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PREFACE

On 2 July 201€he Government of Georgia adopted governmental progath b L ¢ 95 D9 hwDL! 2 L¢l
t h £ 9 wThe gogram lists shorterm priorities of the Government which should be fulfilled for reaching
theRSP2GSR 202S0GAGBS 27T UniteSGebrgiaithalt PoSefyid 2! FY 2D/ NIBEKAS 4 Sa & ¢
term priorities are:development of infrastructure (energy, road and water supplffage development

towards development of agricultureevitalization ¢ Georgian cities and recreation@iritories, minimizing

arisk of natural catastrophepursuant to early notices. All these directions as well as others require high

advanced technologies and in this regard the establishmemadenced/innOvativéechnologes university

in Batumi city of AdjaraAutonomous Republic, has been several times declared by the Government.
l'y20KSN) aGNFdS3A0 R20dzySyid RS@St2LISR Ay GKS O2dzyiN
Strategy on Regional Development of Geofgia2010H n M This document alsconsiders technologies as

one of the priority directios in the sustainable development of regions. Chapter VI of 8rategy

considers thesupport to the development of innovations, new techngies and entrepreneurshipThe

SiNF 0 S3e K ACbKpréhéhsivie fechiofodical pragress entails the growth of competition, its scale

and speed amongst nations with competitive knowledge and innovation capacity playing a determining role

in this process. The growing compaity Ay GKS 2NI R YI1S8a Ad OfSIFN GKI G
and security require the creation of a regional economic strategy which is oriented towards a knowfedge

economy, innovations and new technologieSupportto the creation of Regional hovation Centres is one

of the tasks planned in th&rategy and this approach echoes the international process on technology

transfer initiated at the Rio Summitin 1992y R Ay iSyaAFASR FFGSNI t 2Tyl yQa RS
change related technobies

Georgia is actively involved in the technology transfer negotiation process under the UNFCCC and welcome
the ideaof establishment of regional ogers of excellencesonducting the national level technology needs
assessment process is being coesidl by the Government of Georgia as very important contribution from

the UNFCCC and GEF to the development of indigenous-tkoawand transfer of climate change
adaptation and mitigation technologiesithin the framework of international processSeverakdvanced
technologies andaction plansare recommended by the projecfor their import and implementation
Development of technology database in the framework of techeskitemcould beconsidered ashe most
important achievement of the project which shilol be further extended by the country with the support of

the Centres of Excellences.

/] George Zedginidze
Minister

Ministry/of Environment Protection of Georgia
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Technology Needs Assessments Report

Executive Summary

The current process of Technology Needs Assessment (TNA) is the continuation of already accomplished and ongoing
Ot AYIGS OKIFIy3aS &dGddzRASa Ay DISSdeEiANatbnal AQprnfudizdtionsIpredod TNB A | Q
process conducted in 2068002, regional climate change studies survey on removing barriers to the local utilization of
renewable energy sources, studies on energy efficiency and renewable energy pote@&drgia, etc. In line with the

common approach, the TNA process was developed in two direatiadaptation and mitigation.

Stocktaking exercise for the selection of priority areas for adaptation technologies has been carried out by the
Adaptation team ¢ader, the Project Coordinator and the representative of the Ministry of EnvironiRestectionin

close coperation with the PSC members and different stakeholders. As a result three priority sectors have been
identified: The Black Becoastal zone represted by anew segment (Anaklia) not considered in previous studies,
extreme geological events (landslides, mudflovil®ods) and agriculture (land degradation, water erosicand
irrigation).

Two sets of criteria have been considered for the selectioteofinologies: general, country level criteria based on
O2dzy GNE Q& LINA2NRAGASE FyYyR &aSO02N) ALISOAFTFAO ONRGSNRALF® [/ 2c¢
vulnerable to the climate change sectors and ecosystems, while sector wise speitdi@ were considered in

selecting technologies for different subsectoBased on general criteritor the Black Sea coastal zone protection,
particularly in the tourism development areas and free economic zones, land degradation caused by waber andsi

natural disasters in mountainous ecosystems were selected as highest priority sectors and ecosystems. Along with
these priorities assessment of irrigation systems and irrigation technology needs have been commissioned by the PSC
to the TNA Adaptatio team.

Current status of technologies in the selected sectéwgriculture the Black Sea coastal zoard Extreme Events) has

been assessed using available information on their deployment through the second half of the past century. An
overview of multple coast protection efforts undertaken since 1940es in the Poti segment of the Black Sea coastal zone
has indicated that in accumulative coasts it is reasonable to conduct the protection and fortification of separate
damaged areas within a single litlilgnamic system.In Agriculture sector different soil water erosion prevention
technologies are reviewed along with the survey of current status of irrigation systems in the Kakheti region of East
Georgia, and in Extreme Events sector a numbemefsuresare discussed currently used for the protection of
territories from landslides, mudstreams and floods.

For the Black Sea coastal secéonumber of coastal zone protection technologies are discus§bdy include beach
nourishment using inert material fronmearbysources, construction of sedimengtaining piers and system of boons,
creation of stone and rock piles and artificial capes, artificial expansion of coastal dunes in width and in height, creation
of artificial underwater reefs, setting up of decealized early warning system, eifferent sets of technologiesalve

been considered for different vulnerable segments of the Black Sea coastal zone.

For the Anaklia segment of the Black Sea coastal zone a combination of 5 different coastal zon®mpr@ethologies
are recommended, including:
1 Artificial filling with inert material, including creation of graysbble beaches;
91 Creation of artificial capes;
1 Artificial extension of coastal dunes (knolls) in width and in height. In case of rapldvebaise ¢
construction of dams;
91 Creation of artificial reefs using rebélls;
1 Setting up of decentralized early warning system.
In the Rioni Delta segment following technologies are prioritized according to their ranking:
1 Setting up of early warning syste
1 Increase of Poti City Canal capacity;
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f Construction of sedimeANB G F Ay Ay 3 LIASNI G GKS t2GA /I ye2y | yF
g tAffAy3d 2F NROl&a yR atz2ySazr o0SIOK y2dz2NAakKYSyi

In the Chorokhi Delta (Adlia) segmenttbé Black Sea coastal zone following technologies are prioritized according to

their ranking:

Beach nourishment at the Adlia emergency section;

Construction of the boon system in the BatuAdlia coastal zone;

Creation of stone piles at the emergency stigar Adlia;

Construction of sediment retainers in front of Batumi underwater canyon.

=A =4 -4 =4

R. Rioni Delta and Anaklia segment are identified as the most vulnerable segments as far as these two segments are
particularly focused by the Government as economy &émalism development priorities. New detailed mapping of

flood risk areas at the Black Sea coastal zone and applicatieongputer models for monitoring and forecasting
climate change impact on a sea coastal zone are recommended as general needs fqlénecintation of adaptation
measures and risk mitigation. It would be almost impossible to prepare, implement and monitor adaptation measures
without the relevant local infrastructure on site and national/regional adaptation policies.

In the Agriculture sctor 2 technologies are considered against soil waterieroghe USLE method and terradgased

on estimations of soil losses caused by water erosion and assessed through the special equation, different
combinations of tillage and sowing could be recoemded to local households and farmers. Making qualified
recommendations on specific measures requires special education and training. The TNA team hasl tinepaiftot

project proposal/TAP to adopt and implemehis technology in Georgia (&djara regon).

Three types of technologies have been assessed and prioritized as wind erosion protection measutés: low
technology, no till technology and windbreakers. Among them the highest priority is given to Agrofogetstey
rehabilitation and planting bwind-breakers.The prioritization of technologies against soil salination resulted in giving
highest priority to biological melioration, followed by liming of alkali soils and, firtallgesalination by washing salts
into deep layers of the soil.

