur once every
15-20 years; the frequency of this event has increased by almost 3 times in recent years.

In Georgia, droughts have been observed with varying intensity and duration throughout almost the
entire territory of Georgia. However, they are particularly severe in Shida and Kvemo Kartli, Kakheti,
as well as in upper Imereti regions. This results in the spending of huge material resources, impedi-
ments to agricultural activities and the deterioration of the economic status of the population.

Between 1995 and 2008, drought damage to the agricultural sector in Georgian totaled GEL 400
million.

Hail Storm

In Georgia, hailstorms are observed on a seasonal basis throughout the entire territory of the country.
Their intensity and frequency is extremely high in Eastern Georgia. From 5 to 15 cases of this event
are annually recorded in Georgia, as a result of which, from 0.7% to 8.0% of agricultural land is
destroyed.

The years of 1983, 1987, 1993 and 1997 have been notable for the extreme frequency and intensity
of hailstorms. According to incomplete data, the damage to the Country caused by hailstorms over
the last 13 years exceeds GEL 140 million.

Wind Storm

The complexity of Georgia’s relief, mixture of various cyclones, and its proximity to the sea facilitate
the creation of strong winds (windstorms), which are hazardous climactic events. Windstorms result
in huge damage to agriculture: they damage communication and power-transmission lines; cause
turbulence at water reservoirs; create dusty windstorms, blizzards and regular strorms, impoverish
and degrade soil, and have a range of other negative effects. In Georgia, the occurrence of blizzards
caused by windstorms at motor highways is extremely dangerous. This violates the regime of trans-
port (traffic) operation, which results in huge economic losses. Because of this, it is very important
to study the particular properties of Georgia’s windstorm regime, and to take into consideration

the practical implications of all the above stated negative effects caused by windstorms. This study
should be based on the observed data collected at meteorological units located at different eleva-
tions and under different protection conditions. From 1998-2010, the loss from this event equaled
around GEL 90 million. 11 individuals died (see Table 3.6).

Drought and Hail storm
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Drought

In Georgia, drought damages arid, semi-arid and semi-humid lands as the phase of increased
consumption of water by plants does not coincide with the phase of increased precipitation.
Major recurrence of droughts is observed during July-August in Eastern Georgia, while in western
Georgia the same happens during April-May.

Days are deemed droughty when the precipitation is less than 5 mm, the relative humidity is less
than 30% and the average temperature is more than 25°C. The quality of aridity has been de-
fined on the basis of the difference between the precipitation and water-consumption by plants
and the index of humidity within the plant vegetation period (April-September) (NEA).

Hail Storm

Damage to the agricultural sector caused by hailstorms in Georgia increases on annual basis.
44% of its recurrence is on the cold front, 24% - on the wave disturbance, 17% - on the internal
mass convection process and 15% - on the occluded front.

The major recurrence of stormy days within annual range is during May-June and October-
November in western Georgia, with maximum recurrence in May, while in eastern Georgia, major
recurrence takes place during May-June, with maximum recurrence in June.

The annual recurrence map was developed on the basis of the survey database on relief, pre-
pared by the National Environmental Agency.

Preparation of the drought and hailstorm hazard maps

The drought hazard map and the hailstorm hazard map were obtained from the NEA. The drought
and hail storm maps originally had 6 classes, which were reclassified to 3 in order to be compat-
ible with the legends of the other hazard maps (see table 3.7).

330m30L bogdmbol HY30b MO303060390m0 30¢H93MM0g00

Original classes in drought hazard map

3300m30060/Drought
33oemo/Dry
BmdogMoc 3dGom0/Semi Dry
Bdmdng®oo hgboobo/Moderately Dry
$9600b0/Humid
$0M0h9gb0obo/Excessively Humid

Ladhy3obL bogGMbob GY30L MO300306MH39(m0 30h9aMEO0gd0
(bL9hy3006 MM FMLOTNMEBYTO FogdbodoemyMmo MOMEgbmdd BgemnBoaon)

Original classes in hailstorm hazard map
(Expected maximum number of hail storms (days) per year)

930m0L0a3030300 3 30h93MEM0O©
Reclassified into 3 classes

domomo/High
domomo/High
Bdmdogton/Moderate
B8m30g®o/Moderate
0000/ Low
00090 /Low

1995-2010 Bemgddn sm®03bnemo 33oem3ob, bghyszobs o demogho Jomob bhohobhoznMo dmboEgdgdn (3oMgdmb ghmazbymo boogabhm).
Statistical data on Droughts, Hailstorms and Windstorms Recorded During 1995-2010 (NEA)

3b&®ogmo/Table 3.7



a33oem30bo o bghyzob bogtmbggdo/Drought and Hailstorm Hazards

3300m30L Logymbyg (3939¢ho(300L 39E0M©0N)

Drought hazard (Vegetation period)

690060080 dmbommmbgmo bghy3006 Mgme Jogdlodoemydmo MHomEgbmdo

Expected maximum number of hail storms (days) per year

393N BR3Y

0196JdI00

»ILIONOL BIRIMIGND

[ ]
[ ]

3060(Hgb0sbo
Excessively humid
$h9boobo

Humid

Bmdogho (Hgboobo
Moderately humid
BmBog®o 38Gomo
Moderately dry
Bobggo 33Goemo
Semidry

339eM30060
Droughty

393N BR3Y

[ Jo-s

[ a6

- 6-10

- 10-14

- 14 -18
-agoo/more

0196dJd300

50 100

200 33/km

3oL3yodo / Scale: 1:3 000 000
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cob3ob 306mob3oc dymxn md0gdhgdal vboemodo

Hmamm3 1.3 boboemdo ©360369m, Hob30b 3gx3oLgdol g m-gho dmogam 3m33mbgbhl
Bo63mo390L Mobzol 306H0L30M ymazbol vbogmoBo. Mobzolb g9emgdgbhgdobe o bogdmbob
V60096 J3g00900 3obLeBM3MOZL M0L3I0L 306H0L30E ymebsb. 39-2 Mo380 gobzobogmgm
LoggOmbol 9 Lobgmds, HMIgNgdobm3oLss dmdBo 399930 Lo mbggdol Hy3gdo:
3060Ld3Mo (EQ), Byoemenomds (FL), 3964g&o (LS) mzotmazo (MF), g30me (33960 (RF), hyobo o
396mob bobdoto (WF), mmgemob 83030 (SA), 33oem3s (DR) o bghyso (HS).

30390000 Gob30b 306-0b306 ymasbob bbgowslbge bobob vboeMmoBo: Jgbmdgdol (HomEgbmoy),
3mbobemgmdnl (90003006900L BOMEIbMBY), 333-0b (doemsbo doo IGMEYIHo cnohgddn),
33900L (3030LEHGOMgOLL O Fmobagoemhgdymo gBgdol bogMdg d9h®9d80), doembogbgdol
(60300MdbOEgbgd0LL o 3oBLOEYBgdEL LogéMdg B9dhthgddn), oo BHaMmohmMmngdol
(G®OMd0 3996 g080), hyggoobe (BoGmmdo 39dHHgddn) o Lobbog-bomgbo doBgdols

(oGO mMd0 399 g0d0) ym3gmo bogg®mbol bobgmdobo o bog®mbob ho3obo (domocmo,
830960, oddM0) 0030boLAHMOEYMMO ghmgyemgdol dobg300.

®0b30L 3060b30M ymazbol (3900l ImIBogdL 3GMEgbo boR3gbgdos boboddg 4.1.

One of the most important components of the risk assessment was the exposure analysis, as previ-
ously indicated in section 1.3. The interaction between different elements at risk and the potential
hazards directly defines the level of exposure. A breakdown of the 9 hazard types, for which hazard
maps have been prepared, was previously given in chapter 2. To review, these were listed as:
Earthquakes (EQ), Floods (FL), Landslides (LS), Mudflows (MF), Rock-falls (RF), Wildfires (WF), Snow
Avalanches (SA), Droughts (DR) and Hailstorms (HS).

The explosure types are constructed in the following manner: Buildings (number of buildings);
Population (number of people); GDP (gross domestic product in GEL); Roads (length of highways and
paved roads in meters); Pipelines (length of oil pipelines and gas pipelines in meters); Protected
Areas (total coverage of protected areas in hectares); Forests (total area of forests in hectares); and
crops (total area of crops in hectares) per hazard class & hazard type (ranging from low, moderate to
high) within the specific administrative units.

The procedure for the generation of exposure maps is illustrated in Figure 4.1.

For this project, the calculation of the exposure level was carried out using so-called script files (au-
tomated calculation files) within the ILWIS GIS software. The main steps in calculating the exposure
were to:

o overlay the hazard map with the elements of the risk map, and create a joint frequency table,
containing all possible combinations of the two maps as well as a map with all of the possible
combinations;

o overlay this combined map with the administrative units (i.e. specific communities, districts, and
regions);

o aggregate the number of elements at risk, located within the three hazard risk classes (high, mod-
erate and low), per administrative unit;

e calculate the total percentage of elements at risk, located in the three hazard risk classes (high,
moderate and low), per administrative unit;

o store these results in three large tables Explosure-communities, Explosure-districts and Exposure-
regions that contained all of the exposure information per community, district and region;

o use these same exposure files in the creation of the Web-Atlas.

This process of calculation of exposure proved to be extremely time consuming, taking into account

the fact that there were 9 hazard maps and 8 types of elements at risk it created a substantial number

of possible outcomes. In the following pages, the results of the exposure analysis are illustrated and
for each type of element at risk the main results are highlighted.

Lo mbggdobo o HobL3oL 3060b30é dgmaso Md0gdhgdol bogtEymo

39000030630b 39009300 30¢gOYTO 0B6BMEBo30d Gob30L JocMob3oé ymazbol
BoboBo/Figure 4.1 89bobgo.

Spatial overlay of hazard footprints and elements at risk provides information on

exposure.

®0bL30L 306H0L30MH gL Od63dMNTgdO gobbmGE0gMEY 9.6. baMo3hazonmgdol

(93¢h™Bohe0 oobadm03gd0L c3onemgdal) 39839Mmd0m, HMmBMb O®LYE 3odmygbgdyem

0960 ILWIS GIS-0b 36hmg®modymo 386 ybagmymad. Gobzob 306Hob3oM ymabol

00635003900bm30L goonas 899930 bodogdo:

© dmbeod bogmmbggdol HY3900b goomOMm3d M0b30l E0653g dgmazo Mmd0gghIdelb Hy39d00m
0 8904360 9emmdmM030 bobJoMob (3060, HMBgo IMo3d3 MG GY30L Yy3gemo
26LYOIYEM 3mTB0BO30LY O VY39 Y39eme 3MmBdNBS300L IJmMbYy BrY30L.

® dmbgoo 93 3m33060;300L BY3900L FoEORVMZO ©0F0BOLHMOEFOYMO JOMYYTNII0m
(LO3gdYEM, 3bo03demohgho, B9aombo).

® Jmbeoo bog®mbob bdd (Bomom, BrmdogH o OdVM) 39330 3obmozbgdymo Gob3zol
3060b306 dygmazo Mmd0gIHadoLb obadtm0dgds ved0bobdhMoEYmo ghmgymgdol dobg3z0m.

® dmbgoo bod (Foemomm, BmBoge o OdOEM) 3319380 obmo3zLgdmo Molzol 30Mol3oé
3yma30 md09ggdhgdol 3G mE3abdHYmo 3oB39690cmgd0L Edb3MNTdS vdabobhdmooymo

®0b30L 306m0ob3o® dgmazo Mmdogdhado: 3s3., 396mdgd0
Elements at risk: e.g. Buildings

Loy mbg: Loggdmbob 33500
Hazard: Hazard footprint

Exposure Analysis
dgbogomon
Introduction

9hn9nemgdoLb dobgz00m.

® 390093900 d0bobo Ld 3GEgM 3bGoemdo: ,Exposure-communities*, ,,Exposure-districts” o ,Ex-
posure-regions”, bogoE d9LYEMOd FNYEMO 0bBMMHISE0d MLl J0MHoL30t yma3bolb dgbobgd,
LO3EM9OYMgONL, 3Pboo3vemohghgdobe o MH9anmbgdnl dobgw3z00m.

® 03039 33000mg00 060 godmygbgdnemo 39d0hemabobmagob.

®0L30b J06H0L30tM ymabolb EobaMN89d0L O POHM ObZNME, Howadd bodo®mm oym

9 ho30bL bogmmbobs o oLzl 306H0b30M dymazo gemgdgbhgdob 8 bobgmdol vbogmoBo.

dm300936m 339Mgd8g Im393yem0d 9Mmb08bYMo vbogmodol dggagdo.

®0ob3ob 306mob3ot dgmazn
Exposed

®0b3ob 306m0b3oM > dgmazn
Not exposed
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GIS-0b ®Y30L goomOMm3S

GIS map overlay

LogMmbg
Hazard

BgomoEmoolb bogmmby
Flood hazard

Bgommomdolb bogy®mbg o6 dGHLYIMBL
No flood hazard

®0bL3ob 3060L30MH dgmazo ™d0gdhHgoo

oM gbmdd

Elements at risk Number

99bmdo
Building

99bmdo
Building




®obzob 306mob3oth dgmazn bobbog-bLomgbio 306900, hyggdo O VYO
hatohmEogdo
Exposure of Crops, Forests and Protected Areas

3b&ogmo 4.1 3308396900 OO HIMOHMG0gd0L, Hhyggdobs s bobbog—bomgbo d06gd0l LobBO3-LOMYLO 3069d0L FENN6 BOHNMOL 813,294 3gdhG0b Mgbmdnm, godmeol, Hm3 i ": ~
BROOOMIYOL, HMBonE Hob3ob 30MoL30M dMNVD Fomomo LowMmbggdol 39dgan 30% 01339600 bobd®0bogob, 10% - 330em30b03o6 o 10% - demog®o LghyzoLogsb. v
$808930boB0: Hyobo o 39aob bobdo®o, 330e30 O bIhY3e. HMBMOE bH0PoEE o3 899bgdo hygb, GmBemob dnemosbo Gobmmdns 2,977,913 3gghodo, o 5% Y3390

AoBL, 3908y Bomagmo Mab3ob 30Mab3o® Ym0 ORI HIMaHMENYd EgdoMIMBL bo6d6r0lb Jomomo Loy mbobogeb. Lodothmzgmmmdo vGbYdYMO EOEIMO HIBOHMMH0gd0w6,

30b9080, Lo 209608670 YT HIBBHMEgde BgFM™ oLEbIEPIdYE0 Y3geTmo HmImob Boemobo otmmdns 451,463 39dhoto, 18% o1i339¢m00 bobd®ob domommo

30000 bog®mbol 306H0L306 EgoL. MLzl 306HoL3oé dymeo yzgmodyg domoemo Gobzolb
$Y9900 300g006mHgmdL vx3boB9m8n, bmemm 03539 boboomol Lobbog-bomgbo dobgdo — 30bgmdo,
Lo JoMom MHoL3L bobdoMo o 3303 gobo30Mhmdgdgh. 30bgmol Lobbog-bomgbo o6gdol
300gm00060 BOGOMMINS 267,574 3ggdhotmo, Gog 030l 603603L, B™A ©3 Mggombadn bobbog-
bomgbo 306900L M0mgdob 50 % EOY(339eM0d bdbdMHOL Fomomo LogMmbobogob, bmemm 12%
- 3390m30L 3000 LogOMbobogob. 0y gog30m30tmobBNBgdm dmgmo 9394bol Fobddhoodl, vby

LOBONbOLOZY6, MmMdob 9% - 3303030 o 14% - demogMo bghyzobogeb. gb boowggdo
b33m0 FoOS O ¥F0H™MB LEYNMOEMIIMS 53 bLoggmMbggdalb Hob3ol 3gdoMgdol
bozombo.

The table 4.1 shows the areas of protected territories, forests, and crops exposed to the high risk
hazard class of wildfires, droughts andhail storms. As can be seen from the table, the region with the
highest exposure to threats in protected areas is Kakheti, where the protected areas are exposed, at a
high level, to all of the abovementioned hazard types. The region with the highest exposure to threats
to protected forests is Apkhazeti and the region with the highest exposure to threats to crops is Kakheti,
particularly in relation to the high level of exposure to wildfires and drought. Kakheti has a total crop
area of 267,574 ha, which means that almost 50% of the crops in this region are exposed to a high

risk level of wildfire hazards and 12% are exposed to a high risk level of drought hazards. If we take the
entire country into consideration, out of a total crop area of 813,294 ha, 30% is exposed to wildfires,
10% to drought and 10% to hailstorms.

For the forested areas, which have a total area of 2,977,913 ha, almost 5% is exposed to a high level

of wildfire hazards. Of the protected areas in Georgia, consisting of a total surface area of 451,463

hectares, 18% is exposed to a high level of risk from wildfire hazards, almost 9% to drought and 14%

to hail storms. These values are disconcertingly high and give significant cause for concern; they also
68 bring attention to the need to reduce the risk of these hazards as effectively as possible.

®0b30L 306H0b30é dymazn Bo3Mdoemgdo (39-30) ®0ob30b 3060b306 dgmazo Hyggdo (39-80) ®0b30L 3060L306 dgmA3ELdbbO3-boMgbo B069d0 (35-30)
Protected areas exposed (in hectares) Forests exposed (in hectares) Crops exposed (in hectares)

6930mbol obobgemgdd

Region Name Yobo > 39emob bobd. 3390M30 bahyzo Yobd > 39emob bobd. 3300m30 bohygo Yobs > 39emob bobd. 3390030 bghyzo

Wildfire Drought Hailstorm Wildfire Drought Hailstorm Wildfire Drought Hailstorm
o3bodgmo/Apkhazeti 910 o 30,339 8,279 o 422 o
93960b d93¢hmbmBoyto Hgb3ydemozd/Autonomous Republic of Ajara 178 o 2,478 o 305 o
39Moo/Guria (o] o 758 o 545 o
0dgMgmo/Imereti (o] 4,026 o 8154 o

3obgmo/Kakheti 36,834 14,443 33,492 131,226

9399m Jomemo/Kvemo Kartli 3,058 o 20,230 54,239
33b9000-0:0069m0/Mtskheta-Mtianeti (o] 8,884 27,931 2,655
Mo30-cmghbydo o g399m L3obgmoa/Racha-Lechkhumi & Kvemo Svaneti 0 11,296 499

bodgaMgem-B9dm b3obgmn/Samegrelo-Zemo Svaneti o 8,330 3,144
bod3bg-$030bgmn/Samtskhe-Javakheti (o] 7,178 18,806
8ogoo Johmemo/Shida Kartli o 17,207 24,749
®00emobo/Thilisi 0 1,299 2,505

byem/Total 398,92 142,504 247,249

bb3oobbgo Ho3ob bLog®mbggdabogob o3IO HYgadal, Lobbog-bomgbo 3oBgdobe O OENMO HIBOHMEIdNL MEIBMAS (399hM9d0) Haombgdol dobgz00m.

BbGogmo/Table 4.1 { Amount (in hectares) of protected areas, forests and crops exposed to different types of hazards per region.



Lo mbggdob Mobzol JoMmob3oth dyman Lobbog-Lomgbo dn6900, hyggdo o OEYM™O hgdohmMmogdo
Exposure of Crops, Forests and Protected Areas to Natural Hazards

bobd®ob Mobzob 3060b3om dgmazn Lobbog-bomgbo do6gdo
Crops exposed to wildfires

bobdtolb Mob3zob J0Gmob3od dymazo hyggdo
Forest exposed to wildfires

bobdob Mob3z0b J0m0ob30oM dgma3o oo BhadodhmMogdo
Protected areas exposed to wildfires

ILI0OL BIRIHIBNY

3I30 R3Sy

0%36350XO60

LM3LIMO

396g4&ob Hobzob 3otMmob3ot dymazo hyggdo
Forest exposed to landslides

3930 35

010632010 R

LM3LIMO

05IM3I0XI60

39694&H0b Hob3zob 3oMmob3ot Iymao oMo hahodhmMmogdo
Protected areas exposed to landslides

©ILI0NL BIRIAIGND

3I30 R3Sy

0196da010 !
0%I6A3O0KI60

LM3LIMO

3930 R3S

096d0010
3%3A350XI60

LM3LIMO

0m3mob 330300 GHoL3oL 306ob3oth dymazo hyggdo
Forest exposed to snow avalanches

3530 R3S

010630010

Byoemomdol Hobzol 3060b30M dgmazo oMo hgMobhm®ogdo
Protected areas exposed to floods

ILI0OL BIRIHIGNY

3930 2R3

010642010

LM3LIMO 05IM3I0X60

(¥

- 3omoemo bodemogmab boggdmbob Gobzolb 30mob3oé dyman/Exposed to high hazard risk
B8m30gMo bodemogMob Lo mbob Gobzob JoMob3nt dyma3n/Exposed to moderate hazard risk
- ©odoem0 bodemog®mob bogdmbob Gobzob 3ocab3o® dymazn/Exposed to Low hazard risk

ILINOL BIRIAHIGND

3530 R3S

010630010

3bIMBINXNI60

LM3LIONO

Q
Gopoo Vo3 e 6211
ooh3d 9\)0\, (6968060 »O3 o
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googpo. 095 S
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3ob3hodo / Scale: 1:5000 000

Byo®m/Source: CENN/ITC
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Exposure of Buildings

3b&omo 4.2 330839690L 03 896MB9d0L GoMEIbMBLL, BMIemgdais Mobzolb 30&mob3ot

06000 3omomo LoxMmbggdol 33n®B8o dgdogoemo 7 bobgmdol bogMmbob dndstm o
003399390900 06006 bLogoMM39mMML bbgoobbgs MHgaombol dobgz0m. 3bMomowsb 3boo
bogdo, G®I 8g96mdgd0l 3608369cmm3060 Homgbmds 06obdatabe o 3g6ytHob domoemo
®0b30b 30MHob30Gv. bd3dome YA3IYM, HMB 30300 Fgbmde vbgag domomo Mob3ol
3060b306 ©gob bobd®mob Logmmbob dodotm, gobbo3ymMmgdom 0dgMHgmab, 3obgmobo o
d390m Jotmemob Mgzombgdda. gl domoemo doR396909em0 8godmmgds o393306 900

0gmb 03 Qogdhoob, MM Hyobo o 39emob bobdMgdol dga3obgdobol godmygbgdyem 0gdbo

3060b Loggo®ol MODIS-0b dmbo393900 (500 3 B9dmeY300m), Mobzol J06Hob3ot ymazbol
39930bg00bob 30 3odMyYygbgdYTNS 3obLb3o390m0 060l LMo (YBG™M gHOTMO, 300Mg
MODIS-0b 36 mndho). dbmemm Godgb03g 3gbmds dG0l J3ome (33960bd o MMl
8303900b Logg®mbob Hobzob 3oMHo30M dgmao (9L 8gdmbigszei voblbgds 0dom, GmI
ohemobdn Im3987¢m0 J30m0 (33960L0 O MM3eMab B3030L Lo mbol Bgazobgdol Bggan
dbobogL Lo MbggdL Bo®IMIMAOL 396 9oL o 3o Bobo 3o3GMEIMIdINL dGGOTNIAL).
3060Ld3M0bL bowBHmbg 3OO0 FoMOMONS 30bgmBo, sx3bdBgMB0, Boo-tmghbydLs o
9398m b3069280, Lo Fg6MdGINL 59%, 84% > 100%, Bgbodedobo, 3060bd3&0l dogmommo
bLOBONbggdL GobL3oL 30HL30M 0dYgmMmedS. Modo-mgRbydLbs o J398m bzobgmol Mgaombdn

The table 4.2 displays the total number of buildings (aggregated for the various regions of Georgia)
that are exposed to a high level of risk hazard classification for the 7 hazard types. From the table it is
clear that a substantial number of buildings are exposed to a high level of risk from both earthquake
and landslide hazards. Surprisingly, many buildings are also exposed to wildfire hazards, especially
in the regions of Imereti, Kakheti and Kvemo Kartli. This high value may be due to the fact that the
wildfire hazard assessments incorporated land cover data, derived from MODIS (500m resolution),
while the data used to measure the exposure was different and significantly more detailed than the
MODIS product. Only a few of the buildings are currently exposed to significant risk of rock-fall and
snow avalanche hazards, this can be attributed to the fact that the rock-fall and snow avalanche haz-
ards presented in this atlas are representative of the hazard initiation source and not their extended

sources. Earthquake exposure reaches its highest points in Kakheti, Apkhazeti and in Racha Lechkhu-

mi Kvemo Svaneti, where 59%, 84% and 100%, respectively, of the buildings are exposed to a high
level of risk from earthquake hazards. In Racha Lechkhumi-Kvemo Svaneti 42% of the buildings are
also exposed to a high risk of landslide hazards. Samegrelo Zemo Svaneti has been shown to be the

©930mb60bL obobgmgdo
Region Name

o3bodgmo/Apkhazeti

93060b d3¢hmbmBoyto Hgb3ydemozd/Autonomous Republic of Ajara
39M05/Guria

03gMgmo/Imereti

3obgmo/Kakheti

94399m Joomemo/Kvemo Kartli
33b9m0-8m00bgmo/Mtskheta-Mtianeti

Mod0-cmghbydo o g399m L3obgmoa/Racha-Lechkhumi & Kvemo Svaneti

bodgaMgmm-B8gdm bgobgmo/Samegrelo-Zemo Svaneti

bod3bg-$030bgmn/Samtskhe-Javakheti
docod Jomemo/Shida Kartli
®00emobo/Thilisi

byom/Total

®obzob 30émob3oth dgmazn dgbmodgdo

96md900L 42% 99690l Bomommo Lo mbob Hob3oL JoMob3oMos. bvdgagMmgemm-B8gdm
L3969m0L d96mMB9d0L BBl BydseMENEMIgOEL bLumMmby gdydegds, M3 9b o3 Hggombadn
o6bgdYmo 96mdgd0L dbmemme 7%-b 8990396L. Lago®mmzgmmdn vGLIdN dgbmdgdol
300gm0060 HOMEIoMINVG, Mg, 89x30Lg0900L MObbIdM, oobemmgdom 1,388,000-b
89900390, 19% 9060Ld3Mob Fooemo LogMmbob 30Mob3ot 03ymxgdY, 5% - Bydsenomdnl
30000 LegmMbob Hob3oL J0Mob306M, 9% - 3gByMmol domoemo bogmbob Gobzob 30GHob3o®
00 22% - bobd®ob domogmo bogzdmbob Gobzob 306m0b3o®. Yoo 9006odbmL 0l Boghos,
M3 0d0emob3o 8gbmdgdo (dbg3g 833 o Imbobemgmds) 96 dMmBmMABES B0Bobdg&ol Bomomo
bog®mbob Gobzob J0m0ob306M. gb Bogho v0blbgde 03 goMgdmgdom, GmA 3 dhemobdn
309myg69d9em0 3060Ld3M0L bLowMMbolL 3eMOboAN3oE3N0m (doe, BmBogMo, Jomomo)
00¢m0bo dmb3s odoo bomMmbol Bmbodo. A39b o6 gog3oBbws LzdoMmolo PbMMId300
996m0dg00L Hh039d0L0 O om0 godmygbgdol boboomol MomdOByg, Mo Lodyoemgdol
9m3a3(399000, 0bbo EOg3994m LoEbmM3MgdgM 3gbmMdgdNL, Mma30bgdol, Lmengdobs o o.3.
d0bg300. 899c03™380, NBOM 9HOMYMO 33¢M93900L0b, YeoMgds Yo godobzoemgl
00 0b399hgody.

region with the highest number of buildings exposed to the risk of flooding, however, this still only
equates to 7% of the total buildings in this region. Of the total number of buildings in Georgia, which
is estimated to be in the order of 1,388,000, approximately 19% of these are exposed to a high risk
of earthquake hazards, 5% to a high risk of flood hazards, 9% to a high risk of landslide hazards, and
22% to high risk level of wildfire hazards. There was, unfortunately, insufficient information regard-
ing the specific makeup of the building types and building uses in the regions covered to allow for
the separation of specific exposure information according to building classifications, i.e. residential
buildings, offices, schools, etc. Further follow up studies, that will provide more detail in these areas,
are required to grant a more in depth review of these specific details and their risk levels.

