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INTRODUCTION

The disastrous consequences of natural disasters, like earthquakes, volcano outburst, are terrible
in their size as. They cause huge damages and human victims.

But comparatively small-size surface geological phenomena cause bigger damages. Unlike the
first ones, which take place time by time, in comparatively long-term intervals on particular parts of the
earth, the latter ones emerge all the time or with high frequency and have a wide extension within
almost the whole surface of the earth.

From those phenomena, gravitation processes are more developed in the area of the Republic of
Armenia. Among them landslides are most common and influential.

Talking about landslide extension and impact, it is enough to count several data which have

especially been obtained as a result of recently performed investigations:

e more than 2,5 thousand landslide sites are discovered in the area of the republic

e total area of landslide sites are about 122 thousand km? which is 4.1% of total area of the
republic

e from about 960 communities 233 are damaged by landslides in the republic. Among them, in more
than 100 settlements landslides are quite active. Due to it, hundreds of residential houses have been
damaged, communication ways and other life-support objects

e 240km (3.2%) of total 7400km highways are damaged by 280 landslides

e 4.8km (0.5%) of total 870km railways are damaged by 10 landslides.

According to inventory data of landslide sites, direct damage of republic’s social-economic
buildings caused by landslide phenomena forms around 43 million USA dollars and potential damage
forms around 54 million USA dollars.

The solution of this important issue in the republic requires a systemized approach, elaboration of a
special strategy and implementation. Correspondent projects are being elaborated by MoUD for this
purpose. The government of RA confirmed “Priority countermeasures project in the area of RA” in
2001. It became a base for the implementation of the project “Landslide disaster management
investigation in RA” by means of the grant paid by the government of Japan. The project was
implemented during 2004-2005 by Japan International Cooperation Agency (JICA) Study Team,
involving Armenian specialized companies and particular specialists, with the participation of MoUD
of RA as well as with the help of other authorities.

Within the program, pilot projects were realized in 4 sites, in 2 of them i.e. in more damaged sites
of rural communities small-scale countermeasures were performed. The communities” members had
active participation in those works both among working commissions (for the elaboration and
implementation of the projects and discussions) as well as in the realization of the constructions.

The main principle of landslides management, proposed as a result of the project, plans the active
participation of communities and direct initiatives for solving of the problem. It involves starting from
substantiation of the main problem until organizing and implementation of measures, which will be
financially and technically supported by the government and state bodies all the time.
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The implementation of the mentioned principle is impossible without a particular circle of society,
including correspondent information of specialists, administrative workers about the situation in the
field, about present works, projects. It should especially include information on the knowledge of the
residents (who live without landslide area) about landslide, its activeness and emerging as well as about
countermeasures, which are simple, don’t require big expenses and are possible to realize by own skills,
especially taking into account the fact that in many cases residents themselves become the reason of the
activation of landslides due to their wrong, unconscious activities. Especially it concerns water use and
construction.

In order to fill the mentioned lack of information, it became necessary to create the following
technical bulletin which is the first experiment in Armenia.

The technical bulltein contains quite wide information about landslides, their monitoring,
preventive and other countermeasures, short information on Armenia’s natural-climatic, geological,
social-economic and other conditions. It will also include rich topographic and graphical materials and
pictures, which makes the newsletter more interesting and accessible for the wide sectors of population,
and for specialists.

Of course, it’s impossible to involve the whole information concerning landslides in one technical
bulletin, especially about annual works and new information connected with the development of the
field. By reason of this we consider that it is necessary to publish the newsletter annually. It will help
much to solve the problems within landslide management sphere in Armenia. It will be useful for
communities, municipalities, authorities, the government, and, why not, for arousing the interest of
potential donors.

Considering that this technical bulletin is the first attempt in Armenia, we don’t except some
mistakes and defects, for which we ask to be excusable. We express our thankfulness for all useful
remarks and suggestions beforehand, which will certainly be taken into account in case we have an
opportunity to prepare the next technical bulletin. Please, present the latter ones to MOUD of RA.

Sagris Margaryan
Head of Section of Enginnering Syrvey and Protection of Territory and Facilities, Department of
Science and Technical Poricy, Ministry of Urban Development
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1. “U=T3Y &=3(U=YY»AA
1.1 _CAUA ™ ©ATA= - CradAlasyA
P3(3eT3YC D3YA3&»TA0AIAYA (PP) AYT3T ; Tail3éC N3A3i3(CY U384l e4aie3enr3YCo
N=2A31-3A"0a0mu AYT3T w3A3T0al" & TaiC ™ T384C6 TaiC 3iA3Yuadl: b3(3ew3VYA Nlaseceasy
&3NU3Y3TCo ; TASET3YCY, 3 " »E04i0 21Ap»¢3YCY, NBAST-3AUaiwuasl 21Au»c3YC AYUYS T3
P3YA3&»TaiAlasy USECe 3YCY, N3A=140U £ASYCY 3 "U4dwuadl AasAuc3(cyY:

1.2 2RE=3AN= - iadAlasYA

Baun Tair3eC BROA3Y w3fA311adl ; blasece=(CY p3(=Sew3vasl ~ AYISI  &'3V3 ExC ~
21fu»¢3YC N3AST-3A"040m04i0, Cel N3Ai=314aiU D3(23673YC T3A3T0UC UAT31an38»e T»eA
N=U=3nl= 29.800 UTU-A &8YC YI3%3-4dlYA 2.000 UTU p=3nonasAlasy, (U»wi Taicé U3T3A131C0 ),
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NATURAL CONDITION

1.1 Location and Study Area

Republic of Armenia (RA) is located at the southern part of the Caucasus, the region southwest of
Russia between the Black Sea and the Caspian Sea. Armenia is bordered on the north by Georgia,
on the east by Azerbaijan, on the southwest by the Nakhijevan Autonomous Republic of
Azerbaijan, on the south by Iran, and on the west by Turkey.

1.2 Geography

As the Lesser Caucasus range extends through northern Armenia, runs southeast between Lake
Sevan and Azerbaijan, then to the south, about half of Armenia's area of approximately 29,800
square kilometers has an elevation of at least 2,000 masl (meters above see level), and only 3
percent of the country lies below 650 masl. The lowest points are in the valleys of the Aras River
and the Debet River in the far north, which have elevations of 380 and 430 masl, respectively. To
the southwest of the Lesser Caucasus range is the Armenian Plateau, which slopes southwestward
toward the Aras River on the Turkish border. The plateau is masked by intermediate mountain
ranges and extinct volcanoes. The largest of these, Mount Aragats, 4,430 m high, is also the
highest point in Armenia.

Lake Sevan, 72.5 km across at its widest point and 376 km long, is by far the largest lake. It lies at 2,070
masl on the plateau. Terrain is most rugged in the extreme southeast. Most of Armenia is drained by the
Aras or its tributary, the Razdan, which flows from Lake Sevan. The Aras forms most of Armenia’'s border
with Turkey and Iran as well as the border between Azerbaijan's adjacent Nakhichevan Autonomous
Republic and Iran. (SOURCE: Mainly from ‘2004 CIA WORLD FACTBOOK?’)

RA is a typical mountainous country. Table 1.1 and Figurel.1 present the slope gradient outline made by
this study as GIS output.

Table 1.1 Slope Gradient

E3YcC -A31C»YuC angasuy=3ecniad T3A31uA

136A T3i310A (\3) afeasly=3echitad w3A31uC walagA
(2€WCx3Y: D) (%)

0=<D<5 1,038,753 35.0
0=<D <10 599,896 20.2
10=<D < 20 816,286 275
20=<D < 30 439,804 14.8
30=<D <40 72,550 2.4
D>=40 2,369 0.1
Total 2,969,658 100

> T»Uu»fi 2005

December 2005

pe Gradient Class Study Area
(Degree: D) Area in the study area Area percentage in the study area (%)
(ha)

0=<D<5 1,038,753 35.0
0=<D<10 599,896 20.2
10=<D <20 816,286 27.5
20=<D <30 439,804 14.8
30=<D <40 72,550 2.4
D>=40 2,369 0.1
Total 2,969,658 100
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LEGEND

Slope Gradient Ranges

0-5 Deg
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—  —~ HighWay

Landslides (Larger than 2 ha) identified by JICA
Study Team landslide inventory survey in 2004

Figure 1.1 Slope Gradient Base Map of RA
(JICA Study Team 2005)
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1.3 Geology and Soil
1.3.1 Geology and Active FaultsArmenia is divided into 11 geologic provinces. Table 1.2. and
Figure 1.2 show their distribution, with active faults indicated.

An active fault is defined as a fault with tectonic displacements and earthquake-related
(seismogenic) surface ruptures during the last 10,000 years.

Table 1.2 Geologic province and Description

Geol_o gic Study area
province
Area
percentage of o
Area landslide-displ | Description
(ha) aced mass to
each geologic
province area
1: Sediments 424,899 14.3% | Quaternary lake, alluvial and fluvio -glacial sediments
Quaternar -
y 2: Volcanic
rocks & 1,187,03 Neogene and Quaternary basalts, andesites, dacites, volcanic breccias,
. 40.0% . - . LT O
pyroclastic 7 pyroclastic deposits, obsidians, perlite, ignimbrites
deposits
Neogene  3:Acidic-inter
mediated 115,521 3.9% | Eocene, Oligocene and Miocene granites, diorites, monzonite, syenites
plutonic rocks
Paleogene 4: Sedimentary Paleogene limestones, sandstones, clays, andesites, andesitic basalts,
rocks & 576,390 19.4% ;
. dacites, tuffs, tuff conglomerate
volcanic rocks
5 Maf_lc 20,519 0.7% | Cretaceous peridotite, dunite, peridotite
plutonic rocks
6: Sedimentary
Mesozoic & 541513 18.20¢ Jurassic (Middle and Late) and Cretaceous sandstones, clays,
metamorphic ' 7 conglomerates, limestones, metamorphic schists
rocks
7: Volcanic 32933 11% Jurassic (Middle and Late) and Cretaceous volcanic pyroclastic
y A% . .
rocks breccias, basalts and andesite basalts, tuffs
8: Sedimentary
Paleozoic & . 43,624 1.5% | Paleozoic limestones, sandstones, clays, quartzites, schists
metamorphic
rocks
9: Proterozoic metamorphic schists, gneiss, phyllites, marbles
. Metamorphic,
Emte“’zo' plutonic & 19,926 0T | i and aranitic inrusi
meta volcanic roterozoic meta -volcanic and granitic intrusions
rocks
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Figure 1.2 Geologic Province and Active Fault Map

These geologic provinces referred to the following geologic maps.
Schematic Geologic Map of Armenia (S=1:1,000,000) Source: GEORISK CJSC Aoutor: A. Avagyan
Geological Map of the Republic of Armenia (S=1:1,000,000) by Ed. Kharazian
Geologic sections are made by A. Avagayan for this technical bulletin
These active faults referred to the following active fault map.
Map and database for active faults in the territory of Armenia (1:100,000)
Source : GEORISK CJSC
Authors: A. Karakhanyan, V. G. Trifinov, H. Philip, A. Avagyan, H. Baghdassaryan, S. Arakelyan, Year: 2001
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1.3.2 Soil

(1) Quotation

This section is chiefly a reiteration of the “Ministry of Nature Protection of the RA 2002, National
Action Programme to Combat Dissatisfaction in Armenia”. However, it is corrected by this
study’s new findings.

(2) Outline of soil distribution
Table 1.2 shows outline of soil distribution in the RA.

Table 1.3 Outline of Soil Distribution in the RA

Zones Region/ Marzes Soil types Area Altitude
ASL m
Thousand %
ha
Semi-desert  Aragatsotn, Ararat, Semi-desert grey 152 5.8 850-1250
Aramavia, Kotayk Irrigated meadow 53 2.0
Yerevan Hard weathering rock 31 1.2
soil
Sub-total: 236 9.0
Dry steppe Arrat, Aragatson, Brown 242 9.2 1250-1950
Kotayk, Syunik,
Vayorts Dzor
Steppe Aragatson, Ararat, Black-soil, 718 27.4 1300-2450
Gegharkunik,Lori, meadow-black-soil, 13 0.5
Kotayk, Syunik, river-valley-plateau, 48 1.8
Vayorts Dzor, land-subsoil 18 0.7
Shirak,
Sub-total: 797 30.4
Forest Ararat, Aragatson, Forest grey, 133 5.2 500-2400
Gegharkunik, Lori,  Turf-carbonate, 15 0.6
Kotayk, Syunik, chestnut 564 21.6
Tavush
Sub-total: 712 27.4
Highland Avrarat, Aragatsotn, Highland-meadow, 346 13.2 2200-4000
meadow Gegharkunik, Lori, Meadow-steppe 283 10.8
Kotayk, Syunik,
Vayots Dzor, Tavush
Sub-total: 629 24.0
Total: 2616 100

*) 358.3 thousand ha are covered by rocks, sand, water, roads and other buildings.
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(3) Semi-desert soils

(a) Semi-desert grey soils

The semi-desert grey soils cover the lower hilly plains of the foothill zone of the Ararat concavity
at the altitude of 850-1250 m. They are characterized by low capacity of humus horizons (25 -
40cm), low percentage (2%) of humus, stoniness, skeleton-type and considerable percentage of
carbonadoes. Below the carbonate horizons the gypsum-clay stratums are represented. Salinity is
notable here and there. The soils have weak absorption—ability, inadequate hydro-physical
properties, and are saturated by soil- alkali grounds.

(b) Irrigated meadow grey lands

Irrigated meadow grey lands have been formed on the Ararat plateau areas at the altitude of
800-900 m under the conditions of joint impact of the subsoil and surface wetting regimes, and a
century of human activity. The capacity of the profile is 80-120 cm. They are characterized by
high percentage of carbonates (3-7%) and low percentage of humus (1.5-2%) earthen and
clay-sand mechanical composition. They are normally not saline, although there are areas that are
weakly saline and alkali under the impact of mineralized groundwater. They possess adequate
hydro-physical properties.

(c) Hard weathering rock soils

Hard weathering rock soil is located on multi-color clays in the areas surrounding the city of
Yerevan. The JICA study team clarified that this soil is “dispersive soil”. It is characterized by
crevices/ piping holes, low percentage of humus (0.8-2.6%) and carbonates, alkalinity and
plastered nature. They have extremely unfavorable hydro-physical properties.

(4) Dry steppe soils

Dry steppe soils include only brown soils.

Brown soils are developed in the Ararat concave valley, in the plateau of Vayk and Zangezur dry
steppe zones at the altitude of 1250-1950 m, intermountain valleys and on the adjacent highland
slopes. They are characterized by the presence of a medium content of humus (2-4%), stoniness,
extremely expressed alluvial-carbonate horizon, which is partly in a cemented state. They have
weak basic reaction (PH=7.4-8.5), medium absorption volume saturated by salinated soils (30-35
mg/ekv) and unfavorable hydro-physical properties.
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(5) Steppe soils

(a) Black-soils

Black-soils are developed in the Ararat concave valley, Shirak highland, Lori steppe, Sevan basin,
Zangezur plateau and other areas in the comparatively mild steepness of the mountain slopes at
altitudes of 1300-2450 m. They are characterized by a humus content of 3.5- 1.2%, have
above—medium absorption ability (35-55 mg/eq.), high aggregation, are mainly neutral, but may
sometimes have weak acidic and basic reactions (pH= 6.0-8.2), have the best material
composition and hydro-physical properties.

(b) Meadow black-soils

Meadow black-soils have been formed in the steppe zone within the limits of black-soil dispersion
under surface and ground wetting conditions. They are basically spread in the Lori steppes, Shirak
plateau and Sevan basin. They have unique hydrological conditions, promote considerable
increase of humus (10-13 %) and clay in lower stratums. They have weak acidic reaction; the
amount of absorbed actions is up to 57 mg/eq.

River-valley-plateau soils have been formed in the river valleys and the coastal areas related from
the Lake Sevan water. Humus composition is from low to moderate (2-4%), they are neutral,
sometimes have weak basic reaction (pH 6.9-8.1) and varying volume of absorption (14-35
mg/evk), where the percentage of absorbed magnesium is essential.

Subsoils have been formed in the Lake Sevan coastal areas as a result of the depression of the
water table. They cover an essential area, characterized by sand-clay subsoil, by mechanical
sand-and-clay composition, and by low humus percentage (0.3-0.5%).
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(6) Forest soils

(a) Forest gray soils

Forest gray soils have been formed on the slopes of Northeastern Armenia at an altitude of
1800-2250 m. They are characterized by earthiness as a result of alleviation. They have high
humus content (4.8%), average absorption capacity, may have weak to strong acid reaction
(pH 4.6-5.9) and favorable hydro-physical properties.

Forest turf-carbonate soils have been formed at average altitude on the plicate mountains of
Gugark, Hakhum, Bargushat on mother types rich in carbonate. They are characterized by
considerable humus percentage (7.5- 11%), are neutral on upper stratums (pH 7.0-7.4), and basic
in lower stratums (pH 7.8- 8.5), they are saturated with alkali soils, and have medium and above
medium absorption capacity.

(b) Forest brown soils
Forest brown soils are spread over the Virahayots, Gegark, Pambak and Zangezur mountain
ranges at altitudes of 500-1700 m, and in the sunny-side dry slopes, in areas up to 2400 m
high. Essential humus percentage is 4-10%. They have medium absorption capacity, and medim
carbonate percentage.

(c) Highland-meadow soils
Highland-meadow soils include the highland-meadow and meadow-steppe types of soils.

Highland-meadow soils originated on the fragment mountain slopes and plateaus spread over the
area at altitudes of 2002-2600 m ASL, under cold and humid climatic conditions. They have high
humus percentage (13-20%), light mechanical composition and fragile structure, absorption
ability below medium (15-20 mg/ ekv), have slightly acidic reactions (pH 5.5-6.8), expanded
absorption capacity, medium and low mechanical clay-and-sand composition and favorable
hydro-physical properties.
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1.4 Climate
1.4.1 Air-temperature

Average monthly air-temperature in Yerevan, the capital city of RA situated at 907-masl, varies from -0.5
°C in January to 32.9 °C in July (1961-1990). In Sevan City, at approximately 2,350-masl, it varies from
4.0 °C in winter to 14.0 °C. in summer. Average yearly air-temperature (isotherm) in the territory of RA is
shown in Figurel.3 With reference to topographical characteristics of the territory, local temperatures
largely depend on ground heights
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Figure 1.3 Average Yearly Air-Temperature in Centigrade 1993 - 2003
Figure 1.4 below demonstrates a good correlation between average annual air-temperatures and ground

heights, showing that the air-temperature decreases by 6.2°C  with every 1,000-m increase in height, with
a high correlation coefficient of 0.96.
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Figure 1.4 Correlation between Average Yearly Temperature and Ground Height
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1.4.2 Precipitation

In general, higher precipitation is observed in the months of April and May, and lower
precipitation in the months of August and September, in the territory of RA.

In Yerevan, the monthly average rainfall ranges from 7.2 mm in August to 36.5 mm in April
(1961-1990), with average annual rainfall of 593.2 mm. A detailed monthly rainfall pattern is
available for Dilijan City situated approximately 75 km northeast of Yerevan as shown in Figure
1.6. Higher average monthly precipitations exceeding 100 mm were usually observed in summers
and lower precipitations in winters, with average annual rainfall of approximately 560 mm.
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Figure 1.6 Average Monthly Precipitation in Dilijan

Figure 1.7 shows the average annual rainfall distribution (1993-2000) in the territory of RA. Areas of
higher rainfall, or over 1,000 mm, are observed in the northern part of the territory, whereas an area of
lower precipitation, or below 300 mm, is seen in the western part of the country. Average annual
precipitation of the whole territory is estimated to be 480 mm.
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Figure 1.7 Distribution of Average Annual Precipitation
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2. UNSPULUUUL L SLSEUUUUL MUSUTULLE D 2. SOCIAL AND ECONOMIC CONDITION

2.1 Znnujht thumpuiikp
Znnuyjht phunipubph mbuwfubph pwojunidp b tpwtg dwbpudwub gnpswonypubpp 2Z-nwd hbnlyjw) 2.1 1 2.2 2.1 Land Resources

unniuwlubpaul £, hunfwdwyt * 1997 p-p hanh puquibup Zwjwunwimud™ The distribution of the land resources and their detailed functions in the Republic of Armenia are shown in

Upgniuuly 2.1 Znquyhtt phumpubbph pupunudp 22-mu (hwquip hw)

Tables 2.1 and 2.2, according to the “1997 land balance found in Armenia”.

