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1. TheProject

1.1 Introduction

Considering the ongoing impacts of climatenge on our environment, the imperative to fortify our
infrastructure against these effects has never been greater. This assignment's key objective is to strategically
prioritize vulnerableroad and railway sectioneriticality assessment and adaptation meadordsiture

investments, specifically focusing on enhancing climate resilience.

Guided by the Terms of Reference (ToR), the entire project aligns with the sustainable development goals
(SDG 13) of Climate Action outlined in the Global Agenda 2030 and the EU Green Deal. It concentrates on
the existing indicative extension of TENroads and railways networks in the Western Balkans region,
encompassing both current and planned sections under development or part of mature projdstsein the
YearRolling Work Plan for the Development of the Indicative FENXtension. This network mirreithe

core network established during the Prime Ministers meeting in Brussels in 2015, as illustrated in Figure 1.

All project actions comply with the TCT ARsnvolving in particular Road Action Plan (2020) and
Sustainable and Smart Mobility Strategy for the Western Balkans (2021) published by the TCT Secretariat.

Figure 1 Indicative trans-European transport (TEN-T) extension of Comprehensive and Core Road (left) and Railway
(right) Network to the Western Balkans

The project applies to several WB Regional Parties (RP)randforeinvolved stakeholders including:

1 Albania

9 Bosnia and Herzegovina
1 Kosova?

1 Montenegro

! Transport community, Energy community and Innovation community are closely related into the six joint and coordinatgdrzc(iaRs) for the
WB, aiming to the safer, green, smart and sustainable transport services: road, and road safety, raispaystacditation, the waterborne and
multimodal transport, plan for training capacities from activities relevant of the transport of dangerous goods.

2*This designation is without prejudice to positions on status and is in line with UNSCR 1244 (1999) and the ICJ Opini¢osmvéhdeclaration
of independence.
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9 North Macedonia
M Serbia.

1.2 The Scope

The project is centred around assessing the vulnerability to climate etedaitgel factors and conducting a
criticality assessment of the indicative extension of the -TEBbmprehensive and Core Road and Railway
networks in the Western Balkans. This id#gassessment & 287 km of TENT roads, out of which 3,540
km on the Core Networlt, 007 km of TENT railways, of which 2,83 km on the Core Networand
207,714.5 krafor the total surface area iofterest (Aol)

£6,287 km  A4,007 km A207,714.5 kr#

The project aims to protect roads and railways from climeltged problems like floods atehdslides.

We're figuring out ways to adapt and safeguard critical parts of the networks. This involves things like
building flood defences and improving draina@ée havealso estimadthe costs of these measures based

on past projects and data. This helps us make smart decisions about where to invest in protecting the roads
and rails from climate issues.

The main goal is to make sure the roads and railways Wihean handle changing climates. We're
identifying important sections in each region and planning investments to make the infrastructure more
resilient. This way, we can tailor our plans to meet the specific needs of each area, ensuring that
transportationemains reliable for communities and businesthis report shows what we've achieved in
the project, including vulnerable sections, costs, and suggested actions.

1.3 Project activities

Within the project framework, four primary task sets have been outlined to achieve the predefined objectives
and outcomes depicted in the followiRggure2:

Vulnerability analysis of
TENT Road/Rail Core anqiAER !
Comprehensive Networks

Criticality assessment of
TENT Road/Rail Core anqi\EI /&
Comprehensive Networks

Identification and
prioritisation of adaptation AR &)
measures

Institutional suppot ATask 4

Figure 2 Project tasks
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Task 1- Undertake vulnerability analysis of TEN' Road/Rail Core and Comprehensive Networks

Task 1 aims to evaluate the vulnerability of TEMoad and rail networks to climate hazards. This
assessment is crucial for guiding strategic investments by infrastructure managers and governments. By
understanding the sensitivity of critical infrastruetand the likelihood of climateslated events, we can
prioritize where funding is needed most.

The project considered the impact of climate hazards on the networks for the years 2030 and 28SKs Sub
under Task 1 include:

1 Subtask 1.1Sensitivity analysis

- ldentify which climaterelated hazards are relevant to road and rail infrastructure based on available
historic data for damages caused

1 Subtask 1.2Exposure assessment

- The evaluation of exposure to climatdated risks involves the overlaying of the road and rail
networks (considered as assets or elements at risk) with hazard maps within a Geographic
Information System (GIS) environment

1 Subtask 1.3Vulnerability analysis

- This step involves assessing the risk for particular hazards orlmaghird scenarios. To augment the
TEN-T network data, additional specifics regarding internal network characteristics or vulnerabilities
per network linkwere includedThis information encompassvector geometry from exposure maps
along with supplementary data on traffic frequency, load, road/rail type, category, monitored state
(such as road roughness), speed limits, etc

Task 2- Carry out a criticality assessment of TEN Road/Rail Core and Comprehensive Networks

Task 2 aims to evaluate the most crucial links in the -TENad and rail networks, identified in Task 1. This
assessment involves a soeiconomic evaluation to prioritize these links for additional investments. By
understanding the criticality of theseKs, we can systematically plan interventions that are economically
feasible and aligned with strategic priorities. This ensures a focused and efficient approach to addressing
vulnerabilities and improving the overall resilience of the networks.