It is worth noting here that the abovementioned buildings (as well as the GDP markers and popula-
tion markers) in Thilisi were not deemed to be exposed to high risk from earthquake hazards due to
the fact that the reclassification of the provided earthquake hazard map listed Thilisi in a low risk
zone.

d06obdgmo
Earthquake

396990
Landslide

®30MHE3MN30
Mudflow

69oemomdy
Flooding

4,720
4,396
2,189
8,614 8,369
93,208 3,813
17,754 8,175
5,057 2,718
34,788 2,095
13,499
11,327 7,067
2,625 9,545
o 2,553
270,593 69,139

42,360

Bbogoo/Table 4.2 The Number of buildings exposed to different types of hazard per region.

943000 (33960
Rockfall

Lbgosbbzs 030l Lo Mbggdol Gob3olb JoMHob3oé dyman d96mdgdal MHomgbmds Hggombgdol dobgz0m.

hyobo o 39em0b bobd.
Wildfire

1,835
1,320
406
15,216
57,480
103,056
27,559
3,249
10,020
21,691
38,313
22,654
302,799

nm3mob 83030
Snow avalanche




Mob3ob 30mob3ot dymao dgbmdgdn/Building Exposure

0m3emob 83030L domomo bogmbob Gobzob Jomob3ot dgmazo 896mdgde (%)
Buildings exposed to high snow avalanche hazard (%)

396y&ob domomo bogmmbob Gobzolb JoMmob3ot dgma3n 8gbmdgdo (%)
Buildings exposed to high landslide hazard (%)
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cobzob 3oémob3ot dygmazn dmbobengmodo
Exposure of Population

Hmam®3 Imboemmbgemo ogm, dmbobengmdol Gobzob 306Hob3od ymabob doB3969dgcmo
doem0ob Pobemmazgds 896mdgonl 93039 Gob3ob 3oB396909mmUL, BogMod ob godho,

©mI gobbbzozgdo 35063 9HLIOMAL, 3odmMEB39YMNS oM 3391em H930mbgd30 gbmdgdol
©omgbmdol Bgbobgd oGHoLMHYMYMEBOmO 0663MMHIE00Md o 08 ohgdmgdom, HmI
09360 d96md0 o6 godmoygbgde Lobmatmgdgmmo 3086900Lbm30L. Hobzol 30MHob3od dymao
3mbobemgmdnl v6oemoBol GmL B396 o6 d9330030L9d00 Gob30L 306H0L30E ymazbo
bb3oobbzs Mmomo L3gbo®ol 306-MB9dd0 (303., MELL O Modol bzgbomom), Mo sbg3y
9mbo399900L LodBoGom oMol ob3ocMMIgOY. d96MB9d0LY O FmLobeMgmMdNL Gob30l
3060L306 ymx3bob 3GM396¢h Yo IMbo393900L BgoMgdobsl yzgemsdy oo bbgomds
339936 396yH0L M30embBENL0M ©x3boBIMT0, 93EL V3hMBMBonM HgL3YdeM03oLo

0 93b900-8000069m80 (7%-8g 3gho gobbbgoggde) o bobdMal Mobzob 3oMobo®

gmxbob m30mbodMobom J39dm Jobhomemdo (3obLb3o3gd900 8gndemgds godmbB3gyemmo

0gmb 3mbobemgmdoLs o 896mdgo0l Gomgbmdnl 8gbobgd sMbgdyemo dmd3zgmgdyemo
003mG35300:). dmbobemgmdol Hobzob 30MHob3oé ymxbob sbhoemdo (4.3) dmEgdyemos
3oR39690emg00b d9a30L900boL YPGOEMgdOL 03yHMAL 0l gotgdmgds, HmE momdgdol 12,000
900080060 oY339eM00 dem0gho Lghysol domomo Lo@Mm!Mbobogsb. JogMmod vdol o6 gdmgse
306b03900M 9090 3608369cMmmMOY, M3 dbgmo Ho3ob Lo mby o6 BoMmImoagbl
306b03900M g0 LEJBGOMOOL dMLObeNgmMINLM30L, Mo BoR3gbgd0d 39-5 Mo3d0.

As was to be expected, the derived pattern of population exposure resembles that of the building expo-
sure, although differences do exist due to incomplete information on the number of buildings in certain
regions, and the fact that many buildings are not currently used as residential buildings. In the analysis
of the population exposure, it was not evaluated the exposure levels under different temporal scenarios
(e.g. daytime and night time scenarios) due to insufficiencies in the data. When comparing the total
percentages of exposure for buildings and population, the largest differences occurred in the regions of
Apkhazeti, the Autonomous Republic of Ajara and Mtskheta Mtianeti, specifically in relation to landslide
exposure (with differences of up to 7%), and in Kvemo Kartli for wildfire exposure. It is not quite clear
what the causes of these major differences were, but they could have been caused by outdated data on
populations and buildings in these regions, and within Georgia as a whole. When evaluating the values
72 in the population exposure table (4.3), it is also striking that almost 12,000 people are exposed to a
high risk level of hailstorm hazards. However, this does not have any specific or significant relevance as
this type of hazard is not particularly dangerous for the population, as is demonstrated in chapter 5.

930mb0L obobgmgdo 8060Ld3®o Byomomdd dg96ygto M30MOEMNR0 943500 (33960  hyobo o 39emob bobd.  mm3zmmol 83030 Ladyso
Region Name Earthquake Flooding Landslide Mudflow Rockfall Wildfire Snow avalanche Hail storm

203bodgmo/Apkhazeti 413,152 36,574 60,504 12,042
930M0b d3¢hmbmdnyco Hgb3ndemozs/Autonomous Republic of Ajara (o] 19,010 83,784 4,755
39M0o/Guria (o] 5,843 10,069 385
0d9Ggmo/Imereti 26,849 29,800 54,967 54,290 8,614
3obgmo/Kakheti 268,292 10,538 12,151 154,188 93,208
9399m Jomemo/Kvemo Kartli 50,275 22,899 2,967 212,578 17,754
93bgmo-0m0obgmn/Mtskheta-Mtianeti 11,168 6,567 29,322 53,373 5,057
6odo-emgBbyndo o 399 bgobgamon/Racha-Lechkhumi & Kvemo Svaneti 55,980 4,039 25,196 4,703 34,788
bodgzMgEM-Bgdm Lb3obgmn/Samegrelo-Zemo Svaneti 110,223 28,293 17,770 22,119 42,360
bod3bg-$030bgm0/Samtskhe-javakheti 26,907 18,641 39,252 57,459 11,327
oo gormemo/Shida Kartli 9,752 26,744 12,254 104,954 2,625
»doemobo/Thilisi 0 25,009 117,824 191,278 0

Lo/ Total 972,598 233,957 466,060 872,124 270,593

Lbgoolbgo Hn30L Lo Mbggdolb Gobzolb J0oL3o® dymazn dmbobemgmdnl MomEgbmds MH9anmbgdol dobgoz00m.

BbGoeoo/Table 4.3 Number of persons exposed to different type of hazards per region.



®obL3ob 306mob3ot Iymxo dmbobemgmdo/Population Exposure

3060Ld3Mm0b Bomomo bog®mmbol Gobzob 3060b3ot dyman dmbobengmodo
Population exposed to high earthquake hazard

Bg4oem0monl domomo boggMmbols Mol 3ol J0mob3od dymao dmbobengmds
Population exposed to high flood hazard
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®39Mm3MmB0L Jomommo boggMmbol Mob3zob J0mob3oé dymazo dmbobengmds
Population exposed to high mudflow hazard
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6930mbob obobgmgds
Region Name

203boBgmo/Apkhazeti

93960b 03¢ mbmBoyMo Hgbi3ydemozd/Autonomous Republic of Ajara
396M0o/Guria

0dgMgomo/Iimereti

3obgmo/Kakheti

9399m dodmemo/Kvemo Kartli
9;3b900-8:006gm0/Mtskheta-Mtianeti

M030-cmghbydo o 9399m L3obgma/Racha-Lechkhumi & Kvemo Svaneti
bodgamgemm-399m b3obgmn/Samegrelo-Zemo Svaneti
bod3bg-$030bgmn/Samtskhe-javakheti

8000 gotmemo/Shida Kartli

000emobo/Thilisi

byo/Total

®ob30b 3ohob3nc dgmazo bogdom Jugemo
Exposure of Road Network

d399m0 dm3gdnemo (3boemo g30B39690L 03 gBgdol bogMmdgl, H™AcgdoE Gobzob 30GHob3o®
06006 Lo MbggdL Jomoem 3130 893530em0 7 bobol Lo mbol M3mbEBMALN.
$930mb69030, Lo 38900 y39emdy domacmo dnBobdz®mol Lo mbob Hob3zob JoMhob3om
06006, 8900006: va3bOBIM0 (85%), 30bgmo (53%), Godo-emaBbydo o Jg3gdm Laobgmo (100%).
Bgomomdol Hob3ob M3oemboBGMEbom yzgemodg domomo 3oB39690emgdnm godmotmAg3nsb

The table below displays the length of roads exposed to a high risk hazard class for 7 of the hazards
listed in this section. The regions with the largest exposure of roads to high levels of risk from earth-
quake hazards are Apkhazeti (85%), Kakheti (53%), and Racha-Lechkhumi Kvemo Svaneti (100%). For
flood exposure, the regions with the highest values are Racha-Lechkhumi Kvemo Svaneti, Samegrelo

Mod0-cmgRbyndo, J399m b3obgmo o LddgaMmgmm - Bgdm bgobgmo (MmMgg 10%), vaMIM39
LO33bg-3030bgm0 (11%). 3gByeOl Gob3oL M30embOBGOL0Mm y39emody ogmoemo 3oB3969d¢mgd0
09300 Mo3o-¢mghbyal, J398m b3o6INLO (47%) O V3L B3HMBMTYM MILIYdEN03OL (22%).

®0b30L 306H0b30® dgmazn Logdom Jugemol MHY3o nbogmgm g39Mdy 75.

Zemo Svaneti (both 10%), and Samtskhe-Javakheti (11%). For landslide exposure, the highest values
are for Racha-Lechkhumi Kvemo Svaneti (47%) and the Autonomous Republic of Ajara (22%).

doBobdamo
Earthquake

2,475.69
0.00
0.00

269.57
1,810.24
378.74
199.13
1,122.80
699.35
227.21
207.69
0.00

7,390.43

Byoemomdd
Flooding

247.72
130.02
74.07
327.89
110.27
174.07
85.63
110.60
297.54
199.45
260.61
86.30

2,104.17

3969960 03560 3M®B0
Landslide Mudflow

336.81
343.91
141.74
575.07
88.63
71.50
220.42
523.88
115.57
274.59
223.16
177.13
3,092.41

gb®ogmo/Table 4.4 [

BbM0emdo 4.5 boh3gbgdns g399bol Hgazombgdnl 333-0bL (3gb.cmata) Mob3zolb JoGob3om
gma3bob 06030M3o300 Fomoemo LugMmbggdol 331380 Jgdogoemo 9 Livbob Lo mbol
30306Hm. ygnGomgde Pbos 309939 03 oM gdmgdol, HGmI Hob3ob JoMhob3oM ymabob
3bGogmo, 0bg3g, HMaMM(3 3 Mo380 6oR3969d0 bbld Fogoemomgdn, dbobogl v3 dgmBotgmdsl
3060Ld3G0b Bbmemme Jomomo bog®mbob d98mb3gg3o80. 9990006 godmadwnbotyg, mdnmabol
30gomomo o6 330839690L MH0obL30L J0M0L30MH ym®bBL do6obd3tolb gdmbagazodn, Mowgob gb

The table 4.5 indicates the Gross Domestic Product (per Million GEL) for the main regions of the country
which are exposed to a high risk hazard class, for all 9 of the hazard types. Note that the exposure
table, as for the other examples shown in this chapter, only shows the exposure of those at a high risk
of earthquake hazards. Therefore, the Thilisi area doesn’t show exposure to earthquakes, as this area
is not located in the high earthquake hazard zone, but is instead on the border between the moderate

Road network exposure map can be found on the page 75.

943000 (33960 hyobo o 39emob bobd. om3mob 83030

Rockfall Wildfire Snow avalanche
113.57
22.06
14.43
468.64

1,372.04

1,848.93
589.96
114.65
196.75
529.42
974.12
529.10

6,773.67

Lb3oobbgo ho3ob Lugdmbggdol Hob3zolb 30Gmob3od dgmazn 3Bgdol bogdg (dghgddn) Hggnmbgdal dobgsznm.
The length of roads (in meters) exposed to different types of hazards per region.

®ob3ob 30Mhob3ncm dyma3o doemoobo oo Imyddo (3d3)
Exposure of Gross Domestic Product (GDP)

HIBoHmE00 3009d0MHgmAL 3060bd3zMob oMo omomo boadmbolb Bmboda, v6odgw dmdngto
0 0d9eM0 bowMmbob BmbgdL JmEob. 383-b ogdhmEol dbtng Mogo-cmgBbydo o §399m
1306900 y39emodg Jomoemo Gobzol 306H0L30M 6006, Mowadh gb Hggombgdo godmodmBg3006
8060bd3Mgdob, 3g6yHgd0L, M3oMEMBIINL, 3000 (33960L0 O MM3MEL B353900L omoemo
Lo Mbom. sx3bodgmol Mggombol 333-0b dgbobgd 30 oGO ImboEgdn o6 dtal
bgmdobobgomado.

and low hazard zones (as mentioned earlier). The Racha-Lechkhumi Kvemo Svaneti was found to have
the highest exposure of GDP at risk, as it scored highly for earthquakes, landslides, mudflows, rock-
falls, and snow avalanche hazards. Unfortunately no concise GDP values were readily available for the
Apkhazeti region.
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®ob3ob 30mob3ot dymao 3d3/GDP Exposure

doBobdg&mo/Earthquake

Bgoemonmoo/Flood

d96yggto/Landslide

Bgotm/Source: CENN / ITC /NEA
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930mb0bL obobgmmgdo

Region Name

oq3bodgmo/Apkhazeti

030M0b 93hmbmBoymo Mgb3ndemozs/Autonomous Republic of Ajara
396M0o/Guria

009G gmo/Imereti

3obgmo/Kakheti

9399m Jotmemo/Kvemo Kartli
33bgmo-0m0obgmo/Mtskheta-Mtianeti

Mo30-m9Bbydo o g393m L3obgmo/Racha-Lechkhumi & Kvemo Svaneti
bodgatgemm-8gdm L3obgmn/Samegrelo-Zemo Svaneti
boA3bg-F030bgmn/Samtskhe-Javakheti

8oo Joboeo/Shida Kartli

000¢m0bo/Thilisi

byom/Total

gbMogmo/Table 4.5

doBobdgmo
Earthquake

Byoemomdd
Flooding

d96g4gto
Landslide

440.63
44.57
134.57
35.71
19.61
80.05
145.03
92.49
105.55
26.25
588.04
1,712.54

9430mo (33960
Rockfall

m39M(3MaR0
Mudflow

Hyobo o 39¢mob bobd.
Wildfire

24.54
8.46
105.06
338.06
695.47
128.35
31.74
75.00
171.04
236.22
1,908.21

3,722.14

Lbgoolbgo Hn30L LowGHMbggdolb JoMob3o® dymazn 333 (Femb. (MoMo) Gganmbgdolb dobgz00.
GDP (mln GEL) exposed to different types of hazard per region.
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4,889.23
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300760 0byMmE®To300 M0ob3ob JoMob3ont dyman mdogdhgdol dgbobgd
Summary of Exposure Information

9398mm dm3gdyem 3bMoem8o 3939890900 9 bobob Logdmboby o Mobzob 3oMob3nt dymazn bbgowobbgs 9emgdgbdol vboemnBob 39c09a39d0. dm(398nemo Loowggde g30R3969096
Logmmbol ymazgemo ho3obo o Hob3oL J0Mob3ot dgmao 9emgdgbhgdol 3mdbOEsL dmgemo J39ybol Bobddhodnm, Hob3oL J0Mob3oM ymmbol botolbl domomo, BmdogMo o odogmo
Logymbggdol Gob3zob 9398 dymazo yzgemo gemadgbhobomaob.

The table below summarizes the results of the exposure analysis for the 9 hazard types and the various elements at risk. The values show the figures for each combination of hazard type and specific element
atrisk and the total exposure to high, moderate and low level hazards for all potential elements at risk in the entire country.

0m3emob 83030 badhyso

Hail storm

3300030
Drought

hyob o 39¢mob bobd.
Wildfire

d060bd3®mo
Earthquake

396y4gto
Landslide

94300033960
Rockfall

©039HEMR30
Mudflow

Byom0EMmdd

Flooding Snow avalanche

3mbobemgmde (vmobo)

Population (Thousands)

271 69 124 12 3 303 2 176

396md900 (9mobo)

Buildings (Thousands)

N
iy
(%}
(o)
N
e
(0]
N
(0]
o)
(]
(o))

1,306 704 1,371
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333 (3gmb. gmoto)
GDP (Million GEL)

W
o
O
N
w
vl
)
[
vl
N
O
o

38900 (39)
Roads (km)

doemboggbgdo (39)
Pipelines (km)

o390 HabohmMogdo (39°)

Protected Areas (km?)

99900 (38%)

Forest (km2)

2,472 8 851
Lobbog-bomgbo dobgdo (332)

Crops (km?)

7,623 5,998 5,504 6,049 2,468 8,026 3,927

$90960 0603mE35(300 Lb3oEOLL3L HN30L (BoMomo, 8mTgMo O EdSN) bogadmbggdobowdo 306H0b30t ymmbol dgbobgd LogdoGmm3g9emmL dmgemo HabohmMoobm3zal.

BbGoeoo/Table 4.6 { Summary of exposure information to different types of hazard (high, moderate, low) for whole Georgia.

LomG by
Hazard

domoemo/High
8m3dogMo/Mod

0000/ Low

domoemo/High
B8mdngémo/Mod

0050/ Low

domomo/High
B8mdogémo/Mod
0005¢m0/Low

domoemo/High
Bdmdog®mo/Mod
0000/ Low

domoemo/High
8m3dogMmo/Mod
0000/ Low

domoemo/High
Bmdngémo/Mod
0050/ Low

domomo/High
B8mdogémo/Mod
0000¢m0/Low

domoemo/High

Bdmdog®mo/Mod
0000/Low
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dmBy3zemomonbo o obzoL obogmndo
Vulnerability and Risk Analysis

dgbogomo

Introduction

dmbyzmoo
bogdmby boBmgomgdo

Hazard Vulnerable
Society

79

dmbyzmoo
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Hazard Disaster Vulnerable
Society

96 08069m0b30b B gob30Lbzo3Mmm hgHdnbgdo 30hoLHGM ML, Lo mbg o Mol3zn. Mob3o Bo?HIMowagbl bLomMmbggdol, dmByszmmoEmdNl 306HMBgdLS s Hob3oL Jgbodmmm
D0OYmx0m0 330093900L 3931306900b0m30L VPEOENIOIIMO dGBLO3TMELO JgbodemgdemmMdgdNL 96 BmBgdINL gHMMITOMBLL. Logdmbal o6 bdodMdmgdol Mgomdsool
(Boh9t00em0Bo(300b) 980393080 M0b30 30¢hObHGMBOE 0913930. §398Mm 3mEgdYemo Bobodo (5.1) BoBmoagblb 03 EdM30009d9emgd0L bFgdoh® dodmbobyemgdal, MmAgoi
Lo mMbggdl dmByzmo bBmaoEMgdgdL, Mob3gdLo o 30HOLAHMMA®IOL JmEMol dMHLIIMIL.

A: ©0b30 96086031 bogdMbggdol doge dmByzemoo bBmasmgdolmzol doygbgdyem dmbommbgem Boobl;

B: 300oLbh®m®0 bogds boggGmbob MHgomoBognobe o dmByzmoe LoBmaomgdedg dobo Bgdmddggdol 8gdmbggzedo;
C: bogzdmbggdobo s dmByzmoMdNL BM0L H9brgbizns 300603690L G0b39d0L droBY.

Itis important to distinguish between the terms disaster, hazard and risk. Risk results from the combination of hazards, conditions of vulnerability, and insufficient capacity or measures to reduce
the potential negative consequences of a risk. When the hazard or threat becomes a reality (i.e. when it materializes) the risk becomes a disaster. Figure 5.1 shows a schematic representation of
the relation between hazards, vulnerable societies, risk and disasters, and can be broken down as such:

A: Risk indicates the expected losses to a vulnerable society as a result of hazards.
B: A disaster occurs when the threat of a hazard becomes reality, and impacts a vulnerable society.

dmbyzmoo
LoBmgoEmgdY

C: Future trends of increasing hazards and increasing vulnerability will lead to an increase in risk.

Vulnerable
Society

Logyhmbggdl, dmByzemo LdBMZoEMgdgL, H0L3gdLY S 3ohOLHGMMIOL JmEl SELYdNI EBM30gdNE9dal LYgdohyco godmbobymgds.

Bobodo/Figure 5.1
offigure 5 Schematic representation of the relation between hazards, vulnerable society, risk and disasters.
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dmByzemomdd Mobzob dga30bgdol y39emodg Gmymo 3m33mbgbhoo, 306500000
dmBy3zemomdnl (36900 Lbgoobbzogzoto 0bhgM3GmgdoE0ol dgbodemgdemmdol ndemgso.
26LgdMAL FmBYzemOEMONL A3 3obFdMHIdS o 3obLb3d390YM 3MmB39%3(30900.
3mBy3emomdd 303806300 03 3oMHgamgdgdLe o 30HMYgEMOD, HMITIdLOE 3obLOBM3MO396
0bgmo BB03YM0, LeE0OEYHO O FoMIFMLEOE30M0 BOJHMMIO0 96 3G MEgLgdo,
©mImgooE 3006 09gd30b OYE39e™OdL LomMHmbggdol Bgdmdagogdobogob. LEmmg
0073390 ™Mdd dmbdemmEbymo B0obob d98mbggzo80 96 Gob3oL 3oGmob3oM dymazn
®0099hgdol, bobhgdgdobs my 0gdgdob dobogobo bodyoasg PBYMOL bgemb Bom ©EBNEBIOLL
boboggomm IM3emgbgd0L EMML. BB03y&o Imzemgbol 3GmabmBomgdal, dolgob godmb3gyem
36 mMOMg390m0b 3od3cmo3900L0 o dGIMENL, BgogaMgdoby o damBotmgmdosb
309mb3emob BgLodemgdemmdgdL ©330MHgoL Gabzob 306m0b3o® dymazo mdogdhgdb,
LoLH9dgdoLL O M9dgdoL vEVIEMOEMIS3 (Www.move-fp7.eu/).

