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Output 1

Comprehensive Risk Assessment And Mitigation Strategy 

for High-risk Sections of the Interstate Road Network

Output 2

Transport Sector Climate Adaptation Plan and Investment Plan







Climate-Related Risks Affecting the Transport Sector

Climate 
Risk Type

Hazard Sector Impact

Acute 
Hazards

Flooding (river, 
flash, surface)

Flooding and destruction of roads, bridges, and railways; service 
disruptions

Landslides, 
mudflows

Damage to mountain roads and rail lines; increased maintenance 
burden

Rockfalls Damage to roads and rail lines; operational risk; increased 
maintenance burden

Extreme storms 
(hail, wind, 
thunderstorms)

Physical damage to infrastructure; visibility reduction; service 
disruptions
Extreme wind causes structural damages to long-span bridges 

Snowstorms / 

heavy snowfall

Road and rail closures; increased accident risk; delays in service

Heatwaves Asphalt softening; rail track buckling; reduced vehicle and aircraft 

efficiency

Chronic 

Hazards

Rising 

temperatures

Material degradation; shortened asset lifespan; increased cooling 

needs

Drought and 

reduced 

precipitation

Dust accumulation; subsidence; water scarcity affecting 

operations

Desertification 

and soil erosion

Slope instability; increased risk of landslides; reduced vegetation 

cover

Windstorms Aviation disruptions; erosion of exposed surfaces; bridge risk 

2024 Lori-Tavush Flood Impacts

The May 2024 flood event serves as a critical stress test 
validation for Armenia's infrastructure: M6 & M4 road link to 
Georgia cut off, 31 bridges destroyed or severely damaged

Asphalt 
degradation 

Snowstorm on M4 
(2026) 



53%
29%

18% Local

Republican

Interstate

Road Network Assets

Interstate roads (M- roads): 1,365 km, 

providing national and international 

connectivity.

Republican roads (H- roads): 2,167 km, 

linking regional centers to interstate 

corridors.

Local roads: 4,002 km, connecting 

smaller settlements to higher-order 

roads.

Interstate Roads Republican Roads
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Project Implementation Steps

The collected and analyzed 

information has been mapped and 

integrated into the GIS system, 

and a corresponding geodatabase 

has been developed

1 2 43

All available information 

related to natural hazards has 

been collected and analyzed

Based on the selected 

methodology and the analysis 

of available data, Armenia’s 

interstate roads have been 

classified according to their 
vulnerability index

Based on the vulnerability index, 

field investigations were carried 

out along the most vulnerable 

segments of Armenia’s interstate 

roads. Recommendations for risk 

reduction have been developed, 

and the proposed measures have 

been assessed together with their 

associated economic implications.

Comprehensive Risk Assessment and Mitigation Strategy for High-risk Sections 

of the Interstate Road Network



Negligible (1)

High-capacity, reliable 

alternative routes 

available/ Minimal 

disruption; negligible 

economic loss

Minor (2)

Moderate-capacity 

alternatives available 

but not optimal/ 

Minor delays or costs; 

localized impact

Significant (3)

Limited alternative 

routes with capacity 

challenges/ Moderate 

economic losses; 

disruptions to small 

communities

Severe (4)

Alternative routes are 

unavailable or highly 

unreliable/ Significant 

economic losses; 

impact on regional 

connectivity

Catastrophic (5)

No alternative routes 

available; complete 

isolation / 

Widespread 

economic damage; 

severe disruption to 

livelihoods

Likely (3)

Will probably happen / is 

likely to happen

Moderate Moderate High Very High Catastrophic

Possible (2)

Could happen or plausible 
Low Moderate Moderate High Very High

Very Unlikely (1)

Rare / not expected but 

remotely possible

Low Low Moderate Moderate High

Consequences
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Natural Hazard Risk 

Matrix for 

Interstate Road 

Segments
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Fieldwork
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Map 2.1.2 Documented rockfall points from DR_59 to DR_84 ware identified along the 

M2 Interstate Road.
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Hydrological Risk Assessment and Modelling
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Integral Vulnerability Index

Transport Infrastructure Vulnerability Index (TIVI)

RNH = Risk of Natural Hazard Activation
RIA = Road Importance & Availability of Alternative Roads

SEI = Socio-Economic Impact

𝑇𝐼𝑉𝐼 = 𝑅𝑁𝐻 × 𝑅𝐼𝐴 × 𝑆𝐸𝐼

Integral Vulnerability Index (IVI) 