Thesurvey of irrigation technologies in the Kakheti region led to the following conclusions: the highest priority is to be
given to the drip irrigation technology and the second priogty the artificial raining technology. The rehabilitation of
traditional irrigation systems facing new types of barriers after breaking the Soviet Union is also considered to be quite
important for the country.

In the Natural Baster sector the prioritization of technologies for the management of extreme geological dedrts

the conclusion that the first priority must be given to th@wv-cost protective measures against the landslidébe
second ranking technology appeared to bkeaning and leveling of riverbeds against mudflows. Third priority is
mapping of hazardougeological sites and providing loterm forecast of their development

All these technologies listed above are included in the technology data systemw.tnageorgia.wikispaces.com



http://www.tnageorgia.wikispaces.com/
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Chapter 1

Introduction

At COP 4 in Buenos Aires with Decision 2/@R4dties to the UNFCO@quested the GEF to provide funding to
developing country Partie® enable them identify and submit to the COP, their prioritized technology needs, especially
as concerns ketechnologies needed in particular sectors of their national economies conducive to addressing climate
change and minimizing its adverse effed@ased on this decision countries have received the financial support and
initiated TNA process as phase twatlog initial national communicationgén 2000 Georgia implemented the project in
2001 and only energy sector and energy efficient technologies have been selected by the Country as priority that time.

In 2008 the Poznan Strategic Programme on TechnologysfBrawas adopted by the CoP 14 which initiated the new

phase of TNA proces¥here are three funding windows to support technology transfer under the Poznan Strategic
Programme, namely: (1) technology needs assessments (TNASs); (2) piloting priorityldgghpoojects; and (3)
dissemination of GEF experience and successfully demonstrated environmentally sound technologies (ESTs). The GEF
has also proposed a Lofilgrm Programme on Technology Transfer, which was presented to COP 16 irJadae.

GEF5 (20102014), funding pledge for climate change mitigation program has expanded to approximately $1.4 billion,

and the climate change strategy now embraces technology transfer as a priority, with the entire portfolio supporting it
directly or indirectly. Todayhe GEF is supporting technology transfer activities in almost 100 developing countries

The current Global TNA project, deriving from winddyvdf the Strategic Program on Technology Transfer, is designed
to support 35 to 45 countries to carry out impred Technology Needs Assessments within the framework of the
UNFCCC. The assessments will involve amongst othéeptin analysis and prioritization of technologies, analysis of
potential barriers hindering the transfer of prioritized technologies asl vasl issues related to potential market
opportunities at the national level. National Technology Action Plans (TAPs) agreed by all stakeholders at the country
level will be prepared consistent with both the domestic and global objectives. Each TAfrPwilhoutline essential
elements of an enabling framework for technology transfer consisting of market development measures, institutional,
regulatory and financial measures, and human and institutional capacity development requirements, will alsoanclude
detailed plan of action to implement the proposed policy measures and estimate the need for external assistance to
cover adlitional implementation costsThe project will also help provide feedback to fine tune methodologies and
contribute to the revigin of the new TNA Handbook through an iterative process involving the national project
partners and regional centers of excellen@evw. http://www.thegef.org/gef/greenline/september2011/community
sustainablemanagemenrttraditionally-protected-naturatforest-res).

This project is the part of global TNA process. Both adaptation and mitigation sections are being considered in this
LKFaS 2F ¢b! ® . FaSR 2y GKS NBadzZ Ga 2F DS2NEBALFIQa {b/ |
adaptation is theifst priority within the climate change policy of the Country. Land degradation, extreme events and

the Black Sea coastal zone are priorities identified and considered in the adaptation TNA. In addition patiah at

has been given in the BNprocessda local knowhow.

A strong national leadership is neatléo conduct a TNA successfulipnsidering thatthe ultimate mandate of TNA
extends beyond the mandate of one ministry, the TNA protessbeeried by an inteiministerial Steering Committee

that includes experts from all relevant ministries and/or agencies for the. PiAcipe constrain identified in th&NA
implementation process are the lack of knowledge among the national experts about advanced technologies available
at the market and thereforehe main conclusion of the TNA process is that international support in development of
technologies relevant to the national and local needs (this is important particularly for the adaptation technologies) and
availability of required technologies at thmarket should beprovided through the regional centresf excellences
planned to be established by the international socidtiygency of establishment of such centres is obvious.
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Chapter 2

Ve

Institutional F NNJ y3SYSyd F2NJ 0KS ¢b!
involvement

2.1 TNA team andational project coordinaion

Qurrent process of @chnologyNeeds AssessmerfTNA) is the prolongation dfie already accomplished and ongoing

Ot AYIGS OKFy3S aiGdzRASa &adzOK I ay DS2 MEWUSTAA grofdsdichriducted y R
in 2000, regional climate change studies, removing barriers to the local utilization of renewable energy sources
(particularly hydro and geotherat), etc. All these studies consider different technology options fataptation or
mitigation measuredn different ecosystems and sectors of economy. Recently ther@tisany inter-ministerid
coordination body consideringlimate change issues. Reason is frequent changes in high level government officials
requiring high frequent update of sucha Board. Therefore, theurrent practice of the government is a cadey-case
(projectby project) establishment of a Project Steering Committee (PSGhdgpurposes of coordination gjroject

related processs identification of project sategy and monitoringof its implementation.For the TNA projectsuch
committee was established e Ministry of EnvironmenProtection which is the UNFCCC national focal pdine

PSC was established on 26 November 2010 under the Ministerial Orde8 &&D consists of 11 members,
representatives of different Ministries: Deputy Minister of Environment Protection, head of PSC. Full list of PSC
members and contacts are provided in Annexaiid Fig. 1 @monstrates the TNA implementation structure.

One ofthe barriers identified to the TNA process is absence of one responsible for the process national body. or unit

National coordination and participation

TNA PSC

TNA National
Coordinator

Mitigation Team Representative of TNA National
Leader/TNA PSC Consultant/
assess Adaptation Team
Leader
Core Stakeholders in Core stakeholders in Core stakeholders in

development of indigenous
technologies

mitigation process adaptation process

Wide list of stakeholders private sector, technology importers, NGOs, local
municipalitiesand communities

Fig.I-2.1 National coordination of TNA project

Adaptation and mitigation teams have beewparatelyestablishel for conducting the TNA process. Structure of
adaptation team is provided in theig. -2.1
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National Adaptation Team

TNA NationaCoordinator (Ms.

Tseretel)
Representatives of CENN Representative of TNA National Consultant/
(Ms.Mtvarelidzg and local PSC (MLazriey Adaptation Teanieader (Ms.
Municipalities (TBD) Shvangirad2e
Group | Group Il Group Il
Agriculture: land degradation and Extreme Events. Mr. The Black Sea coastal zone. Mr.
irrigation (Mr.GogichaishviliMr. Gaprindashvili Lominadze

Geladze

Wide list of stakeholders: private sector, technology importers, NGOs, local
municipalities and communities

Fig 1-2.2 Implementation structure of adaptation section of TNA Georgia

2.2 StakeholderEngagement Process TNA¢ Overall assesment

Broad stakeholder consultation process involving technical experts from differentsenibrs considered for
adaptation and mitigation has been initiated in the beginning of the TNA process. The first stakeholder consultation
meeting for selection bpriority sectors was conducted on 9 September 2010. Technology Fact Sheets (TFS) have been
distributed amongst the stakeholders for filling up with information on the relevant technologies. Minutes of
stakeholder consultation meetings and workshops adl &g the lists of stakeholders for each sector are provided as
Annex IV.

The PSC is another group of stakeholders dealing mainly with prioritization of sectors and selection of indicators for
prioritization of priority sector related technologies. Integpation of criteria was challenge for the PSC consultation
process and for the technology selection process. TNA team has done a lot consultation with each expert in order to
ensure the common understanding of selection criteria. In case of proposal geweld more close consultations have

been conducted with the local municipalities (Municipality of Khulo and Keda regions in Adjara).