Table 2.1 Land Resources Distribution in the RA  (thousand ha)
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Ujmtihp 450.5 194.3 48.3 2.7 9.6 1337 57.0 199.2 2 s I e 2 £ S Q< 5
Qbnwuppnithp 407.1 240.1 95.3 1.8 35.6 107.4 16.0 278.9 Syunik 450.5 194.3 48.3 2.7 9.6 133.7 57.0 199.2
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Upwqudninit 275.6 136.7 56.2 7.7 4.1 68.7 7.5 1314 Lori 378.9 192.2 48.4 45 39.4 99.9 90.0 96.7
Swniy 270.4 98.6 27.8 6.8 15.0 49.0 123.9 47.9 Aragatsotn 275.6 136.7 56.2 7.7 41 68.7 7.5 131.4
Chpuly 268.0 165.7 84.5 0.5 16.8 63.9 25 99.8 Tavush 270.4 98.6 27.8 6.8 15.0 49.0 123.9 47.9
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Upduhp 124.2 80.7 40.4 13.6 0.2 26.5 1.0 425 Kotayk 209.5 99.8 40.6 7.6 10.9 40.7 20.0 89.7
Bplwb 215 8.3 2.2 3.3 0.0 2.8 0.0 13.2 Armavir 124.2 80.7 40.4 13.6 0.2 26.5 1.0 42.5
Cunhwinip 2,846.4 1,391.4 494.3 63.6 139.1 694.4 3339 1,249.0 Yerevan 215 8.3 2.2 3.3 0.0 2.8 0.0 13.2
Total 2,846.4 13914 4943 63.6 139.1 694.4 333.9 1,249.0
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Table 2.2 Land detail function of RA (thousand ha)
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Gni0wbnbuwy=u nitghuyh hnnkp 551.0 19% 509.0 368.0 54.0 66.0 21.0 42.0
Agricultural function lands 551.0 19% 509.0 368.0 54.0 66.0 21.0 42.0
Puwlkgws hnnkp 66.0 2% 8.4 4.0 2.3 0.1 2.0 57.6
Settlements lands 66.0 2% 8.4 4.0 2.3 0.1 2.0 57.6
Unpmnibwpkpnipinil, mpubuwnpu, .
humnpruljgnupymt b wy| hontp =0 o e o Industry, transportation, 95.0 3% 75 13 05 16 41 875
Cpowlyu Wpourluyp, wnnngSASYSICH, com_munlcatlon and other lands
Ypulubqinyuljul, uynpun3{gY, 230.0 8% 43 0.3 0.1 0.3 3.6 225.7 Environmental, health,
wuwndwuh b dpwlnipuyht hnnkp recreational, sport and historical | 230.0 8% 4.3 0.3 0.1 0.3 3.6 225.7
Utnwnh hwydht hhdudws haqkp 352.0 12% | 181 05 1.8 31 127 333.9 and cultural land
0,
9ph hurgdbts it hnp 0.0 1% 0.0 0.0 0.0 0.0 o1 199 Forest found lands 352.0 12% 18.1 0.5 1.8 3.1 12.7 333.9
0,
e»¥%»ATY»AC N3RTCY NCUY r=T Nad»h 1,660.3 56% | 844.1  120.2 5.1 67.8 650.9 816.3 Water found lands 200 1% 0.0 0.0 0.0 0.0 0.1 199
o Reserve found lands 1,660.3 56% 844.1 1202 5.1 67.8 650.9 816.3
AY1R=Y45f 2,974.3 100% | 1,391.4  494.3 63.8 1391 694.4 1,582.9
Total 2,974.3 100% 13914 4943 63.8 139.1 6944 15829
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2.2 TYT»easAlasy

20(a6e=T 2.3 64dl6 , T3ECE PD-C -EE3Tai TY 1 »E3T3Y TilSEY»iA

20046631 2.3 PD-C WY »E3T3Y -LE2Tah W TI3EY»hA
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2.2 Economy

Table 2.3 shows key economic data of the RA.

Table 2.3 Key Economic Data of Armania

NP
000CH/ NS 1996 | 1997 11998 11999 2000 | 2001 12002 12003 2004 Indicator / year 1096 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
IYDESIEY 2, % 2.9 96 1291 701 1001 | economic growth, % 5.9 96| 129 70| 100
EYVESOCS. % — 08 311 110 300 800 [yyfation, % 0.8 3.1 1.1 3.0 6.0
qan 13%i 1a0AladY/30u3T1ajAlacy Unemolovment/ pover
TYreachlasyasy Py poverty
SBE=Ta0Y=TaoAI=Y UCCCY ACTA, Average number of employed in
900 =0 13373 12982 1.277.7) 12649 11,1064 economy, 000 persons 1,337.3 | 1,298.2 | 1,277.7 | 1,264.9 | 1,106.4
TASYOT 3,", SYSIES TS TasAl=Y Total number of registered
DCCCY ACTA, 000 2Y0 1338 1750 1539| 1384 127.3 unemployed, 000 persons 1338| 1750| 1539| 1384 127.3
2Ue»T=Y UCeCY SYIsy=TSY Average monthly nominal wage,
e - 18;1090(1) 20157 22706 24483 | 27.324 AMD 18,000 | 20,157 | 22,706 | 24,483 | 27,324

ONU)/;: P;3;fi);uo~ Lg({':ﬁ_’ _/(;/ 27'7 15'3 Number of poor population, % 54.7 49.1
anarofo n=/\» u-=r, 70 . . .
20037 0303030y of which number of very poor, % 27.7 15.3
uY3TaasAlasY, % 58.8 55.0 Poor population urban, % 58.8 55.0
anayoego I=IA=M»0 30037, % 29.6 17.7 of which number of very poor, % 29.6 17.7
2?;?52‘65\3283? =Y 480 106 Poor population rural, % 48.0 40.6

0 . .
i’ﬁa’)?o'go' Folp=ind =00=7 % ad 119 of which number of very poor, % 24.4 11.9
[ , % . .

AVANSYa0R SOu= TGRS BrUCY Goneral poverty - threshold, ., 12973
pb_/3UCé 10,784 12,273 1 !
R C, v Poverty  food threshold,

1371 éYI»t4d B»UCY 6,612 7,525 AMD/month 6.612 7.525
up= GDP
Ub=, PD p3E3Yé. 660.3 | 798.5 798.5 9874 | 1,031.3| 1,1759| 1,362.5 | 1,623.3 | 1,893.4 GDP. AMD bin 660.3 | 798.5 798.5 9874 | 1.031.3 | 11759 | 13625 | 1.623.3 | 1.893.4
Ub2 (46f T3&CT3EC N3U3h, ’ : : : : : ol 1L70. 902 ,023. ,893.
000DD _ ¢ ¢ 175.0 | 2109 | 210.9 259.8 271.2 3093 | 357.2| 5053| 5894 GDP per capita, 000AMD 175.0 | 210.9 210.9 259.8 271.2 309.3 357.2 505.3 589.4
UD2-IC T=264061=T0A Structure of GDP
2A1j45Y Su»iaoAlasy 201| 205| 204| 197 Industry, % 20.1 20.5 20.4 19.7
14603 Y »easAlasy 255 | 236| 230| 225 Agriculture, % 265| 236| 230 22.5
DCY:B’ﬁ:Bﬁé‘GAUé()Y 9.7 12.8 15.2 15.3 Construction, % 9.7 12.8 15.2 15.3
TASYeAAAT T Transport& Communication, % 7.0 6.7 6.5 5.9
N=30an1=310adAlasy 7.0 6.7 6.5 5.9 Trade. % 102 103 99 110
2 Z o s N ) . . . .

€ 1P 1021 1031 991 101 T other sectors, % 178| 164| 155| 172
“Eel |,anj(i>n" — 178 104 155 172 Net indirect taxes, % 9.7 9.7 9.5 8.4
V45w 3Y430031C N3AT»fi 97| 97| 95| 84| [Total GDP computed at market
AY1N3Yaon UD2 NSRISATT31 ; 0
RATS(ST3Y - Y»iiai 100.0 | 100.0 | 100.0 | 100.0 prices, % 1000 | 100.0] 100.0] 1000

20uladn: D3(3ET3YC 3%-3(CY ICx3T3-AZT3Y 13é3(a0Al40Y (http://www.armsat.am/)- D3(SE6W3YC

TSA»T3Y 10212 -A=T2Y -CAu
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2.3 BAE31330Ccao

P3[(3ew3YC N3YAZA»TAAIBY —4AE31AST3A0C -46U3AA 1997-2001 A. AYT=T 5 T3ACY»AC
AYAZ6040U0 Yis»E , WASBYEAAAWC pakafi pY3-3i3éY»iail: (w»é 30046631  2-4).
DITTBAr6 %-3EC ; STTAVAUCESICY —AES1ABTIAOC ~ 013(CY wréC —4ES1ABUCCASY»AC
- 40U3AC Y T3%aAdUA:

20145631 2.4 VAR=03V4400 THSVEAART2ICY pY=-3726C ~4ES1HAST2A0C - A00=AA

Uc=ran:N=%=n rayvy=

AEART/3AC 1997 1998 1999 2000 2001 2002 2003 2004 2001/1997 (%)
°RT=Aa503(CY 1,471 1,763 1,390 1,424 1,394 94.8
p»eY»ii

27 ralaucesic 4,180 3,174 2,493 2,077 2,555 61.1
Y

+4E31/450Y»

n

ar3icy 27 19 14 14 11 40.7
p»eY»ii

Eafai=T3p= 1,011 1,053 859 968 959 94.6
fi=(cY

AY1N=3Y45f 6,639 6,010 4,755 4,482 4,920 74.1

20plash: PBET3YC 3%- 30V 1Cx3T3-A=T3Y 13634sAlasY (http://www.armsatam/)- D3IBET3YC T3i»T3Y iCx3T3-A=T3Y -CAi
20i866=T 2.5-A 64606 ; T2ECE »ATAAIOZCY |»6C ~AESTAUSY -40USAA P-4, VA=Y
BRC2A=T40 0=aaVC=lail:  DRT2T2Y  »AT2A40=ICY
+aE31a4a0UY»AC USERT3pA +aun ; UCc3Y- 3(CY N3U»U31atAl3Y Uxc:

»filAadl, »ATAC Y»fieaol

20145631 2.4 VAR=02V4400 THSVEAART2ICY pY=-3726C —4E31AST2A0C - A00=AA

ORIAC Y313 | 1997 1998 1999 2000 ORTAC 6AE31i30Cc
T3A310  asAlasy T334l 40Y»fiC
A A +aE31iaiUY»AC | - a6UZAA U»T
1999-C - 40U3AA 40h 3Y0¢ N=3U=3h
Y TU-C N3U=hd
(N=%=fi  (UCECAY | (UGEECAY WAYY= *TU) (UCECAY (WaYY=3*1U/
ORTAC atrl) U=hit) TaYY3/u1u) 3Y0)
3Yi3VYal
UA
D333y 29.8 3.8 400 400 300 400 | 13 (2000CY) 105 ( 2000CY)
21fipne3Y 86.6 8.0 3500 4,700 5,100 5,800 | 67 (2000CY) 125 ( 2000CY)
ifAser3y 69.7 5.4 2,000 2,600 3,100 3,900 | 56 ( 2000CY) 722 (2000CY)
Aasfiuc= 774.8 64.4 9,700 8,500 8,300 - | 11 (1999¢Y) 129 (1999CY)
gél/zu»'l'é'rs 448.9 24.3 16,500 15,700 13,900 - | 31 (1999¢CY) 572 ( 2000CGY)
27eThc= 83.9 8.2 14,800 15,300 15,600 17,100 | 204 ( 2000CY) 2085 (2000CY)
0=aavc= 377.8  126.3 24,900 22,900 22,600 - | 60 (1999CY) 179 (1999CY)
20ulash: D3(=EW3YC 3%-3ICY 1Cx3T3-A3T3Y 1363(a0AlasY  (http://www.armsat.am/)-  D3[BET3YC T3A»T3Y

ICx3T3-A=T3Y qCAl:
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2.3 Transportation

The amount of freight of Republic of Armenia has decreased for all forms of transportation in the
5 years from 1997 to 2001 (Refer to Table 2.4). The decrease of motor freight and air cargo
transportation are especially remarkable.

Table 2.4 Amounts of freight of each transportation field
unit: thousand ton

Field/ year 1997 1998 1999 2000 2001 2002 2003 2004 | 2001/1997 (%)
Rail cargo 1,471 1,763 1,390 1,424 1,39 94.8
Motor freight 4,180 3,174 2,493 2,077 2,555 61.1
Air cargo 27 19 14 14 11 40.7
Pipeline 1,011 1,053 859 968 959 94.6
Total 6,639 6,010 4,755 4,482 4,920 74.1

Sauce: National Statistical Service of Armenia (http://www.armsat.am/)- Statistical Yearbook of Armenia

Table 2.5 shows a comparison of the volume of rail cargo transportation of RA, surrounding
countries, inland countries, and Japan. The Armenian rail cargo transportation scale is small in an
international comparison.

Table 2.4 Amounts of freight of each transportation field

Country  Populatio | 1997 1998 1999 2000 Transportation Transportation
Area n amount for each | amount for one
in 1999 square km of person
country area
(thousand  (million (million ton*km) (million ton/ (ton*km/
Country | km?) persons) km?) person)
name
Armenia 29.8 3.8 400 400 300 400 | 13 (in 2000) 105 (in 2000)
Azerbaija 86.6 80| 3500 4,700 5,100 5,800 | 67 (in2000) 125 (in 2000)
n
Georgia 69.7 54| 2000 2,600 3,100 3,900 | 56 (in 2000) 722 (in 2000)
Turkey 774.8 64.4| 9,700 8500 8,300 - | 11 (in 1999) 129 (in 1999)
Uzbekista 448.9 243 | 16,500 15,700 13,900 - | 31 (in 1999) 572 (in 2000)
n
Austria 83.9 8.2 | 14,800 15,300 15,600 17,100 | 204 (in 2000) 2085 (in 2000)
Japan 377.8 126.3 | 24,900 22,900 22,600 - | 60 (in 1999) 179 (in 1999)

Sauce: National Statistical Service of Armenia (http://www.armsat.am/)- Statistical Yearbook of Armenia
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3. 8a0=2Ugk ~U2T20 &2020U0°8A

3.1 8a0=YUC CY I»Y 31 ateailY=eChasAl=Y U»Aa13p3YasAlasyA

3.1.1 AYI»Y 1301 458aiUY=36ChRacAi3Y &3 T»RA

@a03YUC CYI»Y I3 4ieaiUY=36CRatAl3Y YR3YST»TA D3(EEn3YC D3YRS&»atAl3Y a0c 3310y A
EYT»Y I3 720} | N==T3y (¢
a3U=3Y=3-A3(CY AYT»fasAIBY Ta0UCH 2004A. 2ARCE —e»&»Uu»fi SUCEY»ACY: 8a03YUY»fA afaR i»0CY 013(CY
FaiE3YT3AY»AC U»TY3BU3YUSY UCcadal, ~ 1»03-A3-Cr3T3Y »%i=-13(CY USA»hY»iai 1:50,000
1:100,000 US&Rw3pY»hai: £ NSi»EailY 63, 13RWC CYI»Y 3 aeailY3eChacAlaiyA CAisT3Y361»0 162
i3lfi»Aacl, afir»0 -ABYOT»OCY 8a0BYUY»AC TYSEY»AA: £YE Co», 6a03YUY»i aI3ICY 17 i3f»fiail 3(1 162
1SRG CY I»Y I3l 4564UY3eCRacAIBY ASUSYST: (1Y36A 3YTUSY 3E 1»e31C A3 Tx3éai (i)

3.1.2 8a0=3YuC 6=3NU=Y4UA

@a03YUA e3U3Yiall ¢ and»e %3Y-T131C R3AA, anA T»O03R3AlE ¢ %3Y-T3TA ~ x»00T3T0C USTrineA:
T3+, 3i=- NaguC ~ NaOC NBeT3uwU3Y R3AAUSY T»E3TY»MA AYL-ATT3T »Y 6a03Y0Y»iadl:

30303y A»ii=-CC 63NUSYUY (1950) <Ei=10 I»AUCYA T»ASu»iail  133»0 13Y130 (r3icY
300U-Co 13Y130 %3Y-T=3IC R3AACY): OET=TUA 340YC %3Y-T1=31C R3AAC &3fk &ifT=3-CI ~ x»00i=10C
UST»fineé: 206 408a0UY36CHA0AIBY Unc ~ET3T0A AYL-ATT31 ; 8a03YuY»fidil 4id»eé 11= UG 3 1»e=3T:

I»AA YRIZT R3AAUSY T»E3TY»AC UBYA3U3eY 63NUBYAIUY»MA 64310 »Y TATST 3.7 pBAYaiU:
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3. NATURAL CONDITION OF LANDSLIDES

3.1 Methodology of Landslide Inventory Survey

3.1.1 Outline of Inventory Survey

The target area of the landslide inventory survey was the whole territory of the Republic of Armenia. The
inventory survey was conducted by the JICA study team and Armenian subcontractor from April to
September in 2004. Landslides were identified by interpreting aerial photographs, and topographical contour
maps of 1:50,000 and 1:100,000 scales. In addition, the field inventory survey was conducted for 162 sites in
which damages of landslides were reported. However, landslides did not exist in 17 sites among 162 field
inventory survey sites (Damage was due to another reason for the subsidence etc.)

3.1.2 Definition of Landslide

A landslide is defined as the movement of a displaced mass and surface of rupture. Movement type of fall,
rapid flow, and land settlement are not included in landside.

The term creep refers to extremely slow (slower than 30 mm/year) displacement of a mass according to the
definition of Terzaghi (1950). The creep doesn't have the clear outline of displaced mass and surface of
rupture. In this study, creep is included as a type of landslide.

Detailed definitions of the movement types above-mentioned are shown in section 3.7.
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3.1.3 AY I»Y W= 456400V =6CHatAI=Y VoitiiatUA ™ SHr=1i=YoA

TASTT NSHET31 4-400: DCUYST3Y SHATSIASYUA, & 0»6U siiT»0 CY I»Y 13 aieaiUY3eCiacAisy AsUsy=T,
6a8lo ¢ wAT=1 300a66=T 3.1-40U:

200a06=T 3.1 AY Y131 a08ai0Y3eCratAlBY NCUYST3Y YriitfiailA -~ SATr31A3Y0A
PCUY3T3Y SHT31A3YUA | G-13-a1T31 O T3 Ta0AlaY

PP-aU N3 Y3u»sAT31 2504 €a03YUY»AC &fiT3-CIA (@a03YuY»h, a0 TY3EY»AA &Y ¥»Ilaioixt T03T3Y
Y2h-30U3Y USE3n3acAlay, CET USeRr=uA, anA 2 N=3Co &3T3¢ ;, iC x3Y3ii»t 013(CY EAESYISAY»AC
U»TY2p3YU3Y UCcadar, AYL-AlT31 a»Y 3(& Atail)

-1:100.000 500.000 pakaf T3ASIUY»AC 1»03-A3-Cr313Y
USAT»YY»A

- ACASE3CY wSA2INC UAn3iai=&»é 1U3-A1C EAe3YISAY»hA
3AT»E »Y 1974-1988AA. 1:9,000-1:2.000 US&RWSpY»Rat

AR WSASIUY»AC FAIESYISAY»AA,  p36Cc  e3NU3Y3(cY
TSASTUY»ACH, SAT»E »Y 1974A, 1:110,000 -1:100,000 USERWSpaf:
-a03YUY»AiC 746 UBAT»Y»fi D3IST3Y ééb- T3i=1uaiU 1986A.
(@=€RW= 1:200.000)

P& 1400 8403YUC USATWY»A ~ WIISBEY»f “SYOV=3- A4l 331
§6403YUC E&BAYIANY»fi écel @21C %=3h-30U3Y Ii=3-Ch
2000} -40U

2Hr3T30- CA3ICx3TY»AC 1363 13AU3Y 13haaAlBY 363¢Y3(cY
V3¢ \3e6Y40 ea03YUY»AC 6406=T (A1) (2003)
- i I | -Q3ﬁc:)3t1/2ﬁé.(j)UéY>’>ﬁ >>YA3I3ééL~)~OI'3IU_:_3UQY AYI){ﬁéﬁAUé.ﬁYY»ﬁC N:,3U3fﬁ
155 8a03YuY»fi, anaYoCd -fAYOI»t »Y 8a03Yu3ICY 1Y38Y»A ° afir»0 CASISBY30i»t ; 13w C CYI»Y13i

1)8a03YuC pSREUSY U3AT»Y

(= 1:100.000)

2)8a03YUY»AC 6&63T (EYT»YU3n (0 1,
8a03YUC x3Y3EU3Y 53--ananCay»hA)

| 2RESANE ATV, SAIRSYSTRY, "3 | 48 o raiklasTA ASr 130WC OV iV rah eV 2ecraiii=y |
éé.,O3Y’L‘J3UCY’ 363YOY3N3T 1a0AAGYY»fi

EeYEReLS) | ]
DO I3 Ta0AIRYY A6 -(86038»»AC ~ 3lEY
TY»AC/ - ABe»YISTY»AC/ " NSe3n3T3T3Y

- AR TSABYY»AC/ TANEOY»AC/
RCY&SAIAYY»ACNCTSYLISYAOY»AC/S I»AZTY»
AiC XxSYSAZANY»AC/ »AT3A - T»fiC/
T3UARCY»AC/ - 3UC EA0ATSTY»AC/ GG
Ea0ai3TY»nC/N»63Ea83(CY
E3fi»ACA»AUSY»AC 3EYC ACTA
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3.1.3 Output and Input of Inventory Survey

The JICA Study Team prepared the inventory formats (Form 1 to Form 7) and their instructions are as shown
in Appendix 4. The main output obtained from the inventory survey is as shown in Table 3.1.