09390000 O MFvbgdol dmByY3emMOE®BNL ©6eMoB Jglodemgdgemos ghmnsbo botobbmdtmonzo
80003m30m, HGMImL EOHMLOE 3odmnygbgde B3B3, bm0omYM0, 93MbmI03nMo o
930mmzg0Y©o d3mByzmomdnbom3zol odoboboomgdgemo 3G0hgem0ydgdol Hogo. Mommgymo
00 0600030¢h™E0b 3603369cmmdS 8gxobgdemos domm3zol Embob dnbodgdobo o bogGEomo
36030t 30t gem0ndosbo 89a30oLgd0L 39mM©0m 35m0 goghmoobgdol gdom. iodozydo
dmBy3zemomdd 89a30L9d1em00, HMIMEE YMM09M 3900900 Lo mMbol 0bhgbLogmdoLY

o M0L30L 398 Igm®0 Md0gghoL Ho3L Jmmob, Hm3mol EMmboE godmoygdgds 9.6.
3mBy3emomdnl 36Y900. ImBY3emOEMBd dM0L IB35eMad6B8mMneMgdnsbo (BmByzmmomdsl
306boBM3MV396 B0B3PM0, bmEooMYM0, 93MmbMB03YG0, 3oMadmMLESE30M0, 0BbHOHYZYG
0 90003006900 BoghmMgdn), 0b303M (033690 EOH™MY0), FobHdBY M 3009dYMO
(890demgde 3odmobobmb bbgoobbgs 3oL3¢Ho0d0, 9030069000 EOBYIIYO O J39ybom
00000030 9079eM0) O 3ObOLSMIIIIMO (3063910 3030eOLOMZ0L (0NMIYINO OO
dg90demgde badomHmgdgl L3930803YG doamaBoL).

Vulnerability is the most complicated component of a risk assessment, mainly because the concept of
vulnerability has a wide range of interpretations and multiple definitions, in addition, a number of dif-
ferent conceptual frameworks of vulnerability exist. Vulnerability refers to the conditions determined
by physical, social, economic and environmental factors or processes that increase the susceptibil-
ity of a community to the impact of hazards. It is the susceptibility to damage and/or the intrinsic
fragility of exposed elements, systems or communities that facilitate loss when affected by hazard
events. It also covers the lack of resilience that influences the capacity to anticipate, cope with, resist,
respond to, and recover from the impact of a hazardous event (www.move-fp7.eu/).

The vulnerability of communities and households can be analyzed in a holistic qualitative manner
using a large number of criteria that characterize physical, social, economic and environmental
vulnerability. The importance of each of these indicators is evaluated by assigning individual weights
to them and combining them using spatial multi-criteria evaluation. Physical vulnerability is evalu-
ated as the interaction between the intensity of the hazard and the type of element-at-risk, making
use of so-called vulnerability curves. Vulnerability is, therefore, multi-dimensional (physical, social,
economic, environmental, institutional, and human factors define vulnerability), dynamic (it changes
over time), scale-dependent (it can be expressed on different scales from individuals to countries),
and site-specific (each location might need its own approach).

In this project, the so-called Spatial Multi-Criteria Evaluation was used for the analysis of vulner-
ability. For implementation purposes the semi-quantitative model, the SMCE module of ILWIS-GIS,
was used. The SMCE application assists and guides users in performing multi-criteria evaluation
in a spatial manner. The input is a set of maps that are the spatial representation of these criteria.

3mBy3emomo0l goobomoBgdol 30860m 3hmgddol iomamgddo A3gb godmanygbgm 9.6.
36350 300960930060 b3M 30000 F9ROLYYY, BobgzMOE HOMPIBMIGNZ0 dmegemol
396bmM309emgd0Lm30L 30 - ILWIS-GIS-0b SMCE 3m@yemo. SMCE 9bdotgds dmdbdotgdgemb
LO3M 30000 IgNMPOM IH35( 3B0HIH0YI0060 Bga3obgdol gobbmM g gdedn. boByolb
3mbo(3999d000 godmaygbgde 0d 6HY39d0L 3MIIemaddho, HMAgda3 Bocdmoabgb
360hg®0793900L LozEOE0M 3odMLObYEgdLL. 3B0HgEH0Y3JO0 O3B0,
LHOBEIOHNBIOYMO O d6MBoEMoY ,300hgem07dgd0L bgBg“. 909390 30gOYMMOM ghm o6
39¢) ,3°68maogdNem0 3oR39690eMmgd0L B30l (HY39dL) . IM30tm 3B0HIM0YI0obo Fga3obgdol
09mMH07mo bda3Yd39emo SAYSEYOYEOS dB3EOH03YM 0gHoMgoyem 3Ghm3gLdy.
090bom30L, HM3 3gLodemgdgmo gobrgl dMozotm3M0hgMHYdosbo Log®Eomo vboemodol
Boho®mgde, Lagommo bobyobo MbggdEL LhobOMHNBSE0S 0-1 ool oM ammgddo. Yoo
000086mL, GM3 9HLYOMIL 0603HMEINL 3oBmMAZ0L Lbgoobbgd 3o (bmdobogmyto,
603000, 06hgMH30MMYM0 O BOIOEMONMN). obLb3o39dYMOd Fomn J0MHMHOBOYO
399mbobymgdo (096906030 o 9003060LEHMOE0YMO 3Mmoambgdo o BgdHdhoemgdom
9390900 GobhG®Ymo BY3900). 930b Zom35emoLEN6IINM, 0600030¢HMEIMOD Fodomgdodo
309mygbgdyem 0dbo ILWIS-0b SMCE dmoyemdo dm3931cmo bhobrootmoBoigoolb bbgowolbgo
3900mo0. LhobEIGHNBSE300L 3B Mgl 3obbb3o39dYmmo 096900, 1Y 0bZoHMMO
BoMmImMo03gbL ,Loowol” MY3oL HOMEIbMIGN30 s godmazowo booggdom
(06¢hg?35emYG0 O BOMEMINMO B30eMY), ,,3¢moLgoNL” BY30L — 30h9gaMMNgdem db 3emoligdom
(6B0bocmyM0 o H0gomo 835ems). LoNIgdoL G3900L LHsboGHNBoEobom30l
9bodmgdgemos 3obhmemgdgdol Lobhgdol godmygbgds GH3900L GogdhmdOM030
LOOggdobOM30L 0-ob 1-dc0g 36083690mMBYdNL dobobodgdemo. 89398 gho3dg

96000 000306009L, 9G0b MY 9P gbo MY ob 0bE3HMEMO bgmboydgmo FyomgEy® oy
Logemm 308690006 30306 gdvd0. Yy39emd 0600030HMMYO 030, MdMBYdB03 FoMomo
L0900 ©MB0TB3L Lagmm FmBYzmmOEMBNL Bool, 30RBgYM 0gdbs bgmboytgmo

They are grouped, standardised and weighted in a ‘criteria tree’. The output of which is one or more
‘composite index map(s); which indicate the realization of the implemented model. The theoretical
background for the multi-criteria evaluation is based on an analytical hierarchical process (AHP).

To make the spatial multi-criteria analysis possible, the input layers need to be standardised from
their original values to the value range of 0-1.Itis important to note that the indicators have different
measurement scales (nominal, ordinal, interval and ratio) and that their cartographic representations
are also different (natural and administrative polygons and pixel based raster maps). Taking these
elements into account, different standardization methods provided in the SMCE module of ILWIS
were applied to the indicators. The standardisation process is different if the indicator is a ‘value’
map with numerical and measurable values (interval and ratio scales) or a ‘class’ map with catego-
ries or classes (nominal and ordinal scales). For standardizing value maps, a set of equations can be
used to convert the actual map values to a range between o and 1. The next step is then to decide,

for each indicator, whether it is favourable or unfavourable in relation to the intermediate or overall
objective. For example, for the intermediate objective of vulnerability, all indicator maps in which
higher values show an increase in the overall vulnerability, were considered as favourable. Another
aspect considered in the model design was the use of constraint indicators. Constraint indicators are
indicators that mask out areas and assign particular values to the resulting risk map, irrespective of
the other indicators. After selecting the appropriate indicators, defining their standardisation and
the hierarchical structure, certain weights were assigned to each criteria and preliminary results.

For weighting, three methods were used: a direct method, a pair-wise comparison and a rank order
method (see Figure 5.2).

39oemgy®o 3086930L0m30L. IMEgmMotgdol MM om3oemoLBNbgdyem gmg db3ggdhl
Bo®mImoaggbl 3998mno30 0600030HMMIdNL 3odmygbgds. 8998mYwo30 0600030¢HMMId0
obg696 hgGodhm®m09d0L gooRM30L o Hob30L omgdym GP3oL 06039096 3Mb63BgHY
LoEggdL bbgs 06030HMEIONL om3oemobENEgdal gotgdy. LEmMO 0bwozodhMMmgdal
996R930L, bhobothodoEoobs o 0gMHodmdoymo bhMmyddh Gl oggbol 899ga Mommgymm
3M0hge01nabe o yoemgy® d9gal dngbogs Bmbs. Embgdnl dobobodgdemor godmygbgdym
0960 Lo 3gmmE0: J0MEO30M0 IgmmEN, By30mgdol dgedmgds s MObIYoMgdL dgmmeo
(nbogmgon Bobobo 5.2).

Sub-goals

©mby ©mbg
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Composite index map

06oemoh036M 09MOMmJoymm 3MmEgLbdg odysMmgdmo 3Mo39em 3G 0hgcM0ndosbo
L03G®E0mo Jgxbgdol bggdodhnMo godmbobyemgodo.

Schematic representation of the multi-criteria evaluation, which is based on the
analytical hierarhical process..

bobodo/Figure 5.2
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Massonry

Reinforced Concrete (RC)

bH®IIHYOOL BHodo

Type of Structure

®oyob 9435, ymggdzo

Rubble Stone, Feildstone

0em080 (303myB3930 939M0)

Adobe (Earth Brick)

306 H030 J3o

Simple Stone

doboymo d3o

Massive Stone

30900369090 bgemmzby®mo 30l gHmgymgdom

Unreinforced, with Manuafactured Stone Units

3090036090900 M306009¢h™bob 0o¢O39000

Unreinforced, with RC Floors

30393609090

Reinforced or Confined

396M30b0 ERD-0b (3060Ld30mobodn goddemgmdnl oBonbob) goMgdg

Frame without Earthquake-Resistant Design (ERD)

396 30L0 ERD-0b 3mB0960 mbom
Frame with moderate level of ERD
39M30b0 ERD-0b domoemo combom
Frame with high level of ERD
39090 ERD-0b gotgdyg

Walls without ERD

390900 ERD-0b 3m3dog&o omboo
Walls with moderate level of ERD
390960 ERD-0b domommo combom
Walls with high level of ERD

Mmool bh®YIhyMgdo

Steel Structures

bob LGYIhnMgdo

Timber Structures

dmBygemomdol 3emobo/Vulnerability Class

030803900 IMBY30mOEMO 5 2 1
Physical Vulnerability ~ -~

00803960 3mByzmomds Botmdmowagbl 03080360 893mdagmgdnl 8gbodemgdemmdsl sbm®mm3magby®

306 gambo o dmbobemgmdsdy. 0go 3obobodmatgds, Hmamtis Mob3zob g3933yma3n Mmd0gdhadnl bobgdol
©08006900L botobbo dm3gdyemo boddemagmob d196gdMH30 dm3emabol Bg9aoc. 030 godmobobgds 0-ob
(96060060 B0060) 1-3009 ($939M0 B0obo) FoLEHOd80. B0B3NMO IMBY3eNOEMBS 393306 gdYMod MOL30L

9398 ymm0 MO099dhHadol dobolnomgdemgdle o bogGmbol 0b¢hgbLogmdoBg. 9990006 3odmBENboMg, B0B03IYMO
3mByzmomds, Hmamt3 obgmo, o& Bo®mBmowagbl Log®mEom 3M33MBgbhL, 1Y3E3d 030 EBM30009d7m0d Gob3oL
9398 dgmx30 Mmd0ggdhadolo o boambob Log®Eom Foboboomgdmgddy.

606080090069 33093980 30B03M0 dMBY3eMOEMINL Bgazobgdobm3zol godmygbgdyem 0dbs 0bozohmMmgdol
300030600 331923900: 96m0930L FMBY3MOEMOY, HEMOBLIMMHNL dmByzmoEMdY, bdboEmEbemm 3608369cmmdnl
3M079603030900L dmByzemoMdL o bbogmEbemm 3608369cmMBNL MB0gdhH9dol ImByzmmoEMOD.

Physical vulnerability is essentially the potential for physical impact on the built environment and population. It is defined
as the degree of potential loss, to a given element-at-risk or set of elements-at-risk, resulting from the occurrence of a
natural phenomenon of a given magnitude; it is expressed on a scale from 0 (no damage) to 1 (total damage). Physical
vulnerability is related to the characteristics of the elements-at-risk and the hazard intensity. Physical vulnerability, as such,
is not a spatial component, but is determined by the spatial overlay of exposed elements-at-risk and hazard footprints.

In this study we used the following main groups of indicators to assess physical vulnerability: building vulnerability, trans-
portation vulnerability, lifeline vulnerability, and the vulnerability of essential facilities.

81

65390m09d0L (396md900L) oymAd FmBY3emMOE®ANL 3cMmobgdo (dmByzmomdl 3b&Gamo)
3b&ogmo/Table 5.1 { EMS 98-0b 80bggoz00.

Differentiation of structures (buildings) into vulnerability classes (Vulnerability Table) according to EMS 98.



3d96md900l dmByzcmomdnl dgm3obgdo

996m0d9d0L dmBy3emOmB0L ©60em0Bobm30L VY30 gdgem0d 0bMMIoE00L Bgahmagde
300608960069090m0 hgmodhm®0gd0L 9030 IMIMONL, M d3nboLAHMS30Ym
9h09nemBg d96md900L HomEgbmdnl, 996mdgdal Lodyoemm Bmdobs s domo
00608690m900b 3gbobgd. v6ogmoBol 3Grm39b80 8gbmdgdL dMBY3TmOEMdNL G30L
9Lz 9gboE godmygbgdym 0gbo 396md9d™MO6 O393806HgdYmo Lddo 0bozdHME0:
396md900L LoddoMm3g, 896md9dOL bobgmdgdn o 8gbmdgdNL IMByY3zmOEMAINL 3emobigdo.
6060¢m80 3.2.4 306306 Hh9gd9em0d 896mdgdnlb boddnGmm3zobo o domo 606 IdNL
J9bobgd 063MEBo300L omgdolb Igmmegde. BbmaEomBo dM0oMgdYMO bhoboMhgdol

Building vulnerability assessment

In order to be able to analyze building vulnerability, we needed to collect information on the location
of built-up areas, the number of buildings per administrative unit, the average building size and

the typology of buildings. In our analysis, we used three building related indicators to construct the
building vulnerability map: building density, building type and building vulnerability classes.

The methods used to generate the building density information and building types are explained in
section 3.2.4. In order to estimate the building vulnerability conditions according to current world-
wide standards, we followed the method presented in the European Macroseismic Scale (EMS 98). It
is a relatively simple method of assessment that subdivides buildings into 5 vulnerability classes on
the basis of several major types of building structure and material (see Table 5.1). It was problematic
to fit existing non-engineering data into the given classification, which itself is based on several sim-
plifications and expert knowledge of existing pre and post-soviet building stock in Georgia.

H®obL3MEMHOL IMByzemomdnl 39a30Lgde

d0bg03000 396mdgd0l FmBY3eMOEMINL 30MHMIgd0L Bgx3obgdobmgnlb B396 godmaznygbgm
»930M3Yem0 3030 MLYOLAYEMO J300M0Mm* BoM3oeMLBNDbIdIYM Bgmmen (EMS 98).

030 6o63mMmo3gbLb d9a30L900L JgoMmgdom doMmdhog a3dol, GmAgmoas 896mdgdl ymmb
3mByzemomdol 5 3emobog, doMomoo, 896mdgd0Lb bhGmdhnMob Godwgbodg dmozodo
LobgmdnLo o doboemob bomyd3zgmBg (ob. 3b&®omo 5.1). bo3zdome MY dmIMABE
06LgOYO 9GBLONBbY0bMH™M FMBO399900L Jobooggds dm39979em 3eMObOA303(300LMS,
HmIgemo 89936ogmos 3o 339900 3odom“hn3939000 Lodo®mm3gemmm8o Lodgmmo

00 3mbhboddmmo 3gMomBdo v39d1emo 396mdgd0L Bgbobgd gdudgtmbymo 3mEbol

The vulnerability classes were assigned to buildings based on several attributes related were as-
signed to the building structure, number of floors, materials, and period of construction.

The building density, building types and building vulnerability classes were weighted using a pair-
wise method and combined into a final qualitative building vulnerability map.

Loh®obLImMH™M Jugmob dmByzmomds 39a30Ls dgMM3MMHgOoL (LogMmOBMMOLM O dEaNMMIMN30) 3608369cmMANLL S M 30603B0LL O LoeghmImdoemm 3Bgdol
Lobgmdgdnbomzol Bmbgdol 30b0dgd0L LoagydzgemBg. 3og30LEHGOMgdOLM30L, FMoboeAHIdIYMO s dGVIMILESMHIdYMO 3Bgdobm3ol dmdBos 3dgdol bnddommzol Lodo
930, ®mImgdBgoE 38900L Log®dg dmEzgdyemos 1 3ggdhoMmBg goobgoMmndgoom. 333093 gb GYP3900 dotMongddbs g3dgdol dmByszmmomdl gem doB39690emoE, HMImMOL MM
300mygbgdynem 0gbo 89900930 Bmbgdo: dogoLh®oemgdol Lodsn®mmag (0.77), Imabazoemdgdynmo 3dgdob boddowMmmag (0.17) o dMOBMOLABITHIdYMO 3Bgdol Loddndmmag (0.05).
Lbgoolbgs Lobob HEVB3IMMEHNL Bmbgdns: vgm3mMAgool dmByzmopmds (0.14), 13060380l dmByzmomds (0.43), 3Bgdol dmByzemomds (0.43). bogbowanmgonob g3gybol
HaBohmM008g Logmbemol HEVBL3MEEHMIIOL M30mMLOBGELOM bodoGm3zgmmb Lot 306038m Lobhgds 0bgmozg 3608369eMM30600, BMaMME Lbgo Loh®ObLIMEGHM Lobhgdgdo.

bobogmEbemm 3603369cmMo0l 3mTYb030(30900L
dmbyzcmomdo

LobogmEbemm 3608369emmd0L 3M3Y6030(3090900 0:3eMgdd 0b Jugemgdo, MmBgdos
3mbobemgmdol n8GNB39MYM®R9D 9GObgdMINLOMZ0L VYN gdgemo FmBLobyMHgdm; gbgboo:
BygommdmBotoggdd, gemagdhdmgbamgool dobmegds, 3o83maotMoggdd, hgmg3madnbozo3090do,
3md0emyMH0o hgmgnmbgadol Jugemo o 3060emdoEns. LEdEnbodme, B39b 396 dm303m39m

08 JLgEMgdMLb 303806 9dYMM0 LY JMBS398900 0BG BME®IdHI0, ddodhma
393m30y49690 dbmemme m&o 3603369emm30060 3m33MBgbH0: 9emgdhH™gbgManol doBmegde
o BgoemdmoMoggdd. gemgdhMmmgbgmzgnobmob wo3o330tmgdnm A3gb dmazogtmagm
063m®Bo300 9emgdhEMaoed39d bodgddg (bm®Boemndgdyemo LoddmmogMggdol Bobg300 O
0.50 6mbom), gemggh®mboay®mgdbe (bm®mdomndgdymo boddmozmggdol dobgwsnm o 0.30
6mb0m) o 9emgdhdmd39boagntgddg (Embom 0.20).

Transportation Vulnerability Assessment

bobogmEbemm 3603369cmMmonl Mdogdthgdo

LoboEmEbemm 3608369cmMANL MBNgIHgOOE 0:03eMgdd 0L MB0gIHgon, HMBTMId0E
3mbobemgmdol PBMHY639emYmM®gh dmBLbYMgd0m o BMIgddoE o6 Pbrs 3gbyzodhmb
37930m00 30¢hoLHGMEBOL 899009303; 9bgbod: LdogOIYMPWMYL0, 3MEMENY, LobobdGm
3603000900 o L3MEMgdo. d6M0BL 3 m3gLbdo R3gb 3odm304gbgm 0bMMIoE0S LddgEbM
396¢h®9d0b dgbobgd bvogodymamgdby (6mboom 0.60) o Lobobdhm d¢0gogodg (Bmbom
0.40). m®039 3990b393080 306dogmo 03 ob9LYdYMIdgdOBY 300630MH08gm bogdom
Jbgemoob GIS-0b godmygbgdoom.

0080376 dmByY3emOEMmdsLmob (030330609090 Mmmbogg J39M3o d9809gabonMo

3939960 0000690: d96m0930L dmBy3mmomMOY (0.53), boh®obb3mMdhm Jugmmgdol
3mByzemomodd (0.11), LobogmEbemm 360836gemmo0lb 3m31Ybo30E309d0 (0.16) o bobogmEbenm
3603369emmd0b md0gdhgdo (0.21).

bogyd3zgmBy.

996mdg0L dngbodo dmByzmoMINL 3¢mobgdo 996mdol bh®YIhIGLMLB, LoGhmymmgdol
Hom©gbmdsLmob, dobogmgdlo o 389690cmmdNL 39M0MEMOb 0303806 9gd7mo Lbgoobbgo
doboboomgdemol boazydzgemdy.

996m0d9d0L Lod3oMM39L, LobgmdgdLy O dMBYzmMOEMBNL 3cMoLgAL oBy3znemgdol
3900mob 3odmygbgdom dogbodom Bmbgdo, HmMBgmms Loxgyd3zgemBgss 890gdbo
60390m0900L dMBYzeMmOEMdNL LddMEMM botholbmdMngn hy3o.

The transportation vulnerability assessment was carried out by weighting the importance of airports (international and local), railroad types, and road types. Three density maps
of roads were made for highways, paved roads and unpaved roads, expressing the length of these per hectare. These were then combined into a road vulnerability indicator using
the following weights: highway density (0.77), paved road density (0.17), and unpaved road density (0.05). The weights for different transportation types were: airport vulnerabil-
ity (0.14), railroad vulnerability (0.43) and road vulnerability (0.43). The railroad system in Georgia is considered as important as the road system for transporting goods from the
harbours to sites inland.

Lifeline vulnerability Essential facilities

Lifelines are those networks that provide basic services to the population, such as water supply, elec-
tricity supply, gas supply, telecommunications, mobile telephone network, and the sewage system.
Unfortunately access to digital data rregarding these networks was not available, so we used only
two major components:electrical power and water supply, which were considered equally important
in the weighting process. For the electrical power supply, we collected information on power lines
(normalized according to their capacity and weighted as 0.50), electrical power plants (normalized
according to their capacity and weighted as 0.30), and electrical sub stations (weighted as 0.20).

Essential facilities are those facilities that provide services to the community and should be func-
tional after a disaster event. Essential facilities include hospitals, police stations, fire stations and
schools. In our analysis we used information on the medical centers (hospitals, weighted as 0.60)
and fire stations (weighted as 0.40). For both of these the distance (from settlement) to them via the
road network was calculated using a special GIS operation.

The four sub-maps related to physical vulnerability were combined in the following way: building vul-
nerability (0.53) transportation vulnerability (0.11), lifelines (0.16) and essential facilities (0.21).
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© 9908900L Homgbmds (0.33) dm303m3900 1gdnb EMBgBY O gows300635M08gm 10,000
000300689.

Social vulnerability is the potential impact of events on vulnerable groups within a
society (such as the poor, single parent households, pregnant women, young moth-

ers, the handicapped, children, and the elderly), it considers public awareness of risk,
ability of groups to self-cope with catastrophes, and the status of institutional structures
designed to help them cope.

In the analysis of social vulnerability we have used the following indicator groups:

o Population density (0.50). The population density was expressed in two ways: per hectare, using
a dasymetric mapping approach based on the building map combined with population statistics
per community. This was weighted as 0.87. The second source was the population per community,
which was weighted as 0.13. This was done as the building map doesn’t cover all individual build-
ings in the rural part of the country.

o Healthcare (0.20). The healthcare subgroup was subdivided into a number of indicators:

o Distance to hospitals (0.33) was calculated following the road network using a special GIS opera-
tion.

e The number of hospital beds (0.33) was obtained from a database at the community level, and was
recalculated per 10,000 persons.

e The number of doctors (0.33) was also available per community, and was recalculated per 10,000
persons

e Education (0.15). Three indicators were used to characterize this subgroup:

o The number of school children (0.33) was available per administrative unit.

e The number of teachers (0.33) was also available per administrative unit.

e Distance to schools (0.33) was calculated following the road network.

o Disadvantaged groups (0.15). For this subgroup only two indicators could be obtained:
o The number of Disabled persons (0.50) per administrative unit

o The number of socially insecure (0.50) people per administrative unit.

o 30600emgdo (0.15). 93 939339%30L oLoboLOVMgdMOE 3odm304gbgm Lo 0bOZdHMEMO:
e b3mmOL IMLBS3EMggdEl MOMEbmMOS (0.33) 96m d0dnbobhGmOEoYM ghmgnmdy.

o 30LBO3eM9OMNL MOMEgbmd (0.33) 9o vd0babhGmEYM ghmgymdy.

e 306dogmo b3mMgdedwg (0.33) 3odmomaagmo Logdom Jugemneob.

o b 30OEYMO MY YB3gMYMBOMO 331933900 (0.15). 93 939339530Lm30L d93dgemom
dbmmm m®o 060030¢hMEL dmdogde:

o 998myoYmo dgbodengdenmdgdol 3gmby 0od0069d0b (0.50) Hom@gbmds ghm
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I Economic vulnerability is defined as the potential impact of hazards on economic assets and processes (i.e. business interruption, secondary effects such as increased poverty, and job
loss). Environmental vulnerability instead evaluates the potential impacts of events on the environment (flora, fauna, ecosystems, biodiversity, etc.).