Lack of awareness and information gaps, in particular technology implementation and maintenatasts, were
another impedment to needs assessment process.
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Chapter 3

Sectorprioritization for adaptation

Stocktaking exercise for selection of priority areas for adaptation technologies has been carried out by the adaptation
team leader (Ms. Marina Shvangiradze), the jpcd coordinator (Ms. Maka Tsereteli) and the representative of the
Ministry of Environmenh(Mr. G.lazriev, Head of Climate Change Unit). Two different processes have been established
in parallel reviewing climate change impact related studies such aml lahd Second National Communications of
Georgia[2,4]; first TNA project documerj8]; CC risk assessment in the South Caucasus Region impéehbgntthree
Caucasus countries (Armenia, Azerbaijan, Gedfjiad project implemented by the CENN (CausakEnvironmental

NGO Network) considering the impact of CC in 6 municipalities of West and East Gawggiag) some other

studies performed by different research institutions and NGOs and interview consultations with climate change related
society;representatives of Ministries (Agriculture, Infrastructure Development, Health) and NGOs (CENN, REC, Green
Movement, Green Alternative, etc) and others. The list of interviewed experts is attached to this report ad\Annex

The results of this stocktakirexercise were presented to the PSC at its first meeting on 23 December 2010. Based on
the decision of PSC on priority sections for adaptation, the adaptation team of TNA project was established. The
diagram of TNA adaptation team structure is showed gn Fiabove.

Three priority sectors have been agreed by the PSC. Most of the areas of the Black Sea coastal zone have well
developed infrastructure, are densely populated and are being developed as touristic areas or free economic zones.
Changes, such abd sea level raise and intensification of high waves, observed for the last decades in the Georgian
segment of the Black Sea coastal zone, give confidence thaanheipaied risk from the sea is increasing and is
considered as a number one threat becausfeits suddenness and intensity. Next to the coastal zone problems,
extreme geological events (landslides and mudflows) are considered as priority for assessment and risk reduction.
Georgiahas 34% highmountainous territories suffering from landslidesudflows and land erosion. Land erosion is

slow developing process and comparatively easy for adaptation to climate change, while landslides are accelerated by
geological processes and not always allow protecting population and infrastructure. Very iateassultations were
conducted on priority areas for adaptation until submission to the PSC for its final approval. As a result the Black Sea
coastal zone is approved as the first priority for adaptation needs followed by extreme geological events and land
degradation processes.

. FaSR 2y GKS t{/Qa RSOA&aA2Yy (2 daptéiéhaméciors, |thé ProjectFpitipre f 2 I A S
team consists of three groups of experts. These three groups cover: the Black Sea coastal zone includgggameetyv

(Anaklia) which was not considered in other studies; extreme geological events (landslides, mudflows, floods) and land
degradation (agriculture and irrigation). Criteria for prioritization of adaptatisectors are developed by the
Adaptation teamand agreed with the PSC. Results of prioritization are presented in section 3.2.

3.1 Anoverview of sectors and climate change impact on sectors in Georgia

Georgia is situated in the souttast of Europe, between the Black Sea and the Caspian Sedaltarea is 69,700 Km
azdzylilAy2dza f1FyRAOILS RSGISNN¥AYySE GKS GFINASGE 2F DS2NHA
and wetlands, plains, serdieserts, highlands, mountains covered by forests and glaciers, some lakes and plenty of
rivers. Mountains cover a significant part of the territory, 54% of it is located at an altéxekedingl, 000 m above the

sea level.

The Black Sea coastal zone has a humid subtropical climate. The average annual temperature theBeCis vtith
extremes ranging from15°C to +45C, and annuasums of precipitation vary between 1,500 mm and 2,500 mm. The
Black Sea influences climate of West Georgia, resulting in mild winters, hot summers and abundant precipitation. Here
in the mountainous and high mouainous areas, the annual air temperature ranges from’Q to 610°C with an
absolute minimum betweer30°C and-35°C, and annual amounts of precipitation range between 1,200 mm and 2,000
mm.

Climate in the plains of East Georgia is dry: it is dry andr@pical in the lowlands, while it is alpine in mountainous
areas. The average annual temperature is1BIC in the plains, and-Z°C in the mountainsvith absolute maximum of
+42°C. The absolute minima ar@5°C and-36°C respectively. In the high mountai (the slopes of Mount Kazbgghe
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absolute minimum reache€t2°C. Annual amounts of precipitation vary within the range of-800 mm in the plains,
and 8001,200 mm in the mountains.

Three main regions of Georgia having different problems causetidyglimate change were identified in the Second
National Communication (SNC) of Georgia prepared in-2008. These regions are: the Black Sea coastal zone with
coastal zone erosion, floods and high storms, Dedoplistskar@ast Georgia with the acceleed process of
desertification and one of the mountainous regionkvemo Svaneti with landslides, river floods and mudflew The

SNC of Georgia is the main strategic document describing climate change impact on different regions, ecosystems and
economt sectors, produced by the country and submitted to the @Gdéng with the SNC another strategic document
prepared by the Ministry of Environment and approved by the GovernniremMovember 2011the NEAP (National
Environmental Action Plan) [5] of Georgias been also considered. The results of all other supplementary studies and
projects implemented ithe country by the local and regional NGOs or bilateral and multilateral donors have been also
taken into consideration. The TNA project considers thmesproblems which were identified in the SNC but are mainly
focused on other regions (Adjara, Anaklia segment of the Black Sea coastal zone) not targeted in the SNC.

Climate change past trends and future scenarios used in this report are the same &stlitis Ay DS2NHAF Qa {

Climate change scenario3he current change in climate elements in Georgia, and in priority regions in particular, has
been assessed within the SNC of Georgia based on actual observatiomdataegional models have been used for

the assessment of future climate scenarios: PRECIS and MAGICC/SCENGEN. The MAGICC/SCENGEN model was usec
selecting the most suitable GCM for East and West Georgia, for each season and each climatic parameter. Two runs of
the PRECIS model were used tfug forecast of future localized changes. The results of these models in West Georgia
show an increase by 36 in mean annual temperature to the end of this century, accompanied with a decrease in
precipitation by about 6%, while in East Georgia the emperature is expected to rise by 4a, and sums of
precipitation could fall down to 14%. This process of reverse changes in temperature and precipitation is anticipated to

be sharpened in summer when both tendencies are more distinct than in other season

Mean air temperature and temperature extremes, precipitation, relative humidity, wetting regimes and wind were
investigated, as well as trends of extreme events (high winds, drought, landslides, floods, etc.), characteristic to each of
the examinedregions.Change trends in mean annual air temperature, mean annual precipitation, and humidity regime,
were estimated between two time periods 1986870 and 1992005.

The climatic parameters have been also assessed for whole territory of Georgia (WestsgndriBaial precipitation

trends in the Western and Eastern parts of Georgia differ from each other and do not coincide with the results obtained
for local conditions of selected regions. For example, the annual sums of precipitation show a decreasinig tren
Western Georgia (average value), while locally in Poti (the Black Sea coast) and Lentekhi (mountain zone), until present
time, a small increase is still observed. As much as it was allowadnmglel resdution, the local trends and changes

have beertaken into consideration when assessing the future impact of climate change on the local territories.