TIVI = Transport Infrastructure Vulnerability Index
HMVI = Hydrometeorological Vulnerability Index

CCVI = Climate Change Vulnerability Index

𝐼𝑉𝐼 = 𝑇𝐼𝑉𝐼 × 𝐻𝑀𝑉𝐼 × 𝐶𝐶𝑉𝐼



Integral Vulnerability Index

Sector Code Integral Risk Index Marz

M2-5 8.6 Syunik
M6-2 8.3 Tavush,Lori
M2-6 8.0 Syunik
M2-3 7.9 Syunik, Vayots Dzor
M2-4 6.7 Syunik
M6-3 6.5 Tavush,Lori
M4-4 6.2 Tavush
M2-2 5.2 Vayots Dzor, Ararat
M6-1 5.0 Lori
M4-3 4.9 Tavush
M8 4.5 Tavush,Lori

M4-2 4.4 Gegharkunik,Tavush
M2-7 4.2 Syunik
M2-1 3.9 Ararat, Yerevan
M9 3.5 Syunik
M3 3.4 Lori, Aragatsotn, Gegharkunik, Armavir

M4-1 3.0 Gegharkunik, Kotayk, Yerevan
M7-1 3.0 Lori, Shirak
M1-2 2.8 Shirak
M5 2.1 Yerevan, Armavir

M1-1 1.9 Aragatsotn, Shirak, Kotayk, Yerevan
M7-2 1.6 Shirak
M10 1.0 Gegharkunik



Adaptation Measures and Costing 

High-Energy Rockfall Barriers 
(Catch Fences)

Draped Mesh Systems / Rockfall 

Netting (Active and Passive)

Protective Concrete Walls / 

Rigid Rockfall Barriers

Rockfall Galleries / 

Tunnels

Deep-Rooted Vegetation 

(Vetiver System) 

Live Crib Walls and Brush 

Layering

At the network level, the total 
estimated capital investment 
required for the proposed adaptation 
measures amounts to approximately 
$3.24 million, distributed as follows:
• Protective nets (mesh systems): 

approximately $1.06 million 
(about one-third of total capital 
costs).

• Protective concrete barriers: 
approximately $ 2.05 million

• Other adaptation measures: 
approximately $ 130 thousand

Typical risk reduction ranges from 
65% to >90% across segments

Annual maintenance costs are low 
(~1% of CAPEX)



Risks: Approach and Methodology

Identification and clustering of hazard-prone locations

Estimation of Annual Expected Losses (AEL)

Screening of Adaptation Measures

Lifecycle Cost-Benefit Analysis

Climate Scenario 
TestingTransport Sector Climate Adaptation Plan and Investment Plan



Economic Burden of Climate Risk for Roads Sector

Flood Risk

$7.5m- $25.2m

Rockfall Risk

$1.4m - $ 1.5m

Landslide Risk 

$1.5m - $3m 

The Cost of Inaction (AEL)  

7.5

22.7

25.2

1.4

1.5

1.5

1.5

3.0

3.0

 -  5  10  15  20  25  30  35

Baseline

SSP2-4.5

SSP5-8.5

$ millions 

Flood Rockfall Landslide

$10.3m

$27.2m

$29.7m

73%- 85% 13%- 5% 14%- 10%



Phased and Tiered Approach to Investment

Phase 1

Rockfall "Quick Wins"

Phase 2

Tier A Flood Schemes

Phase 3

Tier B Re-scoping

Phase 4

Tier C Landslides

Investment Tiers

Tier A: Finance now

High-return, low-cost investments 

(mainly rockfall and selected floods); 

implementation-ready and deliver 

immediate safety and resilience 

benefits

Tier B: Re-scope and optimize

Economically weaker flood projects; to 

be redesigned, phased, or cost-

optimized before financing

Tier C: Pipeline preparation

Landslide sites with high risk but 

uncertain costs; advance 

geotechnical studies and concept 

designs before committing capital



Program Overview

8 Road Packages: M1, M2, M4,  M6, M7, M8, H-46, H-58

Grand Total Program Envelope

$69-$87M AEL Protected: $8.73 million annually (baseline)

Horizon: 5-year sequenced rollout



Thank you
Yeva Danielyan

ydanielyan@adb.org
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