To analyze the environmental vulnerability we have taken into account the following indicators:

o Protected areas (weighted 0.23). The individual protected areas were not weighted separately, and
all of them were considered equally important.

o Cultural heritage (weighted 0.48). Cultural heritage sites were given the highest weight due to the
fact that they are irreplaceable, whereas ecological zones might still regenerate after the impact of
a disaster event.

o Water bodies in proximity to urban areas (0.14). This was considered as the vicinity of water bodies
to urban areas might lead to pollution problems. A distance buffer of 11 kilometers was used and
subdivision was made between lakes and reservoirs.

e Landscape uniqueness (Weighted 0.06). This was obtained from the map of Geomorphology and
the various landscapes were evaluated based on their landscape values and characterized with a
value between o and 1.

e Land cover types like forests and wetlands (Weighted 0.09). The land use map was used to differen-
tiate the forest and wetlands in the country.

To analyze the economic vulnerability we have taken into account the following indicators:

e Agricultural sector (0.11). Agricultural production data was obtained for each region and the total
value was divided over the areas indicated as crops in the land cover maps. The values were nor-
malized using the maximum value.

o Forestry sector (0.07). The forestry production data was obtained for each region and the total value
was divided over the areas indicated as forests in the land cover maps. The values were normalized
using the maximum value.

o Tourism sector (0.15). Information on the tourism sector was obtained from digital information on
the location of hotels and tourist resorts.

e Educational sector (0.10). Point information on the schools and their typology was used to weight
the schools.

e Industry (0.28). The location of the main industrial areas was obtained from several digital maps
and the importance of the industrial zones was taken into account during the weighting.

e Services (0.28). For the estimation of the importance of services (commercial businesses, etc.) we
used information from several sources, and GDP information for administrative units.

o 9mALobyM9dY (0.28). 3mBboby®gdol (3m3gm30Ymo bdgdnobmds s bbg.) 360836g9emmdal
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Logeonm JmByzMmoMdL
Overall Vulnerability

3mBy3emomdol 06030hmMgd0, HmBmgdoE 3obbodm3aMozgb i30doznMo, 93mbmdnzyco,
LEOEOOEYPMO O 93MEMZYMH0 dMmBY3mMOEMINL EMBIL, 99330dtm0s, 30309MM0VBM™ O
89393600 bogHmm 3mBy3zmO®ANL GY30 LogMEMo IGV30tm 3B 0hHIM0YI0obn dgazobgdol
39mmob 3odmygbgdnm. vboemoBol Mmb B39b godm3z0ygbgm 39dcgan Bmbgdo:

° 130803960 3mByzemomds (0.37).

o bmEoomy®o dmbyzmopmds (0.37).

® 93mmma0Y&o dmByzemomos (0.10).

® 93mbm303nM0 dmByzemoEmds (0.17).

Ro3m35m9m, H™I B0B03PO0 O Lm0 YMHO FMBY3ENOEMOS MoBdM0 3608369cmMmdLOY.
0000MIYN0 350300 YB®™ 36033690mm™300600, 300069 93MbMB03YM0 dmBY3TMOEMBY.
93MMma0n® 3mBy3momdsl 30960ds Yy3g9emody odM0 Jyemgdn. dmByzmoEmdnl
LodmEmm HY3989 306030 RBL b oMMV PYHIVEYMO oldbemgdgdn, HMIIdLY(S
306049090 0930 P3ommgLo boYgdn, HE6 Jom omomo Jyemgdo dogbodom
Hmam®E 30803960, 0bg bmEodmYMO dMBY3zmMOEMB0L MZoMLBGNLOm. (3b6HoemBo

5.2 BomImeagbogmod 300¢h9Mh03ydgdol dmemoobo by, Gm3gemos 3odmygbgdyem 0gdbo
3mBy3emomdnlb 89a30Lgdol EGO®L.

The vulnerability indicators, defining the level of physical, economic, social and environmental
vulnerability can be aggregated and combined into an overall vulnerability map using Spatial Multi-
Criteria Evaluation. In the analysis we used the following weights:

o Physical vulnerability (0.37)

e Social Vulnerability (0.37)

o Environmental vulnerability (0.10)

e Economic vulnerability (0.17)

Physical and social vulnerability were considered equally important and were both considered more
important than economic vulnerability. Environmental vulnerability was given the lowest weight. The
final map of vulnerability shows a clear pattern; the main urban areas have the highest values as they

score highly on both the physical and social vulnerability. Table 5.2 shows the entire criteria tree
used in the vulnerability assessment.
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Schematic overview of the use of Spatial Multi-Criteria Evaluation for the vulnerability assessment.
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The risk assessment method that has been utilized is a semi-quantitative method that estimates
the level of expected losses for a certain reference period, using the following equation:

Risk=H*V xA
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Hazard, expressed as the chance that a basic unit, consisting of 1 hectare, in one of the hazard classes, is actually hit by a hazard event in a reference period of 50 years. This is referred to as the spatial

probability of occurrence.
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Physical vulnerability of the particular element-at-risk, expressing the probability of complete loss of the elements at risk of the same class, given the occurrence of the hazard event.
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Amount of exposed elements-at-risk, calculated by overlaying hazard classes onto a GIS map with the elements at risk and then calculating the number of elements at risk per hazard class in each com-

munity.
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First, we calculated the amount of exposure of different elements-at-risk (buildings, population, GDP,
forest, crops and protected areas) for each of the 9 hazard types (earthquakes, floods, landslides,
mudflows, rock-fall, snow avalanches, wildfires, drought and hail storm). Exposure was then calculated
for the three classes of each of the hazard maps (high, moderate and low).

The hazard is therefore expressed as the spatial probability that a certain area will be impacted by one
of the hazard types, within a given reference period. In this study, we used a reference period of 50
years. In order to estimate the spatial probability of occurrence, we analyzed the historical catalogues
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of the various hazard types, and calculated the number of events that are likely to occur in a period of
50 years. We then estimated the area affected by one particular event (e.g. for a landslide, an area of
5,000 m? can be affected) and then multiplied this by the number of expected events. The resulting
value expresses the estimated area that might be impacted by a specific hazard, in a reference period of
50 years. This was then divided by the total area of the hazard class in order to obtain the spatial prob-
ability of the occurrence.
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Vulnerability has been evaluated as the degree of damage that is likely to occur to a particular element-at-risk, given the impact of a certain type of hazard. Given the national scale and the fact that we cannot differentiate the degree of intensity, we have adopted single vulnerability values for each of the

elements-at-risk and hazard types. The table 5.3 indicates the various values used.

The resulting risk values can be compared for the various hazard types, and could also be compared among a number of elements-at-risk (e.g. number of buildings, area of forest, crops or protected areas when converted into their monetary values).

The values are only approximations and contain a high degree of uncertainty, especially as the analysis is based on a number of assumptions related to the estimation of the hazard zones, the estimation of the impacted area, spatial probability, vulnerability and exposure. Even though the results are highly
uncertain, they do allow for a comparison of the impact of the various types of hazards, and the order of magnitude of expected impacts. When more detailed information becomes available this method can be further improved.

For the estimation of risk, the following assumptions were made:

For earthquake risks we examined the historical information on earthquakes in the country and,
based on this, we assumed that one earthquake with a Magnitude of around 7.0 is likely to occur in
Georgia in the coming 50 years. We assumed that the impact area was around 50 by 50 km, and that
Intensities of up to 9 (MSK scale) are expected to occur in the high seismic hazard zone, up to 7 (MSK
scale) in the moderate zone and up to 6 in the low seismic hazard zone. Given the estimated size of
the affected area, as a fraction of the total area of the hazard class, we estimated a spatial probabil-
ity of 0.08 for areas located in the high hazard zone to be affected by an earthquake in the coming

50 years, 0.01 in the moderate zone, and 0.007 in the low hazard zones. For the estimation of the
physical vulnerability of buildings, we evaluated the average vulnerability of different types of build-
ings, given the intensities listed above. Although, for some parts of the area information was also
available on vulnerability types, we decided to use the average values, which could be used for the
entire county. This resulted in the use of a vulnerability value of 0.3 for the high hazard class, 0.1 for
the moderate hazard class and 0.02 for the low hazard class. For the estimation of population losses
we used vulnerability values of 0.005 (high hazard), 0.001 (moderate) and 0.0005 (low). Vulnerabil-
ity values for forests, crops and protected areas were considered to be very low and were taken as a
measurement of 0. Of course these values are simplifications of the actual situation, and the resulting
loss estimation is only a relative value. A more detailed analysis of earthquake hazards and risks is
required to incorporate the actual range of expected Peak Ground Acceleration (PGA) values, not clas-
sification in 3 arbitrary classes, and to take into account the different building types per hectare using
different vulnerability classes.

For the flood risk assessment, based on the historic information from the disaster database, we

assumed that 30 flood events are likely to occur, within various rivers in the country, within a period
of 50 years in the high and moderate zone, and 5 occurrences in the low hazard zone areas. These
events include both flashfloods (which generally have smaller affected areas), and river floods (with
larger affected areas). Given the fact that the flood model narrowed the areas susceptible to flood as
much as possible, the spatial probability of flooding in the high hazard zone is estimated to be 0.9
and 0.4 in the moderate zone, for the given 50 year period. With respect to the physical vulnerability
used for floods, we used an average vulnerability of 0.2 for the high hazard zones (assuming that in
most cases the structural damage to buildings is low but the damage to their contents may be high),
0.05 for the moderate hazard zone, and 0.01 for the low hazard zone. A large part of the country falls
into the ‘no hazard’ category and therefore these areas are also considered to have no flood risk.
Population vulnerability values for flooding were considered to be very low, as in most cases people
have ample time to evacuate from the flood affected areas, or can escape to higher floors in flood
resistant buildings. Therefore, we used the following values: 0.001 (high hazard), 0.0001 (moderate
hazard) and 0.00005 (low hazard). Flood vulnerability for forests and protected areas was considered
relatively low, but for crops fairly high vulnerability values were used: 0.7 (high hazard zones), 0.5
(for moderate hazard zones) and 0.1 (for low hazard zones).

For the risk posed by mass movements, which were separated into landslides, mudflows and rock-
falls, we used the number of events that have occurred in the entire historic database as an estima-
tion for the number of events likely to occur in the coming 50 years. This was done because the
number of events in the database is probably a large underestimation of the actual number of events
that have occurred (due to the incompleteness of the historical inventory). We also assume that 90

percent of the events occurred in the high hazard zones, almost 10 percent in the moderate zone,

and only 5 events in the low hazard zones. The average area of an individual mass movement event
was estimated to be 0.5 hectare for landslides, 2.5 hectares for mudflows, and 800 m? for rock-fall
events. We multiplied the number of expected events with the average size, and divided this by the
total area of the hazard classes. This resulted in the values given for the spatial probability, which
were generally quite small (e.g. 0.0002 for the high hazard class of landslides) given the large size of
the high and moderate hazard areas, and the limited number of events. If a better modeling approach
could be used for the landslide hazard assessment, this would have reduced the surface areas of

the high and moderate classes considerably and have given higher spatial probability values. The
physical vulnerability values for buildings and population were considered to be relatively high for
landslides, mudflows, and rock-falls, considering the fact that if a building or a person would be hit
by a mass movement, the impact would be significant.

A similar approach was followed for the estimation of snow avalanche risks, as compared to mass
movement risk. The number of events in the historical database was used to estimate the future
frequency, in a 50 year period (668), with 90% occurring in the high hazard class. Given the rela-
tively small average area of snow avalanches (2 hectares, over a stretch of 400 meters) the spatial
probability of occurrence was also low (0.0018 in the high hazard class). We used higher physical
vulnerability values for population, than were used for mass movements, because we considered that
people that are expected to be hit by snow avalanches are either on the road or skiing. We therefore
increased the number of exposed residents that are exposed to snow avalanches by a factor of 4 to
account for winter tourism.
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30m30em0bB0b6gd0m, B3030L AodMLIOL LE3MEMO SEMBVMNMBVE ddMNY (0.018 Fogogmo
Lo mbol 3¢mobB0). 0bgzg, Hmam®E 3H6AHNL 3oLgdol goooanmgdol dg3mbaggado,
3mbobemgmdol @30B03ytMo ImBy3zmmoEmINL YR ™M domammo bowowggdo d03060490.
Rogmzomgm, HmI mmzemob 83030L 893mgdggdol 398 dg90demgde dmd3bgb dzdogtgdo

96 dmmbogmody®mggdo. 999ob godmanbotmy, mmamob 83030L Hobzol 3oMobdoé dymazo
dmbobemgmdnl Homegbmds, BodmMmol Bhy®oBdol a3oghm®ol gomazoemobbobgdom, 4-396
3938060 g0m.

bobdM0m godmB39yemo Hob3olb Jgaebgdobmzol godmaoygbgm dmbogdme doBodo
0304LoGgdYmo BotbyemBo dmabrotMo bobd®gdnl Homegbmds 0dobomzol, Gma
303M339m35tmd dm3530¢m0 50 Bemob gob3o3emmdodo dmbommbgemo 899mb3igzgool
Homgbmd. AO3m30emgm, HMI ymazgemo bobd®olb mmb Ladnsmm Boobrogde 10 3o.
390093500 303009 L33OME OdONO LOZME0MN deNdOMMBY: 0.0039 (oo bogdmbob
30m0b80) o 0.00018 (3B bogmmbob 3¢mobdn). oddme bognoon (0.002)
3960b08m3EHO FmLobemgmdol BoBozy&o dmByzmoEmds 030l gomzoemobBnbgdom, ™A,
Gmam®E 69L0, 5005300690L bobdMHolb dgbobgd gom®mboemgdol domgdol dm3gbhoobd
L380M0LO EPOH™M 5930 Fobgob Mo30L EOLOMEY39. (HYggdol, bomglbgdobe s oYM
H9B0dHmM0gdob 130803960 FmByY3emOMOS bobdMob 3030600 dogmsb domomo bowowom
d9m30bgoo.

339m30b ®0ob30L 89a30L900Lbm30L 3odm30ygbgm 50-6em0ob 3gGomdn g3oem3900L bobdotmol
39300930 LoEO9gd0: 10 899mb3ag3d Bomommo Lo mbol Bmbodn, HMIgmol MMLS(3
899md39009d0L 9398 9913930 oo bog®mbolb habohm®ool 80%; o 5 3gdmb3agzs
B8m309&0 LoggGmbob 8mbodn, HGMImob ML 3g8mddggdolb J398 9913930 HatoHmEool
14%. 130803960 3mByzemomdl ga3obgdedo 3odma0ygbgm dbmenmeo hyggdmed, oYM
HaohmM0goLe o BoMgLlgdmMOb 303800 gd1M0 LNENEIYd. 83 H3060L369cmobm30L
3063b0dm3Mgm dmByzmoEmdnl 89300930 LoEOwggdo: 0.6 (Bomomo bomGmbolb 8mbsdn), 0.3
(d3m309M0 LogMmbol dmbsdo) o 0.01 (odoemo LoggGmbol Bmbodo).

0 dmenmb, bgdhyzob ga3oLgdol MM dmdogacmo 50 Bemob 3o6303¢mMd80 vmbodbymmo
9m3emgb900b Lbdo®mob OLBagboE godm30ygbgm ogndbo®mgdymo dmzmgbgdol
omEgbmde (344 - bghyso). Lahyzob 303G EITNIIL HgBodHMmMoob (2 302) gobbodmamol

OHmL gom30emobE0bgdem 0960 9em30L gBggdholL 3o3M39¢m900L BoGMMd03. 89009300
doemgdymo Lydhyz0L/9em30L LE3MEMO SENBSMMAS YMOL - 0.085-b (Bomomo oG mbob

For the estimation of the risk from wildfires we used the number of reported wildfire events in the
historic database as an indication of the number of future events in a period of 50 years, and used

10 hectares as the average area affected by one event. The resulting spatial probability values were
rather small: 0.0039 (high hazard) and 0.00018 (moderate hazard). The physical vulnerability of the
population was estimated as very low (0.002) considering the warning time, which generally allows
people to flee from wildfires. The physical vulnerability for wildfire was estimated to be very high for
forests, crops and natural parks.

For the estimation of drought risk we used a frequency of 10 droughts in a period of 50 years in the
high hazard, which affected 80% of the high hazard territory, and 5 droughts in the moderate hazard
class affecting 14% of the territory. For the physical vulnerability, we only used the values for forests,
natural parks and crops. For the latter, the following vulnerability values were used: 0.6 (for high
hazard), 0.3 (for moderate hazard zones) and 0.01 (for low hazard zones).

Finally, for the estimation of the risk from hail storms, we used the total number of recorded events
(344 for hail storms) as indicative values for its frequency in the coming 50 years. The average size

of hail storms events was estimated as (2 km?) in which we also included the effects of lightning. The
resulting spatial probability for hail storms/lightning was 0.085 (high hazard zone) and 0.004 (mod-
erate hazard zone). For the physical vulnerability of people, we used the following values: 0.0005 (for
high hazard zones) and 0.0001 (for moderate hazard zones).

The results of the risk estimation for the 9 different hazard types are given in table 5.5. This table
shows the estimated losses in terms of number of buildings, without subdividing the buildings into
different types and vulnerability classes. This is a general estimation and future work should increase
the detail by including specific vulnerability curves for buildings of different type using different
intensities. The risk to population groups is expressed as the number of people likely to be killed

by natural hazards in the reference period of 50 years. We have evaluated these values against the
number of casualties that occurred in the past and they correspond closely. The risk in terms of GDP
is expressed as the GDP losses in millions of GEL within the reference period. Note that this is not the
same as economic losses, as the actual value of the elements at risk (buildings, roads, infrastructure,
etc.) have not been included in this figure. The risk to road infrastructure is expressed as the length of
roads likely to be destroyed (in km), and the risk to forest, crops and natural parks is expressed as the

B8mbobm30L) o 0.004-b (3mBogho boggmmbolb Bmbobmzal). vwednsbgdelb 3odo3znmo
3mBy3emomdd gobobodmatmo 399930 booggdom: 0.0005 (Fomomo bogdmbol
B8mbgd0Lm30b) o 0.0001 (BmBogMo bogdmbob Bmbgdobmazoby).

Logg®mbob 9 bbgoolbgo Lobgmdnl Hobzgdol Bga3olgdol 89egagdo BoGmamagbommos
3bMogmdo 5.5. 3bGHogmdo boA390g000 396mMdgdNL LdgoMmOYLM ObY3OMZgo0, 3obyMAg3MmO©
996md900L LobgmdLY o ImMBYzMOEMBNLY. gl 960L Bbmemme Bmaoo Jga3oligdo,
Hm3gemo bogoMmgdL EoBYLHIOEL bboobbgs Lobgmdol d96mdgdal dmByzemomdsly

0 06¢)36b03MBSLM6 F0BoEOMg0m. IMbobemgmdNL Mob3o godmbobyemos 03 vodnobgdol
Hom©gbmdom, HmMm3mgdo 390demgdd o0mY3mb 50 Bemol gobdogzcmmdsdn dmadbpodo
16906030 39hobhmOMAgdol dgga90. 30mMgdymo bonggdo gdmbzgzs Bodbymdo
3m3boM 339690603 39hOLHMOMNRIOMNSL 53038060909 LowggdL. 383-m0b
0039330690900 Hob30 3odmboghymmos boobgoModm 3gGmomeob gobdogmmdodn 383-0b
9gLodemm Obo3Mzg00m nemomb emo®mdn. PO 330blmggl, GmA gb o6 S0l 0303y,

M3 9300MI03M0 Ob39MZ0, 306000006 03 Loogdo o6 Jgol GobzoLb J39d dymazn
®0099dhob (896mdg00L, 3Bgdob, 0ba®oLEHGNIHIGOL) BBoghMIM030 MoMgdyemgdd. bogdom
063MOLAHMYIHYMob Hobzo godmbogymos 03 gdgdol bogMdom (33-30), GMINgd0E Jgndemgde
0800600696, beemnm hyggdol, 6309bgdoby o OEYMO Hgtodhm®0gdol MHobzo godmbodnmos
00 hahohmE®0g900b BoGNMI0m (35-30), BMIcNgdo(3 8g0demgdd goboanMobab.

99009390006 89a30L930LOL ©MBMABEY, HMA3 3gbmdgdNL, ©dT0Bgd0LL o 383-m30L
80996901em0 80060l m35embOdGOLbom bodohmagmman yzgmodg o Gobzl doboldztgdo o
6yoem0mdgd0 §36006. 330emM30, BYomm©EMAL o bobdoto y3gemodyg o Gob3b ngdbol
hY990b, Bomgbgdbe o 09693603 63 doemMgdL.

©0L3900 OFZYBO Hgzombgdolb Jobgzomss (0b. bMoemo 5.6 s 5.7). H9aombgdol
06900 gdo gobbmM309em©s d96mdgd0L, dmbobemgmdnl o 333-L Gob3gdobe s hyggdol,
00mgLgd0LY O B3Mdoemgdol obgz0m. Gob3gdol Jyemgdolb 8grotgdod J39ybol dobdhodom
399mo3tmnbo 5 Mggombo, HmI9d(3 boboomEgds IMo30emo Luogtmbob domomo Mobzom;
9bgboo: 30bgmab, bodgaemgmo-8gdm L3obgmab, 9398m JoGmemobs s 03gHgmol Hggombgdo
0 Jogmogdo mdogmobo.

99608360: gb 00l Bbmemm 060030h M0 LoNEggdo, 306000006 Jga3olgdol ML
399mygb9d9em 0gbo MHodgb0dg 3900, BMIIMM™MZOb y3gemodg 3603369¢mm30600:

number of hectares likely to be lost.

When evaluating the results, earthquakes and flooding constitute the largest risks to Georgia, in
terms of buildings, number of people and in terms of GDP. Droughts, floods and wildfire form the larg-
est risks to forests, crops and natural parks in Georgia.

The risk was also aggregated by region (see Table 5.6 and 5.7), which have been ranked in terms of
the risk to building, populations, GDP and the combination of forests, crops and natural parks. When
comparing risk scores, the 5 regions with the highest, multi-hazard risk, in Georgia are: Kakheti,
Samegrelo — Zemo Svaneti, Kvemo Kartli, Imereti and Thilisi.

Note: the values are only indicative as the estimation was based on a number of assumptions, of

which the main ones were that:

e the hazard maps are general, consist only of 3 classes, and are made using simplified methods
given the availability of national data;

e the spatial probability estimation (as shown in Table 5.3) depends to a large degree on the detail of
the hazard estimation (the smaller the high hazard units are the better the prediction will be) and
on the data of historical occurrences from an incomplete historical database;

o the vulnerability (see Table 5.4) is a general approximation, and doesn’t take into account the dif-
ferent degrees of intensity and the different classes of elements at risk (e.g. building types).

o Logydmbob Y3900 Brgod o 39003900 dbmemme bdo 3emobobgsb; nbnbo dgagbocmod
30006 H039090m0 3900mgd0L godmygbgdom g3gybol dobdhodom dmbozgdgdol
b9em30LoB3MAMA0L Zom3oemolBnbgdom;

® L3000 dEMBINMINL FgazoLgds (0b. 3bGHomo 5.3) 36033069emm3bo oGm0l
©9m 300090790 bowmMbggdol d9a30Lgd0l IHOMYOMOBY (M3 YABG™ B30MHgd FoMONO
bog®Mbol gHMNgemgdo, Jom YBGO™® ByLho 0gbgde 3BMagbmBa) o oMby dmabomo
9dm3emgbgdol dgbobgd sGObGmMmMyYmM®Boem dmbogdms 008080 dMHLYdY 06aMMHISE00BY;

® dmByzmomd (0b. 36600 5.4) 960l Bmaoom 30obemmgdymo o o6 0:35em0bBNbgdL
00¢h96b03MdOL bbgoobbzs MbgLy o Mobzol 4398 Iymazo Md0ggdHadol Lbgowobbzs 339a3b
(308., 896md9d0L Hn39db).
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QOOHMMO0 (302) 8m3m 9690 Homgbmdd 96m 39000 dmzmgbob Bmbo (382)  dmamgbob dmgemo Bmbo (382) LOZOEOMO SEMBINMBS
bO(B&)mbS / H azard Area (km?) Number of Events Single event area (km?) Total event area (km?) Spatial probability

dogmomo/High 31,487.99
B8mdog®o/Moderate

do6obdgmo

Earthquake
14,421.72

domomo/High 6,174.89
69oemomdd
B8mdong®o/Moderate

Flood
180.17 0.139

domoemo/High 15,564.98 . 0.000218
B8mdog®o/Moderate

d96ygto

Landslide
25,844.47 . 0.00000097

domoemo/High 8,621.23 0.00111

3oOEMRB0
B8mdog®o/Moderate

Mudflow
0.00000575

domommo/High 0.0000091

d30m0 (33960
B8mdog®o/Moderate

Rockfall 26,621.49 .

domoemo/High 6,853.09 . 0.00175

0m3mob 83030
S B8mdog®o/Moderate

Snow avalanche
47,368.24 . 0.0000000

domoemo/High 12,521.9 . . 0.00385

obo o ob bobd.
hYobo o 39 B8mdog®o/Moderate

Wildfire 26,801.92 . . 0.0000187

domomo/High 4,375.12 0.8

3350030
BdmdogMo/Moderate

Drought
53,129.73

domoemo/High 6,468.29

bodyso
BdmdogMo/Moderate

Hail storm
29,255.83 0.00034

Logg®mbob 9 Lobgmdol Lo3EMENM SEMBIMNMINL gxmobgdobmazol godmygbgdnemo dmbs3gdgdo.

gbMogmo/Table 5.3 {

Data used for the estimation of spatial probabilities for the 9 hazard types.




bogybmbyg/Hazard 30803900 dmbByzemomdol 9a30Lgdymo booggdn/Estimated physical vulnerability values

boggmmbob ho3o d9bmdgdo dmbobemgmde 333 H®obL3mMHo hy9 bobbog-bomgbo 306900  OEYO HIPodh™mE®0gd0

Hazard type Buildings Population GDP Transport Forests Crops Protected Area

domomo/High
8mdngMo/Moderate

doBobdz®mo

Earthquake

domomo/High
8mdngMo/Moderate

Byom©omdd

Flood
0.00001

domomo/High 0.5
8mdogto/Moderate

d96y4gto

Landslide

domogmo/High
B8mdogtmo/Moderate

®3oO3MRB0
Mudflow

domoemo/High

d30mo (33960
B8mdogtmo/Moderate

Rockfall

domoemo/High

0m3emob 33030
SEOREI8 B8mdogtmo/Moderate

Snow avalanche

domoemo/High

0bo o ob bobd.
hyobo o 3900 8mdogéo/Moderate

Wildfire

domoemo/High

3390030
Bm3ogMo/Moderate

Drought

domomo/High
8mdngMo/Moderate

bachygo

Hail storm
0.00001

bogdmbob 9 bobgmdol Gobzob g398 dymazn dobomoo Mmd0gdhgdol BeBozyto dmbyzemomdnl dga3obgdobmzal 3odmygbgdnemo dmbo3gdgdo.

sb&omo/Table 5.4 {

Data used for the estimation of physical vulnerability for the main types of elements-at-risk and for the 9 hazard types.