Sectors considered under the climate change vulnerability
Following sectors have been considered and assessed on vulnerability to the climate chairgéheilfiNA process:

Agriculture is one of the most important and traditional secs# ¥ DS2NHA Ll Qad SO2y2Yed LY H
declared by the Government as priority in development of econofime production of corn (both for food and forage)
andaANJ LISa ¢l & FyR O2yidAydzsSa G2 6S Fy AYLRNIFYyG AGSY T2NJ

Social and pitick £ G dzZNXY2Af Ay wmMppnSa KFa INBFdGte FFFSOGSR GKS C
Arable land, including hayfields and pastures weensferred to private ownership and this process is not over yet. As

a result of abolishment of big farmthe sown area has decreased. From 2000 to 2009 the sown area has decreased by
50% from 610.8 to 308.3 thousand ha and in 2009 the sown area mad8&¥ilyf ploughed fields in 2003. Production

of major cropg the wheat has fallen sharply in the last 4 years, making on the average 65% decline compared to 2000
2005 period. For the last 4 years the harvest of main crops underwegtodd2iecrease, that isery disturbing result.

The productivity of cereals and leguminous crops in Georgia3stithes lower per ha compared to developed
countries.

Overview of agriculture sector in Georgia shows that this branch of economy has serious prospects for dewelopmen
Various studies shothat at the territory of Georgia the warming of the climate can promote important positive results
in agriculture only in case of rational and efficient management and implementaif soil protecting measures
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because land degradai is one of the highest risks for the sectdfong with the anthropogenic factor the significant
climate change impact on land erosion is revealed in Georgia. In particular:

f a2NB (GKFIYy om> 2F DS2NHALF Q& | NI 6f Ssulfof water etsion findreaseli K 2 dz3
in precipitation);

1 More than 28% of arable land in East Georgia is eroded under the impact of wind erosion (102.5 thousand ha)
(combination of wind and winter droughts);

1 In East Georgia saline and alkali degraded lands gc8b9.56 thousand ha, among which 202.77 thousand ha
are saline (56.4%) and 156.73 thousand ha are alkali (43.6%). Main reason of salinization is incorrect
exploitation of irrigation systems in the past.

Extreme weather phenomena such as drought and stwirgls significantly affect agriculture in East Georgia regions.
Under the impact of climate change, the severity of these phenomena has increased markedly in the past 50 years: the
annual duration of the drought period has extended from 54 to 72 days tlaadrequency of its occurrence has risen
twice. The frequency of high speed winds30 m/s) has increased five times since the beginning of 1980s (particularly

in the south¢east regions).

Mountainous Adjara region is one of the most vulnerable regiord a2 At 6F GSNJ SNRaA2y Ay I
territory is mountains and foothills. At the same time, the region, neighboring the Black Sea, is rich of atmospheric
precipitation that creates favorable conditions for the development of soil water eno&aVE) processes. According to

the latest official statistics, total arable land area in Adjara is 8,800 ha, from which 5,300 ha (60.2%) is eroded to
different degree. For the whole territory of Georgia this percentage makes 30.5, indicating the urd&\WEqroblem

in Adjara. However, there are other mountainous regighmerety, Rachdechkhumi) in Wst Georgia also facing

water erosion problem.

During the recent years some measures have been undertaken to combat the land erosion processes lieasi@ a

the Adjara region. In 2004 under the special program of the Adjara Ministry of Agriculture 5000 saplinggreé nut
were planted at the erosion endangered slopes in different mountain districts. In 2005 this activity was continued with
planting 53.5 more saplings of ndtee, known for its deep root system, preventing the soil erosion.

GeorgianBlack Sea coastal zonepresentsa central part of the Caucasi coast of the Black Sea, withmate, relief

and oceanographic conditioressentially di#érent from other partsDS2 NAA I Q& O2F adlt 12y$S Aa
geophysical processes (tectonic movements, rising sea level, tidal waves, floods, underwater currents, river
sedimentation, etc.), some of which are being intensified by curremtaté change. This zone is consideasthe most
vulnerableterritory to climate changen Georgia In the past century, mean rate of sémvel rise (eustasy) at the
eastern coast of the Black S&as2.6 mm/yr.In 19241996, the sea surface temperatureaeased by 1%C. However,

in 19902006 it increased by 1’8, resulting in the warming of the sea surface temperature bfﬂ).z)wing to the
increase in maximum wind velocities, the frequency of powerful storms (force 5 to 7) has increased by three times
Poti and Batumduringpast four decades.
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Photo 1. Water erosionprocessin Adlia segmenbf the Black Sea coastal zone

DS2NBAI Q& O2Fadtt 1T2yS KFa | O2YLX SE 2dzif AyS IyR NBfAS
important areChorokhi, Rioni, Enguri, Kodori and Bzipi. These rivers, according to international classification, form the
Black Sea coastal river type, the specific features of which are: catastrophic floods almost in all seasons, rich sediment
and intensive sedimeation processes in the mouths of glacfed rivers. The coastal zone is deeply intruded into the

sea, where the river gorges descend by several kilometers to the bottom of the sea, in the form of an underwater
canyon. In such portions, the river sedimgmbduces spits, peninsulas and islands. At the same time, the accumulation
processes are more intensive, where the rate of sinking of the coast is higher, while the sediments are richer.

Extreme eventglandslides, mudflows and floods) is the next modherable sector after the Black Sea coastal zone in
Georgia. In general ountainous regions have been identified as ecosystems vulnerable to various disastrous weather
conditions, significantly enhanced by global warming. As a result of increased freqaadcintensity of these
phenomena (floods, landslides and mud torrents), land erosion has been intensified and greatly damaged agriculture,
forests, roads and communications.

In the period of 1962009 about 3000 settlements (63% of total number) appedrethe geological hazard risk zone
in Georgia:
- 60000 families have been resettled under the status ofmagrants;
- Number of victims of geological disasters has exceeded 1000, among which 600 cases took place after 1987;
- More than 400 000 houses and aiructions were damaged and appeared in the hazard risk zone;
- 1,5 million ha of arable land has been damaged and turned out of use;
- 560 km of motor roads were damageddarequired rehabilitation;
- In 19731975 economic losses caused by geological hazardsirsted to 650 million USD, and in 198988
this figure exceeded 1 billion USD.
- In 19911992 losses caused by earthquakes, landgligeritational and mudlow processes made 10 billion
USD.
- In total, losses conditioned by geological disasters in Geohg@ugh 19952009 amounted to 1 308 billion
USD and resulted in 71 casualties.

10



Georgia

Photo 2 Most recent extreme geological event. 18 June 2011. More than 100namduring two hours were observed on 18
June 2011t the Rikoti PassAs a result 6 pesons were died, highway infrastructure was destroyed in this segment and more
than 1000 housing estates were flooded and damaged by mud stream.

Investigations based on geological and hydrological monitoring data have clearly indicated that criticabnsituati
related to natural geological disasters in Georgia first of all are caused by significant excess of annual sums of
precipitation in areas with sensitive geological environment. At a smaller time scale this effect is strongly pronounced in
cases of pralnged successive rainy days, stipulating high degree of humidity. It has been revealed that 70% of
landslides in Georgia are generated due to these conditions, which are promoting the processes-fidvnuand

erosion, flood and snow avalanche developrmddence, the climate factor plays a decisive role in the formation and
activation of these disastrous processes.

In particular, it has been revealed that in case of-P00 mm excess of annual sums of precipitation over the climate
average norm, a sligtdctivation of landslide processes begins, that increases at4P00mm excess and transforms

into stress conditions at 40600 mm extra sums of annual precipitation. In these conditions the activation of virtually

Fff aaft SSLIAYyIE f liohREnéwlddskdestakeRplade.kS8ch BagagignNiasioccurred in West Georgia
in196Zmdcy 6KSy GKS | NBI 2F 4flyRatARS SELX2airazyé SYOo NI C
destroyed. In 1987989 the extreme geological disasters have sprehd\adr the territory of Georgia, resulting in the
activation and generation of more than 7700 landslgtavitational bodies. Correlation between the meteorological
parameters and different geological extremes are provided in Annex VI (iii).