Main activities undefask 2include:
 Road/Rail failure assessment

- Assess the impact of the certain hazard on road/rail failure, considering functional vulnerability,
which is the loss of a functionality of certain road/liaik/sublink. It's quantified by disruption
duration and space impact (low, medium, high failure levels). Operational capacity reduction is
evaluated based on failure levels, considering speed, capacity reduction, and section closures.

1 Transport demand assessment

- The specific objectives of the transport demand assessmentag@yteecurrent passenger and
freight flows in the study area, compare and validate these flows with baseline data from the
Sustainable and Smart Mobility Strategy for the Western Balkans (SSMS), integrate electric vehicle
scenarios, model hazard impacts on tbvork's capacity, assess changes-g022 energy crises,
and provide model outputs for cdstnefit and multcriteria analysis.

I Sociceconomic assessment

- The social significance of the road/rail network implies its importance in meeting social needs of
people that live in certain region, including impact on jobs/businesses and use transport links or sub
links. The coverage of the analysis is the whole etjon that live in the gravity area around certain
sublink.

9 Prioritisations od sulinks:
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- The prioritization employs a multiriteria analysis, referencing risk areas outlined in the Technical
Guidance on climatproofing infrastructure (2022027), serving as a basis for discussions with
RPs Stakeholder engagement ensures inclusion of crucial decisiking aspects. This involves
calculating indices to compare criticality across road/rail sections, consideringesociomic data,
connectivity loss impact, and overall societal and econdisiocation effects.

Task 3- Identification and prioritisation of adaptation measures

The goal of Task 3 is to devise a catalogue of recommended engineering interventions to mitigate road and
rail vulnerability to climaterelated hazards in critical links/slibks. This involves estimating costs based on
standardized rates from construaticontracts, maintenance cost lists, or typical-apeific rates.

Task 4- Institutional support

Task 4is focusedto institutional capacity building support to relevant authorities of Regional Parties such as
Ministries of Transport, Road Managers, Rail Infrastructure Managel thers

This supportis carried out by conducting two specific workshops aiming at raising the awareness of the
relevant authorities on climate change projections, risk assessment and identification of adaptation measures
for transport infrastructure (road and rail).

1.4 Project time frame
The Project commenced on January 26, 2023, with the Kick off Meeting (KoM). The KoM was held in
person in the Clientds premisses in Belgrade. Dur

discussed and mutual agreement on both have beemrded&bject ends with the end of year 2023.

15 Project Deliverables

Project deliverables were classified into 6 differdgliverables, ranging from Inception Report to Final
Report, following project activities and defined tifn@mes, represented in the next figure.

Deliverable 1 Inception Report 1 month

Deliverable 2 Vulnerability Assessment Report 5 months

Deliverable 3 Criticality Assessment Report 9 months

Identification and prioritisation of

Deliverable 4 adaptation measurer 10 months
Deliverable 5 Report on Institutional activities 11 months
Deliverable 6 Final Report 11 months

Figure 3 Project Deliverables
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2. Vulnerability T processes and outputs

2.1 Vulnerability assessment process

The project heavily relies on the methodological approach suggested by higher instances (EC or particular
RPs). In this case, since none of the RPs have their own regulations and modelling procedures on
vulnerability assessment and are otherwise directede the higher instance (EC) regulations, the
vulnerability assessment is based onEfeGuidance on climate proofifygvith some improvements or
additional details, aligned to serve the Project needs.

Therefore, for assessing vulnerability at regional and larger scales, like the Western Balkan Region, the
utilized method involves downscale existing Vulnerability (or Hazard) models of broader areas to fit the
specific context of the area.

The methodology of the vulnerability assessment can be roughly split into:
9 Data and materials preparation

- We gathered data from EC JRC repositories, focusing onageass sources related to our goals.
We also communicated with TCT and RPs for specific data needs.

- We used existing modelling methods, adjusting broader spatial models to fit our specific context.

- To plan for future climateesilient infrastructure, we have chosen a realistic climate scemhgo.
IPCC* C6 (RCP4.5) scenario, predicting@®2AC t emperature rise and a 0
2100, seemed suitabl€limate Change Centre Austria, under @ienaProof project framework
provides 3,000+ observations and models tailored for the WB region, aiding in scenario selection
through a tool enabling model customization based on precipitation and temperature estimates for
desired future conditions.

1 Hazard modelling

- Even thouglseveral hazard models were overtaken from the original source, they all endured some
interventions at least technical, while other models were built from scratch.

1 Vulnerability calculation

- The key focus involves preparing raster hazard models and then proceeding to calculate the exposure
of the target network to these hazards on a relatitesBale. This procedure encompasses sensitivity
calculation, leading up to exposure calculation,exsipe Guidance methodology.

The methodology flow chart is given Figure4.

3 Technical guidance on the climate proofing of infrastructure in the periodZI27, Brussels, 29.7.2021 C(2021) 5430 final
4 Intergovernmental Panel on Climate Change
5 https://climaproof.net/
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Figure 4 Vulnerability assessment process

Key insights:

1 Optimized Approach: Combining Guidanc®ased methods and spatial hazaxatelling for an
optimized methodology.

1 Vulnerability Overestimation: Sole reliance on Guidance may overestimate vulnerabilities, potentiall
missing critical links.