Mob3ob mbg bozMmgdymmmygdol dobgzom (50 6-30 FMLOEPMEDYEMO EObO30030)

Risk Levels per Communities (Expected Loses in 50 Year Period)
d9bmdgd0 dmbobemgmodo dd3
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' ©omEgbmds Bogmombo enoto
Number Million GEL
[ Jo [ Jo
1-2 [ o0-o0.01
AILINOL BIRIAIBND
2 &ILINNL BIRIGIBGND B 0.01—0.2
Bl s-10 d Bl o.2-o05
B 10-25 B o5—-1
| > 25 >

3530 BR3d 3930 R3S . - % ; ) _'_- g 3930 R3S
/

010633010
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89608360: 5060369cm0 LN FoobeMMgdOMNY, 30650006 M3000 LoBYoLo IMBS393900L
00000 6560¢m0 3odmoMAg3d PBNLHMINL Fomomo EMbom. v9gwsb godmdwnbodyg, cbobo
309m0y96900 dbmemme Logmmbggdol Lbgoobbgo bobgmdol Botmdomo 893mddgwgdgdol
9600356900006 3gLoEoMHgdmO.

Note: the values given are estimations, as a significant proportion of the input data has a large degree
of uncertainty, and therefore only indicates an order of magnitude. This is used to compare the relative
impacts of the various hazard types.

x308039M0 dmByzemomdol dgazobgdymo booggdo/Estimated physical vulnerability values

bogmbob 3o 396m0900L GomEgbmdy QoMM (30%) 893 doam. oMo 389%0 (30) 6Y9 (39.) bobbog-bomglio doBgdo (3v) O30 HIMohME0gdo (30)

Hazard type Number of Buildings Area (km?) GDP Million Gel Roads (km) Forests (hectares) Crops (hectares) Protected area (hectares)

do6obdgto/Earthquake 108.25
Bgomomds/Flood 398.58
d96ygto/Landslide 0.29
m3oME3Mmx30/Mudflow 0.33
943000 (33960/Rockfall 0.02
0m3mob 83030/Snow Avalanches 0.25 : o
hyobo o 39emob bobdoto/Wildfire 10.29 : 896
339em3o/Drought o 876.31 55,340
Lydhygo/Hailstorm 36.58 5,635
byom/Total 1,538.63 87,812

Lommmbob 9 bobgmdob dogc Lbloolbgd Eotaabmgol 50 Bemob gobdoagemmdsdo dmbogmmebgema BoMowmo.

b&Gogmo/Table 5.5
6 ® Estimated losses for the 9 hazard types and different sectors over a period of 50 years.

6 930mb0L obobgmgdd dmbobmmgmoo 396mdol HomEgbmdd 393 dgmb. moto 33900 (30) hyg (3v) Lobbo3-bomgbo d06gd0 (3) 6360 dogmo (3d)
Region Name Population Buildings GDP Million Gel Roads (km) Forests(ha) Crops (ha) Protected area (ha)

3obgoo/Kakheti 2,651 71.571 258.337 30,532.093
bodgaMgmm-89dm Lgobgmn/Samegrelo-Zemo Svaneti 2,506 117.799 567.896 6,607.194
93980 JoGoema/Kvemo Kartli 1,249 243.353 140.939 28,577.413
009tmgmo/Imereti 1,031 63.3 74.317 3,262.151
®d0¢mobo/Thilisi 272 816.948 7.826 1,259.637
23bodgmo/Apkhazeti 1,753 0.014 443.356 155.53
docoo Joemeno/Shida Kartli 1,006 42.952 170.205 6,486.866
Lod(3bg-$o30bgmon/Samtskhe-Javakheti 961 38.287 65.326 5,127.606
03060l 03¢hmbmdnyMo Mgb3ydemo3zo/Autonomous Republic of Ajara 482 41.043 36.102 868.535
33b900-8:0069m0/Mtskheta-Mtianeti 490 36.215 261.161 459.248
Mo30-cmghbydo o J393m bobgmon/Racha-Lechkhumi & Kvemo Svanet 1,177 52.762 663.362 91.58
39600/Guria 218 14.387 40.992 43,84.401

by /Total 13,795 1,538.63 2,729.82 87,812.25

Logo®OM39mMmL 9 M930Mbobm3z0L godmaemgboemo Mob3zgdo.

gb&ogmo/Table 5.6 {

Estimated risk for the 9 regions of Georgia.




303960 bLogydmbggdo o Mobzob EMmbg Mganmbgdol dobgznm/Combined hazards and Risk levels per regions

300900 Loy mbggdn/Combined hazards

I:] 5000 bodemog&ob bogg®ombg/Low hazard
- 8mBogto bodemogob bogmbyg/Moderate hazard

- domoemo bodmogMab bog®mbg/High hazard

ILINNOL BIRIHIGND

393 boogzemob 00960
(LU TIRNNOE N dooliobemgmds  dgbmde  (3ewb.cooto) Bgy®bgmds  gome
RERR  Population  Buildings GDP Agriculture  Final Rank
(mln. Gel)
\ , 30bgmo
y Kakheti 11 12 9 12 12
3O3N 23 bodgaMHgemm-Bgdm
b3obgmo/Samegrelo- o b o o 1
Zemo Svaneti
4399m Jom oo 7 9 11 11 10
Kvemo Kartli
009690 8 7 8 6 9
Imereti
odocoobo 6 2 12 5 8
Thilisi
(0)
0I&JI00 o@3bodgmo 12 10 1 2 7
Apkhazeti
80000 JoM oo 6 6 6
Ab300 Q@Bs)i)b(’ Shida Kartli ? 9
. . o
®0b30b mbggdo Mggaombgdol dobgezom/Risk levels per region 60\:,39632)0 3e>coes\’ﬁb°b e ACT— ;
T t‘!f / }“ &0 ¥ ] \)Q)Oﬂ"ads Sbo\)’ﬁgbwéfobo\i Samtskhe-Javakheti ‘ ’ ‘ >
p SIS < 3060 9 !
o b, dOL,
R _ SHEOBY b, 230039 odoMol
%fmswo\) %3°3SN; Bw\sob@f)“’bob 23mbmBoyto
s oo Vo3- 1903 M9b3PdeM030
(VRN o o, bbgdR® GHob. Autonomous 7 ’ ’ ‘ 4
U1 #3L300L BIRIGIGOY boBSOR oo 83837 g Republic of
/ (), / (o00000% woolsd €20 60030 ‘ Achara
r . i \)S »
i j}t 15;.'-_:_-1 o Bl \366%°:0?)m\) Bebgmo-amoofigmq 5 4 3 3 5
. J.. 'f}_lf.,,‘,','f i Te L \! e ]\ ®d09 0\;60532’06) ,‘W Mtskheta-Mtianeti
e 4 1 513 AL RIS A ‘n % ‘o Bogo-tmgBbydo
B 4 }@ " ] i \ Py Yl )/ o 9390m b3069q>o 5 8 7 1 3
Pi U K g i T — Racha-Lechkhumi &
> SRRy L ' \ Kvemo Svaneti
39600 1 1 2 7 1
3530 5235 Guria
©930mbg00L Hobgotgde Mob3zgdol 30mgdol dobgz0m — 12-0b 1-909.
3bMogmo/Table 5.7 . L . .
Ranking of the regions in terms of Risk from high (12) to low (1).
dogm0ob odogmo/Very Low
odogmo/Low
B3mdog®o/Moderate
i 0 50 100 200 33/km
T 7 domogmo/High
AW e ol 80bB¢ode / Scale: 1:2 250 000
WYY 5 W 5bIG3NNKI6N o
f} g4 | L ) £ ' bmabﬂﬂ}_()} f dogm0ob domacemo/Very High
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01330900 O M93mTgbo30900
Conclusions and recommendations

othbgdyemo dg8mn3900
Limitations

®0b30b dhemobob 330mbggmmgdds o Web-GIS-0b dmabdothgdemgdds ybd 0i3mbgb
3mbo(39990006 0303806 9d1em0 89900930 398mY3900L gbobgd:

dhemobob dmbodBogdmo 3o39mms Lbgoobbgs Mmgdohy®o dbogmodo gmabymmo
©mBoLOM30L, HMIOL EOHMLLE godmygbgdyem 0dbo ob AmMboEgdgd0 o Igmmegdo,
Hm3mgdoE dbmmme sbgmo B3GMogmo 3oLd¢hodobmazobos dobomgdo. v30b 899z
89993039090 Lo MNbggdol, HoL3L 306H0L30E ymmbob, dmByzeOE®ANLL o Gob3olL
713900 30836000 0LObO396 ONbHIMGLIdYM Fboggdol baMEBotgdol vd0bobhMmoE0Ymmo
96Hmg9m900Lb mbgdg (B930mbgdo, 39603035emohghado o 1gdgdn). Jomgdyemo 390093900
06 890demgd0 3odm30ggbmm goobyzghoemgdgdol dobomgdow mgdgdol 3ot 33gymm
6060cmm0b 06 3Mb3Mgh Y 9z gdMOb F0doMmmgdeda. dbgmo dbbsogmo obd¢odobmazal
16000 309m30496mm YBO™ ByLho o YRO™M domomo MBmeY300L IMboEgdgde o
99L00030b0 3MbOEgdgdol odYBo39d0l dgmmegdo.

d0ybgroo3900 030, ™A Jgbodemgdgmos 39d0¢mobdn dmzgdyemo G3gd0Lb dbbznem
3oL3hodvdY 3oNYIS, bmemm Google Earth-0ob dogdnemo godmbobyemgdgdolb godmygbgde
BmbyM0o boxwydzmob 8gbmdgdelb MO 3o0gd0L bodyomgdol 0demgss, Yoo
330bLbm3gL, G™I dmEgdmo Mgdohyco GP3900 J90ddbs g m363mo0 Fobd¢hodobmazal o
080¢hm3d dobo 890093900L 96080 PYbS o399l Bbmemme ©B0boLEHGOE0YM Mbggddy
(6930m6900, 3960(30350m0h9H9d0 S 1937900).

doybgozo0 030bo, G™AY 93 3Gmgdhob JotHbommgdo 8993000696, dmgdoom, Mo
990demgde, 390 dmbogd0 0LHME000s6 (36Md0o Lobogomm 336936030 dm3emgbgdol
9bobgd, HMIMgddoE3 oM 3399em0 Boobo godmoBzogl, 3Gmgdhob d99gdbocmo obhmmoyem
3mbo399m0 0080 $96 300093 dMOLMYIYMABOEM00. OILHYMEY, MM GmYmmos bbgowsbbgs
LobgemdBomm MmM3o60BoE00L EOMETYE9OS, IMObEbME Mo3056m0 obhmGoYmo védogzgdol
308BEOIM BMOHIdHT0 Zooy306s, HMIIEM™MO 00 BB0Mo (3900 FaMBoMmIMOT0S O
by 96089 oBgtoem bohggobhtoom Bogbgddo 0bobgds. 0y go30m3oemobBnbgdm
3mb0(399900L Bgotgdom bodBomgl, Gg0demgds nmg3ol, GMI dognoob MGmymo oym
39360¢h1no/Lob3oGol YOM0ghm3933060L 960em0d0 oM Mbggdol dM30em LobgmdSLMmb
003038069000 (306 s 3060bd3M0LY). 9ggob godmadnboty, Lo mbobs o Mol
6om3m3md0l EMM0m0 deMddMMdNL Bgrotmgdobm3zob bagotm gobro 3608369¢mm3060
0033909000 g0390900. (o, Boybgozo 0dobo, G™I dmEgdymo 8993900 oblgBolo

0 30933mdgLbgdol bodo®mmgdgb, B396 goosByz0hgo o3 Bgxmobgdgdol Botdmagbe,
306000006 0060 0dgMg3006 330x30m LyMOML bb3oEObbas Lobgmdol Lo mbob dogbodhnwol
©0g000md0Lo O MH0L3go0L gbobgd Logommzgemmao.

bogdo®mm39mmb M 393069090 HaBohmMogdol Bgbobgd dmbo3gdgde vMmbENMYMBNMO.
9b gbgdo y3geme 3mbo393L, GmIgmo P393806Mwgds Gobzob Bobodg dymas gemgdgbhgdl:
3060mboMHggdemmdsL, 896md9dL, Imbobemgmdsl, HEmobL3m®db 0biMmobhMmydhycob,
936939 0bhMmG0000b (36MO0 s dWEoEbym Lhodoy® dm3zemgbgdl. B39b o6 gog3oRbos
3mbo399900 03 Hggombgdol 383-b globgd s vdoh™m3d 396 30demgz0m vbdM0Bol dgc09390L
0(B036yemo M9a30mbgdnbm3zol (m39306m9dYemo Hggombgdn 339089 OBHMObYOY).

The readers of the risk atlas and users of the Web-GIS should be aware of its following limitations:

The analysis for this atlas was carried out on a national scale, using data and methods that are only ap-
plicable for smaller scales. The resulting hazard, exposure, vulnerability and risk maps are meant to give
a general overview at the level of administrative units, such as regions, districts (municipalities) and
communities. The results cannot therefore be used to make decisions on the part of communities or for
specific sites. For these areas a more detailed scale, greater accuracy of data and a higher resolution of
data should be used, alongside a more advanced method for the assessment of hazards and risks.

Although maps in the Web-Atlas can be zoomed in to a very high level of detail, and the background
information utilized from Google Earth or Google Maps can display information to the scale of individual
buildings, the thematic information in the Web-Atlas was designed only for a national scale analysis.
The given results are only valid when being analyzed as specific administrative units, such as regions,
districts or communities. Users should be aware that this information should not be used in an attempt
to derive a more detailed analysis.

Although the partners in this project have tried to collect as much historical data as possible on natural
hazard events in the past, the historical database is still largely incomplete. It has proven very difficult
to effectively persuade the various national organizations to digitize their own historical archives, a
large part of which are poorly maintained and still recorded in log books, in Russian. Given the relative
scarcity of this historical data, is has been very difficult to analyze the magnitude-frequency relation-
ships for most of the hazard types (except for earthquakes). Therefore we have had to make a consider-
able number of assumptions in estimating the temporal probability of occurrences for the hazard and
risk assessment. We have therefore decided to continue to present these estimations, even though they
need to be improved, as they still give a good, relative, indication of the order of magnitude for the vari-
ous types of hazards and risks existing in Georgia.

It should also be mentioned that the data for the occupied territories is very incomplete. This was the
case for all of the data related to elements-at-risk, such as land use, buildings, population, transporta-
tion infrastructure, and to historical hazard events. Unfortunately, no data could be found regarding the
GDP for these areas and, therefore, had to omit these areas (indicating it with appropriate hatching)
when the data was deemed insufficient.



o LobgmmdBogm MMZoboBo(309030 PYBS 3obogMHdmb dndomde obhmeMosdo ogodboMmgdymm
3m3mgbomo 3mbo399md 8980l Jgbogddbgmmo, Hmagemoi 0gbgds d9demgdobrosgsotoe
LOYMYMBO O IM0EE3L PBBMMIdE30L bb3dobbas dm3emgbol ho3ob, dobo
Bo63Imgabol moGmomol, dm3ecmgbol 06¢hgblogmdNLL o godmB3gymo BoMomol dgbobgd.
008080 gom35em0bB0bgdNMO YBS 0gmb 063MMTdE00 BmbobeMgmMdNL (ZoMoE3emomo,
080069096m0, 9303906339cM0), 996mM09d0b (dnemosbo obaMgnmn, BaBogmmdMns
006360 99m0), LOHEOBLIMEHM 6BEOLHGYIHNMOL (o6aMIMO 3ol / ©3060380L /
30emboggbol bogédg, BBgdY 3Bob / 73060380 / Foembogbob Logtdg), bobbos-
Lomgbo 306900b (306900396900 v6 BNBIOYTO 39 HYMIOOL bobgmde O BOGHMM),
HYob (00080069070 Bhyob Ho3o o BIMMMAN), IO HIB0HME®09d0L, 39THYGYMo
3993300069md0L Md0gghgdabo o bbgo gemgdgbhgdal Bgbobgd. dbgag Pbd d9x3obrogl
LhogdonMo dm3zmgbgdom godmB3gnmo 3063060 o6 M3t 30to 93mbmdn3yto
Bo®omo; 3odmygbgdyem b 0d6gL LaobhmGom bootgozm dmbo39dgdo, 3oBgmgdo,
Lohgemoh®o 3odmbobyemgdgdobo o dghmBMAH™dOL 0bMGIoE00l 06dhgd3Mgdho30900,
obg39 069301900 9ZMMOM03 FMbObEMgMISLMSE.

® 960> mbglb BoMmN® LdBMadMIdNL, ©ZNTMIMNZ0 bgemobyymgdol, bogobagdm
Lohygo0gd8g Hgog0cmgd0Lb LddLObYMYdIL JgMHLmMbMEbY o g0l PbMGIntgde o

o National organizations should work towards the further development of a database of historical
events that is as complete as possible, and contains information on the type of events, date of
occurrences, intensity of the events, and the damage caused in terms of people (killed, injured,
evacuated), buildings (completely destroyed, partially destroyed), transportation infrastructure
(e.g. length of road/railroad/pipeline destroyed, length of road/railroad/pipeline damaged), crops
(e.g. type and area of crops destroyed or affected), forests (e.g. type and area of forest affected),
protected areas, cultural heritage sites, etc. Also, an assessment should be made of both the direct
and indirect economic damage caused by the hazard events. Use should therefore be made of the
historical archives, newspapers, modern interpretation of satellite images and aerial photographs,
and interviews with the local populations.

o The general public, the local authorities, emergency response personnel, EMD staff, and the media
should all be informed and trained on how to effectively and efficiently report on disaster events
utilizing the web-based user interface. In this project a first attempt was made to make such a web-

H$960630 00 LE3000090006 3938069000, 01 HMZMM Foo3M(39eM™b PbRMETo300
39oLHMMBYMo d3m3emgbgdol Bgbobgd 0b¢hatbahhadbmemmmangddsg oxmydbgdymo
LEIMIbIdHGOM™M 06dHIMRILOL ZodMYgbgdm. gobbmM0g9emMgdYmmo 3Gmgdhom
339mb0d 306390m0 309 MBY, 30hoLAHMMEgdoL Bghymdnbgdol 3o8boc 8ggddbogmoym

899mbbigbgdnemo 0b¢haMbghhagdbmemmzgngddy oa3ydbgymo bdmdbdatgdemm nbhgbagobo.

bogobagOm LohyoE0gdol FoMmM30L g3 HOBgbHB> dmMBo30emB03 PO gobogMdmb od
Lo30mbBg 3JoMdd O FMBb3oEgdemob LodoOmMgdgdobo o dmMmMbm3zbgdol SBoemoBol
LoxYd39tmBg 3ooBOGMNMML O EOb3gBML v3em030300.

o GIS-0b ©Y3990 o IMbo398900, GMIMId0E godmygbgdymod shemobidn Logmmbggodol,
dmBy3emomdnLbs o ®ob3ol Hy3900L 8939353900L 30860m, d9bobyem b 0gbgl
3m03309h9m0b bg®39MmHBg o dmbeogl Bobo goBooMgdS O gobobemgds 03 MMaLbNBOE3gdL
3096, HMmAm9d0E 30bybobdzgdgemo 96006 bbgoobbgs mgdodhyto bozombolb dmbogdgdmes
3m3m39d0Lo o dm3Bogdody. Yo gobobodmammb mgdodyto i3gbgdol dmdBogdobe
o 3obobemgdol 3obybobdggdemmdgdn. bobgmmdBomm mMaobodo30903ds Pbod 8godndomb
96 m™m369m0 ,b3ME30m0 dMbOEgdgdEL PBAWMOLHGYIHYMO” o gobLOBMIHME dMboEgdms
QM®3o¢h0, 39dodmbo3gdgo0, 0BRGP 0bgME®Bo300L 89zHM3900L, d960b300,
3060bemgdobe o 3oBootmgdol bihobrothgdo.

based user-interface for disaster reporting. However, EMD should work further on this and extend
this application, based on a thorough analysis of specific user needs and requirements.

o The GIS maps and data that have been used to generate the hazard, vulnerability and risk maps
in this Atlas should be kept on a web-server and should be shared and updated by the various
organizations responsible for each of the thematic layers. Clear responsibilities should also be
defined regarding the various thematic layers. Furthermore, national organizations should set-up a
national Spatial Data Infrastructure, and define specific data formats, metadata, and standards for
collecting, storing, updating and sharing the digital information.

o National universities should be included in carrying out research aimed towards the further im-
provement and development of the hazard and risk maps for Georgia, and should also be given a
task in transferring the knowledge, through the establishment of short term professional courses,
on hazard and risk assessment.

6 93M390000(30900
Recommendations

® 96039Mbo¢h9h900 09HoyMoe Y6 RoghHommb 33cmg300 bdBomgddo, Homs dmbogl
Logdo®mmggemmdn bogHmbggdobo o Hobzgdol (Y3900l Jgdamdn goyndmdglbgds. dom
00939 6o PBGYO639tMYMb o gdyemo 3MEbOL goBootgds LogMmbggdobs o Gob3zolb
99030b900b Ggbobgd dm3zemg 3B m®gLoymmo 39MLYdL d99360L 3g839md0m.

® 0MHOLFMOZOMIM MMZob0Bo309030 YOS d9oLMHYEME 3608369cmm3060 Hmemo
bodo®mmzggemmBo ,30hoLHOMagdob Hob3ob 8gd0Mhgdol” Logddgdo o sdhoyMo
ImboBoemgmdd 300mmb 93900l mbgdg LoggGmbggdol, dmByzmmomANL,
99LodemgdMMB9dNLY O MLl dga3obgdol 33¢m9390d0. Jom goodByzgho Hmeno
16000 0000359mb 1930l EMbgdg Molzol 3m3YbozsEobo s 393;306900L WMBLdngdgdols
306bmM(309¢m90080 03 308360m, HMI 50a0TNMOMN30 ImMbobemgmdd Gobzolb 3g3;306Hgd0l
36 m39L80 303060 dIHMMO gobrogl.

Logo®M39emMmL F:NO3MMBOT 30dObHMMNIdINL Hobzob d93;306H9000L bozombgdo Yo
RoGmmb 439yb0b yzgeme 3608369emm360 oMZ0L gob30:moMgdoL 39adado s yzgmo
mbgBg. dbg3g dobobmEEgmMmL Mob30l 8ga30Lgdol bobgermadmaobgemm domnmgdgde
00 390030m0bBBML bog®mbggdobs o Hob3zob gbobgd 0bgm®MdsE0s LogmE30m
000393306 g00Lv o 3BL/Lbgd-0b 3GrmEgLdo.

Non-Governmental organizations can (and have) play(ed) a major role in Disaster Risk Reduction

in Georgia and should continue to be actively involved in the development of community-based
surveys of hazard, vulnerability, capacity and risk assessment. They play a vital role in effective risk
communication and effective implementation of risk reduction measures at the community llevel
that allow the people living in these communities can be defined as key-actors.