Table 3.1 The Main Output and Input Information of the Inventory Survey

The main output Information used
Outline of 2,504 identified landslides in RA (landslides from which damages are not reported to the Ministry of
Urban Development, and on the scale as for less than 2ha that cannot recognized by the aerophotograph
interpretation are not included in this number. )
""""""""""""""""""""""""""""" - 1:100,000 and 1:500,000 topographical maps of all areas.
- Aerophotograph of about 1/3 regions of the target area, taken in the
years 1974 -1988, in scales of 1:9,000 -1:2,000
- Aerophotograph photographs of all areas except the border areas,
taken in the year 1974, in scales of 1:110,000 -1:100,000
- 746 landslide maps within the territory of the Armenian  SSR,
1986 (Scale 1:200,000)
- Around 1400 landslide maps and data in ‘passport” made by
“Landslide hazard and risk UNDP, 2000”
- Priority damaging landslides list of Emergency Management
Administration (EMA) (2003)

- Interviews for infrastructure companies

1) Landslide distribution map
(S=1:100,000)

2) Landslide list (Inventory form1, landslide
ID setting)

The 155 landslides from which landslide damage are reported and field inventory survey was conducted
“Geographical features, geological features - Information by the field inventory survey
and so on of landslides (Inventory forms 1-5)
‘Riskobject. - Information by heads of villagesandsoon
Number of houses/offices and public
factories/schools/buildings/hospitals/
ruins/roads /railways/bridges/gas
pipelines/water pipelines/power lines/phone

wires/farmlands/etc.
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2045631 3.2-400 GA06SLATT »Y - AlA0AIASY 46Y»640 8803YUVHAC NBUSEAT 64663 ~~ 8a0=YUY»AC PBREUSY

USAIYY»f, AfaYU T»A3p»hacl »Y 6a03YUY»AC x3SYSHU3YA:

2((406=T 3.2 N14laAlady a5Y»6a0 8a03YUY»AC NBUSEan 640631 " 2E3Y0Y26U3Y US4 »f

—=
No. | miyanimocaic =0yisnion somubrg | USRS raaA
AciA
2002-2004AA N3T=38403YU3ICY - anla0asAlasYY»Ac | 31 263¢CY T »AIRAAL WH»0»AC 137 anasAlasyA e3NUSY I3

1 CRsT3Y=60=Y  &E3Y DD-400 A=Wz T=1 andme eCETICY U1 YISH= - ATST »Y AYwiiaiil=Y
D3T3V 1303003 USES=hai=Y A TxS3EVriA
150UCo(TVA)

5 2005-2007AA. UCGCY ASUIYCTSEEC | 60 UIsii= - A3 »Y UGB 13limi¢ SV YA 26 6a163TA
RAGSYSTSY»HA NS =T T31 DD T363T3iaA=Y AV -T800 ;, T>RAYRISE »fineadY UsT (31) 8a03YUY»HA
07.11.2001 N 1074 &f&RU=Uy

3 2004A. NagYGe =UecY TvU-C Ta0UCo &3=Yei=1 150 0AIO3TY AV -ATa0U ;, T»AAYRISE 31 60 6a0=YUY»HA
V3¢ 8313640 6403 YUY»HC 64563T

4 0 67 AGAACARMINZHP YA31=T3(GY 89NBUYUY»fi | 8A0BYUYACO STHATST NBUSVUYAC 63YTA
I7=-CRA1997A. 1 WY-3Tan »AliZy=Y3T3Y
-ARIAYASAC D»x»ASp»isE:

o o . |59 2IWCT 8403YUV»AC 63Y1, &RaYU - A3 T»E»Y 2ET1-C

5 263¢YSICY  ISAaiaABY  TYSe NSeoYa0 AR=17AEAIGOYA: DETSTamY YISAS - AT31 »Y 6C8T3(CY
SA0=VUYofi AZTTRE W T=1 2ET1-G 150006(2009) OubTI>A
2TWCT a03YUY»AC 63YT, 4fiaVl -A3i»E»Y 2£T1-C
aR=17180AIGIVA; DEWSTai»Y YISH= -AT=1 »Y
ECET3CY Opi» I Y»fiA:

6 50) éUaDY(}uC U3f11/zC i?é@??_l:ﬂ»ﬁ(; 1/zé:Y:3:Y\»ﬁc 14 UI=Ai3-1i I"3I' »Y BYATYY»fA " I au»iC
O=YT W=Ti=1 TV0-C O T=131C 14000, 3[e=AT»iA
élasycu (U=ice 2003)

BAGBLAATOA XxBSYSASANSRCYSTIY

7 | RSO AOAXSYSASINCYSISY ) 3 Ex&0CT-CY 1736 N386Y40 660V 0V
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A summary of the existing landslide lists and landslide distribution maps referred for landslide identification

are shown in Table 3.2.

No.

10

1

12

13

Table 3.2 Summary of Existing Landslide Lists and Distribution Maps

Information sources

*Anti-landslides activities realization plan in
RA for 2002-2004’ prepared by Ministry of
Urban Development (MoUD)

‘Medium Term Expenditure Framework for
2005 - 2007’ approved by RA
Governmental decision 07.11.2001 N1074
Alist of damage-causing landslides for field
inventory survey requested by MoUD in
June 2004.

‘MoUD CJSC Ltd “ARMINZHP”
Purposeful program on dangerous
geological processes in 1997
Alist of Priority damage-causing landslides
prepared by EMA (2003)

Alist of landslide zones in RA Syunigq Marz
designated by the head of MoUD, Syuniq
(May 2004)

An interview by the Team with a road
construction company

An interview by the Team with the gas
supply company  (Armrusgasprom CJSC)
An interview by the Team with the
telecommunication company
(ARMENTEL)

An interview by the Team with the Water &
Sewerage Company

(Yerevan Water & Sewerage Company)
‘Distribution of typical landslides among
the lithological complexes and main
structures within the territory of the
Armenian SSR, 1986  (Scale

1:200,000)’

Landslide Maps and ‘Passport” made by
“Landslide hazard and risk UNDP, 2000

EMA: Emergency Management
Administration; Landslide GIS

Number of
listed
landslides
31

60

150

89

communities

59

14

N/A

N/A

N/A

746

landslides

Around 1400
landslides

Around 1400
landslides

Descriptions

The 1% and 2™ priority is defined. Risk objects
and selection reasons are described.

Only names of locations are described. This list
includes the above thirty one (31) landslides.

This list includes the above 31 and 60 landslides.

List of communities destroyed by landslides

List of active landslides EMA pays attention to.
Risk objects are simply described.
Names and event dates are described

Landslides causing damage to highway
Landslides causing damage to gas pipe lines

Landslides causing damage to
telecommunication infrastructure

Landslides causing damage to water & sewerage
infrastructure

Two activity levels -active and inactive - are
categorized.

Locations, scales, types and activity level are
shown.

There is no inventory table of individual
landslides.

The configurations of the landslides are shown.
Other landslide features such as scarps or moved
masses are not shown.

The inventory forms (named “passport’) are
completed for about 25% of the territory.

This GIS is a revised version of the above
UNDP2000.

The inventory forms (“passport’) are completed
for about 200 landslides.
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Table 3.3 shows database items of the landslide inventory survey in 2004

Table 3.3 Data Base Items

Item

2005 landslides

Field inventory survey
155 landslides

Location Index Map

Landslide ID

Landslide name

Location

Coordinates and altitude of landslide center

Displaced mass scale

Displaced mass azimuth

Hazard level outline

Risk level outline

| k| k| | | k| k| H| *| %

Priority rank to be managed

Landslide Plane (Sketch)

Landslide Profile

Landslide Photograph

Slope movement type

Event History

Topographic & Deformation Features

Base Rock & Displaced Mass Condition

Hydrological Condition

\egetation Condition

Countermeasures Condition

Risk Object (existing damage)

Risk Object (potential damage)

Nl k| k| k| R | k| k| H| R k| k| ¥ | k| k| X[ F| k| k| X[ X
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3.1.3 Gr3{CY EABESYT3Y»f  »%i= - 13(CY UBA YU U»T3Y3pYaiU 313
UL3{CY EAIESYT3AY»AC ~ »%ii=- 13ICY USBAT»YC U»TYSUSYUSY Ya3STSTY | =Yuiint The purpose of aerial photo and counter map interpretation is to search for and trace ‘landslide topography’
103 -fAaAIBYAL  (AUESYGaiAladYA, %3éCT3 ESYeC -A310»YWA, — Taldb»0u= 1»03-A=-Cor3T3Y  (scarps, gentle gradient slopes and complex topographic features).

363Y0Y3Nw Ta0Ala6Y Y»hA):

Aerial Photograph and Contour Map Interpretation
N> "»E §8a0=3YuC

Therefore, there is a limitation in interpretation of activeness of landslides. A clear landslide topography
-alackiay  ave e3fUsy=+=ya0;  does not always represent an active landslide. These landslides are sometimes stable. On the other hand, a
02 -A3-CraoAl3Y &3 8a03VUV»AA UCRT & 4R STWCT »Y ECVAIU: 26 8A03YUY»AA »AsUY T3V »Y: landslide with subdued landslide topography is said to be relatively stable. Obscure landslides are almost
@lade Ta0UCH Ba03YUY»TiA, xVRT=T 8a0=YUBCY 103 - fidsAl=2Up RBUSATAU »Y  N3UUST=u3h T3lay: aa Stable, however, it is necessary to note them in case they are starting to become activite.
a3, 8a03YUY»AA NBUSAI= T3(46Y »Y, CY& Co» NSAT ¢, YR»E, Yan é16140 STwCi30U3Y 1»a0adl:

2ANEVIS0, SA0SYUSAC STWCTAA=Y W IVEu=vU=y [=0=h

Clear /7" Subdued \\ A Obscure
Landslide ‘ o Landslile Y/ Landslideor
' Wi General Slope

\ ‘
. P
@ Reactivated or Relatively
Stable Stable Or just stating activity
e»31T1Ci N=U»U=1= -finA» T3&0Y 13U Yani
IEM EEW 3 T3{a0Y 616140 =1wCi=0a

Figure 3.1 Clearness of Landslides and their Stability

2040631 3.1 8a0=3YuG &=3na0Ala0YA T=0 T3{a6Y40Al6YA
Y3V T30 R3AAC Ric=-CTA = S40SYUC AUEVCaiRlavA UC3I A=WTSAT=T OV andwe Usi eao=ves  Only the periphery of the displaced mass and the landslide scarp were delineated for each landslide on the
S BVIC UBTAAC 173 B3T3l 1 21 AFTToATST 407 IC3 sa03Viivic Une S6T= <AL landslide location maps (Appendix 1 & 2). Minor landslides within a larger landslide, scarps of minor
N P » . M . »| / » > = . -
¢ G ( ) ey e ¢ e landslides, fissures & steps were not drawn.
Ea03YUY»AiA, —aun a03YOY»AC %h3ECT3A»A, x»0u»AA =™ Ny U»iA:

’ a . a a Landslides, which are close but have

different movement, were separately
These types of landslides form one delineated.
major landslide.

™E3IC  8a03YUY»AiA gar u=lo  WAwh  BSAAsnar

31 »Y U»l U» 1 é803YU ea(,)3YgY»’nA &STHATST >V
T3%040U »Y U»T U»T 8403Y0 3¢3Y0CY

U= 3.2 840=YUY»AC 63U=Y=+31450A Figure 3.2 Delineation of Landslides
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3.1.4 _3RWC CYi»Yu3h 4ieaily3echiatAlasy
(1) éa0=3YUC AYwiadAlasYA 13RWC CY I»Y a3 45eaiUY36CRasAl=Y N=U=3H
@aw 162 13fi»A AYWATE (CY 13RWC CYI»Yu3i 4eaiUY3eChatAl3Y NSUS3A, anaYa Y Iaioi»E »Y andmeé

“TYSE131"

150 Y3831 i3fixfi A3TASEWIE (Y TVWU-C Ta0UCO 2004A.: T3 an=-aiy ead3YuY»nA N»o U=t
=36 13A0A»Aa0U AYL- ATT3T »Y »AAYRISE 150 NAOC 8a03YUY»AC 6ai6=3TaiU:

- 8403YUY»AC 64063TA, anaYo N3U=h 3é63¢3il >k (i KB3T=28403YU3(CY UCcad=3éaiUY»AC CAZT3Y36U3Y
&F3Y PP-4iU 2002-2004 AA., anaYu 3é3YOY36i»t (CY T™O3ST3Y ¥3i-3603Y USE3n3nacAl3Y Taduco:
(T);

- 88A03YUY»AC 63YTA anA 363¢3ATTxE (A BP-a00 UCcCY ASUT»C SRE3T3YUY»AC RACSYSTY»fail
NSeW31»E (A DD T363T3040AI3Y 07.11.2001 N1074 afaRUSUu:

- 263¢Y3(CY Y36 N=80Ya0 €a03YUY»AC 63YT 2AT3T3i-
TadUgo (2£TH) (2003);

ER2TCEIYAC TSEST3AUSY 1 3hsa0Al=Y

BY26=31 T3ex»iil4a0 (12) TY3e131 13{f»fiA, afaYo UBECY Y Tai01»E (i 3E T3S T»Raa0AlasYY»hic Taduco,
CYa&cCecu »Y »YAST36460T=3T03(CY T3S T»RAaAIEYY»A, 3301t »Y 150
Ea03YUY»ACY I»ACYST3Y38»8, 162 T3{fxfA AYITT»E »Y 13RWC CY I»Y 0 3h a06aiUY3eChasAl=y NSU3h:

162 T3{fivfi 13RUC CY >V 13 40ea0UY36CRaAIBY N3USH (410 TY3EY»HA 1 TAI6 THE »Y)

I S A _N.:f 13880303y _ U§Q303eaDUY»nC
Cn3I3Y3OU3Y &E3Y PP-aiU 2002-2004 AA- -C N3U3n
31 13{fi»f .

i
Prsa  &a03VuSiY  RSTSleasi»ic  Y3ES-CT

2005-2007AA UCcCY ASUT» G 13E8USY Bng3Y3 1Y»fiaiy
60 13{fi»f

Pb-4iU

I
!
1 7Y0-C TA0UCO EYIASYU 2004A.
1

59 TY=3840 T3¢ 63YT 2003A. 2£Ti-¢ Ta0Ugo 1780 1 =1
NajYCeCY, 150 13li

D363aNo »YAST36a00 12 TU3(CY 3 AVI»AGAIAIYY»AC Axr+12 - 860=3YOY»A

U233  _3R0CCY»Y3a r3lixfig AYwmasAlavA
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3.1.4  Field Inventory Survey
(1) Selection of Landslide for Field Inventory Survey

162 sites were selected for the field inventory survey on the basis of reported “damage”.

150 damaged sites were prepared by the MoUD in June 2004. Priority landslides in the following
documents, are included in the above-mentioned list of 150 landslides.

- List of the landslides suggested in the anti-landslides activities realization plan in RA for 2002-2004,
which was specified by the Ministry of Urban Development (MoUD);

- List of the landslides suggested in RA 2005-2007 medium term expenditure framework and affirmed by
RA Governmental Decision 07.11.2001 N1074;

- Priority damaging landslides list from the Emergency Management Administration (EMA) (2003);

Twelve (12) other damaged sites reported by other organizations, such as infrastructure companies, were
added to the 150 landslides. Finally, 162 sites were selected for the field inventory survey.

162 sites for field-inventory survey (in which damages were reported)

2002- 2004 !
31 sites !

U

U

U

A '

. I
\ Urgent landslide countermeasures project in RA 2005 2007 medium
U

U

U

U

U

tern expenditure
60 sites

Damaging 59 sites List 2003 by EMA I Request by MoUD in June 2004,
e o e 2 I 150sites

Interview with infrastructure companies and so on +12 Landslides

Figure 3.3 Selection of Field Inventory Sites
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Q) .3RWCCYI»Y I3 406a0V36ChasAlsyY U»AatA (2) Method of Field Inventory Survey
The detailed methods of the field inventory survey are shown in “Appendix 4-1: Instruction Manual for Landslide
Inventory Survey”. This work is to complete the inventory forms, Form 2 to Form 7 and correct Form 1 as shown in

Appendix 4-2, through the field survey.

_3RUWC CYD»Y 3 45eaiUy=3eChatAi3yY U»AatA USYASU3eY TrAdail 6adlo ¢ wii3l “D3Ei31
41400 PASBNBY-Y»AC O»eY3Al 8a03YUY»fiC AYD»YW3fi asealy3echasAi=2y N=Ushm: =2l
SRESTAAIBY YASWSTY ( BiSOY»E CYI»Y U3 0 »AA, 02-Co0 07 a600»E O "1-A, CYadwe 6adlo

The field inventory survey is divided into the following four activities.

. 3BHC CY T»Y 13 40840UY36CasAlasyA p3ASY 31 o i 138 4 SRESTSYUY»MC

Target portion of topographical maps are scanned and

Material arrangement pasted to inventory form 2: electrical spreadsheet.

- - ™03 -3 -CU313Y USHAI»HW»AC ACRSES(CY
UsAT=Y  d=lU=v=rani=laAsy HBACYY»AA ET3YSTANTHE »Y ™ =310 CYI»Y I 3i 0
2-CY: B TWAST3Y T3i=31140 (oo,
Preliminary assessment Preliminary landslide assessment maps were prepared using
USEYSISY Vi va VSEusy USEVSISY  6403Y0SI0Y - VIR WUSY USimhisiA A3 W6 T st before and for the field aerophotgraphs, for an_d before_ the field inventory survey.
A0UUYSECRAONBOA 230G (Y 0- 0 - AR I>EAT CA3(CY EAE=YTSAYHA YSEUSY inventory survey using Hazard ranking and Risk ranking were preliminarily
CY YW= A08a0UY=ECRatAr=Y aeaiUY=ECHiatAlanyA, CYadwe Y= 13RWC aeatly=echiashl=y N=U=h: i
NSUSH 0.7 - 4 AT (RSiGY ‘-'-‘3Y-<;"Qé<;é'|'<; '|'3'|'»(-;éﬁ(;3\'(»ﬁA I éBT»ELCY el aerophotgraphs determined.
Ea0E3VI3AV»f l
l Fle_ltildmventory Sunvey -Field reconnaissance
SBC OV =i SN S ha Al - 'I:r:fewfgcoggg'ssance -Interview for damage histories and distribution of the
a0eadlY=echianAlany T Y e Rt e et o e - Iew i i i i -
T S TSy AT - PSAGSHRANG TY36C A3 WUAIAISY ~ eCeT3ICY ubTe i ) questlopnalre on risk objects (Inventory Form 6 - Damage
- BTG b F=a KAl Pl iithg SRl i e questionnaire survey luat
- D3fi63nailoc I»ASPAIBE NBA6SASACTY»AC pSA3YaU (EYI»Y T30 6 evaluation)
NSAGSAACIC —1Y3¢6C TY3N=Ta)
aeatly3eChaAlsy
Data entry to field - Data entry to inventory Forms 2, 3,4,5,6 & 7
P ———— FASEVAG UasW = - i) CY >V WS 901 2, 3,4,5, 67 7-400 inventory Forms - Corrections of hazard rank, risk rank, and priority rank of
GV =0 i) - TWSY-C, 6CEIC ~ BE3¢V3CY T3> 4RC3Y»¢ 4500400 inventory Form 1
CYI»Yn3i O "1-4U

Figure 3.4 Work Flow of Inventory Survey

200a06=T 3.4 £Y I>Y 1= a5eallY=36CraiAl=Y 2REST3Y0C DaEUA
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32 @aO=VUVHAC ACTA™ W=A=T0A
éé©3YUY>>ﬁC CYD»YI3ii éﬁééﬁUYi?’é(;ﬁéGAUééYéﬁU, 2,504 8a03YuY»fi x3BY35»0CY 013UQY EAOESYT3AY»AC =
RST31CH USATWG UsTYSuSYUSY UCCA0AT, = -A3YOIm00Y162 TY36i=T iSiinfi 13RWC CYiYrsi

=3+exofi NYSASTAR ¢, af Y YISTDE D3RS isToaAiBY NST363»0a0UA 300406=T 3.5-40U O»él
WATST p36 AddY»fai  200=3-Co <aui WilStY»iA: A»iC —~ T3ASIUC TSYES-aR=3131 3hA0A

N=SRi3AlT31 NS i=ToaiAlBY N2 13631i»0a00at, 0ai631Ai31 , 20046631 3.4 -4iU:

10,000 -
v=5205 7T
\\ Correlation cofticient
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1,000
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=
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L 3
3 $
-
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1 -
1 10 1000 1 000 10 000

EA0=YUC 131 - 131G R3RAC SYRET=T2Y W= oAl (1)

UI=A3.5 B33 T6aAlaYA  8a0=Y0C %3Y - T2IC R3AAC SN TST=Y W32 1G " 8a0=3YUY»AC ATC UGG

20la0e=T 34 D=6 =YC D3YimadaiAlaoya) ea03YaY»AC ACTA ™ 1i3Y6 1=A=10A
N P3[EET3YC
BA0VIG %Y - TG RSFAC D G o DIVAS & TaiAlaDYa
e . AL RSV P3Yn=a»malAlatYall . xove~i o0 =i
syErsisyvSicinh  €ad3YuY»ic E603YAC U3 - T31C €a0=3YuC 23Y - 1=21¢
) ACTA RSFAC AVIR=Y 45 R=3AAC walaesicy
AL T3A3SI0A
TSHE A () Rl|3)n 1UA (2,969,658
Do~ T3 3Y 3Ado0YrhiY »Y, A8V SAEBINE »Y OV Y= 406400V 3ECHEAIBY ABU3Y3T 20044
SicUIo3Y 1000 7 42,428 1.4%
Sic-03Y 100 276 68,442 2.3%
SC T 03y 50 582 89,678 3.0%
SCTu3Y 20 1,296 111,780 3.8%

DT I T=VES-AB=T=T Se0VoiV»Y, S0aY0 N8I TE »V N =T 0aA=Y =T =6 =iCalar 20e=T

354
SicWiosy 10 3,500 140,000 4.8%
SRCWIEY 5 8,000 170,000 5.8%
Sigiosy 2 23,000 210,000 7.1%
Spiciosy 1 53,000 250,000 8.2%
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3.2  Numbers and Areas of Landslides

In the landslide inventory survey, 2,504 landslides were identified by aerophotograph and counter map
interpretation, and by  damage reports followed up with site field inventory surveys. Figure 3.5 shows that  small
landslides might not be identified. The correlation equation in figure 3.5 is obtained by dismissing data of
landslides smaller than 20 ha. The prediction value of numbers and area estimated by the correlation equation are
shown in Table 3.4.