1 Exposure Mix Limitations: Current and future exposure mix in Guidance limits meaningful comparis
between different timeframes.

91 Lack of Scoring Hindrance: Lack of scoring in Guidance hampers comparisons between equally
classified highly exposed links within the same timeframe.

1 Limited Sub-link Impact: Sublink analysis helps identify vulnerable segments but doesn't significant
aid Guidance parameter distribution.

1 Localized Hazard EffectivenessMulti-hazard assessments serve general purposes, but individual ha
scores address specific local issues more effectively.

1 Comprehensive Network Analysis:Combining TENT network analysis with other interacting networks
especially local roads, provides a holistic impact view.

1 Timeline Consistency:Adapting network vectors to correspond with the actual timeline improves
analysis quality but lacks consistency across rail and road networks.

1 Biased Climate Change ImplementationClimate change implementation indicates decreased hazarg
overall, but biases exist regarding disruptions without considerable damage.

1 Overlooked Human Interventions: The assessment overlooks human interventions like hydropower
systems and snow barriers, impacting accuracy.

1 Limited Reach Hazards: Certain hazards with limited reach may not be accurately represented at the
large scale of assessment, affecting outcomes significantly.

1 Projection Limitations: Limitations exist in projecting future states due to a reliance on global trends
averaged parameters influenced by selected climate change scenarios.

I Bias Mitigation Strategies: Multi-hazard approaches treat all hazards equally; weighted scoring or
observing hazards independently could mitigate biases but require further research.

91 Applicability for Prioritization: Outputs in map and tabular form are easily applicable for subsequen
criticality assessments and prioritization.

1 Planning Facilitation: The outputs facilitate planning, broad assessment, and identifying areas for m
detailed analysis.
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2.2

Vulnerability Map Outputs

This sectionprovides an overview of the vulnerability assessment results for both the road and railway
networks, considering individual hazards and integrating two distinct timespans: 2030 and 2050.

221 Vulnerability of the TENT road network
2211 Multi hazard
Overall vulnerability to multhazards for both timespans are presentédguare 5.
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Figure 5 Spatial extent of the road sub-link multi-hazard exposure for 2030 and 2050 time split
2212 Floods
Vulnerability to flood hazards for both timespans are presenteigjime6.
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Figure 6 Spatial extent of the road sub-link exposure to flood hazard for 2030 and 2050 time split
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2.2.1.3 Landslides
The hazard seems to slightly increase in 2066 split.
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Figure 7 Spatial extent of the road sub-link exposure to landslide hazard for 2030 and 2050 time split

22.1.4 Sea surge

The sea surge hazard is only presented as binary class, due to calculation method, i.e., averaging-along a sub
link. Changes in 2050 are very subtle, and mainly decreasing, and are best reflected in new links, which are
less exposed.
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Figure 8 Spatial extent of the road sub-link exposure to sea surge hazard for 2030 and 2050 time split
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2.2.15 Snowdrift

The snow drift hazard is also benefiting from the-bak view, although the major routes remain classified
as highly exposed. Still, the increase is evident in the north for the 2050 time split, while intriguingly the
exposure dramatically drops in theush and west of the area.
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Figure 9 Spatial extent of the road sub-link exposure to snowdrift hazard for 2030 and 2050 time split

2.2.1.6 High temperature

High temperatures are also better visualized by usingirskibrepresented in the next figures. Similar trends
and changes (increase and cooling) in respect to the 2050 can be observed as in the per link case.
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Figure 10 Spatial extent of the road sub-link exposure to high temperature hazard for 2030 and 2050 time split
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222 Vulnerability of the TENT railway network
2221 Multi hazard
Overall vulnerability to multhazards for botimespans are presentedrigure 11.
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Figure 11 Spatial extent of the railway sub-link multi-hazard exposure for 2030 and 2050 time split

2222

Floods

In the case of flood hazard per dirik on the railway network, the changes and local influences are well

discerned in the next figureBhe changes introduced in 2050 are very subtle, almost indiscernible, but slight

increase of the exposure is noted, which is the opposite to the per link case.
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Figure 12 Spatial extent of the railway sub-link exposure to flood hazard for 2030 and 2050 time split
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2.2.2.3 Landslides

The landslide hazard exposure in the railwaylgubcase is also revealing fine details along the railway
network, which generally comply to the per link analysis. Slight differences are present in the 2050 time

split, and they are both, increasing ardrgasing, but only locally.
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Figure 13 Spatial extent of the railway sub-link exposure to landslide hazard for 2030 and 2050 time split

2.2.2.4 Sea surge

T T T
16°0'0"E 18°0'0"E 20°0'0"E

T
22°0'0"E

The sea surge hazard is not particularly benefiting frorrlieklview as it has very limited extent. There is
no observable change in 2050 in relation to 2030 time split.
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Figure 14 Spatial extent of the railway sub-link exposure to sea surge hazard for 2030 and 2050 time split

2.2.2.5 Snowdrift

The trend of high increase in the north (NE) and dramatic decrease in the south is also evident in the 2050

time split, as in the case of the road network.
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Figure 15 Spatial extent of the railway sub-link exposure to snowdrift hazard for 2030 and 2050 time split

2.2.2.6 High temperature

High temperature hazard is also great visualized by usingjrdeh Due to its greater importance in railway
management (in perspective) it is much better to identify local increase, rather than actin on the entire
railway links. However, the scoring shedithat highly exposed links are indeed exposed in their entirety, in
the southern parts of the area. The change introduced in the 2050 split confirms the warming trend and
particularly impacts the North Macedonia, whereas Albania remains at the santd theghighest

exposure (next figure on the right).
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Figure 16 Spatial extent of the railway sub-link exposure to high temperature hazard for 2030 and 2050 time split
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3. Criticality assessmeiitprocessand outputs

3.1 Criticality assessment i process

In conducting this assessment, it is crucial to align esttablished guidelines, particularly those
recommended by the European Commission (EC) and relevant Regional Parties (RPs). RPs are advised to
follow EC regulations while allowing room for enhancements, detailed in subsequent sections.