Impact of clinate change on théorestsectorA & y 24 &Sd NBt S@ryidte aaSaaSR Ay D
impact has been assessed on Kvemo Svaneti forest sector. Main conclusions made are that the changes in air
temperature and precipitation in Kvemo $wi, for the past haltentury, are still in the range of natural variability and

they could not have significantly affected the forests but for the lasRQ5y/ears, the growing spread of pests and
diseases has been observed in the forests of the rediomarticular, if these indexes of pests and diseases in-1986
1996 did not exceed sanitary norms, in 198705, the number of spruce trees hurt by Ips typographus had increased

up to 8%, and the number of Dioryctria splendidella up to 7.3%. The spreBHetifnusa pine (7.6%) and Armillatia
mellea (3.5%) had also grown in the coniferous species. Given the background of the recent rises in temperature, the
number of injured (to 20%) and excessively dry (to 8%) trees, have increased as well, transfoenhiegtéikhi region

forests into a highly vulnerable category. The projected trends of climate change for the region, if they come about,
may presumably further increase the vulnerability of the Kvemo Svaneti forests. General problems of forest sector in
Geagia are low quality and diseases for other regions as well but they are not studied yet.

Based on the results of the survey of the ecological status of the forests of the Lentekhi region, a number of degraded
forest groves were selected in different as whose rehabilitation will be necessary to avoid the already developing
processes of landslide formation, and the development of other negative phenomena.

Tourism sectoy including mountainous tourism, winter tourism and coastal zone tourism, has b#ensively
developing in Georgia since 2004. Impact of climate change on the sector is not assessed yet. However, within the Third
National Communication (TNC) of Georgia it is planned to assess the Tourism Climate Index and Heat Index past and
future trends in touristic areas as well as an existing preventive infrastructure and readiness for emergency cases. There

11
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are some initial assessments on indirect impact of climate change on tourism in particular through observed changes in
the protected areas whichre the priority recipients of tourists but there is no any significant findings so far.

Energy sectohydropower potential) has also been considered as vulnerable to climate change. Hydro power has a
AKFNB Y2NB (KIyYy vyE: Avdeie@pdedok secuity afd iBl€pénddnc® signiicardiNdepends v
from hydro power resources and changes in this resource. These issues are not yet researched for the largest hydro
power rivers but are planned to be investigated in the TNC. However, gléeeting some hydrgower rivers in the

west Georgia have been estimated within the SNC for one particular segment of Caucasus Range. In particular, the
upper catchment of the river Tskhenistskali has been evaluated. According to direct topographic mesagsrearried

out in 19531958, twenty small glaciers were registered in the basin of the Tskhenistskali River, a total area which
reached 12.5 kfl Among them, the most significant was the Koruldashi Glacier covering the Caucasus Mountains; the
glaciers 6 the Tskhenistskali River basin are currently undergoing a process of intensive degradation. In particular,
direct observations undertaken during 198990 revealed that the rate of retreat of the Koruldashi Glacier varied in
different years, from 2.0 miyto 4.6 m/yr, making on average a retreat of 3.4 m per annum.

Due to an absence of measurements data since 1990, to assess the trend of this ongoing glacier degradation, in the
Tskhenistskali River basin, the results of aoperative survey of the Ceral Caucasus glaciers, performed by
researchers from the Reading and the Moscow State Universities, were used in the SNC. According to these results,
based upon the analyses of satellite images, obtained for the period-2988, it was determined that irhe examined

period, the mean rate of the glaciers retreat was equal to 8 m/yr, and that the area covered by glaciers had decreased
by 6:9%. The assessment based upon these results has shown that for the pasritalfy, the total area of glaciers in

Kveno Svaneti may have decreased by 25%, and their total volume may have been reduced fror} dovkrto 0.8

km®, which corresponds to the present stock of water in them, equal to 700 millidn Tine projected rise in
temperature, up to 2050, may result ikKtS G241 f RA&F LIISENFXyOS 2F 3t OASNAR A
glaciers melting will result in decreasing the power potential of largest rivers in west Georgia used for power
generation. As it was mentioned above some of these rivers will esasd in the TNC.

Infrastructure developmentsector which is basis for tourism development is one of the first priorities for the
Government. Recently the sector is focused mainly on the road infrastructure development in order to improve the
accessibity to the touristic areas and coastal zone development for sea tourism. In most cases the road infrastructure
as well as beaches are affected by geological extreme events (landslides, mudflows, river floods, the Black Sea floods).
To take the climate chamrgphenomena, activating extreme geological processes, into consideration when developing
the infrastructure development projects is crucial. In this TNA study this sector is covered by extreme events sector and
the Black Sea coastal zone sector and therefeas not assessed separately.

Water resources sectohave been considered from the perspective of irrigation water deficit. With the threat of
potential aridisation of the territories in East Georgia two main rivers traditionally used for irrigatioAl#zani and

lori, the main water suppliers of the territory have been assessed through the hydrological model WEAP. The results
have demonstrated the possibility of a 10% decrease in the annual runoff of R. Alazani in the perigd @071
However, themodeling of water deficit in the irrigation systems has shown that even in case of a 50% decrease in the
river runoff, and the increase in water consumption by the same percentage, the demand will be met in all months
except August. The same methodologypbgd to R. lori has revealed an anticipated 11% decrease in river runoff and
the impossibility of meeting a future water demand increase of even 10%. Water resources for and technologies for
irrigation are considered in agriculture sector along with tbé degradation.

In addition the computer model CropWat (FAO model) has been applied to assess the influence of climate change on
water deficit for some crops and pastures. The shortage of water for winter wheat, sunflower and pastures was
revealed for tle past (196€2005) and assessed for the projected period 2@200. Some more details about water
deficit in the east Georgia are available in Annex VI (ii).

E5SGSNYAYLFGAZ2Y YR AYLIESYSyGlridAaz2y 2F Rl LIAySmididd A @A
ecosystems of the South Caucasus and Ensuringadr@ RA GSNB A G& O2y aSNIJI (A 2pfojetty R A (i
is recently ongoing in Georgi@ihe project is focused on East Georgia where seiditerritories are typical and one of

the tasks is to reveal those sesarid regions where water deficit has increasing trend. Four (4) districts: Gardabani,
Gori, Eldari and Udabno are identified by the project as the most vulnerable territories in Georgia to water deficit.

Health sectoris also aong the vulnerable to climate change sectors in Georgia. First attempts to assess the impact of
climate change on the sector have been done in the SNC. As for the morbidity rate, the main causes of death in the
adult population are first blood circulatiosystem illnesses, secondly, infectious and parasitic diseases, then ailments in
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digestion, and illnesses of the respiratory and endocrine systems. Two of them have been targeted and assessed in the
SNC of Georgia: infectious diseases and heat wémengthe infectious diseases, only malaria and leishmaniasis have
already spread in Georgia, and the targeted hotbed of malaria is believed to be Kakheti, and to a lesser extent the
neighboring Kvemo Kartli regiotnlike cases of malaria, the dynamics ofheianiasis cases in Georgia (mainly in
Thilisi) for the same period of time shows an increase up from 15 in 1995 to 160 in 2005. The number of registered
cases at the present time does not give enough reason to say that there is an epidemic of leishpremiasisreover

of malaria, in Georgia. Nevertheless, in case of a growth in the mean annual temperature, an increase in the frequency
of these parasitic infections shall follow this trend. The Dedoplistskaro region is a very favorable territory for the
spreading of malaria.

Along with the abovementioned diseases, human health is threatened by heat waves, the frequency of which has
increased significantly in relation to global warming. To define the intensity of these waves, different indices are used,
induding the Heat Index (HI), which is calculated by a combination of air temperature and humidity, and the wind
speed The values of HI were calculated for the periods 19880 and 199€005, using the records of the
meteorological stations Lentekhi, Thiland Dedoplistskaro. Most of the years reaching hazardous limits were observed
in Thilisi during the second, in July and August, and in Lentekhi for the first meindday. Occurrence of heat waves
considerably increased in Thilisi city. Further assemnt of this index in touristic areas is planned within the Third
National Communication (TNC) of Georgia.