10,000
¥y=52057 (1T
\\ Correlation cofticient
.o 0.9715
1,000
[ 100
=
B
8
6
g 10
5 1
pd -
-
1 -
1 10 100 1 000 10 000

Individual area of landslide displaced mass (ha)

Figure 3.5 Correlation of Individual Area of Landslide Displaced Mass and Number of Landslides

Table 3.4 Numbers and Area of landslides in the Republic of Armenia

Total area Avrea percentage of
Individual Area of Landslide ~ Number of ea of landslide displaced  landslide displaced mass in
displaced Mass (ha) landslides Mass in the Republicof  the Republic of Armenia
Armenia (ha) (2,969,658 ha)
Following are values identified by inventory survey in 2004
larger than 1000 7 42,428 1.4%
larger than 100 276 68,442 2.3%
larger than 50 582 89,678 3.0%
larger than 20 1,296 111,780 3.8%
Following are prediction values calculated by correlation equation in figure 3.5.
larger than 10 3,500 140,000 4.8%
larger than 5 8,000 170,000 5.8%
larger than 2 23,000 210,000 7.1%
larger than 1 53,000 250,000 8.2%
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3.3 ORI T3%Ua0AlEIY - e403YUC pREAN
3.3.1 AY1=Yadi
Py IBE UYYaAlAYY»RA SATST »Y U4 2504 8403YUY»hadl, afayl NSIY3u»sii»E »Y 2004A. CYI»Y 3
apeatlY=3eChadAizyY ASU3YST: A»USTCT OSAHY»AA, anavda NSaSp»iiaill »Y SRESANS-A3T3Y
363Y0YSNSTTAAIATYY»ACY ™ €a03YUC uBREUSYA 640l6 »Y 1AT3T 30040631 3.5-C6 30(4663T 3.7-400:

332 E3YcC -AS1CYr

8403YUY»NA ARARSTCAN»Y T»Y I HAY3631 »Y 5-20 3EWCx3Y 4iY»040 EBYOrC 113: 263 1»E38»8, 8a03YuC
Cci=3IUC aAA U»l ;  NanChaYST3Y E3Yo»fiail, 63 Ar3d6i3tan»Y NB13eal  8a03YUC T»Ywhay3oU3y
NSTT=1a0A40YA 1»&C At E3Yoxfi, CYadwé an 6ailo ; wAT3T 200a063T 3.4-40U: a3 Tx3éA T30»EC ¢ NSUShxE,
an AU EBYo»iA 3E3¢36»E »Y CoiSTUY»AC T30 1i=3Y6 - aNTAYASAC 3htjasYnad:

8403YUC UCCCY W3ASTUA NBTT31 ¢ ECY»E SI»EC U»T A»t E3Yorhiail, CYadwé an 6ailo  wAT3T 2004631
3.5-40U: 2l NSTT=3Ta0AlavA »YA31iTa0 ; ECY»E 3{Y u3YC 3naovuadl, an 3(1u»0" At E3YGC %3 - 30Uy
I»AcCY +aikadl ECYaASU »Y B3 6403 YUY»fi:
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3.3 Geomorphology and Landslide Distribution

3.3.1 General

The following examinations were done to 2504 landslides identified by the inventory survey in 2004. Thematic maps
related to geographical features and the landslide distribution are shown in Figure 3.5 to Figure 3.7

3.3.2 Slope Gradient

Most of the landslides have slopes from 5 to 20 degrees as shown in Table 3.5. This contradicts the general idea that
landslide slide power is expected to be larger in steep slopes.  The reason can be that the gentle slopes have been made
by landslides, or are still in the process of slides. As a result the average area of the landslide became large in a gentle
slope as shown in Table 3.5.

Table 3.5 Feature of Landslide Distribution in Slope Gradient

20lae=T 3.5 8a0=YUG uSREUSY 363Y0V=2N=1TaiAlAVA E2Y¢G - AS10-Yadl:
E3yee  0eAUVSECATA0 TSASIUA  ea03YuC %3V - =210 >03031AA
- ﬁ31C»Y'I'C
136A
TSI TaraE3{cy D33 TalAE3Y  TeRSItA Talaesiey Talae3(cy €a0=3Y0C
apeanY=ech TSA=T0A =1 ACTA pataf ea03vu T3AA T3A2T0A UCeCY
(Zé'l'(;x3Y' 180 U=eal) aieanUv=ecitad  sa0SYUY»AC  ea0=3YaY»fiail Y»iiéiu uékan larsueYidan T3A=ioA
D) ' Useail ACTA 8603 YUY»fiail AEICYT
13ec
yaY3laiU
(=) (%) (%) (S (%) (%) {=)
0=<D<5 1,038,753 350 163 6.5 12,189 100 12 748
5=<D<10 599,896 20.2 584 23.3 39,573 326 6.6 67.8
10=<D<20 816,286 275 1,264 50.5 54,820 451 6.7 434
20=<D<30 439,804 14.8 451 180 13,672 11.2 31 30.3
30=<D<40 72,550 24 41 16 1,274 1.0 18 311
D>=40 2,369 0.1 1 0.0 47 0.0 20 470
AVARY 00 2,969,658 100.0 2,504 100.0 121575 100.0 41 486

> T»Up»i 2005 December 2005

Slope Study Area Landslide Zone
Gradient
Class
Areainthe Area percentage Number of Number Areain Area Avrea percentage Average
study area in the study area related percentage in landslides percentagein  ineachgradient  landslide area
(Degree: D) landslides all landslides all landslides class zone
(ha) (%)
%) (ha) %) %) (ha)
0=<D<5 1,038,753 350 163 65 12,189 100 12 748
5=<D<10 599,896 20.2 584 233 39,573 326 6.6 678
10=<D<20 816,286 275 1,264 50.5 54,820 451 6.7 434
20=<D<30 439,804 148 451 180 13,672 1.2 31 303
30=<D<40 72,550 24 41 16 1,274 10 18 311
D>=40 2,369 01 1 0.0 47 0.0 20 470
Total 2,969,658 1000 2,504 1000 121575 1000 41 486
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3.3.3E3YcC 368 TTA
PlajeCeC pY=3-313¢C E3Ycal T3Y NBU»UST3u3i Usl ATar 8a03YaY»fi, CYadwé 6adlo ¢ wAT3T 30040631 3.3.3 Slope Aspect

3.6-40U: 2 NSTTi31a0AlaYA &» w0 ¢ afi 363¢3631 ECYC NBU»UST3p3n AE 3/ °C a3USYY»Ac There are comparatively many landslides in the north aspect slope as shown in Table 3.6. This may be caused by the
NCUY=3A3(eC a0A»0 63éa»tad xYRUSY 3hitlasYtail Si»AT3TaiAlBY %3i-36U3Y N» o NiaeCe3ICY 36&x»TrC comparatively bad sunshine condition, and the destruction of the bedrock by frozen heaving pressure in the north aspect
E=3Ycail: slope.

alc NB(I3T3Y &»raAlasyasl NBA3T-3i UnIBY 3ed» 11 C E3YcC N3A3p»iiadAlasYA NSU»UST3u3h Usl ¢ In theentire state of Armenia, the proportion of the southwest aspect slope is comparatively large, and the area covered

8a03YUC SYNST3T3Y T3 10A, 4iA - dlaAladY a6YC 3V u»0 NSTT31 ¢, YailYawé ECY»E U»T, CYadreé afi 6adlo ¢ by individual landslides there tends to be also large as shown in Table 3.6.
TAT3T 3008063T 3.6-40U:

20(406=T 3.6 840=YUC PSREUSY 263Y0Y2NSw T4AIAIYA E3Y(C 368 14l Table 3.6 Feature of Landslide Distribution in Slope Aspect
aceailY=echiad TSA=T0A Palc 8a0=3YUC %3V - T=IC 1»03R=1AA T StudyAwa Landslide Displaced Mass
—_— — — —_— —— — - _ _
— - é:QU$3 él(l;r?iéé :ggg?& ~ g:é;?ﬁg:ﬁc ! /ig;ﬁzg ‘ ééOgYBUA :ggg?fg _'Ifg?]g I,IU%( g§§g§03mv Araintie  Area Numberof  Number  Areain Area  Ara  Average
=68 1MC V=6 806800Y6CATa0  AGTA BAOBVI»RE  VoRdil WA g =S T0A Slope Aspect studyarea  percentagein  related percentagein  landslides percentagein  percentagein  landslide area
1384 U=aai 8402 YOY»hail =88 TIC Class the study area  landslides all landslides all landslides i;csr; aspect
138450

(=) 0 0 =) ©0 9 =) () 6) %) () 6) %) )
N 330,847 111 417 16.7 17,280 14.2 52 414 N 330,847 11 417 16.7 17,280 142 52 414
NE 348,009 117 368 14.7 14,524 119 42 395 NE 348,009 1.7 368 147 14,524 119 42 395
E 361,412 12.2 294 117 12,317 101 34 419 E 361,412 122 294 17 12,317 10.1 34 419
SE 378,038 12.7 263 105 13,153 108 35 50.0 SE 378,038 12.7 263 105 13,153 108 35 50.0
S 414,774 140 244 9.7 14,463 119 35 59.3 S 414,774 140 244 9.7 14,463 119 35 50.3
SW 431,620 145 250 100 15,868 131 37 635 SW 431,620 145 250 100 15,868 131 37 635
w 368,408 124 282 113 16,705 13.7 45 59.2 w 368,408 124 282 1.3 16,705 137 45 59.2
NW 336,550 113 386 154 17,265 14.2 51 447 NW 336,550 13 386 154 17,265 14.2 51 47
AYIN3YAd 2,969,658 100 2,504 100 121,575 100 41 48.6 Total 2,969,658 100 2,504 100 121,575 100 41 486
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Figure 3.6 Landslides and Shade Relief Map
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Figure 3.7 Landslides and Slope Gradient Map
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334 ~3i0n=04ail 3.3.4 Elevation
T UYC pSA0RAAIBY —* 6a03YUY»AC T»YIRaY30U3Y UG dI= a3 N3i3pu»i=ToaiAladY, CYad»eé  There is no clear relation between the levels of the ground altitude and the landslide concentration as shown
an 6adlo ; TAT=1 20040631 3.7-40U: in Table 3.7
20145631 3.7 PA0C 840=3YUC p3REUY 2630V T4AAYA p3AOR=6400Y»RaT Table 3.7 Feature of Landslide Distribution in Elevation
“S0RSOUSY 136A  ApeadUV3EChTad TSASTUA Pa0C 8a0=YUC HO=R3AATST 43Y - 1=1A Elevation Class ~ Study Area Landslide Displaced Mass
. aoe;ﬁ?j 'e'l'(?rﬁ’é() '|'é'lg;r:]§ z:'o%;mY A ﬁgjﬁ?}fgg ééé,BéYEég»ﬁ C é*’;‘E;QIY:zC éaé;»éﬁ]ﬁg»ﬁg |‘1%5|§uj€;(oﬁ Areainthe  Areapercentage  Number of Number Areain Areapercentage  Area percentage in
()] Useai EB0UVZECTA0 ACiA WAIAE3(CY ACTA T&T463CY ACTA u3ﬁ0ﬁ3c'>U3Y. (m) studyarea  inthe study area relat_ed percentage inall landslides inall landslides each elevation class
U260 1343 landslides landslides
=) %) %) =) %) %) (ha) (%) (%) (ha) (%) (%)
300-400 284 0 0 0 3 0 11 300-400 284 0 0 0 3 0 11
400-500 3,243 0.1 1 0 79 01 24 400-500 3,243 01 1 0 & 01 24
500-600 10,815 04 5 02 243 02 22 500-600 10815 04 5 02 243 02 22
600-700 20,358 0.7 22 09 820 07 40 600-700 20358 07 22 09 820 0.7 40
700-800 27,123 09 49 2 2,068 17 76 700-800 27,123 09 49 2 2,068 17 76
800-900 151,755 5.1 72 29 2,792 23 18 800900 151755 51 2 29 2,792 23 18
900-1000 85,194 29 74 3 3,300 27 39 900-1000 85194 29 4 3 3,300 27 39
1000-1100 87,727 3 101 4 3,664 3 42 1000-1100 87,727 3 101 4 3,664 3 42
1100-1200 91,234 31 109 44 3,869 3.2 42 1100-1200 91,234 31 109 44 3,869 32 42
1200-1300 104,980 35 119 48 4,920 4 47 1200-1300 104,980 35 119 48 4,920 4 47
1300-1400 101,178 34 133 53 5952 49 59 13001400 101,178 34 133 53 5,952 49 59
1400-1500 127,941 43 136 5.4 6,037 5 47 14001500 127941 43 136 54 6,037 5 47
1500-1600 168,810 5.7 148 59 6,541 54 39 1500-1600 168810 57 148 59 6,541 54 39
1600-1700 158,155 53 143 5.7 6,774 5.6 43 1600-1700 158155 53 143 57 6,774 56 43
1700-1800 155,348 52 164 65 8,122 6.7 52 1700-1800 155348 52 164 65 8122 6.7 52
1800-1900 255,311 86 157 6.3 8,929 7.3 35 1800-1900 255311 86 157 63 8,929 73 35
1900-2000 233,997 79 169 6.7 8,796 7.2 38 1900-2000 233997 9 169 6.7 8,796 72 38
2000-2100 207,760 7 161 6.4 8,890 73 43 2000-2100 207,760 7 161 64 8890 73 43
2100-2200 180,279 6.1 146 58 8,033 6.6 45 21002200 180279 6.1 146 o8 8033 66 45
2200-2300 153,760 52 153 6.1 7,036 58 46 22002300 153,760 52 153 6.1 7,036 58 46
2300-2400 128,927 43 100 4 5932 49 46 2300-2400 128927 43 100 4 5,982 49 46
2400-2500 105,167 35 97 39 4217 35 40 2400-2500 105167 35 o7 39 4,217 35 40
2500-2600 87,131 29 61 24 2,665 22 31 2500-2600 87131 29 61 24 2/665 22 31
2600-2700 73,09 25 56 2.2 2,187 18 30 2600-2700 73096 25 56 22 2,187 18 30
2700-2800 63,152 21 27 11 1,828 15 29 2700-2800 63,152 21 2 11 1828 15 29
2800-2900 53,275 18 33 13 1,864 15 35 2800-2900 53215 18 3 13 1864 15 35
2900-3000 42,140 14 22 09 1,866 15 44 2500-3000 42140 14 22 09 1,866 15 44
3000-3100 36,996 1.2 18 0.7 1,737 14 47 3000-3100 36,996 12 18 0.7 L3t 14 47
3100-3200 27,494 09 17 0.7 1,243 1 45 3100-3200 27494 09 17 0.7 1,243 1 45
3200-3300 14,850 05 2 0.1 513 04 35 3200-3300 14,850 05 2 01 513 04 35
3300-3400 6,060 02 5 02 310 03 5.1 3300-3400 6,060 02 5 02 310 03 51
3400-3500 3,091 01 4 02 172 01 56 3400-3500 3001 0.1 4 02 172 0.1 56
3500-3600 1,766 01 0 0 93 01 53 3500-3600 1,766 01 0 0 93 0.1 53
3600-3700 849 0 0 0 62 0.1 73 3600-3/00 849 0 0 0 62 01 73
3700-3800 272 0 0 0 18 0 6.6 3700-3800 212 0 0 0 18 0 66
3800-3900 105 0 0 0 0 0 0.0 3800-3900 105 0 0 0 0 0 00
3900-4000 31 0 0 0 0 0 0.0 3900-4000 31 0 0 0 0 0 00
4000-4100 4 0 0 0 0 0 0.0 4000-4100 4 0 0 0 0 0 00
INGNSIEN 2,969,658 100 2,504 100 1215575 100 41 Total 2,969,658 100 2504 100 121575 100 4l
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34 ORTABu3YAAIAEYA * 8403YUY»AC 363Y0Y=3645UA
3.4.1 AYIN3YAs
a0ea0UY3eChTad T3ASIUA pBASYIST ; QYA »AIASPSY3ISY V3(3Y-Y»i¢ ' =

»AIASPSYST3Y Y3N3Y - Y»iiadl 6ailo ; wiiT=1 300ae=T 3.9-400:

8403YUY»AC 3E3YOY3640UA

342680=VC ErasAlavA BOR=0=Ya&n »AITEI=Y=T=2Y V2R3V - 400

2[¥ »ATASUSYSTIY Y3N3Y - Y»1aiU, afaYt ST»EC NCY »Y U3Y ‘a3tra-»YA” (4 30040631 3.8400), 6403Y0C »03R3AT3T
YRV T30 T2A=T0A [A0R20=Vakon V2R2Y -0 T2Wa0  VR2Y-C 2isic 03V 53 % A (CVi»e =N
»ATASUSYSTIY Y3N3Y - Y»iaiU, 4fAYU ST»EC »ACT3E3AL »Y, U3Y Urd-»YA (3 300406=T 3.8-40U), NAOC 1»0383mAT31
B3Y-T2IY»AC T3S T0A ([an=3u3Yalaon Y3N3Y - a0 T3Ua0U o Y3N3Y-C UC3IY 2.6 — 2.8%-A:  gTam»USABY YETTS10C
STASUSV=T2Y V2R3 - 450 (1 S00&66=T 3.8), 640=VUC TH>OR2RAT2T %3V - T2 oAC TR T0A T2a0) ; VR=Y-C

UC3(Y 0.8 %- A: afid»eé »%i3N3Y - 40, 8a03YUY»HA NBYLCAAIU »Y ST»EC NSx3E NCY »AIASuSYST3Y Y3(3Y - Y»fiail, u3Y
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34 Geology and Landslide Distribution

3.4.1 General

The study area is divided into nine geologic provinces *, and the distribution of landslides in the geologic
provinces is shown in Figure 3.9

3.4.2 Landslide Density in Each Geologic Province

In the geologic provinces as old or older than Paleogene (“4” in table 3.8), the area of landslide displaced
masses in each province covers more than 5.3 % of the province; whereas in the geologic provinces as young
or younger than Neogene (‘3 in table 3.8), the area of landslide displaced masses in each province covers
only 2.6 — 2.8 % of the province. In the geologic province of Quaternary sediments (‘1 in table 3.8), the area
of displaced masses covers only 0.8 % of the province. As a conclusion, landslides occurred more frequently
in older geologic provinces than in younger geologic provinces.

Yari»fiasU: . . .
Table 3.8 Geological Province and Number and Area Percentage of Landslides
2045631 3.8 CRIFBUZYST3Y Y2(3Y - YofiA ~ DA0C 6a03YUY»AC ACTY 45 W=A=T0A
RTFEEVETaY Geologic province Study area Landslide displaced mass
Y3N3Yu- A apeaily=echiad TS uA Pa0C a0=YUC =Y - T=21C R3AAA 8a0=YuC
Ao ¥3Y-131¢ Area percentage of
€a0=3Yug x o FUTe
Al s s s iR | s A alc R3AAC Avrea percentage of . landslide-displaced
Zig}i'?’lc f'""f,f’l"gyﬁe@”'ao 3;%3\12% abeacly=ech 'l'é'l'éé?UQY Area landslide-displaced Number of Number percentage (I;gmlj;clled;mass Areapercentage | masstoeach
sl e e U T e ¢ | 0 == T0A 4, ™ massto each il towholestudyarea | I towholestudy | geologic province
=) -'%?f;,?cﬁ | ACTA ??"r'"u‘»?c f gém Ay | »iliEEYEI= geologic province landslides P arealandslides | area (%)
oI o, ralagsk on TeRele | VSl area
»ATFBUSY3T3Y SAS10A (=) LA Iy
Y3N3Y' éﬁU eal uyY»| ( 0)
o LUsrTsiovef 424,899 14.3% 80 3.2% 3331 2.7% 0.8% 1: Sediments 424,899 143% 80 32% 3331 27% 0.8%
giamU=il —— Quatern
3y 2: DABUESCY AS{éxri i 2: Volcanic rocks &
& 363YOV=2631 1,187,037 40.0% 457 183% 33,717 27.7% 2.8% oo denosits 1,187,037 40.0% 457 183% 33,717 207% 28%
VErT=1avh pyroclastic depost
U»a-»Y o Neogene 3
ﬁ@ﬁggﬁ;ﬁ 115,521 39% 126 5.0% 3037 25% 2.6% Acidic-intermediate 115521 3% 126 50% 3037 25% 26%
d plutonic rocks
Ny e e T e 4: Sedimentary
3 - .
azHa-»y F\IlniilEfU(;\l(JgUz»ﬁ 576,390 19.4% 868 4.7% 38302 315% 6.6% Peleogene 1 oeks & volcanic 576,390 194% 868 7% 38302 315% 66%
rocks
5:Udd-— A=lérii 20,519 0.7% 14 0.6% 1,428 1.2% 7.0% f(;c'\lfsaﬁw'“to“"’ 20519 0.7% 14 06% 1428 12% 70%
DoAY e T i e Mesozoic —
6: Uswi=1u=igy o o o 6: Sedimentary &
RS AATS) A 541,513 18.2% 840 335% 35479 29.2% 6.6% rphic rocks 541513 18.2% 335% 35479 29.2% 6.6%
7. DAUE3(CY Aslé»fi 32,233 1.1% 40 1.6% 1,703 1.4% 5.3% 7 Volcanic rocks 32233 11% 40 16% 1,703 14% 5.3%
st ALl 8: Ueri=iu=lgy o o . 8: Sedimentary &
aSHHARY e Ao 43624 15% 48 1.9% 3318 2.7% 7.6% Paleozoic metamorphic rocks 43624 15% 48 1.9% 3318 2.7% 7.6%
o ) 9 +aE=hiair=l, 9: Metamorphic
SBE3A0nFe N mtc AN N !
L '|'EY AiES S@El\igLE%Y 19926 0.7% 29 1.2% 1,192 1.0% 6.0% zfmbrian plutonic & meta 19,926 0.7% 29 1.2% 1,192 1.0% 6.0%
Asléri volcanic rocks
0: 2636 30e3ACT 7,996 0.3% 2 0.1% 68 0.1% 0.9% 0: Nodata 7,996 0.3% 2 0.1% 68 0.1% 0.9%
AVIEYAH 2,969,658 100.0% 2504 100.0% 121,575 100.0% 41% Total 2,969,658 100.0% 2504 100.0% 121575 1000% 41%

1. ) e ) ) o F P . B _
2[g »AIBUSYSTIY Y3N3Y - Y»fid i»i=-AT400 »Y “1.3 CAISuSYaiAlasy.” pSAveY
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! These geologic provinces refer to section “1.3 Geology.”
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8403YUC I3 1U3(CY 3E3Y0Y30U3Y a3 T1x3éA 36 »AIASuSYST3Y Y3N23Y - Yriiadl NBUSfiTasl »Y

No> 0™ 1SEY»fiA:

ORIABPSYST3Y Y33V - Yofi “L. gTAW»USABY YET TS IUY»i" “2.U»a-»Y gian»U3ilsY NASPESCY
A3léxi " 3E3VOY36T31 YETTSIUY»T, 3(Y E3YoriA , aRAYU NCY - 3EWCX3YCO ST»EC Avti»Y,  T3%UAIU »Y
SEC U1 3RS0, U3Y 3E»AIASUSYSTIY Y33V - Y»iA: €a03YUA N wrasAlBUp aC %30 - SoxE 3(e
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The explanation for the  landslide space distribution in these young geologic provinces is discussed below.