Approach: The criticality assessment utilizes data from the Vulnerability Assessment Report, regional
traffic demand projections, EC guidance, international best practices, and project ToR.

Methodology: The process aims to identify and evaluate sections of theTTE®&twork in the Western
Balkans most susceptible to climate change impacts.

Assessment Focusthe Road/Rail failure assessment evaluates hazards' impact on functionality, operational
capacity, and potential disruptions.

Quantification of Failure: Criticality is assessed by quantifying road/rail failure in terms of duration and
spatial disruption, categorized as low, medium, or high levels.

Operational Capacity Impact: The evaluation considers speed reduction, capacity reduction, and link
closures to gauge the impact on operational capacity.

Natural Hazards Analysis: The assessmeahalysephysical breakage of road/rail sections due to natural
hazards, considering timelines related to traffic flow interruptions.

Transport Demand Integration: Integrating transport demand is crucial for understanding broader
disruptions' impact on traffic flow and accessibility.

Environmental and Societal Effects:For instance, road failures due to hazards impact the environment and
society, necessitating vehicle rerouting. Gosthefit analyses, considering potential savings from adaptation
measures, are essential.

Structured Planning: A systematic, prioritized approach aids in identifying negative impacts, conducting
costbenefit analyses, and creating structured plans for economically feasible adaptation measures.

The primary tasks encompassed witlhia triticality assessment procesepresented in the following
Figurel7.
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Figure 17 Criticality assessment process

A detailed explanation of the criticality assessment process, covering all steps (1 to 7), has been
presented in Deliverable No. 3: Criticality Assessment Report.

3.2 Identification of hazards and proposal of adaptation measures

The main aim is to use the earlier vulnerability assessment to identify the key hazards affecting the road and
rail segments in the Western Balkans' FENXxtension network. This involves assessing the intensity of
these hazards and proposing measurestigate their impact from climate change.

The analysis also sets up an investment framewaork to guide strategic budget planning. Specific focus is on
the 10 most vulnerable sectionddentified through comprehensive vulnerability and criticality assessments.
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To pinpoint hazards affecting each link, a detailed spatial analysis is conducted, considering terrain
conditions and the link's positioning relative to potential dangers. This includes evaluating hazard scores for
each subink and incorporating expert ssssments for a comprehensive overview.

Specifically, the following steps were undertaken in this analysis for each individial link

1 Review of vulnerability analysis results

AAnalysing the length of each individual link

Aldentifying the number and length of slitks

ASummarizing the list of hazards present on each link, and

AAssessing their scores regarding infrastructure sensitivity to their occurrence.

2 Determining spatial conditions

AReviewing terrain conditioristopography
ADetermining the road/rail classification

AAnalysing the relationship between the road/railway and nearby water bodies (considering
parallel alignment, intersections, and distance)

AExamining the interaction between the road/railway and nearby hills/mountains (including
foothill intersections or slopes, and distance from slopes)

AAssessing the population density in proximity and the distance from the road/railway.

3 Summarizing conclusions on the following aspects

Aldentifying the dominant hazard(s) requiring adaptation measures

ADetermining spatial limitations

AEvaluating road/railway RoW (e.g., single or dual carriageway, single or dablerailway)
AAnalysing existing or planned transportation infrastructure

ACounting intersections with water bodies

AAssessing existing major structures (bridges, tunnels).

Adaptation measures have been systematically categorized based on identified hazards, encompassing

Landslides (inclusive of rockfalls)

\ Floods (encompassing sea
, surge)

Snowdrift

Temperature rise

5 The analysis of spatial conditions was performed by leveraging advanced tools such as QGIS data, Google Earth and i@ags. Street
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3.3 Investment costs of critical sections per RP
Investment Assessment Overview:

9 Part of the Project's CBA and Criticality Assessment.

1 Directly tied to planned adaptation measures for road and rail networks against climate change.
Components of Investment Assessment:

9 Evaluates both investment costs and maintenance expenditures.

9 Assesses avoided maintenance costs to calculate project benefits.

1 Represents expenses linked to maintenance activities if adaptation scenarios are not implemented.
Investment Scenarios:

91 Defined based on stlimk vulnerability scores and ground conditions analysis.

1 Each suHink has a specific investment scenario with predetermined adaptation measures.

9 Evaluates investment value of chosen measures to determine future costs up to 2030 and 2050.
1 The proposed adaptation measures for the analysed sections have been carefully crafted.
Length Estimation and Normalization:

9 Estimates potential hazard occurrence length within the link.

1 Normalizes lengths with corrective factors for flood, snow drift, and landslides.

Hazard Impact Assessment:

9 Uses vulnerability scores to identify predominant hazards for each link.

1 Conducts investment evaluation considering all identified hazards.

Estimation Basis:

1 Investment estimates are determinedklmetreunit for road and railway infrastructure.

1 Relies on sector experience and expert estimation.

The Catalogue of proposed adaptation measures has been prasépteshdix Bof the Report.
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3.4

34.1 Road sections

Criticality Assessment i Outputs

The most criticakegments of the road TENnetworkassessed though the criticality assessment, as per
methodology presentedreon the following figure and containg to 40 most vulnerable suHinks per
RP (20 per each timespan, 2030 and 206@ased on these stinks, the 10 most critical road sections
have been identifiednd presented per each RRAmpendix Afor which investment estimations were

conducted
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Figure 18 Top 20 most vulnerable road sections in 2030 and top 20 most vulnerable road sections in 2050
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3.4.2 Railway sections

The most critical segments of the railway TENetwork assessed though the criticality assessment, as per
methodology are presented on the following figure and contigins 40 most vulnerable suHinks per

RP (20 per each timespan, 2030 and 205@ased on these siibks, the 10 most critical railway
sectionshave been identifiednd presented per each RRAmpendix Afor which investment estimations

were conducted.

Legend

® Top 20 most vulnerable railway sub-links
per RP per year for the years 2030 and 2050

— Indicative Extension of the TEN-T Core and
Comprehensive Railway Network in the
Western Balkans

Figure 19 Top 20 most vulnerable railway sections in 2030 and top 20 most vulnerable railway sections in 2050
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Conclusions
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4, Concluding remarks

The assignment's overall findings indicate the Region's significant vulnerability to climate change and the
need for enhancemerithis has been confirmed by bptteveloped modefer near and far climate
projections(Figure20) and actual road and railway conditions reported during the work&lydpBs 0
stakeholders.

When assessing the networks by link definition it seemgrit2230 both rails and roads are to face

considerable coverage of high and very high vulnerability to ha2dedg.high and high vulnerability

classes combinedill affect up t043.5% or1743 km of railway network arndd% or2323km of road. The
multi-hazard approachF{gure20) somewhat concealke local influences antighlights the areas affected

by multiple hazards, but ireality, a single hazard can do as much dambg2050 projection the links will

not be as much affected by multiple hazards, but within, as indicated before, a single hazard type can become
crucial.

The sib-link networkdefinition revealsonsiderable overestimation thatintroduced in the link cas@s
much a25% of rails and 19% of roads are covered with high and very high vulnerability dfagisedirst
climate projectior(2030),which are maintaineih the secon{2050) In the railway case, the proportions
between very high and high classes remain rootess constant, whereassignificant change is evident in
proportions betweethese classes in the roads case

In the case of theoad networka drop inexposure t@ll hazards combineid evident in 2050 in comparison
to 2030.Theprimary bias that distorts expected increiadikely theincrease of temperatufdue to GHGE)

which affects two major hazards thitndslides and snowdriftsligher temperatures inevitably reduce the
snowcover extent in 2050, meaning that snowdrift is likely to be reduced withBestdes snow, the high

temperatures increagalirectly affects thdandslidesas itcausesnoverdl drop of rainfall.

The overlap between 2030 and 2050 rdudtzard estimatioshowssteady trendsndicating that about 40 to
50%of theroad and raihetworkwill keep the sameulnerability class in 2050 as in 203the remaining
percentage is mainkxhibiting decrease of vulnerability class by one order of magnitude, rarely two.

However the assessment's limitations concerning future conditions, particularly hazards and climate, are
noteworthy. Whilgglobal trendsalign with increasedaily temperatures, reducedinual precipitatiorand

rising seaevels due t&GHGE mosthazards are linked tocal rather tharglobaltrends These hazards do

not necessarilcorrelate with averaged climate conditions #mer parameterson contraryEven though the
drop of average rainfall isn course, theudden and extreme variations of precipitation are by far more
influential on landslides, floods, and all other relevant hazards. Unfortunately, we cannot look that far into
future when these extreme conditions are in qoestind we can only base our models on averaged
parameter projectiongor now.

When breaking down muitiazards into five constitutive types, it can be generalizediedtood
vulnerabilityis expected to slightlincrease in 2050 compared to the 2030 scen#®osaid, he landslide
hazard are more prone to localized effects, but the pattefrizcal increasare clear (mountainous and
remote areas are most prone). The hazard seems to slightly increase ifit29S8a surge hazard is
localized in RPs connected to the sea and isn't as prevalent as other hazards.
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Railway sublink vulnerability
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Figure 20 Road and railway network vulnerability class distribution (very low i dark green, low i light green, moderate
i yellow, high 7 orange, very high - red) for 2030 (inner circle) and 2050 (outer circle) for link and sub-link network
definition, based on multi-hazard (combined all five hazard types).
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Next steps

After discussions, the proposed steps aim to support RPs in integrating activities related toesiree
transport infrastructure into their daily operations.

Raising awareness

There's been institutional progress in raising awareness about the impact of climate change on the
transportation infrastructure. However, more efforts are required to ensure that all decisions and procedures
align with the sector's actual needs. One efdteps would involve presenting the study to the technical and
operational personnel of the Authorities.