The National Government of Georgia should actively seek out opportunities to incorporate Disaster
Risk Reduction into their own development planning methodologies in all of the relevant sectors
and at all relevant levels. The implementation of these guidelines in risk assessment and incorpora-
tion of hazard and risk information into spatial planning and EIA/SEA documents should therefore
be mandatory.
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0bgym™mavz00l Bgothrmgdo
Source table

dmbozgdgdo/Data ho30/Type moMomo/Date Byostm/Source 3m396¢hoto/Comments
39th9mOMEMZ09M0 LMo 1 Badhoemz060 890330000 - 396990 9B ™36 booggbhm 81 bogn®o
Meteorological stations 1 Point shape file National Environmental Agency (NEA) 81 station
6ogmgdgoo (33) 3b®ocemo 1881-2010 30Mg3mb g m36emo booggbdhm 83 boaynMo
Precipitation (mm) Table NEA 83 station

39 gmBHmMEmz0onMo LoanMmgdo 2 (mm3emob bogga®ol bom®adg) Badhoemmz060 8903a3000m0 _ LOEaNM9OOL 3gMEHOBRYIMO 90T IOIBIMBS ZoBoLOBM3GS d39emn HMIMZMOBOYMO BP3900bd O gHMZIFMLObYMMYdgdal 3odmygbgdom 193 bogyto
Meteorological stations 2 (Snow avalanche depth) Point shape file Stations were located using old topographic maps and aerial images 193 station
MODIS-0b ;m3emol bogoto HDF-EOS 2005-2011 MYD10CM-0b ;xm3¢m0b boagoto 6)38«)@3300: 530
MODIS Snow cover MYD10CM Snow Cover (NSIDC) Resolution: 5 km
0m3mob boggo®ob Bemoyo dogdbodoemy®mo bow®ag (b3) 3bMogmo 18911965 LOdgM™MO 3038060L 30m0BoHYMO (36MBIGN 193 bogyto
Yearly maximum Snow Depth (cm) Table Climate catalog book of USSR 193 station
3000OHMMma0yMo LoagyMgdo/bogydogmgdo Ba®Hoenmzabo 9go3gonemo _ LoaNMgdOL 39MaMHOBRYMO 03NN IOIMIMBS 3oboLdBM3MS d39emn HMIMMOBYMO MY3900Ld O gMMETMLEbYdgal 3odmygbgdnm 108 Loggyho
Hydrological stations/posts Point shape file Stations were located using old topographic maps and aerial images 108 station
30006060l dogdbndocmy®o bodo (3%/63)/bodogmeng (b3) 3bGogmo 19251992 396039, “39hOLHG®BY0 Bydoem0mdgd0, BydsemIM396MH6900 O M3MEMBYMMO dm3emgbgda, 108 Loayto

River maximum discharge (m3/sec)/Height (cm) Table L. Tsanava, “Catastrophic floods, flashfloods and mudflows in Georgia” 108 station
MODIS-0b bobobdMomo hgbohmMogdo GeoTlFF MCD45A1-0b 000363560 hatodhm®0gdol sboemodo M9dmemyos: 500 3
MODIS Burned areas 2000-2011  \icp45A1 Burned Area product Resolution: 500 m
©0030dboMgdm0 Mm3emab 3303990 3me03mbyMo 39033o0amo 306 g3mb 9m3bnmo booggbhm 621 dm3zemgbo
Snow Avalanche historical data Polygon shape file - NEA 621 event
0ox30gboMgdyemo dgbytmgdo Bathocrmgobo dg03@3o0em0 ~ 396 g3mb 9B m36nmo Looggbhm 690 dmgemgbo
Landslide historical data Point shape file NEA 690 event
©00030db0MHIOPO M3IOEMBIV0 Ba®docmmgobo 3gndmonemo _ 396 g3mb 9o m3bymo bdoggbdhm 230 dm3zemgbo
Mudflow historical data Point shape file NEA 230 event
©0ox30dLotMgdymo J3omo (33960 Badbhoemmz060 890330000 _ 306 gdmb 9HM363em0 boogbhm 113 dcgemgbo
Rockfall historical data Point shape file NEA 113 event
©055304boemgdYmo d06obdztgdn 696 dHoemm3560 890335060 4532009 0em0ob bobgemdBogm Pbo3gmlbohghob gEodnbol d93LEo3emgem 39136096 gd0md 0bbhohaho (L9oLdyMo dmbohmM0baal (396dM0) 2006 dmgemgbo
Earthquake historical events Point shape file Ilia State University, Institute of Earth Sciences (Seismic Monitoring Centre) 2006 event
Lodommob (30530 Ymo ImEgemo GeoTIFF 2011 ASTER GDEM o&ob METI-b 00 NASA-L 3mygdho M9Bmemyizoo: ~30
Digital elevation model (DEM) ASTER GDEM is a product of METI and NASA Resolution: ~30 m
38900 bodm3060 3903xw00¢m0 2003-2009 $9mmgbeon & CENN dobdhodo: 1:50,000
Roads Linear shape file Geoland & CENN Scale: 1:50,000
63060380 bodm3060 8g03a3o0emo 2003-2009 $9memgbeoo & CENN 3ob3hoodo: 1:50,000
Railroad Linear shape file Geoland & CENN Scale: 1:50,000
69300mAbo©g60, 3oBLogbo bodm3060 3gn3a3o0emo _ CENN

Oil, Gas Pipelines Linear shape file

3000OMMMZ0d bodm3060 8g03a3o0emo 2003-2009 $9memgbooo & CENN 3oLdhodo: 1: 25,000
Hydrology Linear shape file Geoland & CENN Scale: 1: 25,000
Bgoarbogaggdo, hogdo 3cep03mbyMo g03300¢m0 2003-2009 | 596P06©0 & CENN 3obdpodo: 1:50,000
Reservoirs, lakes Polygon shape file Geoland & CENN Scale: 1:50,000
obobemgdyemo 3nbdhgon 69O H0gmm3960 8903030060 2007 $9mem9beon & CENN 3ob3chooo: 1:50,000
Settlements Point shape file Geoland & CENN Scale: 1:50,000
9003060bAHGMOEYM0 9HMNIYTNId0 3mm0gmby®o 3903000em0 2007 $9mem9beon & CENN

Administrative Units Polygon shape file Geoland & CENN

3060b Loggoto - 1 3mem0amby®o d903x3000m0

Land cover - 1 Polygon shape file

2003-2009 Geoland, State Cadastre, CENN




dmbo(399900/Data

h030/Type

omobomo/Date Byotm/Source

3m3g96¢hoMon/Comments

3060bL Loggoto - 2

MCD12Q1 3060b Loagomo

©9Bmemyzoo: 500 3

HDF-EOS 2009

Land cover - 2 MCD12Q1 Land Cover Resolution: 500 m
9d9bmogdn 3me03mby®o 3g03xs0emo 2007 State Cadastre
Buildings Polygon shape file
3000 Mo Bmbgdo JPEG 1064 bogdotmmzggmmb odhemobo, 1964
Climate zones Atlas of Georgia, 1964
330em3900b 330 JPEG 2006  8°090mb 9Om3byemo booagbhm 8L3hodo: 1: 2,000,000
Drought map NEA Scale: 1: 2,000,000
bgBhyzeb B3 PEG 2008 3o6g3mb gHm3byemo bodggbhm Bobidyodo: 1:2,000,000
Hailstorm map NEA Scale: 1:2,000,000
39M@MA00 3mm0gmbnMo 39030300em0 ~ 9. 399gMgemadg 3obdodo: 1: 1,000,000
Geology Polygon shape file . Gamkrelidze Scale: 1:1,000,000
39MIOBME®300 3memogmby6o 39033000 1964 bogo®mggapmb obemobo, 1964 3ob3hodo: 1:500,000
Geomorphology Polygon shape file Atlas of Georgia, 1964 Scale: 1:500,000
9m9ddhOmgbghzos PEG »out bo.dc')6>m3ge'pmb 9696m39hn30b o dybgdMn3z0 6>§anﬁ)bgbob Lodobobhm; USAID
Electric power Ministry of Energy and Natural Resources of Georgia, USAID
396030 339090 Excel 2009 396 gdmb 9Hm369emo LdoggbHm; 0eMasl bdbgemdBosm PB039MLOGHIHOL 3Bl 8gabBogmgem 39136090 doM 0BLHAMHYHO
Cross-sections NEA, Ilia State University, Institute of Earth Sciences
Y9 3mm0gmby®mo 8903x300em0 2009 $9memgbeon & CENN
Forest Polygon shape file Geoland & CENN
O(3Y™o hgmohmM0gdo 3mem0gmby®o 39030300¢m0 2012 bodommzggmmb gotgdmb oE30L LddnboLHGML oYM Hadodhm®m0gdolb booggbhm
Protected Areas Polygon shape file Agency of Protected Areas, Ministry of Environment protection of Georgia
bobobdHm-Lodod39em™ BgLYdYMId900 Excel 2012 Logbg g™ LogYoEgdol JoMm30L g3othodgbdho
Fire Brigade / Rescuer Utilities Emergency Management Department (EMD)
39mhOYmo 89833000609mdob dgaemgdo B9 homm3zobo 8go3aggonemo 2010 $9memgbon/Jumpstart Georgia
Cultural heritage Point shape file Geoland/Jumpstart Georgia
Lg6360MMgdTM BgLYdIYIM9dg00 69 Homm3060 8gn3agonemo 2009 $9megbeon/Jumpstart Georgia
Educational Facilities Point shape file Geoland/Jumpstart Georgia
L3g0EbM OBgLYdYEMgdgdn 69 H0mm3060 3gn3azonemo 2011 $9memgbeon/Jumpstart Georgia
Medical Facilities Point shape file Geoland/Jumpstart Georgia
3mbBo3mM9gd0Ld O b3Mmodo dmdndogzg 39Mmbmbagmoly bogoBgd boggorogdoel BoGmgal g3s6GAsBg6Ko
Homgbmds Ld3Mgdymmgdol dobgz00 Excel 2009 o e BT e ()
Number of Pupils and school personnel per community
l;;):g‘)@%g??: 2;)6;) @{(1?0:‘;bbgzgspoe:§)m e Excel o LogdoMmm3gemmb BrmAB0b, $963MMgemmMBoLY s LmEodMYGO OE30L bddobobhtm
Numti? of medic3al gegi n?edical pgggnnel DAY xce Ministry of Labour, Health and Social Affairs of Georgia
bmEoSEYOIE ©EOYE3II0 Bmgoogdggdel wo Bgdrywymo
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303690 8980b3930b boggdzgemdy.
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7.8939demmom 60ob3ob mbob goblodmamol gobbm®ngmgds mgd39bl 3Goghnzodo.

396bo 899360cm00 y39emobomzol, 306(3 6o gobobm®Engemmb MHob3olb dga3oligdo o
bodoMmgdL 3MEBOLO O YOOMUL GIS-0b 3odmygbgdnm 3G MEgEYMIONL Bgbtymgdnbomaab.
9bgbo dg0demgde 0y3696 3 MBgLoMbOTNgdN, BMIcMgdos 3xdomdgb NGO-bo o bodmoghmdm
mMzob08o309030, GMAMId0E 30330630 9M006 Jo¢hObHGHMREL Gob3zob 39698396t mab. gb
396Lo b939 d90dmgde 3odM0yYgbmb 069J0bMYd3s, S Johgdhmgdds, ggmamoaoobs s
30093mb o330L L3gE0OEbHdTS, Y6039GMLOHIHOL FobBogemgdemgddy. boby®magemoy,
B™HO™gbo BomImagbs ggdmbogm GIS-0b 3ggmbonbggm®adsgom bobdhgdol Bgbobgd, mydie gb
06 960b L3O EIIYMM, HOEZd 39OLOL 6d0F-b500% Bogmemo dmboBomggdlL bodyoemgdol
30L393L, LEMO@O® v0:M30LMB GIS-0L IGMaMdol Fotmmzobomz0L bogomHm doMomon

9606 g00.

396bob bydygdyho

396Lo 99003900 Hgb0dg Lgboobogsb. J3gdmm dm3gdyemos bgbogdolb dm3emg o
©00636H0mgd0mo oboo®bo.

Lgdnbotmo 0: Bgbogomo.

396Mbob 3gbagoemo, 086900, bLEYIHM, ©39dYM9ds, LagomHm Bobogmol dblbo-
306306 Hgde.

SIRG[OIERH] ILWIS-0b 3maMadynemo n8&1nb3gemymaol 0bbhoemsiod.

Lgboo 1: gbogomo 3o¢oLhOMagdol Mobzol FoMmgolmob JndoMmmgdado.
Bgbogoemo 30hobdmmalb bzl JobHmgobo s Mabzob dgmebgdedo.
IRENGRIEVR bogyhobol 3Gmaznemol 89gabs 3ohobh®mmazgdol 8gbobgd dmboggdme do89d0b
300mygb9000m. dgbogoemo ILWIS-0bo o Gobabomol dmbogdgdolb dgbobgd.

Lbgoobbgo bogmmbol 3G MIM9dgooL dgbbogems domomo go®mRgzomMBNL godmbobymgdgdol
d9a30bgd00.

The world is confronted with a rapidly growing impact of disasters, due to many factors that cause an increase in the vulnerability of society combined with an increase in (hydrometeorological) hazard events related to climatic change. The possible impacts of hazardous events are large, espe-
cially in developing countries and governments have to incorporate risk reduction strategies in development planning at different levels. The evaluation of the expected losses due to hazardous events requires a spatial analysis, as all components of a risk assessment differ in space and time.
Therefore risk assessment can only be carried out effectively when it is based on extensive, multidisciplinary studies on the basis of spatial information, derived from Remote Sensing and other sources. There is an urgent need to include the concepts of disaster geo-information management into
emergency preparedness planning, spatial planning and environmental impact assessment. This requires capacity building and training of disaster management experts and professionals, such as planners, engineers, architects, geographers, environmental specialists, university teachers etc.
The Hyogo framework of action 2005-2015 of the UN-ISDR indicates risk assessment and education as two of the key areas for the development of action in the coming years.

Objectives

This course deals with the procedures to collect, analyse and evaluate spatial information for risk
assessment from natural and human-induced hazards (such as geological hazards, hydromete-
orological hazards, environonmetal hazards and technological hazards). The course will guide
you through the entire process of risk assessment, on the basis of a case study of a city exposed
to multiple hazards, in a developing country (RiskCity).

At the end of this course you will be able to:

1.understand the concepts of hazard assessment, elements at risk mapping, vulnerability as-
sessment, and risk assessment;

2. formulate the spatial data requirements for risk assessment;

3. generate an elements at risk data base using GIS;

4. formulate the requirements of hazard data and methods;

5. apply various methods for vulnerability assessment;

6. generate risk maps using qualitative and quantitative methods;

7. have insight in how a risk assessment could be carried out in your own situation;

This course is designed for all those who have to carry out risk assessment and need knowledge
and skills on the procedures to do that using a GIS. These include professionals working in NGOs
and governmental organisations related with disaster risk management, but also professionals,
planners, engineers, architects, geographers, environmental specialists, university teachers.

Some basic background in Geographic Information Systems is desirable, although not strictly
required, as the course follows a step-by-step approach which allows participants to rapidly
acquire the basic skills in handling GIS software.

Course structure

The course is composed of a number of sessions. Below is a summary of the sessions and de-
tailed content.

Session 0: Getting started

Introduction to the course, objectives, structure, and set-up. Explanation of the avail-
able materials.
Install ILWIS software.

Session 1: Introduction to disaster risk management

R introduction to disaster risk management and risk assessment.

Generation of a hazard profile using disaster databases; Introduction to ILWIS, and
introduction to the RiskCity dataset. Learn the various hazard problems by evaluating high reso-
lution images.

Session 2: Obtaining spatial data for risk assessment

Presentation of data requirements for the various types of hazards. Sources of spatial
data.

Defining spatial data requirements for risk assessment; Internet search for informa-
tion on risk assessment; acquiring free and low cost data; generating three dimensional image
data using Google Earth; stereo image interpretation.

Session 3: Hazard Assessment

Hazard types; Main concepts of hazard assessment; Frequency magnitude — relation-
ships.

Frequency assessment; Selection of hazard assessment example (flooding, land-
slides, earthquakes, technological hazards, volcanic hazards etc)

Session 4: Elements at risk assessment

Types of elements at risk; classification of buildings, infrastructure, lifelines, critical
facilities; population information; collection of elements at risk information.

Generating an elements at risk database from scratch; Generating an elements at risk
database using available data (building footprint map, census data, etc) ; Participatory GIS
Session 5: Vulnerability assessment

Types of vulnerability; social vulnerability; physical vulnerability; methods for vulner-
ability assessment; participatory GIS; Spatial Multi Criteria Evaluation

Defining vulnerability curves; Spatial Multi-criteria evaluation for vulnerability as-
sessment



bgboo 2: Mobzob gxobgdobomgzgolb bago®mm bogdmEymo dmbogdgdols
dm3mazgdo.

3mbo3g9mo LogBMYdYNL 369896HoE0S bbgowolbgs hodol Lo mbggdabomgab.
Lo3®OEYO 3mbO3939d0L Bystmgdo.

IEEEIOR LR Hob3ob 89030L900bom30L boga®m bog®EYmo dmbogdgdol dmmbm3abgdol
©0003960. ®0ob30b 3930Lgdobomz0l Logotm 0bxMMIdEEL dgdbs 0bhgHbghom. Mos o

00000 MO 9d0L IMbOE3ggO0L ImIM3gde; bdgsbdmBoemgdnsbo godmbobyemgdol
dmbo399900L BoMdmgds Google Earth-ob 39839mdom. LM gmaodmbobymgdols
00Gh9MH3IG9HOE0.

bgLoo 3: bog®mnbolb dgagoligdo.
bow®mbggdal Ho3gd0; LogHmbggdol dgmabgdol doMoman 3MmBEIREIIN;
Lob3oMmobo o Lodemog®mob (ogbogyd) YOMoghm 333060,

IEEEIGRERIEE Lob3oMmob 39030bgde; bo®mbggdol 3ga3oligdol dogommomgdnl dg®Bgae:
Byomomd, 3g6ymgdn, 3060bd3mgdo, Bhagdbmemmaonmo Lo mbggdo, 3m3069M0
30hobhdmxgdo oo Lbs.
bgboo 4: Gobzob 3oGmob3ot dymas gemgdgbdomo Jgaobgdo.
60b30b 306H0b306kH dgmez 9emgdgbhmo (Ho3gdo; Fgbmdgdal 3emolinggozano,
00g®OLAHGYIHIGY, LobomEbemm vYE30TgdIMO 337603030900, 3M0h03Yemo B39dMBd0;
003mG35(300 Imbobemngmdol dgbobgd, Gob3zob 30Gmob3oM dyma gemgdgbhgddyg 0bmm®ads00l
9936 m39d0.

IRERCRAIER ©H0b30b 3060b306M dymazo 9emgdgbdhgdolb dmbogdmo doBob BoMmdmgoy;
©0ob30bL 306H0b30t Iymazo 9emgdgbhgdol dmboEgdms doBob Botmdmgds bgemdobobzomadn
9mbo399900L godmygbgdom (896mdoms bo330emg30L GY30L 899abs, LihohoLhHoyMo
9dmb0(393900 (oo Lb3.); MBEIMbIBoENgMIMN30 GIS.
bgboo 5: ImByzmOEMINL 3odmMo6adMNdgds.

BmBy3emomdnl hn3gdo; bmEoseYMo Botomo; 13080310 BoMHomo; BoMommol
39930b900b 3gMEIdN; MO6IMBIBNENIMOMN30 GIS, bogM 3000 B3B3 3H0HIO0Y060
d930bgdo.

UREROR LW h L dmBygemomdnl 3ol oagbs; dmByszmomdolb 8ga3olgde bog®Eomo
96030300 gem07nd0sbo 3gmmeol godmygbgdnm.

LgLoo 6: ®obzolb 3obbodmamo.

006030630b 3930Lgdab dmEgemgdn; HAZUS; m30bmddogo Mobzol gmebgds;
©0b30L botobbmd®mogzo dgm30bgdy; Bydsemmomdnl Mobzol Loagydzemgdo; bgobdymo Gob3o,
396yMobo o hggbmmmgon®o Mobzolb dgazoligdo.

URRRGALE R ©0b3ob 360l 899360; Gobzob 8gxobgdol dgmmegdol dgRgse:

Session 6: Risk estimation

Loss estimation models; HAZUS; qualitative risk assessment; Quantitative Risk Assess-
ment; basics of flood risk, seismic risk, landslide and technological risk assessment;

Creating risk curves; Selection of risk assessment method: flooding, earthquakes,
landslides, technological. Multi-hazard risk assessment.
Session 7: Risk management

Risk evaluation; risk governance; risk communication; cost benefit analysis; Using risk
information for emergency planning; spatial planning, and Environmental Impact Assessment

Use risk information for disaster preparedness; Cost benefit analysis.

Session 8: Final project and examination
How to do such a study in your area?

FNEINITI[EE Selection of project topic related to risk assessment and its use in risk manage-
ment

multiple choice exam.

BgomEomdd, 3060Ld3tmgdon, 3g9Bytgdo, hgdomemmagoyto bogdmbggdo; IMO30tMa30M0
Logg@mbolb Mobzol dga3obgdo.

bgboo 7: Mobzab dommgo.

60b30b gomzmo; Mol3ob BoHM3; Mob3ol 3:3n6030300; HYbHIdgEMdNL
(Bmbey 3969@30¢h) 960¢m080; B0b306cMEMTE00L 3odmyghgds Ldgobzgdm dgmIotgmdnl
00393330L0m300, LO3OEM OggzTMIILL s FohgdmBg Bgdmdaggdol dgazolgdodo.
URESIOAILEIOR I G0b30603m&m30300b godmygbgds 3odobdhmmaol 60bsomadgy
38000yma3b60Lm30L; B9bHOdgeMMBOL dBoMB0.

bgboo 8: budmmmm Ihmgdho o odm3wo.

ORI HmgmM gob3obm®Engmmm obgmo 33emg3s 9396L HaMohmGoody.
Lodmemmm 3Mmgdho: Gobzob Bgnobgdobmeb o303806mgdYmo 3tmgdhob mgdob dgmAgse o
30Lo godmygbgde Hob3oL Johm3z0d0.

LRLLIECRE 060300m30L7b0060 habdhoob LBMMO 306H00bHL vGRg3o.

bo¢y®gbobgm doboemgdol vgg9dYmgdo

Loh?Mgbnbam Fobogmgdo 890gg00 89900930 3m33MbgbAHIdINLOZO:

Lobgmddmgobgemm Gogbo

99003900 8 M030bd o gLogem0lLogob, HMIgmbL NLg!MN3g ©3gdYTNIdS ©93L, Hmam®a3

893mbLgbgdym Lgbogdl. Lobgemddmazobgemm Bogbol Mmommgymm Lgboodo BoGdmagboemos:

o [OL[UIGTh WG INWEE Gmadgemo 3938nmmdol gogobgzm bgbool gobdogemmdsdo,
037990L 30306 mgmtMoyem v1399Hgob o dmoo3l dm3emg O39emgdgdL, 3000b3gdL o
13938060900 dgLdodob 06dhgEMbgdhboohgodb.

o [CREBwhlLlH bobgemddm3obgmm 603630 mgmMobmob 9hmow md396 n3m3zom 093H
00m(39600, boSE MoMbM39b goM33919em0 330Mg O30¢mgdgdL JgLYmgdsl, MmMmBmgdos

003903560 gd0m, 1390 gO0z3Mm MIMMOd O godmoyggbmom ob mg3gbl 3Goghnznem
Lg3006MdT0. 3 O39¢MgOINL Jobybob Bohagbo o9& &b LogoGm.

o (LB ERBIGIELIR — yggemo LgLoob 0gd3L M300899mEagd0L habho.

LY 0535¢h90000 bo30mbo30.,

®ob3bomab Logo®E0dmgdolb Bogbo

©0L3L0MOL LOZIGFBMMO VMBIMY. LZIMFBMIdO 0LYs OBgMOM, BMA bodoMmgdol
999mb3930830 bhngbHgdds BgolMmyemmb dmddggde GIS-0b 3odmygbgdnm. bogo®yndmgdal
39bEYeMgdol 0bLAHMYI 30900 Bm3gdPem0d LM (9.6. “LodBoMgnmm Bogbol” Lhnemdo).
obg O™, Bomo gobbme(309emgde 93000 03 J06HgdobmzoboE 30, 30boE dGMOBEMO
300mM30eMgdd 96 9g3L LWIS-0b 3GMaMhodod0. d6LgdmdL 300093 odohgdnmo [o0Rg30:0]

Structure of the training materials
The training materials consist of:

A guide book, consisting of 8 chapters and an introduction, following the same structure as the
sessions explained above. The guide book will contain for each session:

o NIEELIEIEIBEEGINEH which guide you through the session and which contain theoretical
parts, highlighting the main theoretical aspects, mixed with short assignments and questions,
and links to relevant internet sites.

° mixed with the theory of the guide book you will find a number of taks where you are
asked to carry out certain small assignments, which will make you understand the theory
better, and apply it to your own situation. The answers to the tasks don’t have to be submit-
ted for the course

o SIS EH each session has a selftest.

() Further reading

A Risk City exercise book

RiskCity exercise descriptions. The exercises are written in such a way that whenever students
have to carry out an action with GIS this is written in a light green box. Normally the exercise
instructions are given completely (so-called “cook book style”) so that it is easier to carry out
the instructions also for people with no experience in ILWIS. There are also additional optional
exercises which require more knowledge on the software, and which are indicated as “Optional

LO30MF0IMd0, HMBgMMS Jguhyemgds IMombmal v3 IO MaMTob YBGOM MEBS (3MELOL:
“Optional exercises for experienced ILWIS users” (o®Rgz0mo bogo®myodmgdo LWIS-ob godm3e00emo
3m3b3o6Hgdemgd0bem30L). 935bmob, 06LAHMYI309d0 oG 3G “bodBotgnmm Bogbol bhnemdo”
©o 3m0mbm3alb 030b (30BLL ILWIS-0b 3m3bdotgdemgdabogob, my Gmame goodtob
3903990 (L39(300303960) 3MIMY3gd0 LWIS-Lmob ghmo. LWIS-0b godmyigemads
3m3bdotgdemgdds obobyolbdn dg0demgde godmbmamb gb bogotmzndmgdo.

DVD

LobBogmm 39MLoL DVD dmoEogLb 899cga doboemob:

® 99bo390m0 30009™M bOLBOZTM 3MHLOLOMZ0L.

o ILWIS-0b 36mamods dmdbdodgogmmomaol, odbdomg Lobgmmaddm3aobgemmbmeb ghmoc.

® 396Lob gobogmgmo bodo®mm dmagnghmo bbgo Bmaowo 3hmg®mods (Acrobat reader o
Lbs.).

o Lobgmddm3ob69emm Bogbolb mo39d0, HmamM3 PDF-0b G3vnmgdo.

® ®0ob3Lbomob Loz FOIMGOOL oMBYMY, hmagm3 PDF-0b g3o0emgodo.