In the geologic provinces of “1. Quaternary sediments” and “2. Neogene-Quaternary volcanic rocks & pyroclastic
deposits”, slopes gentler than five degrees cover larger areas than in other geologic provinces. Landslide do not
develop easily on these young slopes because the slope is originally gentle, and slide force is weak.

In the geologic provinces of “3. Acidic-intermediated plutonic rocks”, slopes steeper than twenty degrees cover
comparatively larger areas than the other geologic provinces. Neither weathering of the bedrock nor the development
of the landslide have so progressed in this young geologic province yet. The proportion of gentle slope will increases
with the development of the landslide in the future.

0% 20% 40% 60% 80% 100%
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2 Neogene-Quaternary volcanic rocks and pyroclastic deposits
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e e
e e
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4 Paleogene Sedimentary rocks and volcanic rocks

5 Mesozoic mafic plutonic rocks

6 Mesozoic sedimentary rocks and metamorphic rocks SR

7 Mesozoic volcanic rocks : ,:,;::,,,,,,,,,,,,,,,,,,,,,,.

8 Paleozoic sedimentary rocks and metamorphic rocks ]
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Figure 3.9 Geologic Province & Slope Gradient Zone
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3.4.3 Landslide Size in Each Geologic Province
Sizes of landslides are shown according to geologic provinces in Figure 3.10. About 65 % of landslide
displaced masses are larger than 200 ha and about 20 % larger than 400 ha. The proportion of large landslides

is small in the following geologic provinces:
® 3 Paleogene-Neogene Acidic-intermediate plutonic rocks
® 7 Mesozpic vocanic rocks
® 9 Precambrian metamorphic, plutonic rocks and meta-volcanic rocks

1 Quaternary sediment

2 Neogene-Quaternary volcanic rocks and pyroclastic deposits

3 Paleogene-Neogene Acidic-intermediate plutonic rocks

4 Paleogene Sedimentary rocks and volcanic rocks

5 Mesozoic mafic plutonic rocks

6 Mesozoic sedimentary rocks and metamorphic rocks

7 Mesozoic volcanic rocks

8 Paleozoic sedimentary rocks and metamorphic rocks

9 Precambrian metamorphic, plutonic rocks and meta-volcanic rocks

Whole Study area

0% 10% 20% 30% 40% 50% 60% 80% 90% 100%
] smaller than 200 ha

equal to larger than 200 ha, smaller than 400 ha
I equal to larger than 400 ha

Figure 3.10 Proportion of Landslide Displaced Mass Area Rank in Each Geologic Province
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3.5 Vegetation and Landslide Distribution

Vegetation classes were identified by interpreting LANDSAT images acquired in 2000 and 2003 by the
JICA study team and shown in Figure 3.12 with landslide distribution.

The density of landslides is high in the region where vegetation is thick compared with bare land as
shown in Table 3.9. These regions feature abundant water.

Table 3.9 Vegetation and Landslides Distribution

Study Area Landslide Displaced Mass

Areainthe  Area Number of ~ Number Areain Area Avrea percentage of
study area percentage  related percentage  landslides percentage  landslide-displaced
in the study  landslides in all in all mass to each
Vegetation Class area landslides landslides vegetation class
area
(ha) (%)
(%) (ha) (%) (%)

1: Water 130,974 4.4 0 0 29 0 0.0
2: Bare 139,860 4.7 120 4.8 4,486 3.7 3.2
3: Sparse grass land 293,575 9.9 272 10.9 13,605 11.2 4.6
4: Grassland 1,647,438 55.5 1,107 44.2 62,037 51 3.8
5: Shrub land 127,976 43 159 6.3 7,020 5.8 55
6: Sparse forest 159,697 5.4 169 6.7 6,604 5.4 4.1
7: Medium forest 230,042 7.7 322 12.9 12,652 10.4 55
8: Dense forest 173,645 5.8 282 11.3 11,095 9.1 6.4
9: Snow 513 0 0 0 2 0 0.4
10: Cloud 37,564 1.3 35 1.4 2,360 1.9 6.3
11: Shadow 23,914 0.8 32 1.3 1,585 1.3 6.6
12: Others 4,460 0.2 6 0.2 100 0.1 2.2
Total 2,969,658 100 2,504 100 121,575 100 4.1
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3.6 Induced Causes of Landslides

3.6.1 Summary

(1) Natural Causes

Precipitation, snow melting, and river erosion are the main natural causes of landslides, as
summarized below and described in section 3.6.2 to 3.6.4

- Of the total 2,504 landslides, the area density of landslides appears to be predominant in the
areas of higher annual precipitations, indicating that precipitation may be one of the main
causes of landslides.

- Some existing landslide stakes movement monitoring data of the Ministry of Nature
Protection indicate the corellation between landslide activation and 100 mm to 120 mm
intensity of monthly rain

- In the observation of the Gosh Village in 2005, the activation of the landslide with snow
melting was identified.

- 42% of the landslides are within a distance of 100 m from the center of rivers,
that river erosion may be a main cause of landslides.

- 60% of 145 landslides that had damage reported and were investigated in the field inventory
survey  were close to rivers.

- The percentage of landslides undercut by rivers is 23%, and the river is the cause of the
landslides.

indicating

In addition, the landslides are more dense at a distance from active faults, but the generation of
landslides by the Spitak earthquake and the earthquake fault in 1988 is recognized.

(2) Man-made Causes

Human activities (for example, the use of water for living and irrigation, earth moving and
embanking) may sometimes cause landslide activities. It was in fact observed by the study
team in landslide areas that water was left flowing from water taps or drainage ditches to the
ground.

In Dilijan City in Tavush Martz, there is a remarkable corellation between water leakage and
landslide activities.

No clear correlations between precipitation and landslide activities were seen for the landslides
in Dilijan. Rather it has been seen that the water supply network leaks approximately 30% of
all the water it carries to the ground. From 1960-1990, landslides were more active than they
are at present. A radio parts plant was operating then, and the population was larger.. Water use
at that time was far bigger than it is now. It is considered that water leakage rather than rainfall
triggers the landslide activities in Dilijan.

Sufficient attention need to be drawn to such correlations between man-made causes and
landslide activities.
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3.6.2 Precipitation

Annual precipitation in 2003 is divided into 9 classes, as shown in Figure 3.14 together with landslide
distribution.

The area proportion of landslide displaced masses is remarkably large in the areas with a precipitation
of 1000 mm or more. The relationship between the area of landslide-displaced masses and annual
precipitation was examined as shown in Figure 3.13.

(There are missing words here) kably small in the annual precipitation zone from 200 to 400 mm. The
annual precipitation zone of 200 mm or less doesn't exist.

The above-mentioned shows that precipitation influences the development of landslides.
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Figure 3.13 Area percentage of landslide-displaced mass for each annual precipitation zone
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Correlation between yearly landslide movement and yearly precipitation was studied with the
data of the Ministry of Nature Protection. Data on landslide movement by the observation of
stakes movement in 4 sites was available for correlation. It is not possible to study the
correlation between monthly precipitation and monthly landslide movement, because the
frequency of observation of the stake movement is three to four times a year and the
observation date has not been recorded.

As shown in Figure 3.15 and Table 3.10, in the Martuni City landslide, it was found that the
movement activated when the monthly precipitation is over 100 mm. In Vokzalniy, landslide
movement tends to activate when the monthly precipitation is over 120 mm, but, in Dilijan, the
relationship between monthly precipitation and land movement does not correlate. When the
relation to landslide movement and precipitation is not clear, mainly other factors contribute to
landslide activation.

Table 3.10 A Quantity of Movement and a Correlation Analysis Result of Precipitation

Observation Yearly precipitation Yearly precipitation when Yearly precipitation when

monthly precipitation 200mm  monthly precipitation

or more is accumulated 120mm or more is
accumulated

Correlation coefficient of Yearly precipitation and Landslide movement

Martuni -0.18 0.91 0.92
\Vokzalniy 0.51 0.90 0.96
Akhkikhlu 0.24 0.33 0.56
Dilijan -0.07 -0.81 -0.59
o
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Figure 3.15 Correlation between Landslide Movement and Precipitation in Martuni City
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3.6.3 OYN=3t Snow Thawing
(2005A-C T1aR - 1450C GACYSTY»MACo) (Example of Gosh village in 2005)
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wduhtt 9no gnunnud dEjuduyw nuundbwuhpmpiniuibph ndjujubph hwdwduwy qpugdt; £ 2 dknp
wnbknuowpd:

Unnuiph wlwmhympjutt pwpdp gniguihop ddnwt wdhutbpht wuwpdwiwdnpws E ny dhuyt dut

nbnmuutbpny, wyl tpwim], np pwyhsutph  Ynnuhg  oquuugnpdynn  gpkpp  (Yhugwnuyht b wy)
swpniiwjupwp puthwugk) B hnnh dbe:

When snows thaws, landslide mass movement increases. About 2 meters of movement was
observed in March 2005 according to an active landslide observation result in  Gosh village.
Landslide activity in winter is caused not only by snow melting, but also by the continuous
running of water by inhabitants to prevent water pipes from being frozen.
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The snow does not become underground or surface water, nor does it evaporate, until it has
thawed. Therefore, an expression of substantial precipitation should be derived which would
incorporate the contribution of snowfall and snow thawing to landslide activities.

An example such an expression derived from Japanese experience is:
SM=6*T(1/180)*P*T, (Consider expressing this as P=...)
where

-SM: thawing snow amount (mm)

-P: precipitation (mm)

-T: daily mean temperature (mm)

- When the daily mean temperature is O degrees or less, the snow does not thaw and it is not
included in the practical precipitation.

- When the daily mean temperature exceeds O degrees, the amount of the thawing snow is
calculated and is added to ordinary precipitation.

Figure 3.17 shows examples of substantial precipitation calculated by using the
above-mentioned expression. There were heavy snows between January and February, 2005,
and large substantial precipitation was generated in March 2005 with thawing.

Table 3.11 is a comparison of substantial precipitation with snow thawing, with ordinary
precipitation in four cities. In some regions, the substantial precipitation with snow thawing is
more than ordinary precipitation. Snow thawing is expected to have a big impact not only on
landslides but also on  sediment disasters in such regions.

Table 3.11 Precipitation of Ordinary, and Substantial with thawing

Return Daily Precipitation (mm)
Period Dilijan Chambarik Yerevan Agro Site Kapan
ordinary substantial ordinary  substantial ordinary  substantial ordinary substantial

2 year 31 30 30 25 21 23 41 44
5 year 42 41 43 46 26 31 58 60
10 year 49 48 53 60 29 36 70 71
20 year 56 55 61 76 32 41 82 81
30 year 60 59 66 86 34 45 89 87
50 year 66 64 73 100 36 49 97 95

Bold figures show that substantial precipitation are bigger than ordinary precipitation.
Return period are calculate by Hazen Plot method, data from 1961 to 2004 are used for the calculation.
Hazen Plot: F (xi) = i/2N,
Where,
F(xi): non-exceedance probability,
i: stand number counted from small one
N: number of data (it is years in this examination.)
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3.6.4 River Erosion

Half r of the landslide of 2 ha or more approach big rivers of 1:200,000 scale maps, while
landslides under 2 ha do not approach large rivers, as shown in Table 311.

Table 3.11 Landslides within 100 m from River/Stream Centerlines (at 1:200,000-scale)

Item/Description Quantity Number percentage in all
(2.504 Yandslides
(%)

Number of landslides within a distance of 100 1,046 41.8

m from stream center-line

Landslides: under 2ha in area 8 3.2

Landslides: 2ha and over in area 1,038 46.0

Using the field inventory surveys, the relationship between the 145 landslides with reported
damage and rivers was investigated. The results are shown in Table 3.12.

e 33 % of the landslides influence, or are influenced, by
erosion condition (1 and 2 in the table).

river flow, and are under

e 60 % of landslides are located close to rivers (1, 2 and 3 in the table3.12).
e No clear relationships were observed for about 40% of the landslides.

Table 3.12 Relation between Field Inventory Survey 145 Landslides and Rivers

Relation between landslides and rivers

(Category)

1 River undercuts landslides (If landslide
masses shift the river, they are included
Category 2)

2 Landslides shift the river course (In case
of river shifting landslide masses are
undercut, they are included this category

2).
3 Contacts, no mutual influences
4 No relationship

Number of landslides

33

15

39
58

Percentage

23%

10%

27%
40%

It can be said that the erosion of the river will influence the activity of the landslide from these results.



P32EW3YC a03VUY»AC WHEYCTSTSY 30U+a+=-Cfi: D314 1 8a03YUY»iA D=6 1=V40

3.6.5 @ATASR3AA

(1) AY2N=Yasn

OATASRSAAC N» 1™ "3Y0AT 363¢3631 a03YUY»AC a00C 1»&u»iA N3rYC »Y 3RE3ANAT U»T:
(2) a=TU3T3Y CATASRSAASACA A3 x3é »Y NBY1CE30xE 8403 YUY»AC:

® ST Up»Ac 7-C éACT31C »ATASR3AACO N»1a UC3(Y U»T 8a03Yu , 363¢36»E: eACT31C
»AIASRBAAA 7 p3E3Yao (f »&CT»YTAaYA -wYial A e&Cwr3T u303uc6 101U
Niasece-=f"0asmu: 301U »AT3Aa0AI30p »ATASR3AASICY E3ET4AIU 363¢=2631. 8a03YUA 46YC
100U E=(YasAlasy, 1,0000 »fAl=3Aa0Alasy —~ UAW=3Tan=3&»é 7-10U EafiasAlasy, 20TU éaCT31eo
Niasece-Niasece=aUasmu ~ 306 »ATASR3AAC TY3ET3TUA »AT3A30- I»E ; UCYA™ T3U313630
-(480: P3AAC p=3A=3Y40UA CeT3TuC T»ACY RBWT31C N» o ¢ T»03+4AET31 U3663(C TATT3TU3Y
T3A3T0A &3 T3AT31 ¢ ~auf -»Tar
UAT3T3(040U, —a0A3U3ERT3p +Eas%i3T %3éCA3+3(CY +fadkatly»f »Y 3é3¢306»f 3(é
301U-46 »ATA3R3AAC TY3ET3TUC »AT3(YUAT:

2t &3WUST3Y »Ali=r=ilsfial A3U3Y21aiT=1 ea0=VuY»iA 6CTTai0 »Y S8UNDP/ GIORISK
TCT3-»I3%AT3ST3Y D3U3T»0 63T “SAY»TCAST3Y AYT»AadAlasy 2000, éa03YuC inr3y-
&C&T 20001-C6 " YIZii=-AT=1 »Y N» 1 I3t T»AAAT:

& 7352A.-CY 43A»0 »ATASR3AA ; W»0C 40Y»0»E 2f+3 -»wC NSAAST3IAC T»ACY é3NU3YY»hail:
LAY N> »0CY 2/+3(C W13t ST3%3YC »AI3{(YuaT U»T 6a03Y0Y»h: OATA=3R3AAC N» 1™ 3Yoar
BaNT»6 ST»EC U3Y 15.000 U3f1 ~ 3é63¢3631 68403Y0: 20»Y30U»1 NeT=3 8a03YuY»fi »Y
0 "STani»E 2AT3T3Y. é3A3T3Y " ™»AA -1a60»ACY UaT™

& 20»>W3EC 3Y03TC »AIA3R3AAA (M= 7.5) 1»0C ; a&6Y»6»E é»&w»Uu»fic 30-CY, 1139A.:
OATAZR3AAA 8A3Y»E ; 250,000-300,000 U3f1:  EfaYCT 30plasny»fiA N=30an1tasl »Y
»AIASRBAAC N> 3Yoai ISTTi3T RET313T3Y w3iA31u¢ USecy (T3A'Co UCYd™ p=303A4,
Ric2a3T»tai 3Upaldc Plasece=ICcY —~ 2/ »E=Y P3[(=2ew=3YA) ~ UC R3fiu €a03YUY»i »Y
H3h-30»E O»1 8a03YOA -wYiTall ; 2(3-3ACT (8CBA3Y) »€3Y 173 2(23.3ACT E»é3Y
8403YUA 1= 3U»Y3U»T 8403YUY»ACO U»TY ¢, &fA »Ap " 1»0C ¢ 40Y»0»E D3(363Y4iU: E»é3Y

ai004a0AlasYY»nai: 2 U3y +ET=T0A 510 ¢, UCYal»é 3 »HISYA &YC 101U »AT=facAlasy:
27 »E3Y ET3T0A USeY3T 31 218440 -» ¢ NBAA3T3(Rai 0 3ian»tar 21U E30YasAlSUy
750 p3i0iacAl3lu &3 T3A3ICY ¢RAY1AaIYCA: O»T-Yi»E ECxAAMA O"3TaiT=1 (A and»é 1i=
3firaoyu, 3é 3(ean - alasAlasy asye:

42

_»T»Up»i - 2005 December 2005

Technical Bulletin of Landslides in Armenia, Volume 1 “Landslide in Armenia”.

3.6.5 Earthquake

(1) General

The cases of the landslide slips due to the earthquake are known worldwide.
(2) A Landslide Caused by Historical Earthquake

€ Only one landslide was generated by the Spitak earthquake on 7th December 1988. The Spitak
earthquake was magnitude 7.0, and the epicenter was 10 km northwest from Spitak City. A 30 km
long earthquake fault generated. The landslide was 100 m wide, 1,000 m long, and the depth
presumption 7-10 m, 20 km north-northeast from Spitak, and at Kakavasar Village on the earthquake
fault extension. The movement separation/ with of head depression was about 100 m. The
accumulation zone of displaced mass dammed up a small river and a small landslide dam was formed.
Besides this landslide, small-scale slope failures were generated along the 30 km long earthquake
fault.

Information about other landslides caused by historical earthquakes are given here from the “UNDP/
GIORISK Science Research Closed Joint Stock Company 2000, Landslide Hazard and Risk 2000.”

€ In 735, a strong earthquake (M>7.0) occurred in the upper reaches of the Arpa river valley. It was
followed by large landslides across the entire basin of Arpa. More than 15,000 people died as a result
of the earthquake and the landslide it produced. The largest giant-landslides formed near the villages
of Aratavan, Saravan and Terp.

€ The disastrous Ganzak earthquake (M= 7.5) took place on September 30, 1139. The earthquake killed
250,000-300,000 people. Chronicle source reports about a vast area covered by the earthquake (from
Tatev to Haghat, encompassing the entirety of N. and E. Armenia) and numerous landslides were
developed. The largest landslide was situated on Alagarik (Kiapaz) mountain. The Algarik mountain
land-slide is one of the largest giant-landslides that have ever occurred in the territory of Armenia.
The near-top part of the mountain split off and huge masses of rocky soils headed downward in two
directions. The western fall is 5 km long, while the eastern one is 10 km long. The eastern fall
partitioned the Aksou river valley forming a barrage 2 km wide and up to 75 m high. As a result,
Ghek-Gel lake was formed.
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(3) Active faults and landslide distribution density

The relationship between landslides distribution density and distances from landslides to active
faults is examined as shown in Figure 3.17. The active faults used for this examination are shown
in Figure 3.10. The results show that landslides are distributed more densely in zones far from
the active faults compared to zones nearer the faults..

The cause of this phenomenon is discussed as follows, and as shown in Figure 3.10.

- One side of the active fault has broken old topography, and has formed new steep and
naslopesand these zones are comparatively underdeveloped for big landslides.

- Many parts on the other side of the active fault are plains, and the Sevan Lake, where landslides
won't develop.
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landslide-displaced mass to each
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Figure 3.17 Landslide area density of each distance zone from active faults

In conclusion, the re-activity of old landslides is the main effect of earthquakes. The areas within
the vicinity of the active fault are steep slopes, alluvial planes, or a lake, all of which are new
geographical features, upon which landslides are comparatively undeveloped.
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3.6.6 Human Activities

Human activity (for example, the use of water for living and irrigation, earth moving and
embanking) may sometimes cause landslide activity. In active landslide areas, field inventory
survey staff of this study also sometimes observed the discharging of water.

The example of Dilijan City in Tavush Martz is remarkable. Water supply pipes in Dilijan City are
old and leakage rates are very high, at around 30% (total water supply in 2003 was 1.2 million m?,
and 0.4 million m® of water leaked out, according to the hearing investigation in Dilijan City.)
From 1960-1990, when landslides were active, a radio parts plant was located in the area and
63,000m°of water had been supplied yearly. The population of Dilijan at this time was around
30,000 people, requiring a large volume of domestic water. Presuming that water supply at that
time was as follows.

- Amount of factory use: 0.06 m*/year (0.01m%s) (Kindly ceck this figure, above it says

63,000)

- Domestic water 2.19 million m*/year(30000 people of 0.2m%day %365 days)

- Water leakage: 1.13 million m®/year.
Because a large part of Dilijan City is landslide-land, 10% of the water leakage may infiltrate in
the landslide land, or about 500 mm a year. This estimated annual water leakage may be
considered equivalent to an annual precipitation of around 500 mm. The correlation of the
monitored landslide speed with precipitation was low for these years as shown in Table 3.11. This
may be explained when one considers that the leakage of water, rather than rainfall, was
triggering the landslide, and was its main cause in Dilijan. At present, landslide movement is
reported to be less evident than before, probably due to decreasing water use.

3.6.7 Damages by other causes confusingly claimed due to landslides

Among 162 sites where the field inventory survey was undertaken under this study in 2004, there were
34-sites where no clear landslides were observed by the study team as follows:

- 17 sites were not landslide areas and damages were caused by other types of slope movement or ground
deformations,

- Among these 17 sites, two (2) sites were areas of fall-type movement, and one (1) site was an area of
rapid-flow type movement

- The remaining 14 sites where buildings or housings - though constructed on very flat grounds - were
damaged, were areas of simple land deformation, such as consolidation and/or compression land
settlement, land settlement due to piping, frost heave, or earthquake and so on. Although researches may
be necessary to clarify the causes of damages to buildings/houses, such damages seem to have been
confusingly claimed due to landslides.Many bases of buildings/houses are not made to stand on weak
ground. Clear definitions and understandings on landslide need to be disseminated among those
concerned.
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3.7 Landslide Classification by Movement and Types of Materials

The 162 field inventory survey sites were classified by movement and material types as shown in
Table 3.12. Falls, rapid flows, and other deformation types (ex. earthquake, land-settlement) were
not regarded as landslides. Seventeen (17) out of the 162 field inventory sites were not classified
as landslides. The other 145 sites were recognized as landslides.