Procedural issues
Integrating climate changelated requirements into the design stage procedures is crucial to enhance
preparedness.

Downscaling of study results to the level of single RPs

Further developing the vulnerability assessment model for each specific RP. Explore how the vulnerability
and criticality assessments, adaptation measures, and other outcomes presented in the workshops can be
practically applied in the ongoing projects datlire planning of road and railway infrastructure. Recognize
the specific concerns raised by participants from Montenegro, Bosnia and Herzegovina, Kosovo, and other
regions regarding the applicability of the study results to their local conditions déodsieloping more
localized models and analyses to address regpewific hazards. To validate results, additional input data is
essential. Exploring the option of continuously integrating operational data into the model could provide
reattime updatedfacilitating comprehensive and timely analyses.

Project Extension or Follow-Up Initiatives

Evaluate the possibility of extending the project scope or initiating fallpyerojects to address specific
concerns raised during the workshops. This could involve meattepth studies in certain regions or
additional training sessions.

Dissemination of Workshop Outcomes

Share the workshop outcomes with a broader audience, including relevant ministries, institutions, and
organizations involved in transportation infrastructure planning. This can be done through publications,
presentations, or targeted dissemination efforts.
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List of Abbreviations

Abbreviation list Meaning

Aol Area of Interest

D Deliverable

EU European Union

EUR Euro

Exp Exposure

GHGE Green House Gass Emission
GIS Geographic Information System
H High

ICJ International Court of Justice

IR Inception Report

KE Key Expert

KoM Kick off Meeting

L Low

M Medium

MoM Minutes of Meeting

PD Project Director

PM Project Manager

RP Regional Party

Sen Sensitivity

SSMS Sustainable and Smart Mobility Strategy
TA Technical Assistance

TCT Transport Community Treaty Permanent Secretariat
TL Team Leader

ToR Terms of Reference

UNSCR United Nations Security Council resolution
VH Very High

VL Very Low

vOoC Vehicle operation costs

VoT Value of time

Vul Vulnerability

WB WesternBalkan
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Appendix A

The top 10 ranked critical sections
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A.1 Road Sections

A.l1 Albania
The top 10 ranked critical road sections in Albania are presented in the following figures:
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In the next table, investment cob&ir road sections are represented for RP Albania.

7 Assumptions related toinvestment cost tables:
1. Length of sub links within vulnerable sections are used for the assessment of road length highly exposed to hazard
been measured

2. Correction factors are applied to different hazard types when assessing road affected tergth (ifd n 6 t

- 0.4 for landslide
- 0.8 for flood and sea surge
- 0.8 for snow drift
3. Singular scenario has been formulated to estimate landslide investments, consolidating diverse remediation me@micestsavetdle there

are five scenarios for floods and one for snow drift.
4. Temperature rise related measures are treated as distinct components of maintenance expenses and are not encangbasgestrvitht

costs.

Legend for adaptation measures (AM) scenario:
L -landslide, F flood, T - temperature, $ snow drift
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Table 1 Investment cost (road) outcomes for RP Albania

. . Estimated
Sl An?::sfﬁtrlgsn eyé)gohslgd Correction  Cost per IS Invl—gttr?:ent
Section Ii:gt)h scenario length ;gglti?erd (1 km) CositegzrriﬁM Cost
m EUR
(L,F, T,9) (km) (EUR) (EUR)
: Lo =1 0.718 0.8 3,000,000 1,723,200
Rank }_-Rrﬁg.oz“'”e 0.718 1,780,640
ushnje S 0.718 0.8 100,000 57,440
Rank 2:Shkodefi Lezhe | 0.718 Fi1 0.718 0.8 3,000,000 1,723,200 1,723,200
Rank 3:Shkodefi Lezhe | 2.154 Fi1 2.154 0.8 3,000,000 5,169,600 5,169,600
) - F3 1.436 0.8 4,200,000| 4,824,960
Rank 4.BLCPhMur|an 1.436 4,939 840
ezhe S 1.436 0.8 100,000 114,880
Rank 5:BLg;h2"”r'qa” 2.154 F3 25 1 4,200,000/ 10,500,000 | 10,500,000
Rank 6:Shkodefi Lezhe | 2.154 F3 2.154 1 4,200,000| 9,046,800 9,046,800
F3 2 1 4,200,000/ 8,400,000
Rank 7:Shkodeii Lezhe 0.718 8,716,000
L 0.1 1 3,160,000 316,000
Rank 8:Shkodefi Lezhe | 0.718 F3 1 1 4,200,000| 4,200,000 4,200,000
Rank 9:Shkodefi Lezhe | 1.436 F3 2.1 1 4,200,000/ 8,820,000 8,820,000
Rank 10:Shkodeii Lezhe | 2.154 F3 2.9 1 4,200,000/ 12,180,000 | 12,180,000
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A.1.3 Bosnia and Herzegovina
The top 10 ranked critical road sections in Boshial@degovina are presented in the following figures:

Rank 1: Josanicai Semizovac, Route 2b Rank 2: Banja Luka - Jajce, Route 2a

Rank 5: Ustipraca - Medjedja, Route 3 Rank 6: Mesici - Ustipraca, Route 3
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Rank 9: Tarcin - Konjic, Corridor Vc Rank 10: Capljina - Doljani, Corridor Vc