3.2Processand criteria of prioritization

Two sets of criteria have been considered for selection of technologies: general, country levéh drésed on
O2dzy GNE Q& LINAZ2NRAGASE YR &SO02N ALISOAFAO ONRGSNRIF @ [/ 2dz
criteria are considered in the sector related chapters.

First step in decision making process is the assessment wwrsend ecosystems most vulnerable to climate change.
Responsibility for vulnerability assessment and prioritization of sectors according to the level of vulnerability, through
broad stakeholder process, lies on the climate change unit of the MinisEnafonment. The Ministry of Environment

is the National Focal Point for implementation of the UNFCCC and Kyoto Protocol. Criteria for assessment of
vulnerability vary by sectors and therefore are considered in the relevant sections. The next steplectgserity

sectors for country from a set of vulnerable sectors. Responsibility in this case lies on the PSC whiechisigtéeial

body established by the Ministry of Environment for the purpose of the TNA project implementation. In addition,
prioritization of technologies has been done in two steps. The first step was prioritization of sectors most vulnerable to
climate change and in the second step prioritization of technologiikin the sectors In the first step of decision
making the role ofPSC is decisive. Main stakeholders in this process are representatives of different Ministries,

' 3SyOASas 5SLINIYSyida FyR 20KSNJ RSOA&aA2Y YIF{Ay3 02RASA
course in accordance with vulnerabjlievel.

The scheme below shows the main responsible structures in decision making process;
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Climate change unibf the Ministry Criteria for assessment of vulnerabilit
of Environment is the main——3 | depend on the sector /ecosystem

responsible unit for prioritization of
sectors by vulnerability to climate

Government priorities

development of infrastructure
increase energy security

tourism development

eradication of poverty

reduction of unemployment
conservation and effective use g
natural resources

9 natural disater risk reduction

A
PSCis main responsible body fo

prioritization of sectors according tq
O2dzy G NBE Q& LINRA 2 NA

A 4
E I I

General criteria

Technical expertsare responsible 1 costs
for prioritization _of technologles 1 benefits (economic, social
ur_lder the intensive consultations environmental)
with stakeholders 1 viability
1 commercial status
1 ownership status
1 guarantees
1 replicability
1

technial assistance availability

Other, sector specific criteria arq
described in relevant sections.

Fig.1-3.1 Distribution of responsibilities in prioritization of technologies

Thesets of criteria have their weighteeflecting the importance of criteria in decision making process

Criteria for sector prioritization:
Vulnerability to climate change0Q)
Contribution to regional developmen1Q)

Governmental priority §0)

- national level (30)
- regional level (10)
- community level (20)

Contribution to sustainable developmeritQ)

These criteria have been assessagainstcountry prioritiesidentiiSR Ay (G KS D2 @Sql YiGe@ga t N2
gAGK2dzd t 2Q0SNI & NEGN LINKAR2NRiien 2@ OBKEYOR dy 8 RH { Adiatopneit & 102 0
of infrastructure, enhance oénergy security and tourism development. In social sphere eradication of poverty and
reduction of unemployment are prioritiesConservation andféective use of natural resources and natural disaster risk
reduction are the first priority irthe field of environment protection. Based on these priorities the Black Sea coastal

zone protection, particularly imourism development areas and free econimmones, land degradation caused by water

erosion and natural disasters in mountainous ecosystems have been approved by the PSC as highest priority sectors
and ecosystems. Along with these prioritiizssessment of irrigation systems and irrigation tedogg needs have

been commissioned by the PSC to the TNA adaptation team.
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Tablel-3.1 Results of pioritization of TNA sectordor adaptation

Economy - 8| c_= o c Qe Total
sectors and | £ g | 8 [ g Government priority (60) S z Score
Q = ) :
ecosystems | 8 £ o | 32585 _ . — 8gaoo | (max
# considered | & 5 2 = g,’ % = National | Regional| Community £ B % S 100)
So0f | 505 2 level level level 57 2
for TNA S=5 |03 Ool
process (30) (10) (20) =)
Agriculture 15 10 30 10 10 10 85
The Black Se;i 20 10 30 10 70
coastalzone
3 | Bxtreme 20 10 10 20 10 70
events
Forest sector 10 10 20 5 10 10 65
5 | Tourism 5 10 30 10 10 65
6 | Energy sectoi
(Hydro) 5 5 30 5 10 10 65
7 | Infrastructure
development 10 7 30 10 57
8 | Water
resources 5 5 5 5 20 10 50
9 | Health 5 5 10 5 10 35

Nine (9) sectors important for the economy of Georgia have been considered in total: the Black Sea coastal zone;
agriculture (land degradation); water resources (agriculture); health; forest sector; energy sector (hydro potential);
extreme events; infrastructure development and tourism. Not all of these sectors are relevantly studied within the
various projects and programmes already implemented in Georgia. Most of them are studied fragmentary only for
some regions. The level of cumteknowledge about the climate change impact on the sector has been also taken into
consideration when prioritizing the sectors as far as this project was mainly focused on the technologies assessment.

The result of the tablé.3.1 is selection of threeriorities for this project/study sectors. Technology needs assessment
process will be limited only by these three sectors. However, the selected sectors sometimes covered at some extend
other sectors as well. Good example for this is tourism sector whiphidgty for the country but was not selected as
priority for this assessment as far as its vulnerability is not yet well assessed against vulnerability but from the other
hand the extreme events sector and the Black sea coastal zone sectors indiresilyecdourism as well.

3.3 Inventory/ Curent status of technologies inselected sectors The Black Sea
Coastal Zone, Agriculture and Extrereeentg

Black Sea coastal zone

DS2NBAIFI Q& .t 01 {SI <peclaldnipbriancd f@y Sizy et YA is thedndain foreigh cargo
turnover locale along this route. Special loading comes to the pafrBatumi, and especially Poiin addition the
NBONBIGA2Yy LRGSyidAlt 2F DS2NBEAlFQa . f I O Alchgde wibk lleagthl £ 1
(330 km) coastalzone is characterized by dense populatigreat number of industrial enterprises, and accordindpy
developed mfrastructure. Any variation ofmarine ecosystem parameters caused by climate change or negative
anthropogenic activities seriously affects the coastal zone and its infrastructure.

The cities of Batumi, Poti and Sokhumi are located here with their ports, as well as the Supsa and Kulevi sea oll
terminals, the Batumi Airport, and many other settlements, coisipg a core area of economic and tourist recreational
activities in the country. A highly developed coastal infrastructure exists here, with a dense network of railways and
highways, about 60% of which are stretched along the sea coast. Such a greatr mirséiements, and multisectoral
infrastructure from the old times, created a high population density (about 30 personsz)/, kvhich will grow even

more in future (203€2050). Coastal ecosystems are highly productive but at the same time extremeiiyvectossuch
development, and are valuable both ecologically and economically.
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DS2t 23A0I ¢ O2yRAGAZ2Yy& Ay DS2NHAIQa &SI Oz2lradart 1T2yS |
different directions and rates of section movements for itpamte segments.

Due to intensive development of coastal zonénfrastructure in XX century and increasing usé the Black Sea
recreation potential, the protection of coastal zone infrastructure became serious problemttier Government.
Various coastalane protecton measures have been implemented for most vulneratiiferent segments of the
coastal zonesince 1966. Coast protective measures undertaken in Poti having most developed infrastructure and
being most vulnerable segment in the coastal segnuéreorgia are analyzed below.