The types of materials listed in Table 3.12 are characterized in Table 3.13. The material
classifications of the 145 landslides confirmed by the field inventory survey are: (1) Rock 0%,
(2) Weathered Rock 30%, (3) Debris 41% and (4) Earth 29%. The types of movement of the 145
landslides are: (1) Rotational slide 15%, (2) Translational slide 9%, (3) Compound slide 51%,
(4) Flowslide 10% and (5) Creep 15%.

Table 3.14 shows a detailed explanation of the movement types.

Of the 17 sites which were damaged by causes other than landslide, 2 sites were ‘Fall type’, and 1
site was ‘Rapid Flow type’. The other 14 sites w damaged by land-settlement/subsidence, frozen
heaving, earthquakes and so on. Table 3.15 shows examples of the mechanisms for damage by
land-settlement/ subsidence.
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Table 3.13 Landslide Material and Movement

Type of Movement Type of Material

Rock Weathered Debris Earth Total

Rock
Fall (Rock Fall/Rapid Slope Failure)

Fall R-FALL W-FALL D-FALL E-FALL

1 site 0 site 0 site 1 site 2 sites

Rapid Flow (Debris Flow/Mud Flow/Avalanche)

Rapid Flow R-RAFL W-RAFL D-RAFL E-RAFL

1 site 0 site 0 site 0 site 1 sites

Landslide

Rotational Slide R-ROSL W-ROSL D-ROSL E-ROSL

0 landslide 5 landslides 11 landslides 6 landslides 22 landslides
Translational Slide R-TRSL W-TRSL D-TRSL E-TRSL

0 landslide 7 landslides 5 landslides 1 landslide 13 landslides
Compound Slide R-COSL W-COSL D-COSL E-COSL

0 landslide 28 landslides 31 landslides 14 landslides 73 landslides
Flow Slide R-FLSL W-FLSL D-FLSL E-FLSL

0 landslide 0 landslide 8 landslides 7 landslides 15 landslides
Creep R-CREE W-CREE D-CREE E-CREE
(Extremely slow 0 landslide 4 landslides 4 landslides 14 landslides 22 landslides
movement, no scarps)
Total 0 landslides 44 landslides 59 landslides 42 landslides 145 landslides

Other Deformation

Other Deformation R-OTHE W-OTHE D-OTHE E-OTHE

0 site 0 site 5 site 9 site 14 landslides

Table 3.14 Degree of Weathering or Alternation

Displaced mass material composition |[Description
type
Rock None No visible sign of rock material weathering/Alternation
: Discoloration on major discontinuity surface; rock material may be
Slight .
discolored and somewhat weaker than fresh rock
Weathered Rock Moderate Less than half of the rock material is present either as a continuous
framework or as core stones
Severe Most of rock material is decomposed, disintegrated to a soil, or both;
original mass structure is largely intact
Earth/Debris Complete All rock material is converted_ to a soil; mass structure and r_naterlal fabric|
are destroyed; a large change in volume has occurred , but soil has not been
transported significantly
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20(ape=3T 3.15 E3Y¢C R3AAC 13631311 - 40U 1/3 Table 3.15 Slope Movement Classification 1/3
p=3 ﬁAC Ul4asAC T»63TA .
T»e3TA 233 PaoUY=N=3AT31 233Y»AC T3TaAY»A pad Type of Type of Material
- 2&sh | I Movement | Rock | Weathered Rock | Debris | Earth
Oti=1u0 ___ Oir3lu  (ASIEC 310/ YPECAS+ F3YeE +Ladkail) Fall (Rock Fall/Rapid Slope Failure)
QZ’H;‘Z}:Q $2§U)+El3lu (23A=AS~+ g;"fggf’; g;g? +tanaiy (oLavkaol Fall Rock Fall (Qaratap in Armenian) Rapid Slope Failure (Pluzum in Armenian)
ASl6=>TARG R ETTEl 2A3VoC TS 1 ARG I EI Rock Fall Weathered Rock Fall | Debris Fall Earth Fall
=Ei=1u 34337 <fisiu _ =Eis1ul

Collapse at High Elevation

Residual Soil

Weathered Ro

Soil Deposit

Prone to occur on steep slopes and cliffs. | Prone to occur on steep slopes.

é?g%&al%}g%{ ao00=0G - E=Yernady oYﬁz.!-z__é_;'?OC A0Y> V3£ EaBafi ESYe»ic 1= Falls occur due to gravity and are | Mostly triggered by rainfall.
8Eg’ E;_}l}ll.lé)?ﬁA Aﬂgec»gf é'%Y?Z{S\gUY o %;CI)UQ%- eeagp. Ae'C/EZ[F:l3 :,éﬁ;rg)f‘,e,ou gg(.i?;gg »f controlled by the distribution of joints. | Size is generally less than 1,000 m®
- al ao, ao i | uait O- - " ¢ L. 3
O» I3 T=2A1400 »Y &‘?»L‘jg)ﬁc ) 1,000U3-Co: Sizeis gene_rall)_/ Igss than 2 m’.
TO3USRET3T140AI30p: a3+A | Block toppling is included in this type.
éE;,,Eﬁir!]Srﬁf‘Y’ﬁAaf»%ieé {«32,%)3 A Rapid Flow (Debris Flow/Mud Flow/Avalanche) (Selav in Armenian)
esTa: _ : E— _ . _ Rapid Rock Rapid Weathered Rock Debris Rapid Flow Earth Rapid Flow
YUPECAS+ Ndéo (CA3AYoG THARYAC NaEL/ OvEC NAEL/ BEAHAN) (BrE=T D3IB631=2Y4il) Elow Flow Rapid Flow
%BECAS+ | 283 PaoUY3N3AT31 233AY»AC ITARY»AC Pa0C  %3éCAS+
Naéu 1~/23é(;A3+ ~32°i3ﬁC 1%h3ECA3+ 1%3éCA3=+ Naéu Naéu
Naeu Nagu

T 0T NaBOA 7500 | V> Vail VASETE0 TS Tavonail. &aVa BSTavSTaiu sy Rapid flow occurs in contributory areas that contain collapsible slopes. The movement velocity

rnadl NaeéuA 1»0C ; adY»Yadl Ya=€ra0 1=3n=1uY»naju, anayu a=nadY=1aoU »Y B ; ; ; ;

LB TIRY - EVr:PZRAC 1= - A0AIAOVA Us | ¢ (2 iwEC 2=+ U=V 0.500/T, 1.8U/A), =¥ is rapid (faster than 0.5mm/sec, 1.8m/hr). It generally contains boulders, gravel, sand, silt
and clay mixed with a large amount of water. A dry debris avalanche is a collapse of a volcano

-EE3T4A38re A3R40Y3TaU ( - » 2030, USYASECK, 213, ~ T31 E3¢Vi31 Usl 1 _
USY3TAJAIBUY ¢AC N»o: Aaf u»AT3T103(CY ?X%t:?ﬁg ESICY3Y NASPEC N» 1™ 3YUar Iy triggered by eruption or earthquake generally.
Se3¢20=1 +taihr=10 ¢, aiCY eIChy ¢ Wit ASITuaiUA I=U -EE=Tan=a»¢ »iTA=R=AAA: Generally, rock rapid flows have not occurred.

EESTai=8»e SA3AC YASTST36E30 Naeu »0C aC aby»Yaou: . . ‘Rapid ]}; cK rap 4 wh id flow i ted t intermittently. ‘Flow-slide’ i
1wiiaol Nago¢ p=ACYA a-w=-anl7aol ¢, »Ap Twnasl NagoA 3TYT=3Efasl ¢, af 1»0C apid flow” is used when rapid flow is expected to occur intermittently. ‘Flow-slide’ is
406Y»Y=2  B»iCaiCT AYA=6CT TCx=3T400: b4eald ea0uC u=ACYA 0-w=3-aRl1asl ¢, »fip used when a deposit of past rapid flow may move slowly in the future.

Y=Eaf1 Twnadl NagoA 13740 ¢ R3iAT»E 13Y130 (AL~ S4= - 3{4i0:
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D3ﬁAC; Ul4AC T»e3TA
T»E3TA 233 padUY=N=ii=1 233Y»AC T3 TafY»h pad
233
é403Yu (E403YuA B3P 1=3Y4aol)
SAT30CaY | 2ASNC _SAT=6CaY | DaOUY>N=R1= ZRSAY»AC TTARY>AC DA0C S& T =G6CaY
2400 8a0u [ 2A=AC S4T=6C4Y 840U 8a0u
SAT=6CAY
éalu
SAT=0CAY NGBUA -EESTan=8r8 T»0C ; aiV»ValU AT =TU=ICY SaSAY»nac0 -~ Na0asu,
0C &C 40Y»Yal SA3AaiU; a1 =6C4Y 6400A B2AATAI ¢ CoT2TUC UST»ineC »ATSIVUAT,
anA 1an=6=1 ; ~ +a8 AYIZI: @ar=6Cay 840UC -=-3AC Yr»iu ail -wyiad E3VcA
I3fa0 ¢ ECY»E N2USAl= 20033026 ~ §3¢2161=1: Pad»nasl ear=6Cay  &adu»iA
(EE=Tan=8»6 2AWSN=[Tal »Y Coi=1uC UST»i»eC EARAAISY -anI1=TCOA, anA
-V 740U ¢ 0.15-0.33 WCR&GIAAU (ET»UA AU ~ DATACY&4Y 1969):
233AC ear36Cay | DadlV3N3Ai3 2A3AV»AC TTANY>AC Pa0C eaT36CaY
D3UAYAZG éabu 1 283fi¢ ar=36cay eadu éalu
ea0u eaW=6Cay
éaou
7
| '///////
/////////
. .
2
7 7

D3VAYA=6 ealu»hail %3Y - 12 TA 1»03+aE T4l ¢ CcT=T0C N=3AA ~ 3ECu3Tan
UST»AadlAC »AT3YuAT, 3YYT3T 145fé ea03tar 0AC-CY3E NAOC UST»AaslAco: @c3(Y
-A3u»YA T3040 ¢ T»0C a6Y»Y3E T»iiadl, E3YcA 130 W3ACuail &=y 4C »A"aoU:
D3VAYA=6 ea0ux»iA Nad»hail SAT3N=3(ail »Y Cei=2TuC USTr»iineC EanatAlsy
-afI=TCOA, afiaYu  0.1-C6 6311 »Y (T»UATAU ™ DAtACYE4Y 1969): D3UAYAS6 8a00A
R=x3E 64006 ¢ 13ECe AalE R»AT»AC SeT3040AlasYA T30 e3NU=YA NAOUYSN3BATST
aNAOUY=SN=AT31 Y(46AC:

~___233fc .| ba0uv=N=di= 2ZZ3AV»AC THAnY»nc —_palC _
“~ 3YU3R»A 3HU3R»AT €40l I 243 3HU3R»AT eéadu SHUB»AT
7 8400 T 3RUSBR»AT eadu
1 éalu 5400

(ear=6caY
R=UAVA=6
eaouc UGe™
UCGYafit)

//////////////////////

T/
0 mn

~ 3HUSBR»AT e40UA UCcYant ; éar=0CaY " NSUAYAS6 ea0u»fic UCe™: o
EGT=TUC UST~a00AA 40YC EaRan -EES3Taf E3Venh: £¢TSTUC USTHii adlAC &WafaTY»iA
13740 »Y E3Y¢C i»A"C USECo 3YTail Saf»t:

. »-I"l'»Up»ﬁ 2005

December 2005

48

Technical Bulletin of Landslides in Armenia, Volume 1 “Landslide in Armenia”.

Table 3.15 Slope Movement Classification 2/3

Type of Type of Material
Movement | Rock | Weathered Rock | Debris | Earth
Landslide (Sogank in Armenia)
Rotational Rock Rotational Weathered Rock Debris Rotational Slide Earth Rotational
Slide Slide Rotational Slide Slide

7

%

\

N

Rotational slide generally occurs in the debris and the earth, and does not occur in rock.
Rotational slides move along a slip surface that curves or is concave. The scarp below the
crown of a rotational slide may be almost vertical and unsupported. Rotational slides in soils
generally exhibit a ratio of depth/length between 0.15 and 0.33 (Skemptom and Hutchinson
1969).

Translational
Slide

Rock Rotational Weathered Rock Earth Rotational
Slide Rotational Slide Slide

7
\
//

In translational slides, the mass displaces along a planar or undulating surface of rupture,
sliding out over the original ground surface. Only graben may occur in the head, scarp doesn't
appear clearly at the early stage. Translational slides in soils exhibit a ratio of depth/length
typically less than 0.1 (Skemptom and Hutchinson 1969). A translated slide often indicates
the presence of a weak layer or the boundary between weathered and unweathered material.

Compound
slide
(Intermediate
between
rotational
and
translational
slide )

Rock Compound Weathered Rock Debris Compound slide Earth Compound
slide Compound slide slide

Compound slide is intermediate between rotational and translational slide.
The surface of rupture have steep main scarps. The toes of the surface of rupture may dip
upslope.
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P3fAC UUAGAC »Ee31A
Ta3TA 25830 Da0UYSN3AT=T | 2A3V»AC 1=Tany»i Pa0
2a=3h
6403V (6403YuA D326 13Y400)
D»0»03ICY [ 2&3AC b»0»03ICY | DAOUYSNSATSI | 2A3AY»AC _  TTanY»AC | DA0C  2A&3AY»AC
éao0u &a0u 283AC D»0»03(CY eadu Irany»Ac
D»0»0=3ICY
&a0u
™03-4ET=1 %3Y-1=21A  Eav=i Na0C T30 wif=1o3(CY 3&3AC ¢AC p=fon
A=Aa0Y3TaoAl&0YY ;: P3AAC 3A= - 40AIA0YA 63T (S T»EC 3A=- U3V 30UU/MT3AC, 137130
u3Y 0.500/7  1.8U/A): Aci=Tuc U3T»i»eA e3NU3YS=3Ti3T ; NCUYST3Y 3a3iC
UST»f»8ai: P31 8403YuY»Aall 1»03+aET31 %3Y-T31A eThuVY3T3Y 13103400
uBASYIST  éaw=06CaY T3U N3UAYA=6 eadu»iC eéléi»tar N»0»03(CY eadu»ic
N» 0 "3YUAT: af38 Y3 3T36E36 6a0uC Tadw3Tallv»fA éT6ail »Y N»0»03(CY &aduc
N» 0 3YUAT:.
%n&nC2c %AAHC3(C %&HC2C %A&HC3IC 2AiasYuco %RAHC3(C
SA1ja6Yacoe | SALlasvaco SA1{45Y0C6 243¢36231 SARY»AC SHENE 0]
34363631 | 343¢=26=31 3430 | 243¢3631 TwarY»ic eadu 253263631 NaldC
ga0u galu NaOUY=N=AT=1 8a0u
343 8a0u

No Scarp s :ﬁﬁ
o
@
[+ ’ -
@l e

%&HC3IC SA1AYUCO B243¢36=31 8400 I»AUCYA T»A3p»iTacl ( %3Y- 121¢ R37 13Y130
(BT»EC 13Y1=20 03V 30 UU/T3ACY) T»03+4EU3YA R3U=303(Y T»ih=-CC 0 ST»NAU3YA
(1950) 3l N»T3RAWAAIBY U»g: 20Y 3a6YC W»03+4ET31 %3Y-1=3I¢ ~ Cei=IuC
UST»i»eC New=3T &3(U3Y=-CI: onp  %[auc3IC 3atlaivuco =3a3¢36=31 a0l
%3f-3Ya40U ¢ , 3IY =aE3T»AaTail ; 8a03Y0C: 2A3AC x30C 3YTaiUA, anA 4a6YC Cei=Tug
New3T U3T»iadlA Yaslyaré %Ranc3IC 3hA1jasyucs 3a=3¢36=1 ealu ¢
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Table 3.15 Slope Movement Classification 3/3

Type of Type of Material
Movement | Rock | Weathered Rock | Debris | Earth
Landslide (Sogank in Armenia)
Flowslide Rock Flowslide Weathered Rock | Debris Flowslide Earth Flowslide
Flowslide
///////////////

P
Displaced mass has high water content, even saturated. The movement velocity is slow (faster
than 30 mm/year, slower than 0.5mm/sec: 1.8m/hr). The surface of rupture is confined by
base rock surface. In many landslides, the displaced material, initially broken by rotational or
translational slide, subsequently becomes a flowslide. Some accumulation by rapid flow
subsequently becomes a flowslide.

Creep Rock Creep Weathered Rock | Debris Creep Earth Creep

Creep

The term Creep refers to extremely slow (slower than 30 mm/year) displacement of a mass
according to the definition of Terzaghi (1950). The Creep doesn't have the clear outline of
displaced mass and surface of rupture. When creep progresses, it is likely to shift to the
slide. Topple of fine jointing rock, which has no clear surface of rupture, is also Creep.
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20(466=T 3.16 TA&Y TG T>O3RSBAAUBY/2YTUBY TY36C O»E3YCHUY»A

D3ﬁAC; Ul4asAC T»€3TA
T»a3TA 2431 Pa0UY=N=3AT=1 | 2&3AC TranY»i pad
33430
TAE6YTC T»0363A
ﬂﬁé@".'(; AasYrc AasYrc TRAGY TG ’|‘3>O3B3ﬁAU3Y AasYrc =
TO3R3AA ™03R3AAU3Y ’!‘»Q?B%ﬁAU:"Y, SA3AC I'many»i T>>Q3B3ﬁAU3Y
233h NaOUY=3N3Ai31 Nao
33430
When the
‘ groundwater level
is gone up.....

_____ The fine grain material
- is washed away
< And,the jag of gravels
that consists of the
ground is broken due
to weathering

Then, the ground
surface has sunk.

“YST313(AA 40003N3(36 ¢, afT»0 T»0C ¢ aY»Yail TTaRr3YUY»ic —~ »ATASICY YladAC
TARGET: .= W0C ¢ A0VVA0U 48 UGS Ve i=1av»ral, 3 V3 W/=T=Y TARETC
YETT3TUY»AAU: “Y3T»0U3Y Yi3%atUA T3&T31 ‘ BT af»ATAIS CAAC Té’lC)UQé
N3-I-CT3UQY YUéﬁA»ﬁC T3A03Y 3é3ﬁY»ﬁ(; »¥i»AC =Ef»6U3Y N»1.

. »-I"l'»Up»ﬁ 2005

December 2005

50

Technical Bulletin of Landslides in Armenia, Volume 1 “Landslide in Armenia”.

Table 3.16 Mechanisms of Damage by Land-settlement/Subsidence

Type of Type of Material
Movement | Rock | Weathered Rock | Debris | Earth
Land Settlement
Land Rock Land Weathered Rock | Debris Land Settlement Earth Land
Settlement settlement Land settlement Settlement
When the
‘ groundwater level
is gone up.....

The fine grain material
is washed away

And,the jag of gravels
that consists of the
ground is broken due
to weathering

Then, the ground
surface has sunk.

Land-settlement is by vertical sags which occur in lose debris and earth material. It occurs not
only in banking but also natural loose deposit. The land-settlement may be caused when
angular parts of soft rock underground are crushed; or fine grained materials are washed out
by ground water.
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4.1 DP3{[BET3Y( 84A0C3EST3Y A3(U3YY»AiG D3UB64T ~ YalA3 - CiA

A>T 2yamrasAl=Y TA0UC6, 01 2CY EA0E2VIZAYSAC = A6AT= - 120V GSAT»%I»AC, UC B2A0 22RW2ICY OF IV I=h
N> 3%awabAlasYY»iC, -alasAlasy aiY»6a0 a03YUY»AC T»0SuSRETZTAAIBY USAT»%Y»AC UCcadai: £Yid»e
HBO3TRI»0 3.2 é»1603(4aiU, a»Y NS(WYSp»fii»E 2003-C6 UCA W3ASTu aiY»040 anar/R3w ea03YaY»h
S3A03BYS-AT3T TYSET3TUY»h: 2(8 2504 6a03YUY»NA 466aUYSeCAT3T »Y 3(é -EEaU:

2504 6a03YuY»h »u30»6Y4asU »Y VAT 121,6008= (1,216 TU?) T3U pD AY1IN=3Yasf T3A=TuC 4.1%: éad3vuc
T»03R3AATST T3ASTUY»A400 T»0SUSBRET3T pY3T»EC T3ASTUY»AAL T3%U4aU »Y AYIN3VYAsR pY3T»EC

T3ASIUC VAT 5.4%: €a03YUC 1»03R3AAT3T T3AST0Y»Aail T»03uSRET3T pY3T»EC T3ASTUY»Ac

20(a58=T 4.1 @a0=3YuY»AC ™ BA6C3EST3Y A3(U3YY»iC D2TCiix ~ YA6A= - CAA

UT30A3 - AadAlasY Y»A INENSAEN]; (%)

A PD-adU 8a03YUY»iC U3Y3TA 2,504 6a03YuY»ii -

B “Y3TI»EC T3ASTUY»AC u3Y3TA 965 T3A3IuY»A -

C  “YST»0131 T3ASTuY»AA %u30»6Y4a0 6a03YUY»AC 334 6a03YuY»i CIA 13.3%
U3Y3TA

D a03YuC 1»03R3nAT3T T3A=TuY»fiasy 234 W3A3luy»i  DIA 9.3%
»03USRET3T pY3T»EC T3ASTUY»AC u3YSTA D/ B 24.9%

E D&a&uC T»YWRAYCo 100U N»é=TanasAl3yY ii= 1,046 8a03Y0Y»fi  E/A 41.8%
- Y740 8a03YUY»AC u3Y3TA

F  O3Y3&3iN3(CY 63Y0A u30»6Ya0 €403YUY»AC 399 a03YUY»fi FIA 15.9%
U3Y3TA 1:50,000 USERT3uC USAT»YaiU

8a0=3YuC »0=3R3AAT3T %3Y - 1=1C Ta0UC6 TWAT3T x3Y343NC 3.9%

AY1N=Ya6h »AT314a0A040YA / x3Y23&430NC AYIN=Y46h »AT3A40AI4a6YA

G ©AT3A-CIC 63Y0A %u30»6Ya0 €a03YUY»AC 03Y3TA 14 6a03YaY»A  G/A  5.6%
1:50,000 USERW3UC USAT»%ail

@a0=3YuC M»03R3RAT3T %3Y - 1=21¢ Ta0UC6 TART3T x3Y3431NC 0.6%

AY1N=3Y45h »AT3A4a0A045YA

H a3wUSBT3Y 13774 T»03YuY»iA? 1u30»6Ya0 6 8a03YuY»A  HI/A 2.4%
8a03Y0Y»AC U3Y3TA

8a03Y0C W»03R3AATST %3Y - IBTY»ACY &3 WUSTIY 13740 T»03YUY»fi /uaEaniA 132 3(1&CeC

T»03Y0Y»fi 4.5%

| PP AYIN3VY&6i T3A=T0A 2,969,678 \= -

J  PP-aiU pYST»EC T3S TuY»AC AYIN3YAsH T3A3T0A 32,032 = A] 10.8%

K DPDb-40U 8403YUC T»03R3AATST é» - CAYY»AC AYIN3Y4sf 121,328 N3 HIG  4.1%
T3A=3T0A
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4. SOCIAL AND ECONOMIC CONDITIONS ON LANDSLIDES
4.1 Outline of Social Conditions on Landslides
The following examinations are done on 2,504 landslides identified by the inventory survey in
2004 through interpretation of contour-maps and aerial photographs, and a series of field
inventory surveys with reference to existing landslide location maps. As explained in Section 3.2,
most of the landslides of areas less than 20 ha, for which no damage has been reported, are not
identified.