® Mob3bomob bgo®mF3MgdL JMbO3gagd0.

® 099M30009™g00 GH0ob3LoML bgs®FIMgdol BoBogmal dboblbgmoro.

exercise for experienced ILWIS users”. These instructions are not in “cook book style”, and
require more knowledge on how to solve a particular problem with ILWIS. Non experienced ILWIS
users might like to skip these exercises in the beginning.

ADVD

The course DVD contains the following materials:

e An introduction video for the course.

e The ILWIS software with its users guide.

e Some other generic software needed to follow the course (Acrobar reader etc.)
e The Guide Book chapters as PDF files

o The RiskCity exercise descriptions as PDF files.

e The data for the RiskCity exercises.

e Demonstration videos explaining part of the RiskCity exercises.



H9ge3obmo engdLlinzmbo
Glossary of Terms

dobomgdo Mobzo/Acceptable Risk — 3gbodemm ©o6539603900L 0b MY, Hmdgmo
30bomgd00 LEBMSPMYONLMZ0L ©6 MgdoLm3z0L, SGLYdIYMO bmEoomYMO, 93MbmTn3yMo,
3mm0h 039600, 390H YOI, H9g6039M0 S 93MMMZoY®O 30OHMOJNEVL godmBE0boMy.
The level of potential losses that a society or community considers acceptable given existing social,
economic, political, cultural, technical and environmental conditions.

d03¢ogoo/Adaptation — 33emoemgdgde 8369603 96 Lmoomy® Lobngdgddo 3cmodabob
26LgOYe 06 ImboemmEbgem 893mJdggdgd98g 06 dom 3900939089 bo3obybme, Hm3gmmo
LOYOEMYIMOE brogds Boobob 3gd306gd0 v6 bgemboy®gmo 30eHmdgd0L godmygbgds.

The adjustment in natural or human systems in response to actual or expected climatic stimuli or their
effects, which moderate harm or exploit beneficial opportunities.

domenmgoy®o boggdmbg/Biological Hazard — m6asb1emo 6o6amdmdol 96 06xgdizoolb
B0mE™M30Y&Ho gooddhobgdom gob3ommdgdymo 3G m39Lo 96 dmamgbs, dom dmMob,

0bgm0o 3:mMa9byM0 303 MMEZ60339d0L, Hmglobgdobo o domogdhoy®o bozmogtmgdgdol
899mgdg0gdo, HmBmgdas 0639396 bozzomb, bbgymmob oB0obISL, O35g09dL o6
$960609mmO0LMOb 3938069079 Lbgo 3rMmdmMydgdlL, Jmbgdol oBoobgdol, bootlgdm
Bgo®mgooLbs o 30HMOgd0L dmMBeol, LemEFoMY® O 93MbMI03YH GM3930L o6 ZoMhgdmb
©08006900b.

Process or phenomenon of organic origin or conveyed by biological vectors, including exposure to
pathogenic micro-organisms, toxins and bioactive substances, that may cause loss of life, injury, illness
or other health impacts; property damage; loss of livelihoods and services; and economic economic
disruption: environmental damage.

Lo3dgbgdmm 3megdLo/Building Code — 03 d6dobgdnmgdgdL o6 06LHGIJ0gd0bY

0 3500006 03038060907cm0 bihobEOMHIBOL gOHMNMITMOMOL, HMITMIINE O3MBHGMEgdgd
996mM00-60390mMmd900L 3B mgdhotgdol, 389690cmmdnL, Loddgbgdemm dobogmgdal,
330m0em903900bd OgdIMYghgdol obgm dL3gdhgol, Gmamgdoi VBMYE39mMYMM 9L dsd0obgdaL
BoBOMbMgdOLY O 39000eMEMIMBLL O FgbMOO-653gdMdgNL 3g09aMdOL.

A set of ordinances or regulations and associated standards intended to control aspects of the design,
construction, materials, alteration and occupancy of structures that are necessary to ensure human
safety and welfare, including resistance to collapse and damage.

3mb9booemo/Capacity — 09330, bodmgoEmgdobs my MMZo60830080 9MLYdYMO y3gems
00 dgmog®o dbomob, m30b9d0Lo s MHglYHOLOL gHNMITMOMBL, HMBgM™MO godmygbgdos
9Lodemgdgemno 8gmobbagdyemo 3086900L JoLomBg3zc0.

The combination of all the strengths, attributes and resources available within a community, society or
organization that can be used to achieve agreed goals.

3m0dohob 33emoemgdo/Climate Change — () 30030mdm03mG0Lo Loddm 3emodahob
33em0emgd0b bo3ombgddg (IPCC) 30m0dohob (33¢m0emgdol 393c09abonMow gobdomdosL:
»360000¢0b 3eogmBoMmgmdnL (33¢m0emgds, HMB0L 00096dh0x030300(3 Bgbodemgdgmos (303.,
LhOBHOLAHNIYOO 3B0HIM01Bgo0l godmygbgdom) bobadmmngn 3gGomeob, R3gymgdMos,
dmBm9nmgoob o6 ywdm 3gdho bbob gobdogemmdodo, bodyomm doR39690emgdol 96/00 domo
®30b909000 (336m0emgool bomyndagmBy. 3em0doholb 33emoemgde 390demgdd 3odmoB30mb
30000 0969060330 3 M39gLgddo 06 oMy dogmgdds, o6 shIMbmgMmb d90g39bnemmdslo my
3060mbohggdemmdodn 3030boMg 390080330 SbMMHM3IMagbyMads (33¢m0emgdgdds”.

() 3996H00069d9¢m0 96Hgdal Bo®mBm 3mb396(300 3¢m0dohol (33¢cmaemgdal dgbobgd (UNECCC)
3m035¢hob 33em0emgd0lb 8980093600600 gobdomhogL: ,3cm0doholb 33emomgde, HmBgmmos
30600306 96 96306/ 0306M 3ob30OMOJOYE0S 3030060b dHIMLBIO®L gemmdomy®o
390500396cmmd0L (33¢0emgdol 3odmaB3930 Ldgdnobmdnm o GMIgeMas vdemngtgdl EGMmOL
890006090000 396H0mMgd0l 3o63o3emmdsdn iagdboMgdnmo 3tmododol dbgdMos ygzgdl” .
(@) The Inter-governmental Panel on Climate Change (IPCC) defines climate change as: “a change in the
state of the climate that can be identified (e.g., by using statistical tests) by changes in the mean and/
or the variability of its properties, and that persists for an extended period, typically decades or longer.
Climate change may be due to natural internal processes or external forcings, or to persistent anthropo-
genic changes in the composition of the atmosphere or in land use”.

(b) The United Nations Framework Convention on Climate Change (UNFCCC) defines climate change as
“a change of climate which is attributed directly or indirectly to human activity that alters the compo-

sition of the global atmosphere and which is in addition to natural climate variability observed over
comparable time periods”.

bogobggdm Logyozegdob oggad3zs/Contingency Planning — ds6Gomgob 3GmEgbo,
HmIgmob 39839Md0m0(3 beogdd 08 3mb3Mghnmo 3mbgboyo dmaemgbgdol 96 gbodemm
LohnoE9d0L 3oobogmoBgde, HMBMgddss 890demgdo Lo mbyg 391943606 LoBmaomgdsl
06 3oMgdmb o GHMAgeMa(3 BobobBM gobbodrmatogh Bmadgol vdg306 dm3zemgbgdlo o
Lohyo309d89 EEMYMO, 9B9gIH0V60 O bomobom Hgognthgdobomaab.

A management process that analyses specific potential events or emerging situations that might
threaten society or the environment and establishes arrangements in advance to enable timely, effec-
tive and appropriate responses to such events and situations.

39hoLHOMRILMNO6 ddmemol 3mdgbiooema/Coping Capacity — so80069300,
m®go608o30900Ls O LOLEHIFZOOL YoYMABOm 30OHMOJOMSB, Ldgobzgdm LodhyoEogdbs my
30(hoLHOMBIOMOD god3em03900bd O FoMMN30L dgbodemgdemmdgdn dom by sMLYdYo
MgLyyMLgdobo o PY6oMgd0L godmygbgdoom.

The ability of people, organizations and systems, using available skills and resources, to face and man-
age adverse conditions, emergencies or disasters.

3Moh039emo 3603369cmmdol mdogdhgdon/Critical Facilities — Gmzmé Bggyemgd®os,
0bg bogebzgdm 30:0M9dgd80 LM YM, 93MbMIN3YMO Y 3odmMYgbgdemo M3ombEBMHOL0m
LoBMaOEMYdNL 96 M9dol dMHLYIMINLMZ0L vY30TMgdIMO BB 3IYMO Boggdmdgde, hgdbozno
®0099H900 96 Lobhgdgodo.

The primary physical structures, technical facilities and systems that are socially, economically or
operationally essential to the functioning of a society or community, both in routine circumstances
and in the extreme circumstances of an emergency.

3ohobdG®mad/Disaster — mgdob o6 badmaamgdolb 3ybdombomgdnl Lgkomdyeo
03930, HMBgbOE 006 sbemogl 0bgmo BOHNMILIHEd060 bmEnomyMo, Johatosmydo,
93mbm3037M0 96 93mmmz07MHo BoMomo s 898mgdggdd, MMM 3o33emo3900
9L 96 LBMZOEMgOOL Lozt Ggly®dLYdeMs o gbodemgdemmAgdom >t dgydemoo.

A serious disruption to the functioning of a community or a society involving widespread human,
material, economic or environmental losses and impacts that exceeds the ability of the affected com-
munity or society to cope using its own resources.

3odobdGdmazolb (303cma/Disaster Cycle — 30¢hobdGma0l 303m0 960l IGmgbo,
HmAemob 3ob6303cmmd0d0(3 bgobzgdm LohyoEngdL JoMH ™300 IMboBogmg 306gd0 9dBogdNOb
LOgbagOM LohYoE309dELY O 39HOLAHGM®gBELOM30L, Fomo Bodmddbol gdmbigzodo
obgb96 M90306MHgdol, 9530693006 5d300690Ld O OBgLYdYIMd9AL BEaMdHgMdNOL
300mL3mod0, 9Md0MgO9d 30¢hOLHGMMWII0m 3odmE39nm J99a39dL, 330609096

0603063 9d0L Mob3L o dbgbgb nbgmo 3ohobhMmagdel 309396(300L, HmamMoEOd
bobdtgdo.

The disaster cycle is the process through which emergency managers prepare for emergencies and
disasters, respond to them when they occur, help people and institutions recover from them, mitigate
their effects, reduce the risk of loss, and prevent disasters such as fires from occurring.

30hoLhOMBLm30L IBogmmbo/Disaster Preparedness — gomgomobBobgdyemos
99L00030b 306MmB3EgOTNMB5T0 s 608653L 0bgmo BYbgd?HNZ0 3o¢HOLHGMBIO0LOT0

0b 3LgogLbo Logobggdm LogyoE0gdaboadn 3BoEYMMWOBL, HMBIENMO MO30000 d3MgdS
997demgdgemoe. 3Boyma3bo dmoogl 893093 9ho3goL: 3B MabmBatgde o goRMmmboemgds/
3mbohymM0b30, dmbobemgmdol gobommgdo o HtMgbobgn, d3mdBogdo bogobzgdm
Lohyog09d0LM30L o Bomo Fotm3d, bLudmgdgm 393dgdol dmaBogds, obdamgdal
$3903900L 6960630, FoM3g00L EOLEBYMBgOY, bodo®m Mobbgdal obngbgdd, Logobagdm
mmbobdogdgd0L 393330 O 3MmBY603OE00.

“Y9hd0emgool” 3mbgm0d 096906030 30dhobHGMM®MgdNL 36r9396(300L0 o dBoYMA3bOL
mboLdngdgdob godmmm b3gdh®L dmoE3L. gMdomgds dMob JoMhm30L bhG®ohggn,
Hm3gemo3 9d0emobLgdL 30d0botg Mmmboldngdgdbo o obobo®mygdl o dmBdogoemo
Loggmmbggdom godmB39ycm Bgbodmm obo306H39dL. d9MHd0mgds gnemolbdmdl oodnobgdlo
o 3oMgdmdg 9duhm93oemYM0 bogMmbom godmB39ymo Mgomy®o o6 dgbodemm

890mg3900900b 8933069d0b.

Is supported by the necessary legislation and means a readiness to cope with disasters or similar
emergencies which cannot be avoided. It includes: forecasting and warning / monitoring, education
and training of the population, organization for and management of disasters situations, preparation
of operational plans, training of relief groups, stock piling of supplies, earmarking necessary funds,
organization, planning of emergency operations, and communication.

The concept of mitigation spans the broad spectrum of disaster prevention and preparedness activities.
Mitigation is a management strategy that balances current actions and expenditures with potential
losses from future hazard occurrences. It means reducing the actual or probable effects of an extreme
hazard on man and his environment.

300oLHOMRdg MgogoMmgdo/Disaster Response — ©obdotgdol 93gdhoobmds mgdobs
00 PBOHM oMo mBygodg 3603369cmm3bo 9M0b odm 30009070 Lodmgopmgdol
063MmMH30GHOYEMINLY O 396906030 30hoLEHEMBgdoLm30L BoEYMabL 3933900L
9009339h M MO0bY o om0 ZobbmGE0gemgdol botobbdg. 096900030 30¢HOLHGM®BIdINL

OH®L ©obdomgdol doGomoo 3m33mbgbhgdns: bohyognol dga3obgds (BoMomob dobdhodolb
00003960 0 obJoMgd0L bodoHMYIL gobbBMIMm.), Lododzgmm Lodydomagdo, bodoMHm
30603900 o LHMOHIZYT 3D MIMYIOL ImagzoMhgds.

ob3oMgdob gho3ob 899c9a 06ygde va9gbol mmboldogdgdo o gtrdgmegds 30603, bobod
43900 bobHgds OO EOYIMYBEOS F0boMd, BMEMIdMYE o6 Y3909l MbgL.

® 0(03960L dm30Mg39000060 MMBOLANGdZd0 0:30eMELBNDYd9L LobomEbemm 3603369¢mMANL
Lobhadg00L dMagbol dnb0docny® bogdb3myodoEom bhoboomhgdodwy;

® 003960l ghdgemzo0060 MMBoLdngdgdo godmgds gogtmdgmmgl Bemgdol dobdoemdg
00003004ma30emgdgemo 39¢093900L Jomgdodeoy.

003960 (6g900emahoE00 O M93mblhGYJE300) 0dimase 396906030 30¢hobh®MAdNL Gob3ob
399306930 mmbobdogdgdol 8g31839d0Lo O godmygbgdol bodyoemgdol (UN-ISDR, 2004).

The effective delivery of relief from the community level upwards, depends strongly on the adequacy of
public awareness and disaster preparedness plans and the effectiveness with which they are carried
out. Major components of disaster relief are: assessment of the situation (both the assessment of

the extent of the damage as well as that of relief requirements), rescue operation, relief supplies and
handling of strategic problems.

After the relief phase recovery activities continue until all systems return to acceptable, normal or
improved levels.

o Short term recovery activities return vital life-support systems to minimal operating standards;
o Long term recovery activities may continue for years until acceptable performance levels are achieved.

Recovery (rehabilitation and reconstruction) affords an opportunity to develop and apply disaster risk
reduction measures (UN-ISDR, 2004).

390oLHOMB0L Gobzn/Disaster Risk — 306obHGHMR00 3odmB3gnEmo 3mHe6EoYMO
©006030030: bomEbemob, $063MMgmMINL, Loodbgdm Bysdmgdol, Jnbgdolb o6 bootbgdm
306HMd900b 0300330, HmMmBgeboE d90demgde g0 3gmbeogl 3mb3Mmgh e mgdby oy
LoBmgomgdedn MmOl gobLodmatym 3gGomedo.

The potential disaster losses, in lives, health status, livelihoods, assets and services, which could occur
in a particular community or society over a specified future time period.

3ohobhdmagol Mobzob dotmmgs/Disaster Risk Management (DRM) —
9003060bHMOE0YM0 oM gIh03900L, MEZOB0BOE0gdELY s M3ghodoymmo PYboMmgdobs o
39LodemgdemMdgd0L 3odmygbgdol LoLhadodh Mo 3G migbo Log®mbggdol Yotymaomo
899mgdg0gd0bo o 39hoLEHGH Mgl dgbodemmgdemmdnl d93;3069d0L bhG®ohgagngdobe o
3mem0oth030L gobbm309cmgdolo o 39hOLHMMBYIMSE dGHImel Bgbodemgdemmdgdol

30860 0b 308600).

The systematic process of using administrative directives, organizations, and operational skills and ca-
pacities to implement strategies, policies and improved coping capacities in order to lessen the adverse
impacts of hazards and the possibility of disaster.

30hobhdmz0b Mobzob 393306 gdo/Disaster Risk Reduction (DRR) -
39(hobHMMRgdL 3odmab3930 BOJHMGIONL 39030 vbdMEBOLY o FoGmmzol bvdyoemgdom
39(hobhOHMARgd0L MHob3ob d93(3060900L 3MBEIBE0S O IGVIH030, BMIgMaE dmoE3o3L



M0L30L30 OY(339eMMAL Bgd30MgoLL, ©ET006gdNLL o JMBYdEL dmByzemOEMdNL
9983069000, 30B0Lo O 3oMgdML gMmbogMHYEM FoMHM30LY S dMLELYMH3gTmo
9m3em9bg00bm3ol 39003 3BoyYm®bLb.

The concept and practice of reducing disaster risks through systematic efforts to analyse and manage

the causal factors of disasters, including through reduced exposure to hazards, lessened vulnerability
of people and property, intelligent management of land and the environment, and improved prepared-
ness to reduce events.

39oLH®MR0L Mobzob d9d30Mgdolb 39ads/Disaster Risk Reduction Plan

— 16y9d0b, oMaob, MmEmaobodoE00lb 06 boBo®m3mL dngt dmaBowgdMmo mM3Ndgbho,
Hm3gemIoi 3obbodmathyemos 3086900 o 3M63B9h Ym0 v8mE6900 30dOLHGM®W9dNL
60b39000L 899306900bmOb 3938069000 O VAMEZ6gONL FoobogMhgmo Logotm
9390090900.

A document prepared by an authority, sector, organization or enterprise that sets out goals and specific
objectives for reducing disaster risks together with related actions to accomplish these objectives.

200 gnem0 39hygmdabgdob bobdgds/Early Warning System — 03 8gbodemgdemnmdgdols
9ONMIMOMOd, HMIMIINE 993060 gOIM00 J9hymdnbgdsbmob 3033060 9gd7ymo
003mG35300L POHMYMOE 3M3M3900LO O o3MEIMMIILM30L, Moms Logdmbol 4393
3gm®o 500090069330, 0939830 O MMZo6080(309030 gdemmb LdMObOIEME O EOHMYMO®
3m3Bo00900 o Imgdggds dmbogmmmbgmo B0obob 06 obozoMmaol Bgbodizntgdmac.

The set of capacities needed to generate and disseminate timely and meaningful warning information
that enables individuals, communities and organizations threatened by a hazard to prepare and to act
appropriately and in sufficient time to reduce the possibility of harm or loss.

bogobagdm Lodhnorngdob dotmmzgsd/Emergency Management — Ggby®Lgdobs o
30bybobdggdenmdgdol MmMaobndgdo o otmgs bugobzgdm LohyoEngdol yzgmo db3gdhosb
(396dme, 3Boymabol, Mgogntgdols o Lobyol dgmBotgmdedog 9¢mmagbol 9iho3gdmab)
0039380690900 b30mbgdol goobobyzgho.

The organization and management of resources and responsibilities to address all aspects of emergen-
cies, in particular preparedness, response and initial recovery steps.

bogobagdm Lodyorngdal dommzal LodbobyMgdn/Emergency Services —
L39300em08909em0 LoggbhMmgdol Lobhgdo, BmBgmm3 9d30 3MB3MIHYMO
30bybobdzggdemmdgdo o 9dmEE6gd0 Logdbagdm Lohys30900L EEOML dsT0obgdaby o
Jmbgdob o330L 3ymboo.

The set of specialized agencies that have specific responsibilities and objectives in serving and protect-
ing people and property in emergency situations.

3009dmBg Bgdmgdadgrgdolb Bgazobgdo/Environmental Impact Assessment —

990m 030890900 3 mggdhob 96 IGMmaHmedol gohgdmbosiznmo 89w9agdol dgazobgdol

3G m39b0, HMIgEMoE BoMMoa9bl og93d30L0 O 3ooBY39h0emgdal domgdal 3G mEgbol
3969yma3gem 6060emL o 308600 nbobogl 3Gmggdhob 96 IGMaMmdab Yotymaomo
890mddg09gd0b B9303¢mgbol 8933060 9gd0l 06 Bgdmn30b.

Process by which the environmental consequences of a proposed project or programme are evaluated
undertaken as an integral part of the planning and decisionmaking processes with a view to limiting or
reducing the adverse impacts of the project or programme.

®ob30b 30Mmob3o® ymebo/Exposure — boghHobob 8mbgddn dgmayo oed0obgdo,
Jmb909, bobhgdgde o6 bb3d Md0gdhgdo, HMIMgdaE 3MAHgbEYMOE MobL30L J0MOL30M dMN6.

People, property, systems, or other elements present in hazard zones that are subject to potential
losses.

bobd®mnb bogmmbg/Fire Hazard — boB3030L BMHEMI0M0 MEbMBS, M30Lgd,
306emoggde o (Hgboobmde.

The relative amount, character, arrangement, and moisture condition of fuels.

bobd®mob dotmmgo/Fire Management —6930b30960 bogdoobmds, HmBgemol
0P30¢M9090m00 (Hyobo o Lbgs 339boMmgymmInL bobdMobgob oboEogo; bobdMmob
309mygbgdo 3060l doGmm30L 30869d0Lo o VIMEBBgBELOM3L.

All activities required for the protection of burnable forest and other vegetation from fire, and the use of
fire to meet land management goals and objectives.

bobd®nb Mobzn/Fire Risk — bobdeol goBgbol goeEmd0mo Bgbodemgdemnmds o6

OeMOVMMYY, gob30HMBZOYMO ©03dM30 BOJHMMIdOL dOLIOMBNM 06 dMVMLYIMINM. Hob30
9bg00 dbmemme bobdMol 3odmdb393 BogHmM9dL.

The relative chance, or probability, of a fire starting, determined by the presence or absence of causative
agencies. Risk refers only to the agencies that couse fires.

36 mabmdo/Forecast — 3obbogdo o6 Lyohobhoznmo dgmebgde 3mbaHghem
H9B0hmE0089 Ho0dg IgmBotgmdol 89gdbob o6 dmzmgbol dgbodemgdemmodol dgbobgd.

Definite statement or statistical estimate of the likely occurrence of a future event or conditions for a
specific area.

390mmz0M0 bogg®mbyg/Geological Hazard — 39mmmzgon®o 3Gmgbo o6 dmgmgbo,
HmIgemao3 990demgde godmob30mb 9od00bms AbbagM3emo, bbgyemol oBoobgde b

Lb3go YodymRBomo B39mgdaggds Jom F6aMMIEMMINBY, JMmbBgdolb odoobgds, Loo®bgdm
Bgom™mgd0bo o LoymMBOEbMIMIOM 306HMB9d0L IMBemo, bmEodMYMO O 93MbMIn3yeo
H03930 96 go®mgdmb oBoobgodo.

Geological process or phenomenon that may cause loss of life, injury or other health impacts, property
damage, loss of livelihoods and services, social and economic disruption, or environmental damage.

Loy mbg/Hazard — bododo dmgmgbo, 0300g6HgdY, 900530060L Jdggds o6

300g ™30 gmde, HMIgeIoE 890demgds godmobz0mb 9odosbms dbbggM3emo, bbgyemol
08000900 06 Lb3d Potym®Bmo Bgdmdaggds dom $6aMMgMdLBY, JNbgdOL oBoobgde,
LOdMLYdIM BysHMgdabo O bogmazobmatmgdm J0HMdgdal BmAmo, LmEoomYGO
93mbmB03nMo HM3930 06 oM gdmb odoobgodo.

A dangerous phenomenon, substance, human activity or condition that may cause loss of life, injury or
other health impacts, property damage, loss of livelihoods and services, social and economic disrup-
tion, or environmental damage.

300mmIghgmdmemmany®o bog®abg/Hydrometeorological Hazard -
Oh3MLA3gHYM0, 30MHMEMZoYH 96 M3996MmaEHOB0YMo boboomol 3G mi3gbo my dm3emgby,
HmIgemao3 90demgde godmnb30mb vodosbms dbbagth3cmo, bbgymob oBoobgde o6

Lbgo Yobhymamomo 8g9mdgdggds 300 $063GmMgemmIdg, Jmbgdol oBoobgde, boo®bgdm
Bgom™mgd0bo o LoymBOEbM3MYOM 306HMO9dL IMBmo, bmEoMYMO O 93MbmIn3yeo
H03935 06 go®mgdmb oBoobgodo.

Process or phenomenon of atmospheric, hydrological or oceanographic nature that may cause loss

of life, injury or other health impacts, property damage, loss of livelihoods and services, social and
economic disruption, or environmental damage.

domgmb 2005-2015 6emgdolb bodmgdgom g39gds/Framework for Action 2005-
2015 — ISIDIR-0b bodmgBgEm 3MomMohghgdes: 36986030 o¢bHMmMBIdNL Hobolb
9933069000 3GomMohgHIm™MIL PBGB3gTYM®BO 9HM36YM O SFOMMIG03 MBggdBY
390 06LAHOAHHEOYM0 d080b 306-MB90d0; d16gOMH030 39thOLAHGMA®ILEL 0IbHNNWNBMIdY,
99030b900 O FMbOGHMMOB30 O S0 dghymd0bgdol bobhgdol goydimdghgde; 3mwbal,
BmM30h MMM 3o06Y39h0emgdgdobo o 3obomemgdol godmygbgds yzgmo mbgdy
box®mbmgdol 3nmmH Mol 033300060 g00bd O IaMoEMdNL godMob 30860m; g3odmdb3g3n
M0obL3RoghmMgdol 8gd30Mgdy; 816906030 30hoLEHMMABgdoLM30L dBoyma3bol mbol
0900eMgdo 439emo mbgBg gmggdhoobo Mgogomgdol Pdmybagmboymaoco.