In the next table, investment cof&ir road sections are represented for RP Bosnia and Herzegovina.
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Table 2 Investment cost (road) outcomes for RP Bosnia and Herzegovina

Adaptation . Estimated
_ measures = exposed Correction Investment Cost  Investment
Section scenario length a:aclti?erd per AM scenario Cost
LFETS)  (km) op (EUR)
. e F1 0.718 0.8 3,000,000 1,723,200
Ransk 1.\?osan|ca 0.718 2,025,717
emizovac L 0.239 0.4 3,160,000 302,517
Rank Z:JB;J.‘&& Luke: | 71 F1 0.718 08 3,000,000] 1,723,200 1,723,200
. ~ F1 0.718 0.8 3,000,000 1,723,200
Ran\l;ls.Lkasva 0.718 2,176,976
ISOko L 0.359 0.4 3,160,000 453,776
. ~ F1 0.718 0.8 3,000,000 1,723,200
Ran\l;_4.Lkasva 0.718 2,267,731
ISOKO L 0.431 0.4 3,160,000 544,531
A et F1 0.718 0.8 3,000,000 1,723,200
RanITv' S.g.stclipracaf 0.718 1,995,466
edjedja L 0.215 0.4 3,160,000 272,266
. e F1 0.718 0.8 3,000,000 1,723,200
Rar:)k Q.Mesml 0.718 2,630,752
stipraca L 0.718 0.4 3,160,000 907,552
Rank 7:Mesici-
Ustipraca 0.718 F1 0.215 1 3,000,000 646,200 646,200
A et F1 1.436 0.8 1,500,000 1,723,200
Ra”'jw&g.sgpraca’ 1.436 2,630,752
edjedja L 1.436 0.4 1,580,000 907,552
Rank 9:Tarcin- 0.718 L 0.718 0.4 3,160,000 907,552 907,552
Konjic
Rank 10Capljina- | 794 F3 1.000 1 4,200,000| 4,200,000 4,200,000
Doljani
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Al4 Kosovo

The top 10 ranked critical road sections in Kosovo are presented in the following figures:

..,-

l” Arll !

74

...Grabanicé
7

oy

Rank 5: Banje - Mitrovica, Route 6a
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Rank 7: Vucitrn - Pristina, Route 6b Rank 8: Banje - Mitrovica, Route 6a

T

Rank 9: Klinavac - Glogovac, Route 6b Rank 10: Banje - Mitrovica, Route 6a

In the next table, investment cofdr road sections are represented for RP Kosovo.
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Table 3 Investment cost (road) outcomes for RP Kosovo

Adaptation
measures
scenario

(L,F,T,S)

Section

Highly
exposed
length

(km)

Correction
factor
applied

Cost per
1km

(EUR)

Estimated

Investment
Cost per AM

scenario
(EUR)

Total
Investment
Cost

(EUR)

Rank 1:Kacaniki Jankovic
(BCP Hani i Elezit) 1.436 F1 1.436 0.8 1,500,000 1,723,200 1,723,200
Wl } F1 1.436 0.8 1,500,000 1,723,200
Ranlélz.Kllnavac 1.436 2630752
ogovac L 1.436 0.4 1,580,000 907,552
Rank 3:Kacaniki Jankovic
(BCP Hani i Elezit) 0.718 T 0.718 1 n.a. n.a. n.a
Rank 4:Mitrovica i 2154 F1 2.154 1 3,000,000 | 6,462,000 | 6,462,000
Vucitrn (Pristina)
F1 1.077 0.8 3,000,000 2,584,800
Rank 5:Banje- Mitrovica 2.154 3,401,597
L 0.6462 0.4 3,160,000 816,797
Rank 6:Pristina- Pec 2.154 F1 2.154 0.8 1,500,000 2,584,800 2,584,800
Rank 7:Vucitrn - Pristina 1.436 F1 1.436 0.8 3,000,000 3,446,400 3,446,400
Rank 8:Banje- Mitrovica 1.436 F2 2.5 1 10,000,000{ 25,000,000 | 25,000,000
Rank 9Klinavac- 2.154 F1 2154 0.8 3,000,000 | 5,169,600 | 5,169,600
Glogovac
Rank 10:Banje- Mitrovica 1.436 L 1.149 0.4 3,160,000 1,452,083 1,452,083
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A.15 Montenegro
The topl0 ranked critical road sections in Montenegro are presented in the following figures:

\
.....Ambula - Amulé
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-

EQ, |

Shtuf

bin - Sukobina

Murigan

Samrisht i §

Samrisht i Ri

Rushkull

Rank 5: Bar i BCP Sukobin, Route 1
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Rank 9: Podgorica - Tuzi, Route 2b Rank 10: Tivat (Airport) - Budva, Route 1

In the next table, investment cof&ir road sections are represented for RP Montenegro.
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Table 4 Investment cost (road) outcomes for RP Montenegro