The 2,504 landslides occupy approximately 121,600 ha (1,216 km?) or 4.1% of the total area of
RA. The populated areas located on landslide-displaced areas is around 5.4% of the total
populated areas. The number populated places located on landslide-displaced areas is 24.2% of
the total number of the populated areas, as shown in Table 4.1.

Table 4.1 Outline of Landslides and Social Conditions

Descriptions Summing (%)

A Number of landslides in RA 2,504 landslides -

B Number of populated places 965 places -

C  Number of landslides covering populated places 334 landslides C/IA 13.3%

D Number of populated places located on 234 places D/A 9.3%
landslide-displaced areas D/B 24.2%

E Number of landslides within a distance of 100 m 1,046 landslides E/A 41.8%
from stream center

F Number of landslides covering road network at 399 landslides FIA 15.9%
1:50,000-scale map

Total length of road cut by landslide-displaced masses /total length of 3.9%

road

G Number of landslides covering railway network at 14 landslides G/A 5.6%
1:50,000-scale map

Total length of road cut by landslide-displaced masses /total length of 0.6%

road

H Numbgr of landslides covering historically important 6 Landslides H/A 2.4%
places

Historically important places on landslide displaced masses /all 132 such places

4.5%

I Total area of the RA 2,969,678 ha -

J Total area of populated places in the RA 32,032 ha 1/J 10.8%

K Total area of landslide-displaced regions in RA 121,328 ha H/G 4.1%

L Total area of populated places located in 1,744 ha L/G 0.6%
landslide-displaced region L/ 5.4%

L/K 1.4%

1 This report defined a ‘populated place’ as an area shown in maps at a scale of 1:100,000
2 Information form ICOMOS (NGO) and shown in Figure 4.1
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4.2 Populated Area in Hilly-Mountainous Area

Among all the populated areas, 44% are located on hilly-mountainous area (slopes gradient is steeper than
5 degrees). In the hilly-mountainous area 93% of the populated areas is located on gentle slope (slopes
gradient is gentler than 20 degrees), and 42% of the populated areas are located on landslides.

The landslides form gentle slopes. Many populated areas are located on landslides because it easier to live
on these gentle slopes.

Table 4.2 The Number of Populated Areas on Landslides

Slope Gradient The Total Number of The Number of Populated Areas on

degrees Populated areas  (a) Landslide Areas  (b) (b)/(2)
0-4 538 53 10 %
5-9 232 d=428 87 f=179 37 % 41.8 %
(d/c=44.4%) (fle=77.2%) (f/d)
10-19 163 80 49 %
20-29 28 13 47 %
30-39 4 0 0%
Total €=965 £=232 24 %

4.3 Land Use and Landslides

Land use classes were identified by interpretation LANDSAT image acquired in 2000 and 2003 and shown in
Figure 4.2. The area density of the landslide in each land use zone is examined and shown in table 4.3.

The area density of landslide is comparatively intense in shrub land and deciduous forest which are
widely distributed in hilly-mountainous areas. The bare land and the grassland also distributed
hilly-mountain area, but the area density of landslide is comparatively sparse. This may be because
these areas have convex ground and water doesn't gather easily. The cropland’s area density of the
landslide is low because it is mainly distributed on plains such as Ararat Plain etc.

— — — , — - 3310
Dy W=%ATalAISY  D»ShaTasAlSY  2éYaiao ~aran €a0=YuC  ~atan éé©3\'(ué?
T3/ iﬂg T3/ iﬂg 'eiéO?'Yl]Y»ﬁC 8a03YUY»AC  USTr»iineA ééO3YC|Y>,>ﬁC TO3R3FAT2T
8803YUC T=4 - U3 T»fi»eA U3:I:>>ﬁ>3éA ACTA ACTA U3:I:»ﬁ>’>éA %3Y. 130C
Talaéy»nar Talasy»nat Talaéy»nar USTohnsA
Tarasy»nar
(=) (%) (%) =) (%) (%)
1: ®adn 132,829 4.5 1 0 62 0.1 0.0
2: 6=RNCx 3,908 0.1 0 0 0 0 0.0
3: 33030 106,933 3.6 127 5.1 3,928 3.2 3.7
4: EYU»YECT
e 95,704 3.2 3 0.1 322 0.3 0.3
T140Eraon=3Y»h
5508 »YECT
e 255,151 8.6 21 0.8 2,535 2.1 1.0
T140Eraon=3Y»h
6: E»Al 119,486 4 117 4.7 4,312 35 3.6
7: 2AaT3130i 1,669,022 56.2 1,336 53.4 72,540 59.7 4.3
8:2YW=36é3(CY
2 91,808 3.1 136 5.4 6,232 5.1 6.8
137i=1u
9: OR3TI»A"
o, 1,771 0.1 0 0 0 0 0.0
3Y1r3é
10:T»A " 3A3+
o, 428,060 14.4 690 27.6 27,605 22.7 6.4
3Yr3é
11: Olasy 513 0 0 0 2 0 0.4
12: 20& 36,858 1.2 35 14 2,359 1.9 6.4
13: é7i»A 23,200 0.8 32 1.3 1,579 1.3 6.8
14: 2{EY 4,415 0.1 6 0.2 99 0.1 2.2
NG E 2,969,658 100 2,504 100 121,575 100 4.1
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Table 4.3 Area Density of Landslide in Each Landuse Class Zone
Study Area Landslide Displaced Mass Area percentage of
Area in Area Number Area in Area landslide-displaced
Land use Class the study percentage in percentage in landslides percentage in mass to each land use
area the study area all landslides all landslides class area
(ha) (%) (%) (ha.) (%) (%)
1: Water 132,829 4.5 1 0 62 0.1 0.0
2: Wetland 3,908 0.1 0 0 0 0 0.0
3: Urban 106,933 3.6 127 51 3,928 3.2 3.7
4: Intensive crops 95,704 3.2 3 0.1 322 0.3 0.3
5: Extensive crops 255,151 8.6 21 0.8 2,535 2.1 1.0
6: Bare 119,486 4 117 4.7 4,312 35 3.6
7: Grassland 1,669,022 56.2 1,336 53.4 72,540 59.7 4.3
8: Shrub land 91,808 3.1 136 5.4 6,232 51 6.8
9: Coniferous forest 1,771 0.1 0 0 0 0 0.0
10: Deciduous forest 428,060 14.4 690 27.6 27,605 22.7 6.4
11: Snow 513 0 0 0 2 0 0.4
12: Cloud 36,858 1.2 35 1.4 2,359 1.9 6.4
13: Shadow 23,200 0.8 32 1.3 1,579 1.3 6.8
14: Others 4,415 0.1 6 0.2 99 0.1 2.2
Total 2,969,658 100 2,504 100 121,575 100 4.1
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4.3 Damage Assessment

4.3.1 Methodology

Landslide damage was assessed in the following manner: An Inventory Survey in 2004 by the JICA study
team assessed the quantities of risk objects within 145 identified landslides; these were reported by the
Ministry of Urban Development and infrastructure-related organizations to have been damaged. In this
clause, “damage assessment” is undertaken in quantitative terms. Therefore casualty, psychological
trauma, and monuments, etc. are not included in the damage assessment. The assessment relied on
interviews with the communities, community leaders and infrastructure- related organizations.

The damage was categorized as shown in Figure 4.3:

Sector Direct Damage Indirect Damage Direct Damage Indirect Damage

Buildings
Transport

Water, energy, and
communication
Agriculture
Others

Existing Damage Potential Damage/

Potential Benefit

Figure 4.3 Landslide Damage Category

The JICA landslide JICA damage assessment in 2004 can serve as an approximation for the scale and
structure of landslide damage. The strong point of the JICA assessment is the attempt to estimate not only
the existing damage but also the potential damage — that which can be avoided in the future and which
represents potential benefits of landslide management.

Figure 4.3 shows the distinction between:

- Existing damage — that which has occurred in existing landslide zones, and

- Potential damage — that which will occur in the future, if no prevention measures are implemented within
“existing landslide zones”, “assumed further accumulation zone”, “reservoir zone of landslide dam, and
“flood area” as defined by the landslide inventory survey in 2004.

Potential damage might serve as a proxy for the benefits in the project evaluation.

The damage was also categorized into the following sectors:

Buildings, including (i) dwellings, (ii) schools, (iii) hospitals, (iv) other public buildings, (v) buildings for
industry, (vi) buildings for services.

Transport, including (i) gravel roads, (ii) asphalt 1 lane roads, (iii) asphalt 2 lanes roads, (iv) bridges, (v)
railways.

Water, energy, and communication including (i) gas system, (ii) drinking water & sewerage system, (iii)
irrigation & drainage system, (iv) rivers, (v) energy & electricity, (vi) telecommunication.

Agriculture, including (i) crop land, (ii) grazing land, (iii) timber production.

Others, including (i) emergency expenditure, (ii) demolition removal, (iii) monuments, (iv) remaining.
The damage in each sector was valued as described in the table 4.4:
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The damage in each sector was valued as described in the table 4.4:

Table 4.4 Landslide Damage Assessment — Assumptions for Assigned Values

Sector Direct damage Indirect damage

Buildings Cost of recovery — replacement or Cost of wealth located inside
restoration.’ building (equipment, production,
Cost of replacement equals (1) average furniture, etc.) — approximated as
market price of buildings in the area’ 20% of value of damaged
or (2) construction cost® buildings.’
Cost of restoration (repairs) equals a
percentage of replacement cost.
Buildings are classified into 6 damage
categories’

Transport Cost of recovery - rehabilitation or (1) Higher exploitation costs for

reconstruction of transport
infrastructure.

vehicles using damaged roads.
(2) Time value due to detours.
Applied traffic volumes,
exploitation unit costs and time
unit values estimated by Ministry
of Transportation .and
communication.

(1) Cost of responding to demand
during recovery period

(2) Reduced income of
infrastructure owner

(3) Increased operating costs
Values obtained from respective
infrastructure owners.

Water, energy,
and
communication

Cost of recovery — rehabilitation or
reconstruction.

Agriculture Value of agricultural land which are Forgone agricultural production.
impossible to use due to landslides.
Others Estimated qualitatively®

All unit costs and other data applied for the estimation of direct and indirect damage are presented
in the appendix V Table A5.2, A5.3.and A5.4

', We estimated the restoration/replacement cost rather than the actual cost of destroyed asset; that is closer to reality
in Armenia at present (very often, if we took into account the amortization, the value of damaged object would be
close to zero; still, the necessary replacement must take place).

? Data on the average market prices of real estate in different regions from Cadastral Service, Appendix V Table
A5.2

¥ Data on construction costs from ARMPROY, Appendix V Table A5.2

* According to all-Union State Standard 6249-52 - Appendix V Table A5.3

>The loss of value of real estate due to damage is another indirect loss; however it was difficult to quantify
(comparison impossible due to undeveloped real estate markets).

® Causalities due to landslides are not included in damages, because it is very rare, and it is difficult to estimate the
possibility. Kapan city informed the Study Team that three (3) persons died in the Kapan Harutyunyan street
landslide in August 1994.
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4.3.2 Outline of Damage Assessment

(1) General

The following assessment results are due to the JICA inventory survey in 2004 .

The results revealed that the cumulated direct damage caused by landslides up-to-date is USD 43 million.
Moreover, each year Armenia suffers from USD 4 million in indirect damages (only a number of possible
items are calculated.)

As for the potential landslide damage — that which can be to some extent avoided in the future — the
cumulated value of direct damage is estimated at USD 54 million. In addition, each year USD 5 million of
indirect damage can be avoided.

Indirect damage includes only items that can be calculated. Outline of damage assessments results are
shown in table 4.5.

Table 4.5 Landslide Damage Assessment — Results

Existing Potential

Direct Damage Indirect Damages Direct Indirect

Cumulated Values  Annual Values Cumulated Values Annual Values

Million USD Million USD/ year Million USD Million USD/ year
Buildings 8.0 1.1 30.9 24
Transport 18.6 24 19.1 2.9
Water, energy, and 4.3 0.2 2.6 0.1
communication
Agriculture 12.2 0.0 1.0 0.0
Total 43.1 3.7 53.3 5.4

(2) Direct Damage

Because exact classification of responsible subject category for risk objects is difficult, rough
judgments were done, and these were divided into three responsibility categories for risk objects
as shown in Table 4.6.

Table 4.6 Responsibility Subjects for Risk Objects

Sector Community/inhabitant  Private Company Government
S

Building 100% 0% 0%

Transport Gravel road, asphalt 0% Asphalt highways (more
road (highways are than two lanes)
excluded)

Water, Energy and 0% Gas system, energy &  Trunk line of irrigation

communication electrics and telephone

line
(most branch water lines, and their facilities are maintenance by communities,
but in this study, because exact classification of responsible organization is
impossible, all of water responsible were included to “Government”. )

(Water committee)

Agriculture

100%

0%

0%
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Direct existing damage due to landslides are show in Table 4.7 and Figure 4.4, according to the
execution subject division of Table 4.6.

Table 4.7 Direct Existing Damage Due to Landslides

Existing Damage, cumulative values
Responsibility Subjects for Risk Objects

Total Community/ Private Company Government of
inhabitants Armenia

ushD % USD million USD million USD million

million
Buildings 8.0 19% 8.0 0.0 0.0
Transport 18.6 43 % 15.1 0.0 35
Water, Energy and 4.3 10 % 0.0 2.2 2.1
communication
Agriculture 12.2 28 % 12.2 0.0 0.0
Total 43.1 100 % 35.3 2.2 5.6

Agriculture Buildings
(community) (community)
28% 19%
M pr?
P -
Water (GoA) - .
5%
c y Transport
nergy, and (community)
communication

(private company)

5%

Transport (GoA)
8%

35%

Figure 4.4 Existing Direct Damages of Landslides
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Direct potential damage due to landslides are show in Table 4.8 and Figure 4.5, according to the execution
subject division of Table 4.6.

Table 4.8 Direct Potential Damage Due to Landslides

Existina Damaae, cumulative values
Resnonsibilitv Subiects for Risk Obiects

Total Community/ Private Government of
inhabitants Company Armenia

uUsD % USD million USD million USD million

million
Buildings 30.9 19 % 30.9 0.0 0.0
Transport 19.1 43 % 13.4 0.0 5.7
Water, Energy and 2.6 10 % 0.0 1.1 1.5
communication
Agriculture 1.0 28 % 1.0 0.0 0.0
Total 53.6 100 % 45.3 1.1 7.2

Source: Landslide Invéntory survey , JICA Study Team, June-September 2004; cumulative values.

Energy and

communication

(private company) \water (GoA) Agriculture
2% 3%

(community)

2%
Transport (GoA)
11%
Buildings
(community)
57%
Transport
(community)
25%

Figure 4.5 Potential Direct Damages of Landslides
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4.3.2 Damage Assessment Results by Economic Sector

(1) Buildings

The buildings constitute 19% of the total existing direct damage caused by landslides (USD 8.0
million). That value is relatively small — contrary to the usual perception that the building sector
suffers the most damages. The relatively small value of damages is the result of the situation in
the real estate market in Armenia.

Armenia’s housing market is characterized by high level of supply compared to effective demand.
Existing housing units are considerably cheaper than comparable new units'. To assess the value
of a number of damaged buildings identified by the inventory survey we had two options: (1) to
use the average market price of buildings in the given location?, or (2) to use the construction
prices of new buildings®. For the option (1), market prices, we obtained the value of damages of
USD 8.0 million. Should we apply option (2), the construction prices, the total existing damages
in building sector would increase to USD 109 million.

We opted to use market prices. It seems to be much closer to the reality; the Ministry of Urban
Development is also using the market prices for the estimation of the amount of compensation for
the damaged houses.

To show the impact of landslide damages on the whole building sector we looked at the housing
stock in Armenia. The total surface of Armenia’s housing stock amounts to 67,242,700 m?, of
which 60% is in urban areas and 40% is in rural areas. According to the Inventory Survey, 1.2%
of the housing stock is located within the landslide areas, 0.3% is damaged up-to-date by
landslides, and 0.8% can be potentially damaged.

Table 4.9 Housing Stock: Total and Damaged by Landslides

Total housing  Located within Damaged by landslides Potentially damaged by

stock in landslides landslides

Armenia

m? m? % of total m? % of total m? % of total
Total 67,241,700 795,100 1.2% 198,900 0.3% 540,900 0.8%
Urban 59.9%
Rural 40.1%

Source: (1) Total housing stock in Armenia from “Armenia — Country Profiles on the Housing Sector, UN, 2004” and MoUD Housing and
Communal Policy Dept.; (2) Housing stock affected by landslides from “Inventory Survey, JICA Study September 2004”

1 In case of Yerevan the difference is about three times: the market price of 1m?of residential area averages between USD 80-90, and new
construction costs USD 250 or more. In other parts of Armenia those differences are much greater. \We give the exact prices in the Appendix
V Table A5.2.

2 The market prices for exact locations provided by the Cadastral Service, June 2004 — Appendix V Table A5.2.

® The construction prices provided by ArmProy, June 2004 — Appendix V Table A5.3.
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»Y ECY»E 19.1 UCECAY 20U 14f=3f (AYIN3VasR 3hA»u) —~ 3Yas003TC TanasewY»iA 2.9 UCECAY 2@U 14F3h
(TS 13Y):
I»fiasl YRIZT -Y3N3T4aiUA 3&3Nai»t ;i DD TASYEAAATC ~ T3AC YSE3A3ma0AI3Y Ta0UCo (TTU), anA
343NaTi»E ; 3AA»UY»AC UC3TanA 45003TC TYSeY»AC N3U3A  Wil3EY»A 3Yai003TC 1Y36Y»ic N3U3Hh
(E63YU3Y I3 13FA, SAAOUY»AC 0- T3 -afTalA ~ ASU3YSTC 13 T3(EA):

TASYEA4AT3ICY N3Wi314U  Y»AS3éi=31  »Y  3imal3(Ras0CY»nA,  T3UAACY»AA  —  »AT3A- I»fA:
27 1aU30Ra00CY»AA Th»E »Y 3U»Y3U»T TY38Y»RA (91%) N3U303(Y U»i 13wa0asAladyY»ic: PD -EE3Taf
0-13-anTU3Y U3(nad0CY»AC 63Y6C AYIN3Yash »AT3nasAlasYA 7,800 TU ¢, 4ACO CYadwé 6&dlo , wAT3IT
30040631 4.10-400° AY1N=3Yan U3IRA00CY»AC 3.1%-A -wYTadl o ea03YUY»AC w3ASTaY»hiadl, AYINSYAsAC
1.3%-A TY3ET»E ™ 1.2%-A NBT3YST3Ya0Ala0Y 46Y»Y 1Y3&T»Ea0:

2((458=T 4.10 8a0=3Y0Y»AC T40UC6 TY2&1=31 2T al=3(fas0cy»fi

AYLU3Ya0n  ead3YuY»ic 8a03vuyY»i¢c  ea03YuY»fi¢ 1a0UCo

3irausiin T3S Tual 1a0UC6 TY361=31  &4T»YoC3E iY38131

é.(")OQYg)ﬁC 'l'»03}ﬁf3l o

63Y06A 3T TaU3{fas0CY »fi

p3[=zer=

Ve o rvamy o v o avams

U U AY13Y&HAC % U Avx3vasic U AY13YE5fC %
%

INENSAET 7,800 238 3.1% 99 1.3% 93 1.2%
BCCA»T3T3Y 3,360 9 0.3% 14 0.4%
UCcU=fin3(cY
x3YSA3ANY»AA
O3T3Y 4,440 90 2.0% 79 1.8%
N=03{iyu3icy

20plasn (1) AYIN=Yasn =i ral30[as0Cy»ic 6Y20A D3(36w3Y4aiU" w263 131 “MTEF 2004 —2006-G6, TTU.” (2) @a03YUY»fi¢
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The situation of Armenia’s housing sector was severely affected by the break-up of the Soviet Union, the
transition process along with the privatization, the 1988 Spitak earthquake and the influx of a large
number of refugees. Over the last 15 years the GoA concentrates on the particular groups of population —
500,000 people who lost their homes during the Spitak earthquake and the 360,000 ethnic Armenian
refugees who came into the country between 1988 and 1992. The quality of housing is poor as a result of a
decade of almost no investment in maintenance and repairs. Today, 96% of the housing stock is in private
ownership; the remaining 4% was transferred to local governments.