Due toacute emergency situation developed in Poti coastal zone, it become urgent to conduct the relevant coast
LINPGSOGUADS YSIFadNBad LG OFy o6S adldSR GKI{G Awtingdea aS0O2
for conducting coast protection experiments. The chronometric list of activities and their effectiveness is given bellow:

- LYy monm Fy FGASYLWG G2 FNNIy3IS | wnn Y tAYyS 2F LAt S
long spurswere constructed perpendicularly to the line in every 16 m. During the construction psoioe
insignificant amount of sand has been accumulated. Washing out processes activated to the south of it.
Construction was not finished, because a very strongsteascompletely destroyed it;

- In195019m | adG2yS RA1S RIFEY ¢Fa IINN}Yy3ISR Ft2y3 GKS 021
long). These piers were constructed with two lines of rails and large stones between them. This construction
had a temporary, but positive effect on decreasing the washing speefl y&ars later, due to deepening of
underwater slope, it started continuously destroying and sinking. The shorter piers constructed within the
same frameworks did not work, because the sterwere washed out and buried in the ground, while the rails
just came to lie inhe sea Photo3).

- In 1959 a watershed junction, unique by its nature, was constructed at distance of 7 km. The watershed was
designed with the aim to regulate hydrologicaljime of river RioniNew riverbed was constrted (Nabada)
in order to reducewater discharge in old (original) riverbed crossing the aitipoti. In particular, the aim was
to introduce management of distribution of water and solid sediments betwedn(tolwn) and new (Nabada)
riverbeds. The older (town) riverbed must have passed through it the expenditure with speed of ARE m
GKFG g2dz R Syadz2NB adzlllX e 2F o6SFOK F2NXAY3I YIGSNRI ¢
of the exsting deficit. During the period of floods and freshets, the watershed junction would direct the
surplus water flow to new (Nabada) bed, thus avoiding floods in the town. However, while passing only 200
m?/sec it became clear that the older riverbed couldt ensure the project task the adjacent living districts
were flooded and the lateral erosion of river banks started developing. After that the riverbed was placed into
iron-concrete channel. At its left side one water collector and two water pumpiaitioss were constructed.
Despite of these measures, thliischargeof 400 m/sec defined by the project has not been reached. The
maximum limit was 30320 ni/sec. It happened because of: from one hamtlt of the channel was low and
consequently, it wagasily silted thathaslowered its carrying capacity. From the other hand, the sea static
and dynamic levels had certain influence, in particaldhe sea static level near Poti fluctuates withih3 +
0,6 m. The channel coultbnduct discharg&00 n/sec only in case of sea lev@,2 m. In case of sea level
+0,2 m, expenditure does not exceed 25@/sac. If we take into account also a factor of entering of storm
waves into the town channel and free entering of sea salt water (halosol) in the chartt@whltbat decreases
even more the channel capacity, it becomes evident, that the protection of Poti coast from washing out
processes using only irazoncrete shields will never have the desired eff@]]
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Photo 3. Rails for spurs and stone dikes

- It should be noted that only once, during an experiment (G. Rurug61@.1984) it became possible to
conduct366 ni/sec volume of water This experiment ended by flooding of adjacent areas due to lifting of
ground water horizon;

- Additional investigatios showed that to fill existing deficiency of sediments in coastal area of island Didi, it is
necessary to enlarge the channebnductivity to 550600 m/sec, that cannot be ensured by the channel
parameters. For the time being there is no perspective far thannel reconstruction, as it is impossible to
deepen it due to low tilts, neither to widen it because of existing bridges and dense population. Despite of
many technical shortcomings (improper operation of shields), the hyanotion partially perforned its
destination ¢ protection of the town from floods and lowering of washing speed in some of the areas of
coastal zone on isle Didi (area adjacent to place where the channel enters the sea);

- Constructionin 19671979 of 6 ironconcrete piles along thesland Didi, 136150 m long spurs, turned to be
ineffective. They could not detain coastal sediment flow and could not influence sediment movement
perpendicular to coast. Besides that, the dunes themselves have been destroylyd3( of them are left,

Phdo 4);

- Positive results have been obtained through artificial supply of affected coast with sand: in 1966 th&00 m
material obtained by cleaning up of the chanfehoto 5); in 197279, sediments removed during deepening
of Poti port channel (exact Wameis not availableaccording to Poti port data, it is around 2080 thousands
m?);in 197460 000 MFNR Y yS6 wAiz2y A RSEGF Y2O0SR 0 @&PhottSNHS A (2

Removal of sand in all cases from the bottom was effective inl lx@as and during a short period. Low effect was
caused by nortonditioned introduced material (very fine fractures of sand), insufficient amounts and irregular
measures conducted.

In 196971, northern branch oblder riverbed (south from the port) waglaced into a channel. The aim of such
measure was to divide the totalin-off into two branches and thus to feed the isle Didi coast with sediments from both
sides. The channel was not correctly designed and the efforts turned to be quite inefficiertheFtime being the
northern branch is silted and abandoned;

- In 198284 the alongshore obsolete dike built with freely placed stones was strengthened by bigger stones (31
000 m") and thus lifted the markgPhoto 5. The washing processes were temporardgased, though
underwater slope deepening process still was in progress along the dike. According to the 2001 data, the
deepening of underwater slope in front of dike reached,® m in average, while it was 2 m in separate
locations.

- Analysis of coast ptective measure undertaken in coastal zone of isle Didi showed that in accumulative, and
moreover, in sandy coasts, it is reasonable to conduct the protection and fortification of separate damaged
areas within a single lithdynamic system. According taath of complex investigations, common deficit of
beach forming sediments in 15 km long coastal zone between the estuaries of rivers Rioni (old delta) and river
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Supsa, was 7,5 million *mDeficit was increasing due to alongshore and depth losses (includiteywater
canyon) by 0,0,6 ni* annually.

- In 1986 it was decided to start sand deposition from the head race of Rioni watershed (coastal zone of isle
Didi) by ground pumps and 11 km long pipe. During 7 years the deposited sand volume reached apgsoximate
3,3 million ni. In emergency areas D m wide coast protective lines have been arranged earlier (central
part of isle Did; approximately 80 m wide).

- By 1993 total area of artificially created beaches from river Supsa to Poti port was around 12 ha.

Photo4. Line of grooves (1971)dft photo) and sand depsition (1996) on isle Didright photo)

N G & —

Town Poti, 1973, Dredger Town Poti, Dike on isle Poti, 1974
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Photo 5 Town Poti, Dike on isle Poti, 1974

Remnants of obsolete stone dumps were burietbithe beach body. At the same time a passive part of the beaches
were rehabilitated. Anice boulevard was constructedThis measure had negative consequenalso: high volume
deposits concentrated in a limited coastal area caused significant activation of the underwater canyon. Approximation
of its upper and coastal parts by 5@ m was observed in 1989. Center of gravity of the sand deposit has been shifted
to the south from the canyon by 36800 m.

Since 1993 due to lack of financial resources and the known developments in Georgia the coast protective measures
have not been undertaken. The whole sector of hyttemsport complex has been destroyed. Sin€@84 the washing
processes activated with increasing speed. The coast was gradually returning to emergency state which existed before
1986.

- In 20052007, for the first time after its construction, the rehabilitation works were conducted for the Rioni
watershed reanimation. Tail water of the construction was reinforced and the elentchanical systems
needed for shield exploitation were rehabilitated. Rehabilitation of the watershed and establishment of the
project regime for it had positive influence olwn channel carrying capacity. Not very significant, but,
anyway, positive changes have been observed in coastal zone of isle Didi:m5vide beaches have been
developed in junction area of the channel. A small external cone was developed on undesiwpter

Agriculture
Water and wind erosion technologies

Duringcentralized economyariousmeasure#echnologieswere conduced (as far as possibl@gainst water and wind
erosionin Georgia.