Total

Adaptation . Estimated
_ measures = exposed Correction Colslirpr:er Investment Cost  Investment
Section scenario length a:aclti?erd per AM scenario Cost
(LETS | (km) P EUR (EUR) (EUR)
Rank 1:Kamenari-
Raskrsnica E65 (Lipci 0.718 T 0.718 1 n.a. n.a. n.a
Rank 2:Podgorica | ) 514 T 0.718 1 n.a. n.a. n.a
Tuzi
Rank 3:Raskrsnica
E65 (Lipci)i Tivat | 0.718 L 0.479 0.4 3,160,000 605,035 605,035
(Kotor)
Rank 4Bari BCP | 4 gq F4 3.590 42 4,000,000] 60,312,000 | 60,312,000
Sukobin
- F5 2.872 1 4,000,000 11,488,000
Rankss.Eat;_l BCP | 5,870 12,758,573
ukobin L 2.010 0.4 1,580,000 1,270,573
Rank 6:Budva-
Betiovas 1.436 F5 0.479 0.8 4,000,000 1,531,733 1,531,733
. - F1 0.718 0.8 1,500,000 861,600
Rank 7.Podgorlca 0.718 919,040
Virpazar S 0.718 0.8 100,000 57,440
Rank 8:Bari BCP | g F3 0.700 1 4,200,000/ 2,940,000 2,940,000
Sukobin
Rank 9:Tpu°Z?9°r'ca’ 0718 F3 1.200 1 4.200,000| 5,040,000 5,040,000
Rank 10:Tivat 2.154 F5 1.436 1 4,000,000| 5,744,000 5,744,000
(Airport) - Budva

Improving climate resilience and adaptation measures in the indicative extensi

Transport Community Treaty Permanent Secretariat

| final | 15 December 202RArup d.o.o. Beograd (Vracar) Final Report

TEN-T road and rail networks in Western Balkans

PageA-42



A.1.6 North Macedonia
The top 10 ranked critical road sections in North Macedonigrasented in the following figures:

~ O\ Gradsko
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Palikura
Rank 1: Gradsko - Negotino, Corridor X Rank 2: Blace i Stenkovac (Skopje), Route 6a
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\‘\ \ \ \\‘\
—_ el :
Bistrenci
Tremnik
Ko
Blace \
() Przhdevo
\ =
\
Rank 3: Miladinovci (Skopje) - Veles, Corridor X Rank 4: Negotino i Demir Kapija, Corridor X
A
% S
\ i\ ) | / Seqishté
J ,,’ // s Vetersko ‘\ ;’/
(L \
...,-..K«_arabun'it\t\e N \ \\
N
)
‘_-‘) ‘,/.‘.‘,Novacﬁ‘éni J'q_,‘
.. Beleshtevica { { (1
Y K
Rank 5: Miladinovci (Skopje) - Veles, Corridor X Rank 6: Blace i Stenkovac (Skopje), Route 6a
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Letevci

Dolno Kalaslari

Kozhle

Rank 7: Miladinovci (Skopje) - Veles, Corridor X Rank 8: Veles - Gradsko, Corridor X

Nogaevci

Rank 9: Demir Kapija - Udovo, Corridor X Rank 10: Veles - Gradsko, Corridor X

In the next table, investment cofir road sections are represented for RP North Macedonia.
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Table 5 Investment cost (road) outcomes for RP North Macedonia

Adaptation . Estimated
_ measures = exposed Correction Colslirpr:er Investment Cost  Investment
Section scenario length a:aclti?erd per AM scenario Cost
(LFT,S)  (km) 2 (R (EUR) (EUR)
Rank 1.Gradsko- |, g, F1 2.872 0.8 1,500,000| 3,446,400 3,446,400
Negotino
Rank 2:Blacei
Stenkovac (Skopje) | 1436 F4 1.700 1 4,000,000 6,800,000 6,800,000
Rank 3:Miladinovei | o) F 2.154 08 1,500,000| 2,584,800 2,584,800
(Skopje)- Veles
Rank 4Negatinoi 0718 F1 0.718 0.8 3,000,000 1,723,200 ) 630,752
Demir Kapija L 0.718 0.4 3,160,000 907,552 o
Rank SMiadinovei | 1. F1 0.718 0.8 3,000,000 1,723,200 ) 630,752
(Skopje)- Veles L 0.718 0.4 3,160,000 907,552 o
Rank 6:BlaceT
Stenkovac (Skopje) | 0718 F1 0.718 0.8 3,000,000 1,723,200 1,723,200
Rank 7:Miladinovei | o es F4 7.000 1 8,400,000/ 58,800,000 | 58,800,000
(Skopje)- Veles
Rank 8:Veles-
e dske 0.718 F4 1.000 1 8,400,000 8,400,000 8,400,000
Rank 9:Demir Kapija | 74 F4 1.000 1 8,400,000 8,400,000 8,400,000
- Udovo
Rank 10:Veles- 0718 F4 1.000 1 8.400,000| 8,400,000 8,400,000
Gradsko
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A.1.7 Serbia
The top 10 rankedritical road sections in Serbia are presented in the following figures:

~.-Dupljane

Rank 5: Batocina - Jagodina, Corridor X Rank 6: Bistrica - Prijepolje, Route 4
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~“Lucice

Sopotnica

X

\
Rank 7: Velika Plana - Markovac, Corridor X Rank 8: Prijepolje - Gostun, Route 4
Rank 9: Prijepolje - Gostun, Route 4 Rank 10: Prijepolje - Gostun, Route 4

In the next table, investment cofdr road sections are represented for RP Serbia.
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