Looking at the housing sector as a whole — landslide damages seem to be minor problem. Still, it is a
considerable problem from the point of view of individual rural communities.

(2) Transport
According to the Study estimationthe transport sector suffered up-to-date from USD 18.6 million direct
damages (cumulated value) and USD 2.4 million indirect damages (annual value).
As for the potential damages — the direct losses in transport sector in the future might be of USD 19.1
million (cumulated value) and indirect losses of USD 2.9 million (annually).
Above-mentioned assessment was provided by the Ministry of Transportation and Communication
(MoTC), which provided the unit costs for the direct damages and data for indirect damages (traffic
volumes, exploitation costs and time value).

The transport sector included motor-roads, bridges and railways. The motor-roads suffer the biggest share
of the damages (91%) according to our estimations. The total length of general use motor-road network of
the Republic of Armenia is 7,800 km, out of which, as shown in the table 4.10, 3.1% is located within the
landslides: 1.3% has been damaged; and 1.2% might potentially be damaged.

Table 4.10 Motor-roads and Damaged by Landslides

Total motor-road Motor-road located Damaged by landslides  Potentially damaged by

network in within landslides landslides

Armenia

km km % of total km % of total km % of total

Total 7,800 238 3.1% 99 1.3% 93 1.2%
Interstate& 3,360 9 0.3% 14 0.4%
interregional
Local& 4,440 90 2.0% 79 1.8%
community

Source: (1) Total motor-road network in Armenia from “MTEF 2004 —2006, MoTC.” (2) Motor-road located within landslides
from “GIS Survey, JICA Study, September 2004”, (3) Motor roads damaged by landslides from “Inventory Survey, JICA Study
September 2004”.
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A3RTAY3&»8, UCcA»T3T3Y  UCcU3ik3(CY x3Y3A3AN3ICY 63Y6C a3Na=3YasAlasyA (AY1N=Yaon 3,360TU)
- Y7400  TOU'—C NeTadasAl3Y 13T, TBU -V Y3 —4A0YST3VafA»Y 1363131400 , 1T»03T3Y x3V3&3ANY»fA
(NSBUSYUY»AC 63Y6C UG U=eC UCc™)% N3USIVU3ICY x3Y3A3ANY»AA &»ru ( T363T3AT»Y 10313V
CYUYST3é313AU3Y U3AUCYY»AC TadUCo:
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uiadc»Y x3YSA3ANY»AC M»AST3Y-YU3Y — &3Na&3YaAl3Y N=303h T3%U»E ; 14.3 UCECAY 20U aE=hn
(B31»ET=1 V-3.1.3):

i»ficCY NCY- WS3ACY»AC AYA3604iU UCca»r3T3Y UCcU=3fn3ICY x3YSAS3ANY»AA O-Ti»E  »Y
SAT363NU3Y(3Y 0-YaAIBY yaYI»AC YRBYSTIECO Y»ASATaiUY»ACo: EYA Co;, W»03T3Y  N3U3(Yu3(cY
x3YSA3ANY»AA (-(a603T3Y T3ASTUY»AA -EEATAR SAT3IAST3Y T»YTRAYY»AC N»o T3840) -rYiail »Y
JLBTA»USE 30037 A3(U3YY»haiU, 4»Y ér306»E 43 UC yCYSYET3Y 3¢3T0a0AladY T»AcCY W=3é T3ACY»AC
AYA=6040U:

EYd »i3p»iail ; »AT3A-I»ACY, 383 x3Y3&3AN3(CY E3+3YalUY»AC U»I36U3Y — Aasiuc3iC ad
21Ap»¢3YC N» o 83NUSYY»AC =3TT3TatAlBY N»u " 3Yoar é3NU3YC N T3AT31T -anlTaiy»adAlasyy»nA
e3NU3BY3=3TI31 »Y U»T -Tal Of7"3YC6 1A3ET3YC 63NU3Y |, -&U=3A=T UC u3YC ai0"ans3(cy - I»fi:
D» o »EAT @DOY EYTI»Y13A N» 1 3%amU3YA 2004A.-(}Y, »AT3A- I’»ﬁ(; 1.850U0 TY3&T31 »Y »0»t 3¢ 3{edn
N» 1= - 30450 2.2000 »YAST3 ; TY3&1»Eas:

AY1N3Yaon 2éU=30p Y3I»Eai wiA3YedannC é»Trancy, ead3YuY»iC TY38Y»AA ATasU »Y <aun ARapf»U:
263Y0CY -(a03T3Y NSUS(YUY»AC 1»E3T»WCO 1»¢8 3(Y U» T ARaue»U ¢

' PD TABVEAARTC T T3AC YSE3A3AaiAlaYA Y3 &3T3EE3V3T40 2,711 x3Y3A3ANV»AC T3VasfcY»AC N3U3A (AVaN=Yasn
»AT3A40AI46YA 22.610) 95 »AT3A403(CY T3V4dACY»AC N3U=h:

2 aTe31 2002A.-C6, &63U=Y3+3T paie»C YASW3T3CY 0-13-aR1U3Y (303h; N3USIVUY»AC UG~ 1»03T3Y x3V3&3ANY»Aic
A3N&=3VY4asAlasvYA USind»T3A3YY»AC &SR TaYST3Y A3AT3T3Va0AlacYY ¢

® U»i=eaiU ¢ 20 UCECAY 200 14E3 31%-3(CY x3Y2A3AN3(CY 63Y6¢ N=U=3A, 5 UCECAY 200 14E3/ T»03T3Y - 1450313 x3Y3&83AV»AC
N=U=f " 5 UGECAY 2@U 1437 030303(CY +4040Y»AC N3U3f; D363ASTST3Y 1SEE»AC 10 SATAUY»ACo, D3I36T3Y, WB, 2003.

(3) Masd=rYwr»eadAlasy

(3) AY2R=Yasn
M&as03 WY T»Ea0AIBY é»Tranc NBU3iA 3T TY36Y»AA - Y3SNSTT31 »Y 12.2 UCECAY 20U 143 (Tasr3Ti31),
anA T31%Ua0U; AYIN3Y40R ea03YUY»AC TYSEY»AC 28%-A:

20(466=T 4.11 €a03YUY»A¢ 1= ai003T1¢ TY2&Y»AA 030 Y r»ea0AI3Y é»Tranas

AYIN=YA5R SAA»UY»fi

N= 200 UCECaY % AYLN=3YA6ico
AY1N=Yash 12.2
BR3T»EC Nad 9,294 10.2 84%
243130 1,400 1.7 14%
2V 1363V([40A 125 0.2 2%
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Formally, the maintenance of the network of interstate and interregional roads (total 3,360 km) is under
the MoTC!; the MoTC is also practically managing the local roads (part of network between
communities)?; community roads should be managed by the local self-governments.

A conservative World Bank estimate® of the cost of the roads' maintenance is a total of USD 30 million
annually. The total 2004 budget of MoTC for road rehabilitation and maintenance is USD 14.3 million
(Appendix V-3.1.3).

The interstate and interregional roads have benefited from a significant infusion of foreign assistance
funds during the past five years. However, the local and community roads (connecting the rural areas to
the main commercial centers) are in extremely poor conditions, having received almost no maintenance
funding for the past ten years.

As for the railways - due to the increase of road traffic and closed borders with Turkey and Azerbaijan,
rail operations are now restricted to a single line running from Yerevan to the Georgian border plus
some short commuter lines. Following the JICA Inventory Survey in 2004, 1,850 m of railways has
been damaged up-to-date and further 2,200 m can be potentially damaged.

Looking at the transport sector as a whole — landslide damages seem to be minor problem. Still, it is a
considerable problem from the point of view of individual rural communities.

! The MoTC also has responsibility for 2,711 road bridges (total length of 22.6km) and 95 railway
bridges.

2 Since 2002, for the sake of efficiency to use extremely limited budget; maintenance of local roads
between communities is formal obligation of marzpetarans.

* Including USD 20 million for the national road network, USD 5 million for the local rural roads, and
USD 5 million for the city streets; after the Public Expenditure Review, Armenia, WB, 2003.

(3) Agriculture

(a) General
The direct existing damages for the agriculture sector are estimated of USD 12.2 million (cumulated),
which is 28% of total landslide damages.

Table 4.11 Landslide Direct Existing Damages in Agriculture Sector

Direct existing damages in agriculture sector
Cumulative values

ha USD million % of total
Total 12.2
Crop land 9,294 10.2 84%
Grazing land 1,400 1.7 14%
Timber 125 0.2 2%
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(L) TMEE03TYT»E3T3Y NaO»AC PAST3IST3Y YC 2AA»UY»fiA
Mas0=3rYr»e3T3Y NaO»AC RASIT3IST3Y -YC SAA»uY»AA T3136TA3(CY 13640Ala0YCo, DPasYCe 2004
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_C»tail 30palc 3 -Aa-8YY13(CY é»T1afA" 13 D3[(3673Y( D3Y3ASA» TAAIBY TY1»840AI3Y 3U»Y3T31 4R
E»TTanY»fAco U»TY ¢, Y&367ail ; 3i»EC U3Y 35% D3USE3éY 2%-3(CY 2AasYuCY:. U»fil3lasUe
-(4503 WY »840AI3Y NBUSE36Y SAT31A3SYNC 98%-A Ad03iTTadl ¢ USeY=3Tan é»Twanc 1aduce, N=U=303(y
84603 Y »84a0AIBY T3(40Y %31 - B6U3Y é3%U3T3MaAISYA! PD - 1460Y=3E., 2004:

“Y3T3a0AIBY 30037 - Ya040YSTa0AIA0YA, 3& TAS-TYT»Ee3T3Y YETCY N3A3u»iasAlasyY»AC +FakasUA =
SAT3UCY NBU=3-aAT3T0640AI3Y BACS+3TAUA prfiroCY -1a6036C3T3Y TY W »8aiAlasYY»AC E3(Y ea3éU3Y
SAR3YUY»AC U3EC UST3AT3TC TAx3TU3YA, CYid»e SAT31Aa03T3Y40AISY TAx3T4aUA: Eadfic ARAuE»UY»f
(CY 3é3¢306»E -(a003 WY T »E3T3Y 7 3-Aa-D»>ASRSTIST SAT3SIASYUC 13x360C N» o T3&T31: 9¢ Yaily
A=sU=3y3T Radco =300=37 b3(Sew3vall URST»EC NaO3T3ASTuY»AC 36%-A CYad»e N3ATY ; 4C
0-w3-anl1al: TSASTUY»AA, afayo - wYTaol »Y -(a003TY»e313Y K3 wCT3(CY Taskwasi3Y»ic, E=04a0C
TYTSATY»AC UR-3Tas  30-CY»AC 3T, é31CTI3E T»Adai Thix3wi31 »Y: TadlacAlasy  4asve
3483Nai=3-AatAlasy pY3T3Y 30»uY»AC N» o '3Yoal -0a0036C3T3Y WY T»8atAlasYY»AcY A3Tx3é31
TafasewY»fAc YI=3wu3up:
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@AC, (> TIAZY»A-C3(C ~ N30an13T64a0AIBY é»TTanA (Y»A3éail ; - 3%A, EU»Ead Talas0as NSUST3h - »hA,
4éa-U3Y " 1fi»YBA3(CY NBUST30-»A, (ETHASY»A-C3Y ~ N»é3N=20an13T040Ala6YA) Th»E ; 4.3 UCECAY 2@U
14E3AC 46003TC TY36Y»A (TATr3Ti=1 3iA»0) " UAT314i=38»¢€ 0.2 UCECAY 20U 14E3AC 3YA6003TC TYS3EY»h
(WFSA»T3Y 3AA»0): £Y3 I»ASp»iail  &aT»YOC3E TYSEY»ACY, 3A3 »YAST36406T13T0A »YASAITST ; 2.6
UCEcay 2@U 1aE=ic ai003TC ~ 0.1 UCECaY 20U 1aE3AC 3Yai003TC TY3&Y»ic: 200aie3T 4.12-A T3ECe
Us3YisU=eY &3 T»A=0640l.

20(458=T 4.12 840=3YUY»AC 4000=3TC TY3EY»NA @B, ¥»Tu A3 Y»A-C3(C -~ D304an13To4sAlBY é»Tranasl
2613 TY3&Y»i Aar»YOC3E TY3eY»h
U 2g0 14E37 U 20 14E37
AYLN=3Y4h 4.305 2.616
13%C N3UST3H - 4,860 0.181 3,750 0.031
EU»Eas ~* Talasoc 74,575 1.790 36,600 0.889
Aéa-ail " 1h»Y3A 71,002 2.130 50,400 1.512
YTIAS > -C3 13,720 0.137 17,970 0.181
D»é3N=04an131640A146Y 40,300 0.067 10,000 0.003
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(b) Values for Market Price of Agriculture Lands

Values for market price of agriculture lands from Cadastral Service, June 2004 (Appendix V-3.2.2).

The number of hectares of agriculture land affected by landslides (identified by the Inventory Survey) was
assigned with the market prices of agriculture land (provided by the Cadastral Service for given locations,
Appendix V-3.2.2).

Still the value obtained this way is comparatively big, even if the indirect damages were not estimated. The
impact of landslides on the agriculture sector will be a subject of further study.

The whole agro-food sector is one of the most important sectors in the economy of the Republic of
Armenia, contributing more than 35% to GDP. At present more than 98% of the agricultural gross
production is carried out by the private sector according to the “Agricultural Sustainable Development
Strategy” MoA, 2004.

The poor purchasing ability of the population, the collapse of former trade-economic relations, and
blockage of the external communication, brought a decrease in the level of commodity share of farms, as
well as a reduction in production capacities. Serious problems were encountered in the selling of
agricultural and agro-processing produce, as well as to the inputs supply. At the same time, in a
land-hungry Armenia 36% of arable land is not properly used. Areas under agricultural crops, vineyard
and orchard areas were drastically reduced. There is no insurance for losses caused by natural disasters.

(4) Water, Energy and Communication

The water, energy and communication sector (including gas system, drinking & sewerage system,
irrigation & drainage system, energy & electricity, and telecommunication) suffered from USD 4.3 million
direct damage (accumulated value) and about USD 0.2 million of indirect damages (annual value). As for
the potential damages — infrastructure can be exposed at USD 2.6 million of direct and USD 0.1 million of
indirect damages. Table 4.12 gives the details of the estimation:

Table 4.12 Landslide Direct Damages in Water, Energy and Communication Sector
Existing damages Potential damages

m USD million m USD million
Total 4.305 2.616
Gas system 4,860 0.181 3,750 0.031
Drinking& sewerage 74,575 1.790 36,600 0.889
Irrigation& drainage 71,002 2.130 50,400 1.512
Energy& electricity 13,720 0.137 17,970 0.181
Telecommunication 40,300 0.067 10,000 0.003

Source: (1) Damages [m] from “Inventory Survey, JICA Study September 2004”, (2) Values for value assessment from:
Gazprom, MoUD, and Armentel. (Appendix V. Table A5.4)

JICA study team appreciate the assistance of some of the infrastructure companies (Gazprom, Armentel, Yerevan Water
Company). The information obtained from those owners of infrastructure and MoUD helped to assess the damages; relevant
data is included in the Appendix V Table A5.4).

Infrastructures of water, energy and the communication sectors have been deteriorating quite rapidly over
the previous decade due to chronic budget under-financing, insufficient tariffs in most sectors and
governance problems. The results of the Inventory Survey reflect this problem.
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CL»>YWCYCT2OT3T TYS3EY»AA 3%145U »Y -(a503T3Y WSASTUY»Aail" TY3E»EaT ( uYST»EC yaY1i»iA, 3%1400
T>02CY = N2USVAZICY x2Y2AZARY»AC -~ TRUAACYAC TA= (FA=VEAARTC NET 121400 2612 AV2ii=Yao
A00=TC  TY26YoAC 80%-A ToVIRAY=621 ; -1400=T3Y T2A=Tav»iail), N»u=-20a) 1= T26Vstai
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4.3.4 Mountainous Regions

(1) Geographical Distribution of Landslide Damages
The previous section (4.3.2, 4.3.3) shows that the impact of landslide damages on the whole sectors of the
Armenian economy is relatively small. At the same time, the results show that the identified damages
affect the rural areas — damaging housing stock, affecting local and community roads and bridges (80% of
total existing direct damages in transport sector concentrate in the rural areas), further deteriorating water
supply and irrigation systems (respectively 43% and 52% of the total landslide existing direct damages for
water, energy and communication sector) that can have considerable adverse effects on the development
of particular local communities.
On the other hand, landslide areas offer gentler slopes, richer water and deeper soil in mountainous areas,
which explains why communities are eager to settle there. According to the GIS Survey, about 234
(22.9%) out of 1,023 of the total residential areas in Armenia are located in landslide areas.
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Figure 4.6 Geographical Distributions of Existing Direct Damages Caused by Landslides

Figure 4.6 shows that the most landslide damaged region/marts are Vayotsdzor, Tavush and Syunik. These
regions are the most mountainous areas in Armenia. Appendix V Table A5.5 gives damage estimations for
each one of 145 Inventory Survey sites.
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(2) Poverty in Mountainous Regions
The PRSP provides data on the link between poverty and mountainous areas as shown in Table 4.13.

Table4.13 Poverty and uplands

Indicators Level 1: up to Level 2: from 1301 Level 3: from Total rural areas
1300 m above to 1700 m 1701 and higher
sea level

Share of population, % 39.00 26.00 35.00 100.00

Poor, % 42.35 54.93 57.99 50.76

Including extremely poor, % 16.37 24.86 28.28 22.55

Source: ISLC 1998/99, after PRSP 2003.

Apparently, the communities that enjoy the resources offered by the landslide areas are also the most
vulnerable to poverty and landslide damages.

The social condition in Armenia remains difficult and poverty is the main vulnerability factor for the
Armenian population®. Although the urban and rural poverty indicators are very close, the risk of the rural
population to appear below the poverty line is higher?. Rural areas show the lowest degree of reduction of
poverty and inequality — the proportion of the poor decreased by only 4.18% (against the national average
of 9.23%).

Income inequality? in rural areas is much higher than in cities. The main reason is the extremely unequal
distribution of the gains from the sales of agricultural produce (the major source of income for rural
households).

The highest poverty levels in Armenia were recorded in Gegharkunik, Tavush and Shirak (62.2%, 59.7%,
and 57.8% respectively; national average 51.9%)> — which also suffer from a certain level of losses caused
by the landslides.

Damage to local road networks (particularly community roads) is further worsening the opportunities of
rural households to sell their agricultural produce, leading to deepening income inequality. Moreover,
damage to local roads cut the access to farming lands as well as to social services (education, health, etc.)
— further limiting income-generating activities and living standards.

There is a direct correlation between rural poverty* (especially physical isolation of the communities) and
the condition of road network. The Inventory Survey shows that 80%" of total existing landslide direct
damages in the transport sector is concentrated on local and community roads.

YIn fact, the recent growth did not contribute to poverty reduction, but to income inequality.

2 poverty Reduction Strategy Paper, 2003.

% The ratio between the 20% of the highest income population and 20% of the lowest income population is 32 times — clear evidence of
extreme polarization of the population.

* Poverty Reduction Strategy Paper, 2003.

% Income inequality in rural areas is much higher than in the cities; the reason is unequal distribution of the gains from sales of agricultural

production. Improvement of the community roads condition will increase opportunities for selling agricultural production.
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(4) Public Assistance for Mountainous Regions
The previous sections show that communities located in landslide and mountainous areas enjoy favorable
conditions (gentle slope, water, good soils) but are the most vulnerable to poverty at the same time.
However, we could find only a few public policy/ investment programs, which would help those
communities to make the full use of available resources.
To promote the agricultural production the rural population was exempted from taxes for five years, until
01.01.2009." According to the Law of the Republic of Armenia on the Value Added Tax, the sale of the
agricultural products produced in Armenia is exempted from VAT. Instead of the profit tax and income tax,
the peasants (and cooperative farms) pay a land tax in the amount of 15% of the net cadastre value of land.
The subsidies on irrigation water will end by 20072, In order to mitigate the influence of increase of tariffs
on irrigation water and electricity envisaged in the “Program on Financial Rehabilitation of Public
services” as well as value added taxation on sales of agricultural products starting from 20009, it is planned
to: (i) develop a concept on “regulations on trends and mechanisms of subsidizing agriculture in the RA”
by 2007, (ii) assist in replenishment of financial resources and provide targeted support to the vulnerable
groups of rural population within the framework of the “village and agriculture development fund”
program.
Ministry for Coordination of Territorial Administration and Infrastructure Operation (MoTA) plans to
implement a state policy differentiated according to communities 2004-2006. Actions will be taken for
supporting establishment of inter-community associations®, designated for solution of the basic problems
of small communities. When envisaging special-purpose allocations from the state budget, priority will be
given to inter-community associations and to the development of their infrastructure networks®. The
agriculture strategy® mentions primary renovation of rural roads in the remote regions and bordering
areas; emphasizes expansion of participation of communities in rural road construction and maintenance;
first and foremost reconstruction of roads in the settlements located on the borders and in mountainous
regions.
The World Bank finance “The Natural Resource Management and Poverty Reduction Program” will be
implemented in the sector of natural and environment protection over 2004-2006. The program aims to
improve natural resource management through reforms of the administrative system, as well as reduction
of rural poverty in the mountainous areas of the Tavush and Gegharkunik Marzes.

! Gravel roads constitute 46% of total damages in transport sector, local asphalt roads — 25% and bridges 9% - based on Inventory Survey.

2 A wide tax base for value added tax has been established in Armenia with a unified 20% rate. Existing exemptions are extremely limited
(mainly financial services, charity, and local agricultural produce). The same procedures apply to the taxation of domestic or imported
products.

*The GoA budget will be unable to sustain the present system of water subsidies when the costs of upgrading infrastructure are
added to the operating and maintenance costs.

*Initiated and strengthened at present by the GTZ, mostly Syunik and Tavush marz.

> However, we could not find the hard evidence of those transfers to local-self governments yet. That will be analyzed more in
detail in the next phase.

¢ Agricultural Sustainable Development Strategy; MoA, 2004.
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