In areas affected by wind erosion (Shida Kartli, Gare Kiak®leiraki Valleyy Cultivator flatO dz(i G SNJ 6 LI 2 & 1 2 NE
HX0é ol a dzZzaSR F2NJ I IA G G Asgving BetitmdntoNSoil(aatuiirdtthat sovNdg)awvithidudzS a |
turning up clods at depth of-86 cm and remaining 880% of wheat stem abowhe ground. Flatutting disintegrator

+ _-250 was used for main treatment of soil, which treated it at depth 30 cm with remaining up to 90% of stems. Rakes
2F | LILINE LINR k3)iviere BRsBdifar 3ofl sudface Idosening; gr@NR L) a2 6 A Y RITEOA{AE@YA&AC
areas in the mentioned regions were occupied by differ&imds of wind protective beltsDue to energy crisis
developed in Georgia in the end of past century, the wind belts have been almost completely cut at the whole territory

of the country. Total areaf wind belts in Dedoplistskamistrict was 1771 ha.

In areas affected by water erosion the following measures were conduétedtch water drain was constructed at the

top of land plots;Soil was mainly treated perpendiculatty slopes or along the contours; 28 cm deep furrows were

made on land plots. Distance between the furrows was1l,Z4m in West Georgia and varied in East Georgia from 5 to

25 m depending on a slope tilt. Soil loosening was conducted in deep strifek & af 21LJSax GAf G 2F 6K
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A method of common (wheat, barley, and oats) sowing was used in narrow lines and crossteiseediate cops

used to be sown in some cases in West Georgia at very limited areas. In East Georgia at the skises df g8 O NJ
which needed hoeing (maize, sunflower) andps which could have been sowed commonly (wheat, barley, and oats)
were sowed in alternate lines. dzZF FSNJ 1 2y Sa 2F LISNByyAlf KSNba& 6SNB dzaSR

Terraces were arraged mainly in West Georgiajéta and Abkhazeti AR) where perenniaps such as tea, mandarin,
orange, and lemon, were cultivated.

However, it is very important to highlight that all these technologies were planned and recommended for the specific
sited Ay | OSYGNIftAT SR aeéaidsSy G KNbtipesial services p&dingyiii2soniaé & b :
recommendations.

Irrigation technologies

The construction of irrigation systesnn Georgia has a lofgstory. In Xl centurthere weremore than200km canals
irrigating up to 50Cha territories in the East Georgidythe end ofsoviet era (till 1988) irrigation canals this region
were functioningandwatering more than 271 thousand ha of arable land.

At present the majority of irrigation syains in Kakheti are outdated there is no strict control on water takeff
collectordraining systems and watering procdassnot automatedall irrigation systems require cleaning. Most canals

are not faced and have ground bed, many canals and water a@lsabandoned. There are no new mapping data for
the selection of optimal configuration of canals. As a result, this brings inequity in water distribution and excessive
consumption of water, causing soil erosion, salination and creation of marshes. fidienefy of majority of existing
irrigation systems vary in the range of @,4,6. 6570% of total water losses are caused by filtration and other factors.
Almost all irrigation systems require complex reconstruction, capital planning, increase in wat&sign, putting in

order of inner distribution networks, etc. For the development of irrigation systems there is an urgent necessity to
prepare highly skilled experts and specialists in watering, which will keep strictly to the irrigation technologidfeed

norms and dates of watering in each concrete region according to each crop demand.

The reconstruction and improvement of irrigation systems in Kakheti must be accompanied by the introduction of
modern progressive (not traditional for Georgia) metls of watering: inner soil, undeoot, drip and highdispersion
methodsthat brings significant decrease in specific watensumption per unit of produce. In case of drip irrigation

the consumption of water idecreasing/-8 times, and in case tiigh-dispersion method; 3 times.

Technologies for extreme geological events

In early 1988 generalmappingof anti-erosion landslide and mudflowneasures was elaboratefr whole country
Panningof these measures waasing on theassessment study and forestaof potential risky sitegor the year of
2000 According to this scheme almost all aatbsion technologies weknown in the world have been implementéa
this periodin Georgia. In case of large landslides activatedrbgbnormal amount of precipéttion regulation of surface
waters @rranging of water channels; preventing of infiltration of waters into the growrt) phytomelioration are
accepted adirst priorities in Georgia In case ofiver-side landslides caused lgroson due toactivation of rivers,
priority is given to construction of riveside protecting gabions and resistance increadiig stone walls Bio
engineering measures have been also widely used against thesidefandslides.

Regional mapping of anterosion, landslidesand mudflow measuresfor Aara region was first developed in the
beginning of 80s of past century, where 65 million USD has been allocated for the protection of area of 14@0&m

million USD was allocated for the development of the regional schemetlaneg@ millions¢ for conducting of the

relevant measures. The rest of the sum was allocated for the relevant prophylactic measures. However, this scheme is
30 years old and the actual situation is significantly charagedlerated byongoing climate changdNow it is necessary

to conduct the relevant largecde complex measures to mitigateegative consequences of the elemental geological
processes first in three main directions washing related erosion, landslides, and mudflows. Description of
technologes for conducting adaptation measures is given beldW.measures considered below and in technology
database hve been using in Georgia sificé a1 OSy G dzNE =X SEOSLII 2F GGSNF YA&AKAE
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Chapter 4

Technologyprioritization for the sea coastal zwe sector

4.1 Overview of possibleadaptation technology options inthe Black Sea coastal
zone ®ctor

Combination of ifve different coastal zone protection technologiase recommended by th& NAproject to prevent the
AAIAYATAOL yi RI ibraGusad by theyBladk SdalleGefiraise nd increase in intensity of siimese
technologies are:

Artificial filling with inert material and creation of gravetébble beaches

The method of dumping inert material for the protection of coastline idely applied in many countries. It has been
adopted at the operational scale in 1988 in Georgia during the conduction of copsbtection works by the
aLISOAL T AT SR 2 NBI y Jithe idja?ayand Abkhakiy dedshoe R htér anditiisémettasiteen used in
Russia, USA, the Netherlands, Australia and many other countries.

Resulting from the wave dynamical impact the piles of inert material are being redistributed and the complete profile
of underwater and land parts of the beach is being restb Hence, the natural beach is being created, providing the
fading of aggressive waves and stabilization of the coast.

Photo 6. Beach filling process between jetties (in the given case between the capes)

Creation ofartificial capes

The artificial cap creation method for the protection of coastline is widely applied in many countries. It is successfully
used in Georgia as well. One of the outstanding and succeeded examples of artificial cape is the artificial prolongation
of the Buruntabie promontorywhich contributed to the formation, increase and stabilization of contemporary Batumi
beach.

In general, the Georgian coastline is notable with the variety of natural capes, created by the solid sediment of rivers.
For the last 5 thousand years the allowiof large rivers (Mzimta, Psow, Bzipi, Gumista, Kodori, Enguri, Rioni, Chorokhi)
has formed geomorphological incrustations (capes), most prominent of which (Bichvinta, Sokhumi, Buruntabie) had
protected coastal areas at some kilometers from the dominamesterly rough sea. At the same time, the weaker
easterly roughness created so called diffusion zones. The configuration of capes depends on many factors, most
important of which are the exposition of the coast and the coarseness of solid material fatmipgomontory.

With the formation of artificial capes in the coastal zone the same processes are stimulated, that are typical for natural
promontories. Therefore it represents one of effective technologies in combination with the arrangement of
underwaterwavebreakers, coastal swells and dikes for the adaptation of coastal zone to climate change.

Ly DS2NEAlIQ&a O2yRAGAZ2Yya GKS O2yadNHzOGA2Y 2F | NIUAFAOAL €
by two ways:

1. Artificial cape can be catructed using both concrete and broken stones, or other proper material;
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