ISIDIR Priorities for action: ensure that disaster risk reduction is a national and a local priority with a
strong institutional basis for implementation; identify, assess and monitor disaster risks and enhance
early warning; use knowledge, innovation and education to build a culture of safety and resilience at all
levels; reduce the underlying risk factors; strengthen disaster preparedness for effective response at
all levels.

bobdMob 06dhgaMmoMmgdymo doMmm3o/Integrated Fire Management — 0393330b0
0 M39Moh0Yemo Lobhgdgdol 3mbEgWE0Y, HMmBgeoE dmoEe3L bmEoomY®, 93MbmAn3y®,
30HIOIE O 93Mmma0nH d9a3oLgdgdl bobdMom godmB3gymo Botommol 30603)dodwg
0043060b0 o L?ggdeMol dogdbodoemyMoe godMwolb 30860m. gb bobhgdgde dmo30396
bobdMob 369396(300L0 o RO MBOL bLHMOHIZNgdOLL S HIFbmMEMMazngdNL gHMMITOMALL,
Mm3gemdo 3om3oemobBabgdnmos hggdbo3ytoo doGmm3o0 bobd®mob godmygbgde o
H®o030Ymo B30L Mgzymotgdo.

A concept for planning and operational systems that includes social, economic, cultural and ecological
evaluations with the objective of minimizing the damage and maximizing the benefits of fire. These
systems include a combination of prevention and suppression strategies and techniques that integrate
the use of technical fires and regulate traditional burning.

0196906030 30hOLHGMARgdeb 83330MHgd0L LdgmMOIMMObm d;mBmgymo/
International Decade for Natural Disaster Reduction — 1987 6¢mol 11 09398396

3096000690900 96 9d0L 39bgdmomy®mo sboddemgol 42-g bgbood 1990-0060 Bemgdo
096906030 30hoLHGMAgdL 8gd306H900L LogEMEBMEOLM dMBENgyemow (IDNDR)
300mo3boo. 03 3obbogdol B ngm o MLk 9®ob, ghmo 3b&og, 0d oo
©0603063900L 3099090 o 3BoM0 EMby, HMIgELLE 0639396 30dOLAHGM®YO0 (o,
d39még 3b&og, 0Lgmo LEbYbGEM o LA9EbogMM (Hadbmemmzgngdol dMLGIMOY, GMIMgdaE
390dmgdo BoM3othgdom 0gbgl 3odmygbgdymo 30¢hobdhMmm®d0m g3odmB3gnmo Botomob
39bo330MgdMOC.

8003060 308060 oym 876906030 30hOLAHGMEgO0L 3909300 3odMB3gYmo bogmEbemab,
9™b6906030 0bo30M3g00bo O 93MbMI03YM0 O bm3omYMo GHM3930L 3GM39b9d0L
306039303009 0oy3060.

On 11 December 1987, at its 42" session, the General Assembly of the United Nations designated
the 1990’s as the International Decade for Natural Disaster Reduction (IDNDR). The basic idea behind
the proclamation of the Decade was and still remains to be the unacceptable and rising levels of losses
which disasters continue to incur on the one hand, and the existence, on the other hand, of a wealth of
scientific and engineering know-how which could be effectively used to reduce losses resulting from
disasters.

The main objective was to minimize loss of life, property and economic and social disruption caused by
the occurrence of natural disasters.

3060mbo®magdemmdob og93d30/Land Use Planning — bobgemdBoozem 56ygdgdol
8096 gobbmM(309¢mgdnmo 3G MEgLo d0Bombomzggdcmmdnl Lbgowobbgo semhgmbogogzol
309mbogmgboc, d9bomolgdemom o goobyzghnemgdol dobomgdew, GmAgo dmoo3L
36d9m30000060 93mbmM303nH0, LmEOMYG O oMgdmbiooEzomo 308b6gd0be o
Lbgoobbgo mgdobs o $3323900L 0bAHIMgLgdol om3zoemobENbgdSL o 3933900L 8gdcama
BMOIY0oMmHoobo o godmd39ybgdcl, GmBmgddas omBgMaemos dobob bgdoommymo o6
303mygbg900L dobogmgdo bobggodo.

The process undertaken by public authorities to identify, evaluate and decide on different options for
the use of land, including consideration of long term economic, social and environmental objectives and
the implications for different communities and interest groups, and the subsequent formulation and
promulgation of plans that describe permitted or acceptable uses.

9gGdoemgdo/Mitigation — LogOmbggdoLo o Fomm6 3038060 FohobBBHMRgdNL
0OymB0mo 899md39009d0b 39330690 96 898my3e.
The lessening or limitation of the adverse impacts of hazards and related disasters.

390oLHOMAgd0L Mobzob dgdz0Mgdolb ghmazbymo Jemodhm™mdd/

National Platform For Disaster Risk Reduction — 8mgoo hgthdobo 6ob30b 398306 9d0L
mBoLdogdgdol 3mmEm©0b300Ls S 3MmEMod03y&o baemddmaobgmmmdol ghmabymmo
89906083900L 00LO60BBOZM. 30hOLAHGMEgdEL Hob30L Jgd30MHgdal ghrm3b7mo JemohBMGIS
003000 boboomom FPendhobgdhm®ymo o 06dhghob03mnbotymos, hmdgmadns
3mBoB0gmgmMdL GHmamt(s budmdogmadm, obg 390mdm LgghmMo o J399bob Fobdhodom
0MLgdY0 439 O0bhghgbgdymo YBygodo.

A generic term for national mechanisms of coordination and policy guidance on disaster risk reduction
that are multi-sectoral and inter-disciplinary in nature, with public, private and civil society participation
involving all concerned entities within a country.

0196900030 boggmbg/Natural Hazard — 36906030 3Gm(39b0 96 dmzgemgbs, HmBgemas
390dem 900 303mMm0B30mL 0od006me dLbgg&m3emoa, bbgyemol oBoobgds o6 bbgs yothymaomo
890mg3900900 300 Fo6AMMIEMMIBY, JMmBId0L oB0sbgdY, Loo®Lgdm Byo®mgdobs o
LoymmOEbm3EMgdM 306HMdgO0L Mo, bmE0oEYMO s 93MbMBT03YM0 HM3930 96 oM gdmb
©08006900.

Natural process or phenomenon that may cause loss of life, injury or other health impacts, property
damage, loss of livelihoods and services, social and economic disruption, or environmental damage.

9%000gma3bo/Preparedness — 3co3mmdgdol, H9o30Mgd0Ls o 90aghol bozombgddo
1393000089070 MEZ60BOE0gdL, 0gdgdobo O 3oeM 390 dd0sbgdob dogc
306300069d1em0 89bodmMIIMMOII S (3MEBY, GO 300 9bdoMmgdd dmboEMEbIM,
dmobemmgdym 6 3030boMhg bobogomm dm3zcmgbgddo bomobopm go® 3393090,
6993060 g0oLO o om0 8900939006 (M0330000(30080.

The knowledge and capacities developed by governments, professional response and recovery organi-
zations, communities and individuals to effectively anticipate, respond to, and recover from the impacts
of likely, imminent or current hazard events or conditions.

369396300/ Prevention — bogg®mbggdobo o 300006 0303806 gdY0 3o¢hobbOdMa3gdol
D0OYMB0m0 390093900L LGP d30EMgdo.
The outright avoidance of adverse impacts of hazards and related disasters.



bOBMEOEMIIM30 36MINgMYdS/Public Awareness — LogHmm 3mwbob Jobdhodo
30hobh®Mma®gdL Mob30L, 30hoLHGOMARgdEl godmadbzgzo BoghmMmgdobe s 03 Jogwgdgdol
d9bobgd, HGMIemgda(3 060003000 YMO® O 3MEMgdhoyMoe dgndemgds gobbmdzngmwgl
LowMMbggdobogsb oYE3geMAINLY o FmBYzemoEMdNL BgLod30GHgdmmo.

The extent of common knowledge about disaster risks, the factors that lead to disasters and the actions
that can be taken individually and collectively to reduce exposure and vulnerability to hazards.

2ma9gbo/Recovery — 30hobhOHmEB0m ©oBMIMIdYm 0939080 md0gIHIdL, Loobbgdm
Byo®mmgdoLs o 30MHMOA0L dMa0s O goYdFmdglgds (oo 9b gbodmmgdgmos),
39(hoLHMMa0L Mob3ob odhmmgdnlb 898306 9gd0b3gb dodoMmmynemo Bmdgdol Bomgemom.

The restoration, and improvement where appropriate, of facilities, livelihoods and living conditions of
disaster-affected communities, including efforts to reduce disaster risk factors.

2003 960/6m93mbLhMYdi300/Recovery/Reconstruction — 30hobhGmayol 3939z
300909m0 3o006y39h0emgdgdn o Bmdgdo, HmImgdas d08bow 0boboggh oBomormgdymo
0998900b bogbmgMHgdgmo 30mMdgdol oPdsmdgLgdol ob dmagbol 3odobhMmmaedg
0MbgdYe IamBoMmH9gmMO03Y, 30hoLHOMAgdolb Gob3olb 3gdi300Hgdob39b dodommymo
®mbobdngdgdol Bobogmobigdolo o bgemdgBymodobmob ghmoco.

Decisions and actions taken after a disaster with a view to restoring or improving the pre-disaster living
conditions of the stricken community, while encouraging and facilitating necessary adjustments to
reduce disaster risk.

obdoMmgdo/MmgogaMgdo/Relief/Response — wobdothgdol gobggs o6 Botgge
39oLHMMBOL EOHML 06 YFYoemme dob 399093 3obhobHGOMm®L Bgdmddggdal J39d
3md3996m0 90003006900L LogmEbemol 9606mRY6gd0LO o Bomo dMLGIMBOLMZEL oY gdgmo
306Hm™d900L 89960l 308600. ObIsEGdS/Bgogndmgde d90demgde oymb dyobogdo,
3m3eM930000060 06 bobgMdemnso.

The provision of assistance or intervention during or immediately after a disaster to meet the life pres-
ervation and basic subsistence needs of those people affected. It can be of an immediate, short term, or
protracted duration.

309demgmdo/Resilience — bogGmbob J060b306 dgmazo bobhgdob, mgdol o6
LOBdMZOEMIdOL Jgbodgmgdemmd, EOHMYMO® o 9a39dh0obo© dMYagL, 3oydemmb o
Amgemgmb bogmmbgl o dmobobmb dobo 89c93900L 033000300 PI60I369emM3069L0
™0099(hH9d0Lo o 33169130900L 3960ERYBIdOLY O dMa960L 3B0o.

The ability of a system, community or society exposed to hazards to resist, absorb, accommodate and
recover from the effects of a hazard in a timely and efficient manner, including through the preservation
and restoration of its essential basic structures and functions.

©90306H900/Response — L3gEoomyMo o LodmasEmgdMm0zn obdabhgdol

1836 9639mym®d 39hoLAHGMBL EMML 96 obo OaMBELMLO3g dEOFNd69d0L bogmEbemol
30000MmRg60L, 300 $963HMgeMOOBg Yohym@omo gogzemgbol 3933069000, LoBdmasmgdol
YoxGNbmMgdoby o 30dhoLHGmMmaL Bgdmddggdol 398 dymmo vsdnabgdobmaol
306030my®0o booMbgdm JoMmdgdL PBMYB3gmyma3el 0Bbom.

The provision of emergency services and public assistance during or immediately after a disaster in
order to save lives, reduce health impacts, ensure public safety and meet the basic subsistence needs
of the people affected.

dmgMmbobBgdo/Retrofitting — s6GLgdYmo MB0gIHIdEL 3oBoaMgds 96 FondFMdgLgdS
Log®mbggdol 0dotmm omo goddmgmdnlo o 3gMmomdnl gobodmogthgdmoco.

Reinforcement or upgrading of existing structures to become more resistant and resilient to the damag-
ing effects of hazards.

®0b30/Risk — dcgmgbol sendommdobs o dobo Jobym®momo gwgagdel 9HMMIEOMmdO.
A combination of the probability of an event and its negative consequences.

®ab3ob o6ogmoBo/Risk Analyses — o6lgdnmo 06@mGIoE00b 3odmygbgds (30639700
00003006900b0 0y FMLObENgMBOLM30L, JMbgdol 86 gotgdmbmaal Lo mbggdol dogh
8994860cmo Hob3ob gLogzobgdemo. Mobzol vbogmoBo, Bmamis Bgbo, dmoiosb 393093
bOKgLYMYOL: Logdmbol EaItY, Logdmbolb d9x30bgd, Mob3ob J398 dyma3n/oY(339em0
®0099dhgdol 96oem0B0, dmByzemomdal d9a30Lgds o MLzl gobbodmams.

The use of available information to estimate the risk to individuals, populations, property, or the
environment from hazards. Risk analysis generally contains the following steps: hazard identification,
hazard assessment, elements at risk/exposure analysis, vulnerability assessment and risk estimation.

Mob3obL Bga3olgdo/Risk Assessment — Hobzob boboomobs o obdhodolb owagbolb
3900mEMEMand 08 3mhgb309M0 LoaMmbggdol govbomndgdoms o ImByzmomdnl
06®LgOYO 30HMBgo0L d9x30Lgd0m, BMIGEMMS gHNMOTMOMdLLYE Bgydemos Boobol
80496900 M0L3oL 306H0L30M IYyM®B ©306900bM30L, JMbgdoLm3oL, Loymaobmamgdm
306Hm900bm30L, Loo®Lgdm Bystmgdobs o 03 goMgdmbmazol, HmIgemBgoE nbobo sE0sb
059M 3000907M0.

A methodology to determine the nature and extent of risk by analysing potential hazards and evaluat-
ing existing conditions of vulnerability that together could potentially harm exposed people, property,
services, livelihoods and the environment on which they depend.

®0oL3ob 3bhOMo 96 MobL3ob doMmgs/Risk Control or Risk Treatment

— 60b3900L JoHM30L b3MbgdBg FooBY39tHENgdgdL Jomgdol 3Gm39b0, Gobzol
990060em9d9em0o Mmmbobdngdgdolb gobbmMm30g9emgdy, 3000 9a39dhoobmdol 3gMomeynmmo
993mB3g00 G0ob30L Bgazolgdol 8900939089 OYMEbMINm.

The process of decision making to manage risks, the implementation or enforcement of risk mitigation
measures, and the re-evaluation of its effectiveness from time to time, using the results of risk assess-
ment as one input.

®0b30bL gomgmo/Risk Evaluation — ghodo, HGmdmob Gmbog 3owoBY39Hhoemgdgdol
30t9d0b 3m(39b80 begdo boNggdINLL O L336980L J0MEO30M b 0M0d® RGO M3,
306LoBM3GYMO M0b39d0L 36083690 MBOLY O FMNML6 303806900 bmEodMYMo,
93MmMm30Y&0 O 93mbm303nMo 3900939000 gom3emabBobgds Gob3zgdol dotmazol
Lbgoobbgo vemdhghbohozol g3odmbogemmgboco.

The stage at which values and judgements enter the decision process, explicitly or implicitly, by includ-
ing consideration of the importance of the estimated risks and the associated social, environmental,
and economic consequences, in order to identify a range of alternatives for managing the risks.

Mob3ob dommgo/Risk Management — ©on83bhgdgemo bohgogngdob dobogob 3Godhozs
o bobhedy®o doamadd 3mAHabE3MO Boobobs O BS39MZgd0L 30603)dodg oy3o60L
303600.

The systematic approach and practice of managing uncertainty to minimize potential harm and loss.

®ob30L goohobo/Risk Transfer — 3m636Hghnmo HGob3zgdel BoBELYG Bgregagdol
ROOHIIMYOHOE 96 9OHOBMGTIM YOO 3oo3990L 3D mEgLbo 9Mhmo boMoob dgmtgdy,
HmImob 890093000033 MFObo, 930, LuboGmAM MY LobgemdBoxm PBYgdS Fo¢HOLHGMREL
o03m30b 399093 d00mgdlb Mgby®mLgdl dgmég dbotmobgob 3oMagemo dbo®mobmzgol
1836639cmymB0em0 3080botg 06 bo3M33gbLOEoM Lm0 YEO MY BBBLYMO Latggdemob
LoboE3MM.

The process of formally or informally shifting the financial consequences of particular risks from one
party to another whereby a household, community, enterprise or state authority will obtain resources
from the other party after a disaster occurs, in exchange for ongoing or compensatory social or financial
benefits provided to that other party.

beg0oeY™-39690M030 Ldorydmby/Socio-Natural Hazard — obgmo 3006369hyemo
39mx3080396M0 07 3000MHMAgHIMOMEMME0Mo boboggomm dmzemgbgdol gobdotgdo,
Hmam®gdoEos 396ygho, Byommomds, 3Mybholb oBg3o o g3omae, G®ITgdo3
396306Hm09d7m00 3396906030 LoWMMbggdaLy O ©IZHOMIIYMO o6 Bgdgho
99b3em1OhOMYOYEO B0oOZFINLY O oMgambidE30m0 GHgLYMLYdEL YHM0gP™Jdggdom.
The phenomenon of increased occurrence of certain geophysical and hydrometeorological hazard
events, such as landslides, flooding, 28land subsidence and drought, which arise from the interaction
of natural hazards with overexploited or degraded land and environmental resources.

LAH®YIHIGYE0 O dMILHDYIH G Bmdgdo/Structural and Non-Structural
Measures — byGHngdh e ymo Bmdgdo: 63d0bB0gco B30B03Mo boggdmds LogGmbggdal
gbodemm B9a03emgbol 899306 g00b 06 d30mMgdLM30L, 96 Ldebgb&m Hhadbmmmgngdol
309mygb900 bLogGmbggdol dndodmm 6oggdmdgdobo o Lobhgdgdol daMmomdnbs o
308demgmo0b gobodMgmoco.

0mobh®YIH GO d3mdgdo: 6gdobdogHo dmdo, HmAgemoE oM dmombmgl 33969dcmmdsl

0 099690L (30060L, 3BogdhHo3obo 0 godmEnmgdol Gobzgdobo o 398mddggdgdol
99bo330MH YOO 3Mmmod30bo O 306MmB3IIMMINL, LddmaoMadMN30 36Md0gEHgdL

0000 gd0b, LBEO3EMgdLY o gobomengdol gdoom.

Structural Measures: Any physical construction to reduce or avoid possible impacts of hazards, or appli-
cation of engineering techniques to achieve hazard resistance and resilience in structures or systems;
Non-structural Measures: Any measure not involving physical construction that uses knowledge, prac-
tice or agreement to reduce risks and impacts, in particular through policies and laws, public awareness
raising, training and/or education.

9003Mo0 3ob30m0Mgdd/Sustainable Development — 30630006930, H™Bgemos
03004m300mgdL 9GLIOIYM0 Mgl bodo®mmgdgdl 0bg, G™A bugMmbglb o6 1nJabol
3m3930em0 MomMdgd0L Bgbodemgdemmdol, on3doymanmmmb Lozyme®o Logohmgdgdo.

Development that meets the needs of the present without compromising the ability of future genera-
tions to meet their own needs.

0995039600 doMmmzo0 bobdotmn/Technical Fire — bobdtob 3mbhHGmmOMgdo00
308myg6900, HMBIMLOE SbMGE09mgdL 330em0a303079M0 3gHLMmboo gobloymEgdym
306 g9mbo33000 306-Md9dd0 bobdMol 3o3GM39em9d0L Foboboomgdemgdnl bogmodoly
Loxyd3gemBdy. Hggdbo3nMmo FoMm3000 bobdMmgdo nymazs 399cga bobgmdgdoc:

L3 EIIYM bobdMgdn, d16gd0L bd3dMgdYE™M bobdMmgdo o bobdMal RobogdMmodo
3mBymdogmo bobd®mgdo.

The controlled use of fire carried out by qualified personnel under specific environmental conditions
and based on an analysis of fire behaviour. Technical fires are divided into prescribed fires, wildland
fires within prescription and suppression fires.

0995mmmmann®o boggMmbg/Technological Hazard — hggbmenmzoyo o6
LOIBB39emM™ 306HMOYd0m godMB397M0 Logdmbg, HMIgEoE IMoEO3L 039009, Lodnd

3O m39009M9b, 0603MILHMYIHYOOL 3ondoMmxNO3MISL 86 dednobol L3g30x)03YE JogEgdgdL
0 HMAgods3 890demgdd godmoB30mb vodnobmes dbbgh3mo, Lbgymol oBoobgds b
Lb3go Podymxomo 899mdaggds 3om Fo6aMmMgmmmddy, Jmbgdol odnobgds, Lootlgdm
Bgommgd0Lo o boymaoEbm3zmgdm 30EHMOgd0l IMBmY, LmEodMYG®O O 93MbMI03Ho
03935 06 gomgdmb oBoobgodo.

A hazard originating from technological or industrial conditions, including accidents, dangerous pro-
cedures, infrastructure failures or specific human activities, that may cause loss of life, injury, illness or
other health impacts, property damage, loss of livelihoods and services, social and economic disrup-
tion, or environmental damage.

h®ooE0mo 630 96 bobd®mob ¢ddmopoEnnmo godmygbgdo/Traditional Burn-
ing (or Traditional Fire Use) — bobdol go8mygbgds bmagemoc disbmatgdo omgdgdol doge
3060bo o Hgby®Lgdl dotm3z0l 30869d0Lm30L HEMOLOEYMmO FMEBOLY o 3Modhozolb
Loa3Yd39emBg. HGOOEOYMO bobdEob LEMMo godmygbgde: BHEoEoE0Ymo B30L godmygbgdo
LOFOMONIOM030 bE®3gO0b O bdmsbom 3Magdhn3ol godmygbgdom.

The use of fire by rural communities for land and resource management purposes based on traditional
know-how. Appropriate Traditional Fire Use: The use of traditional burning under legal regulations and
good practices.

dmbygzmomdo/Vulnerability — mgdob, Lobhgdob o6 Jmbgdol obgoo dobobosmgdemgdo
0 3oM93mgdgd0, HMIMgO0(3 3obo30MHMBgO9D 3om Y339 MOVL Logzdmbol LdBoobm
890mg3900900bgob.

The characteristics and circumstances of a community, system or asset that make it susceptible to the
damaging effects of a hazard.

hyobo o 39emob bobdtmgdo/Wildfire (Wildland Fire) — 33960690 boggotols
6900L30960 OY393d930 O PIMBHOMMM bobdo®o, GMAgeMas3, doM9dL Bystmb
d09bgeoo3900, 390demgde dmombmamlb Mgogntgds bobdMab RobogMmodsow 96 Mondg bbgo
90900900 3odm363930 BoJhMMob boboomol dgbodedoboco.

Any unplanned and uncontrolled vegetation fire which, regardless of the ignition source, may require
suppression response or other actions according to agency policy.



BLOJoMM39MML HgodhMmMmoolmgol
0dobobnomYdgMo 096906030
LHOJogeho M3 Ybgeol Logmmbgygdolo
o M0L3go0ls dohemolio

ohemolio 3moEosl dBmaom 06a3MmMAdE0sl LogoMmmggmmMmb HgMohmemoolmgol
©odoboloomgogmo bhogdoymo dmgmgbgdol, Mobzol d3oMobdom dyman
domomoEo 9emgdgbdgool (308., 96m0ogd0, dmbobemgmdo, 833 o Lbg.),
Lbgo@olbgo Bobol dmMBYzmMoEMO0L (R0B03YMO, LMEOOMYG®O, 93MMMZ0YMO,
93Mmbm3037M0) o Molzgool dglobgd. sdhemobo dmados 3Mmgghol
“0bLoBhYEOMbOMYMO godmmogMgos Logommgzgmmdo d3bgoMngn
30hoLH®MRgd0L Mobzol dgdotgdobomgol” gotmamgodo, MMIgEOS
30bbm®m30gmEo 30330600l 3oMgIMLEOE30M0 dMOLEMOZMMOM
m®aobodoEngdol Jugemolb (CENN) o h396¢h gl nbogg®mbohghol
39M0bxMMIoE0Ymo 39(3609M900Lo o PgEodobol dgdlbogmgmo
R039™bIHOL (ITC) B0g®, bogMmMobgool Logo®mgm Logdgmo Lodnbolh®mmU
390HMOMYM0 O dMAMLOZMYm 93erM30L (MATRA) LmEOOMYEOO
HMOBLARM®Id300L 3OrMZ3M30L G30bobLYMO dboMEOsIMH0m.

Atlas of Natural Hazards &
Risks of Georgia

This Atlas comprises general information about natural calamities, main
entities facing the threat (e.g. buildings, population, GDP, etc), various types
of vulnerabilities (physical, social, environmental, economic) and risks typical
to Georgia’s territory. The Atlas was produced in the project “Institutional
building for natural disaster risk reduction (DRR) in Georgia”, implemented by
the Caucasus Environmental NGO Network (CENN) and the Faculty of Geo
Information Science and Earth Observation, University of Twente (ITC), finan-
cially supported by the Social Transformation Programme for Central and
Eastern Europe (MATRA) of the Netherlands Ministry of Foreign Affairs.

@ UNIVERSITY OF TWENTE. CW Kingdom of the Netherlands o ~ : ﬁ:
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